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ABSTRACT

Common skinks, Leiolopisma nigriplantare rnaccanni, are the most

numerous and widespread skinks in New Zealand. The aim of this study

was to examine the ecology of the subspecies in tussock grasslands in

Otago, where it occurs in particularly large densities. The study was

concentrated on an area on the Rock and Pillar and Lammermoor ranges.

Three morphs of ~ ~ maccanni were present in this area. These were

distinguishable by physical characters colour patterns; body

ratios and scale counts, as well as developmental characters such as

size at sexual maturity and the number and size of offspring produced.

On the basis of these characters and electrophoretic analysis of

protein differences, the hypothesis is raised that the three morphs are

three reproductively isolated species, designated L. maccanni and

Leiolopisma spp. 1 and 2. These species appear to be numerous and

widespread in the South Island and on various islands off the coast of

the South Island. Other species may also be presently classified as

IlL. n. maccanni". The hypothesis that ~ ~ maccanni is a species

complex has significant implications for New Zealand herpetology, which

are discussed. Most importantly, it suggests that the New Zealand

skinks are a much more ancient group than was previously believed.

Home ranges and territorial behaviour, population densities,

habitat preference, niche overlap and competition and the feeding

"cology of the three species were studied in the Rock and

Pillar-Lammermoor area and in other tussock grassland areas.

Differences among the three species occurred with respect to home range

size, territorial behaviour, population densities, habitat preference

and the size and taxa of prey eaten. The role of these differences in

allowing the three species to occur sympatrically in the Rock and
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Pillar-Lammermoor area was investigated. Different habitat utilization

by each species was probably the most important factor in maintaining

sympatry in this area. L. maccanni preferred rock outcrops, while

Leiolopisma sp. preferred grasses, and Leiolopisma sp. 2 was usually

found in herbs and shrubs.

Each species ate a large number of invertebrate taxa, as well as

some plant material. The significance of the skinks as invertebrate

predators in the Rock and Pillar-Lammermoor area was determined. They-

appeared to have little influence on invertebrate population densities.
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In pre-European times, most of Otago consisted of tussock

grasslands (Cochrane, 1973). There were two main types of tussock

associations: tall-tussock grassland, dominated by one or another of

the larger species of snow-grass (Chionochloa) , and short-tussock

grassland, usually dominated by species of Festuca and Poa. However,

the dominant tussock species were not mutually exclusive; and Festuca

was often found with some species of Chionochloa.

~opean man has, through burning and clearing, greatly reduced

the extent of this tussock grassland habita~. Large areas of grassland

have been further modified by ploughing and oversowing with exotic

plants. Domestic and feral browsing and grazing mammals have been

introduced, togetJler with mammalian predators. Changes in the tussock

grassland ecosystem are continuing at present, due to man's activities

(Patterson, 1984) (Appendix A). The chances of stUdying L~is ecosystem

in a relatively unmodified condition are therefore disappearing

rapidly.

Unfortunately, until now, very little attention has been paid to

the ecology of native tussock animals in general, and lizards in

particular. Tussock grass lands are the habitat of many species of

lizards. The most widespread and numerous of these is probably

Leiolopisma nigriplantare maccanni Hardy,

s ki.nk ,

L~e common, or McCann's

New Zealand has 22 xnovn species of skinks (family: Scincidae) •

One of these is divided into two subspecies,~.~. nigriplantare

(Peters}, and L. n , maccc nrri , L. n , niqriplantare is confined to the
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L. n. macca~~i occurs from the southern half of the

North Island SOUL~. It can be found in widely different habitats,

ranging from tussock grasslands to sea shores,and in a diverse array of

colours and patterns (Robb, 1980; p. 83).

A large proportion of research on New Zealand lizards has been

carried out on L~is sUbspecies, and a considerable body of information

is available on its anatomy (Barwick, 1959), physiology (Cook, 1969;

Evetts and Grimmond, 1982; MacAvoy, 1976; Morris, 1974; Pollock and

Macavoy, 1973, 1978), ecology (Barwick, 1959; Gill, 1976) and

behaviour (Barwick, 1959). However, the ecology of L~e subspecies in

its mos~ typical habitat, tussock grassland, has be~ o~e~lccked. The

present study attempts to remedy this lack of knowledge, by ~xamining

the ecology of L. n. maccanni in tusso~~ grasslands in Otago (chapters

4 to 8). The potential predation pressure of skinks on the native

invertebrate fauna has been estimated by studying feed{ng behaviour and

dietary preferences (Chapter 6). Other aspects of the skinks' ecology

which are examined include territorial behaviour (~~apter 4), habitat

preferences (Chapter 5), population densities (Chapter 7), niche

overlap and competition (Chapter 8). During the first year of the

study it became apparent that the subspecies possessed three distinct

colour morphs which were not distributed randomlY tllroughout the study

area (Chapter 2). Therefore part of the thesis (Chapter 3) examines

the taxonomy of the subspecies within and outside this area.
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CHAPTER 2. Distribution or Ski~~s in ~~e Rock and Pillar-Lammernoor

Range Study Area.

2.1 INTRODUCTION

The criteria for a suitable study area were G~at it be close to

Dunedin, consist of relatively unmodified tussock grassland, contain a

large population of lizards, include a hut for accommodation during

fieldwork and be relatively accessible. Fortunately, an area that met

all of these requirements was located before fieldwork began.

2.2 METHODS

2.2.1 Description of study area

The study area covered approximately 140 km2 on the southern end

of the Rock and Pillar Range and the northern end of the Lammermoor

Range in Central Otago (Fig. 1) (NZMS 18, Sheet 25; centred on 533

368310). Hereafter, this area will be referred to as the ·prihcipal

study area" if the meaning of ·study area n is likely to be ambiguous.

The altitude in this area ranges from 900rn to 107Orn, and the landscape

is typical of Central Otago. It comprises rolling grassy slopes that

rise to ridges studded with schist tcrs (Fig. 2). This location had

the additional advantage of being a study area for the Ministry of

Agriculture and Fisheries (t1AF) and several scientific departments of

the University of Otago, so that a large amount of useful scientific

data were available. The MAF, for example, were carrying out

entomological studies at L~e ScQe time as my work, and kindly allowed

me to use some of their results in this s~udy.
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Fig. 2 The principal study area - Burgan Stream.
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The dominant plant in oast areas was Chionochloa rigida Zotov, the

narrow-leaved snow tussock. Red tussock, ~ rubra Zotov was dominant

in damp areas such as the bottoms of gullies,and Aciphylla aurea

Oliver, the goLden spaniard, was locally abundant as a co-dominant.

Apart from A. aurea, the inter-tussock vegetation consisted mainly of

the herb Hypochaeris radicata L., the low shrubs C"ja thodes fraseri

Allan, Gaultheria depressa Hook, Pernettya macrostigma Col. and

Pentachondra pumila R.Br., and the grasses Anthoxan~~um odoratum L. and

Poa colensoi Hook. A more complete plant species list for the study

area is given in Appendix B. This high-altitude snow tussock grassland

has persisted only in areas s61dom dis~~==ed by a combination of fire

and heavy grazing (Mark, 1965; p. 74).

Sheep and cattle grazed the study area, but not intensively.

Other introduced mammals observed in this area during the study were

mice (~musculus L.), rabbits (Oryctolagus cuniculus (L.)l, hedgehogs

(Erinaceus europaeus L.l, cats (Felis catus L.), possums (Trichosurus

vulpecula (Kerr)l, pigs (Sus scrofa L.l, hares (Lepus europaeus Pallasl

and ferrets (Mustela putorius L.). The most commonly observed birds

were skylarks (Alauda arvensis L.

approximans Peale).

and harrier hawks (Circus

The climate in this region is severe. Snow showers occurred as

late as December in 1982, for example, and the winters were

characterised by hard frosts and heavy snow falls. The mean air

temperature at a site at 1000m on the northern end of the Rock and

Pillar Range from March 1977 to February 1979 '.,.;as 5.5°C (Holdsworth,

1981 ) • The mean daily irradiance over L~e same period was 10.5 MJ/m-

(Holds ......zor t.h , 1981).
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2.2.2 How lizards were caught

Lizards were obtained from 37 sites of known size within L~e study

area (Fig. 3) during a three year period from 13 April 1981 to 12

February 1984. Sites 19-37, which belonged to ~~e MAP, each contained

five pitfall traps placed lm apart in a straight line. The other sites

contained from nine to 49 pitfall traps laid out in networks, and the

areas of these sites are listed in Table " toge~~er with the length of

time traps were left out in all of the sites.

Table 1. DISTRIBUTION OF THE THREE MOlU?HS WITHIN THE STUDY AREA

(l=STRIPED; 2=SPECKLED; 3=SPOTTED).

Si te No. Morphs Present Area/m 2 Trapping Period
/week

Date

1 1 r 2, 3 450 40 4/82 - 1/83

2 1 , 2 300 23 11/82 - 4/83

3 1 r 3 330 40 1 - 10/82

4 1 , 3 110 23 11/82 - 4/83

5 1 594 12 3 5/82

6 1 3130 8 2 3/82

7 1 , 2 540 13 2 5/82

8 1 r 3 16 12 9 12/81

9 1 , 3 430 28 1 7/82

10 1 , 2 16 8 11 - 12/81

11-16 1 , 2 324 4 1 2/83

17 2 324 4 1 - 2/83

18 1 r 2, 3 324 4 1 - 2/83

19-31 1 16 10/83 - 2/84

32-36 1 t 2 16 10/83 - 2/84

37 1 , 3 16 10/83 - 2/84

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

THO types of pitfall trap were used to catch the lizards. The

first was a 500g yoghurt containe~ s~~k in the ground so that the top

of the container was flush with ~he surface. Holes were punched in the

bottom so tha~ rain water could drain OUt. These containers were gem

across ~~e open end and l1cm deep. To attract lizards, a handful of

soil was thrO'NTI in. Barwick (1959) found that skinks dropped into
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pitfall traps containing soil presumably to see if any invertebrates

were present. The second trap was a plastic container 5.5cm across the

open end and lOco deep, half filled with 10% picric acid. These were

used by the MAP to catch insects, but their catches sometimes included

ski.nks , Each trap in sample grids 1-18 was separated f r orn its

neighbours by a distance of Sm or less. This is close to the diameter

of the skink5~ mean home r~~ge (Section 4e3e1)f and so a large fraction

of the skinks in each site should theoretically have been catchable.

During this study, lizards were also caught in preservative-filled

pitfall traps for stomach-eontent analysis (Application no. 390/82)*.

However,apart from sites 1, 8 and 10, which are included in Table 1,

these pitfalls were grouped into networks, the traps of which were

separated by considerably more than the mean home range diameter.

Therefore, since the results of these traps might be less accurate than

those of the other sites, they are excluded from LOis chapter.

However,

patterns.

2.3 RESULTS

their catches appeared to show similar distributional

The lizards caught in the study area were geckos, Hoplodactylus

macula tus (Boulenger) r and skinks, identified from Hardy's (1977)

revision as Leiolopisma nigriplantare maccanni. (Hardy did not collect

any ~. ~. maccanni from the Rock and pillar Range, although he obtained

some from Clark's Junction, 20km to the south of the study area).

Tlrree distinct morphs of the subspecies, distinguishable by their

colour patterns, were apparent in the study area (Fig. 4). For

convenience I labelled these "striped" 1 "apeckLed" and "spoc cec :' ,

*University of Otago Committee on Ethics and Care of Laboratory

Animals. Approval given under Application 390/82
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Fig. 4 The three morphs of L. n. maccannl In the study
area. TOP: striped;-BOTTON LEFT: speckled;
BOTTOH RIGHT: spotted.
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Table 1 lists the morphs present in the 37 sample areas. A morph

is described as upresent" if two or more specimens were caugh~ during

the sample period. The results show that 14/37 (37.8%) of the areas

had striped and speckled skinks in them, 2/37 (5.4%) held all 3 morphs,

16/37 (43.2%) held only striped skinks , 1/37 (2.7%) held only speckled

skinks, and 4/37 (10.8%) held both striped and spotted ski~~s.

Further observations near these sites showed that at least one of

the two areas where speckled and spotted skinks were sympatric (site 1,

Fig. 3), appeared to be part of a region of overlap between adjacent

populations of the two morphs. Over three years I found only spotted

and striped skinks on the bottom and sides of the Burgan Stream gully

near sites 3, 4 and 9, but on the top of the gullY on each side there

seemed to be only speckled and striped skinks. And as can be seen in

Fig. 3, on one side of the second site where the three morphs were

sympatric (site 18) there seemed to be only speckled and striped

skinks, which means that this area too may have been part of a boundary

zone between spotted and speckled skinks. Sites where speckled and

striped, and spotted and striped skinks occurred syrnpatrically did not

appear to be boundary areas.

2.4 DISCUSSION

The observations of the three L. n. macca~~i morphs in the study

area indicate that they did not possess random distributions, as might

be expected if they Were merely colour morphs of G~e same species. For

example, only 5.~% of the areas sampled contained all trxee. This type

of non-random distribution is more typical of subspecies or species,

such as Leiolcoisma sp. (~L. n. maccanni) and L. zelandicum (Gray) in

the coastal Manawatu of the Nor~~ Island (Gill, 1976).
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Because the morphs seemed to be quite distinct, and speckled

skinks appeared to exclude spotted Ones from most areas, giving rise

presumably to two virtually separate breeding populations, the

hypothesis was advanced that L. n. maccanni consists of three species

in this area. Tne hypothesis is tested in the next chapter, because

this was considered to be necessary before proceeding further with an

ecological study on L. n. maccanni.
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CrAPTER 3. A Systematic Re-analysis of Leiolopisma nigriplantare

maccanni in Otago Tussock Grasslands

3.1 INTRODUCTION

The limited morphological and ecological data described in ~~apter

2 suggest the hypothesis that the skinks in the study area, presently

classified as Leiolopiswa rdgriplantare macca~_~i ~re three species,

rather than one subspecies. It is difficult finding taxonomic evidence

to support L~is hypothesis, because of all the lizards, the

leiolopismid skinks are considered to be one of the hardest groups to

classify. The New Zealand members of this group are particularly

problematic (Robb, 1973), and the taxonomic history of L. n. maccanni

illustrates these difficulties well. It has been given more names than

any other species of New Zealand skink (Hardy,1977), probably because

of its great geographical and morphological diversity. First described

by Gray in 1843 as Tiliqua ornata, it passed through many changes of

nomenclature and position until McCann (1955) redescribed it as

L. zelandica in his revision of the New Zealand lizards. McCann based

his classification on morphological characters such as the number of

scales on various parts of the body. Using these characters and some

furb~er ones, Hardy (1977) separated~. zelandica into two subspecies,

L. n. nigriplantare and L. n. maccanni, and this classification is

- -

generally accepted today.



3.1.1 Morphological, developmental and electroohoretic

previously used to classify New Zealand skinks.
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characters

The first major taxonomic revision of New Zealand skinks by McCann

(1955) contained descriptions of a wide range of morphological and

developmental characters. He placed great emphasis on scale counts and

head scalation, which provide almost exclusively the basis for his key

to t..'1e s k i,n....ks , The scale counts he found useful were the midbody scale

rows, subdigital scales (= subdigital lamellae) on the fourth hind toe,

nuchals, supraciliaries and other headshield scales (Fig. 5). While

stating that "colour descriptions of skinks are most inadequate and of

lictle or no diagnostic
___ , •• _It

VU-.Io. .... c, I included this

information for each species. McCann also listed various body ratios,

which included the distance between the end of the snout and the

forelimbs/the distance between the axilla and the groin, and the intact

tail length/snout-vent (s-v) length. The developmental data consisted

of the number and size of offspring at parturition.

The second major revision of New zealand skinks was carried out by

Hardy ( 1977) r who used most of McCann's diagnostic characters, but

added some extra ones of his own. These included the number of ventral

scales, and the upper and lower ciliaries and suboculars from the

headshield scales (Fig. 5), as well as the following body ratios:

snout-ear/ear-forelimb and head lengthjhead width. Analysis of tail

~uscle and liver enzymes by electrophoresis was used to support the

morphological descriptions and to determine phylogenetic relationships~

Hardy was able to separate L. n. maccanni fron L. n. niqriplantare

by plotting the number of midbody and ventral scale LOws against the

nUmber of subdigital lamellae on ~~e longest toes of skinks from the



Fig. 5 Identification of skink headshield components.

UPPER: lateral; LOWER: dorsal.



dorsal

Page 17

ear opening Oper

lowe r

ventral

,,

"
"'-.: .. ': ;',:.: ,

',:,::.:,
nu·cha I s

~ . :~uprac il i a r ie s

disc

.....nos tril

ant.

"'·'··.mental

····~.. -."ost rils

ant.

•. ·interparietal

post.



Chatham Islands and the mainland.
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Al':.'1ough the com.rnon s k i nk was,

according to his classification, now a subspecies, he noted that it

possessed a large amount of morphological variation. For example,

several populations throughout the country had no overlap at all with

respect to various scale counts (Hardy, 1977; p. 250). He stated that

there was: "an upper displacement in the range of scale counts for a

number of populations in the central South Island" compared with other

mainland populations. He also found a wide range in body ratios, but

no significant differences among populations.

Colour and colour pattern have been used by other workers to

distinguish between lizard species in New Zealand (eg: Gill, 1976).

Barwick (1959) included body ratios in his description of L. zelandica

(=L. ~. maccanni), and Gill (1976) used differences in this character

to show that two skink species were present in the coastal Manawatu.

However, Gill's body ratio results are suspect because he used

parametric statistical tests where non-parametric ones would have been

more appropriate. He also used so~e reproductive parameters to

distinguish between the two sympatric pcpulations of Leiolopisma sp.

(=L. n. maccanni) and L. zelandicurn (Gray).

Morris (1974) included developmental data in his study on

L. zelandica (= L. n. maccanni) in Canterbury. porter (1982) used

morphometric data in a statistical test (a discriminant function

analysis) to distinguish between slwpatric populations of Cyclodina

aenea (Girard) and C. ornata (Gray).
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The following description of ~~e ~~ree morphs employs some of the

taxonomic charac~ers that previous workers ha\~ found useful in

separating New Zealand skinks, as well as additional ones that I found

useful. Unless stated otherwise, the material in this chapter is from

the principal study area, where the three morphs are s1~patric. This

is because, as Mayr (1969; p. 26), pointed out, the best evidence for

species status comes from areas where the species are in contact.

3.2 METHODS

3.2.1 Colour and colour patterns

Descriptions of colour patterns are based on 692 p~ese~ve~ skinks

( 141 speckled, 393 striped and 158 spotted). Colours of lizards are

known to change over time in preservative (Hardy, 1977), and so colour

descriptions are taken from live specimens.

3.2.2 Scale counts

For various numbers of randomly selected skinks belonging to the

three colour pa tterns r midbody scale rows were counted bet~.,..,.een the

fore- and hindlegs. Ventral scales were counted in a line from the

mental to the vent (and including the mental and one preanal scale).

The subdigital lamellae on the 4th hind toe were counted. I considered

as subdigital lamellae all scales which, being of similar widL~, formed

a continuous row ( after Gill, 1976). In a number of specimens a few

of the proximal lamellae were fragmented, and these were not counted.

Other scales counted were head scales supraciliaries, nuchals,

ciliaries (upper and lower) and subocul~rs. Other taxonomists (McCann,

1955 ; Pardy, 1977) found the size and ~Dsition or headshield scales to

be good diagnostic characters r but::' noted too much var i a cion among
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individuals ~within each morph for he3d scalation to be useful in the

present study. A computer program, 81DP7M, (Dixon, 1981) was used to

carry out a discrimination function analysis using scale counts from 20

randomly selected individuals of each colour pattern. This technique

attempts to find the characters ~~at are most effective for

discriminating between groups. The program works in this fashion:

variables (in this case scale counts) are added in sequentially until

those that have not yet been used show no significant differences

between ~>"e groups. The program then stops.

3.2.3 Morphometric data

Randomly selected preserved skinks, which had been preserved for

three years or less, were measured from axilla to groin (a-g), snout to

forelimb (s-f), snout to ear (s-e), and ear to forelimb (e-f) to within

O.2mm using callipers. The anterior margin of the longest toe

(excluding ~~e claw), snout to vent length and intact tail length were

measured with a ruler to within O.5mm. The head length, from the

posterior part of the interparietal to t.~e tip of the snout, and the

head width, from the lateral edge of the left parietal to the lateral

edge of the right (Fig. 5), were measured at 10x magnification under a

dissecting microscope fitted with an ocular micrometer with O.1mm

gradations. The body ratios for each morph were compared using SPSS

program MANN-WHITNEY U (Nie and Hull, 1981; p.232).

3.2.4 Developmental data

Tne s-v lengths of 692 preserved skinks were measured by ruler to

within O.5~ll. All spec~mens had been preserved for less than one year.

After measurement, the skinks were dissected, and L~e sex noted. The

nUmber of ova was counted in the mature females. A few very young



subadults could nOe be sexed by eye.
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Lieir gonads were sectioned,

stained, and examined under a dissecting microscope so that the sex

could be determined in G~is manner. Two mature males of each colour

pattern caught each month from October 1981 to March 1982 were examined

for sperm. in the epididymis.

Live females were kept in the laboratory. Any juveniles born to

them (all gave birth to live young) were weighed to within O.OOlg less

than one month after parturition, and the parturition date noted.

3.2.5 Electrophoresis

Gel electrophoresis using the t.ecr....n i.quec of Ut-:.e1:' et 2.1 (1974) and

Allendorf et al (1977) was employed to examine genetic variation in the

three morphs. Electrophoresis was carried out by Dr. C. H. Daugherty

at Victoria University, Wellington.

3.3 RESULTS

3.3.4 Colour and colour patterns

Three distinct colour patterns can be distinguished in the

L. n. maccanni specimens: • striped ", "speckLed" and " s potted" (Fig. 4,

Figs. 6-12). A description of the three follows:

Striped (Figs. 4, BA, BB, 12A)

This colouration consists of: a median dorsal dark brown

longitudinal stripe, 2 half-scale roWS Wide, commencing behind the head

and passing back almost to the tip of the tail with well-defined

lateral borcers formed from very dark bro'~ lateral bands (Fig. SA). A

yellow-bro'~ dorsal band 2 half-scale rows ~ide,blo~ched with dark

brOWTI,bordered la~erally with a very dark brown band. illl0L~er light



Figs 6-12. Colour patterns of the three morphs in the
study area (A = Upper; B = Lower).



Fig . 6 .-\ . B. Spot ted morch (~ o r s n l vi ews ).. .
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Fig . I A, B. Speckl ed mo r ph ( dor s a l views ).
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f i g. S
A. Striped morph (Jors, l . i e

W
) .

B. Stripe" mor ph ( lotero1 .ie
W

) .
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Fig . 9 A. Speckled morph ( dor sal vi ew)
B. Speckl ed morph ( l ~ ( e ral vi ew) .
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fig . ic
A, B. Spo~ted mor p~ ( l a t er ol views) .



Page 28

7
1/

Fi g . 11 A. Spot ted morph ( dorsa l vi ew)
B. Spot ted ~or ph ( v e~ t r~l view) .
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fig . 1::: A. Striped morph (v entra l vi ew)
B. Speckl ed morp h ( ventral view) .
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bro'~ band 1 half- to 2 half-scale rows -Hide, with a very dark brown

lateral border. A dorsolateral pale stripe half to 2 half-scale rows

wide commencing above ~~e anterior border of ~~e eye and carrying

backwards along either side of L~e tail, with a well-defined lateral

border formed by a very dark brown band. A broad lateral band 2.5 to 3

scale rows wide, dark brown in colour, originating at the tip of the

snout, passing ~~rough L~e eye and ending towards t~e end of the tail,

bordered laterally by a very dark brown band (Fig. SB). Below this, a

pale lateral stripe 1 half- to 2 half-scale rows wide passes from

beneath the anterior border of the eye through the ear, above limb

insertions, to the tail, bordered below by a well-a~fillad very da~k

brown line. The ventral colouration is an even greyish brown, which

also extends over the ventral surface of the limbs (Fig. 12A). Some of

the longitudinal stripes may be indistinct over ~~e posterior third of

the tail. Outer surface of forelimbs is dark brown, with a pale

stripe.

The juvenile colouration is the same as that of the adult, but

generally lighter.

Soeckled (Figs. 4, 7A, 7E, 9A, 9B, 12B)

The typical adult colouration is as follows: a median dorsal very

dark brown longitudinal stripe, 2 half-scale rows wide, well (Fig. 9A)

or partially (Figs. 7A, 7B) developed, commencing behind the head and

passing back to the base of the tail. A light brown dorsal band 2

half-scale ["0''';5 ",.;ide ',Ji:::-:' light flecks. ~~OL~er broken dark brown

band, half- ~o 2 half-scale rows wide, shading on to a pale

dorsolateral band half- to 2 half-scale rows wide, extending from the

posterior ffidrgin of the eye and carrying backwards to the first
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one-third of the tail. This pale stripe is bordered laterally by a

very dark brown band and may have scales extending above and below. A

broad lateral band 1.5 to 2.5 scale rows 'wide, dark brow~ in colour,

originating at the tip of the snout, passing through the eye and ending

near the tip of the tail, bordered laterally by a broken very dark

brown band and with pale scales extending into it from above aI"'..Q below;

sometimes flecked with white specks (Fig. 9B). Below this an

indistinct pale stripe 1 half- to 2 half-scale rows wide passes from

beneath the anterior border of the eye through the ear, above the limbs

to the tail, irregularly defined below by brown scales which merge

gradually with the grey ventral colouration. The ventral surface is

usually speckled with black spots on the head and tail (Fig. 12B).

Outer surface of forelimbs is dark brown with black and white specks.

The juvenile colouration is similar to that of the adult, but

lighter.

Spotted (Figs. 4, 6A, 6B, lOA, lOB, llA, 11B)

This is the typical adult colouration: a median dorsal

longitudinal stripe half- to 2 half-scale rows Wide, well or

partially developed, commencing behind the head and passing almost to

the tip of the tail (Figs. 6A, 6B, llA). This stripe is very dark

brown with dark brown blotches at regUlar intervals extending into a

grey dorsal band. This band is 2 half-scale roWS wide, and shades into

a broken dark bro·wu stripe 1 half- to 2 half-scale rows wide. An

irregular, pale dorsolateral stripe trat may be continuous or broken

extending from the nucha Is to towards che base or the tail ..Bordered

ventrally by a very dark brown band. A broad dark brown lateral band

2 ..5 to 3 scale r-ows wide originating at the tip of the snout, passing
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through ~~e eye and ending to~ards ~~e tip of the tail, bordered

laterally by a broken very dark brown b~~d, ap~ with pale scales

extending into it from above and below (Figs. lOA, lOB). Below this, a

pale irregular lateral stripe 2 half- to 3 half-scale rows wide extends

from beneath the eye through the ear, above the limb insertions, to L~e

base of the tail. This stripe may be continuous or broken, and is

often bordered ventrally by a very dark brown stripe. Pale scales

extend into the ventral colouration, which is greyish- brown with black

specks on the head and tail (Fig. l1B). Outer surface of forelimbs is

dark brow~ with black and white spots.

The juvenile colouration is si~il~ to ~~a~ of ~~e adult, but

generally lighter.

The colours and colour patterns of the spotted and speckled skinks

varied between individuals in the study area, but wi~~ practice, both

t"~es could be distinguished at a glance. However, the striped colour

pattern showed much less variation, and the description supplied above

(with possibly SOme variation in stripe widths) applies to all but one

of the striped skinks that I found in this area. The aberrant

individual had a few black spots overlying the normal colour pattern.

The adaptive significance of the colour patterns is discussed in

Section 5.4.4.

All three colour pa~terns appear to consist of a similar number of

bands ~n similar positions on the body. However, these bands are

variously fragmented and coloured, and the ground colour varies from

light: brown to b Lack , so t.ha r; three different colour pacner ns arise ..

~he most important d~agnostic reatures or

summarised in 'l'ab Le 2.

tne colour patterns are
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Table 2. SEPARATION OF THE TF.REE MORPF.5 IN THE STUDY JI.REA ACCORDING

TO PATlr.JUl AND COLOUR.

Character Striped

Morph
Speckled Spotted

-----------------------------------------------------------------------
median dorsal stripe Dark brown wi th

very dark brown
borders.
Continuous from
behind head
almost to tip
of tail

Very dark brown.
Well or
partially
developed.
Passes from
behind head
to base of
tail

Very dark

brown with
dark brown
blotches.
Well or
partially
developed.
passes from
behind head
almost to
tip of tail

margins of dorsolateral

s tripe Linear

width of brown lateral

band 2.5-3 scales

margins of brown
lateral band Linear

throat Always unspotted

Linear or
toothed

1.5-2.5 scales

Upper may be

linear or
toothed; lower

always toothed

Usually speckled

with black

Linear or
toothed

2.5-3 scales

Upper may be

linear or
toothed;
lower always
toothed

Usually
speckled
with black

outer surface of
forelimbs Dark

pale
brown,
stripe

with Dark brown, with
black and white

specks

Dark brown,
with black
and white
spots

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

I named striped skinks "striped" because their colour bands are

more distinct than in the o che r 't.'•ac species. Speckled skinks were

so-called because the dorsal and ventral surfaces are speckled with

black and white. A "s peck " of colour in this context means that the

colour occupies the whole, or part of, one scale. In c on cz-c s t; , in

spotted skinks the dorsal surface is covered with spo~s of colour. A
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11 s po t," colours more than one scale.

3.3.5 Scale counts

Table 3 gives scale counts for the ~1ree colour patterns.

Table 3. SCALE COUNTS OF (1) SPECKLED, (2) SPOTTED AND (3) STRIPED

SKINKS IN THE STUDY AREA.

-----------------------------------------------------------------
Scales Colonr Pattern n Range Mean S.D.

-----------------------------------------------------------------
midbody rows 1 35 29-34 31 1

2 55 29-34 32 2

3 44 26-31 29 1

ventrals 1 35 62-76 70 4

2 55 70-86 78 4

3 44 60-70 65 3

supraciliaries 1 25 5-9 6 1

2 27 5-7 6 1

3 32 5-8 6 1

upper ciliaries 1 25 6-11 8 1

2 27 6-10 8 1

3 32 5-10 8 1

lower ciliaries 1 25 7-12 9 1

2 26 8-12 10 1

3 21 7-10 8 1

suboculars 1 25 3-7 6 1

2 26 5-7 6 1

3 32 4-7 6 1

lamellae 40 18-23 21 1

2 65 21-28 24 2

3 59 18-23 20 1

nuchals 1 40 1-4 3 1

2 65 1-6 4 1

3 59 2-5 3 1

Striped skinks have lower counts in most of ~~e scale classes than

the o~~er two colour patterns, and spotted ski~~s have similarly high

scale counts compared with the Other colour patterns.
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The discriminant function analysis showed L~at L~e counts for

5upraciliaries and suboculars do not give any extra discriminating

power, but that ~~e other six scale counts are useful in separating the

tpxee groups. The best discriminators are the ventral scales, L~en L~e

midbody scales, the lamellae, the lower and upper ciliaries and G~e

nuchals, in that order. Eighty three point ~~ree percent of the skinks

can be separated into groups ~~at correspond to the three colour

patterns (jackknifed classification), and these groups are plotted in

Fig. 13. There is sOme overlap between speCkled ski~~s and the others,

but spotted and striped skinks are completely separate. The canonical

variables referred to in Fig. 13 are linear combinations of the

original variables, and are calculated as follows:

canonical variable 1 = -0.318 x midbody scales - 0.161 x ventral

scales 0.035 x upper ciliaries - 0.254 x lower ciliaries - 0.328 x

lamellae - 0.032 x nuchais + 30.821,

and canonical variable 2 = -0.679 x midbody scales 0.05 x

ventral scales 0.384 x upper ciliaries - 0.188 x lower ciliaries

0.25 x lamellae - 0.353 x nuchals + 11.918,

where "nu.dbody scales n, "ventral scales" etc.

relevant scale counts.

rerer to the

A simpler method for completely separating spotted and striped

SKi~ks is by plotting ventral scales against lamellae. Fig. i4 shows

the results for 47 spotted a~d 53 striped skinks. The same types of

graphs plotted for spotted and s peck l.ed , and striped and speckled

e k i nk s still snov....ed some overlap be tween eacn s.pec i es pair.
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3.3.6 Morphometric data

Table 4 shows various body ratios of individuals from the three

colour patterns. Because body ratios have been obserled to change

throughout growth (Hardy, 1977) only individuals greater than 50mm

snout to vent (s-v) were measured.

Table 4. BODY RATIOS OF (1) SPECKLED, (2) SPOTTED AND (3) STRIPED

SKINKS IN THE STUDY AREA.

Ratio Colour Pattern n Mean 8 ..0.

----------------------------------------------------------------------
a-g/s-f 1 26 1.7 0.2

2 24 1 .7 0.2

3 26 i.a 0.2

s-e/e-f 1 30 1.2 0.2

2 30 1.2 0.1

3 30 1.0 0.2

head length/head width 1 42 1.36 0.06

2 42 1.42 0.05

3 44 1.37 0.05

intact tail/s-v 1 lB 1 • 1 0.1

2 16 1.3 0.1

3 16 1 • 1 0.1

s-v/longest digi t 1 17 9.4 0.8

2 28 8.5 0.6

3 22 11 .3 1 .1

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

Table 5 ShO'HS comparisons between the body ratios determined by

the Mann-Whitney U test on SPSS (Nie and Hull, 19B1; p. 232).

Significan~ differences between morphs occur for every ratio except

a-g/s-f.
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STATISTICAL SIGNI?ICM1CE LEVELS O? BODY PATIO SIMILARITY FOR
PAIRED COHPARISONS OF STRIPED, SPOTTED AWl SPECYJ,ED SKINKS
(MANN-whITllEY U 2-TAILED TEST, CORRECTED FOR TIES). N.S.

=p>0.05=BODY RP.TIOS ARE SIMI~_~.

Body Ratio Comparison Significance Level

a-g/s-f

head lengL~/head width

s-eje-f

intact tail/s-v

s-v/longest digit

spot vs stripe N.S.
SpOt vs speck N.S.
stripe vs speck N.S.

spot vs stripe <0.01
spot vs speck <0.001
stripe vs spe ck N.S.

spot vs stripe <0.001
spat vs speck N.S.
stripe vs spe ck <0.01

spot vs stripe <0.001
spot vs speck <0.001

stripe ,~ spe~i.:: N,;S"

spot vs stripe <0.001
spot vs speck <0.001

stripe vs s peck <0.001

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

Intact tail length plotted against s-v length in speckled and.

spotted skinks enables L~e two morphs to be completely separated

(Fig. 15). An identical result obtains when the length of the longest

digit is plotted against s-v length in striped and spotted skinks

(Fig. 16). Graphs plotted for the other morph pairs using similar

parameters showed some degree of separation between morphs, but in no

cases did complete separation occur.

3.3~7 Developmental data

Table 6 gives s-v length ranges for spotted, speckled, and striped

males and females. No mean values were calculated, because SOID~ of the

pitfall traps used to ca~c~ the skinks we~e SO small that large

individuals were excluded. However, it appears from these daLa that in
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Fig. 16 Length of longest digit plotted against s-v length for
striped and spotted morphs in the study area
(each plotted number refers to the symbol directly below) •



Page 42

r o

I~

"On: El ICl 01
"'aJ El'"~,o c.:

,
0. .....'., '"

I
I El

r El • Ig•El

•El

El El El • • I
El

,
El El • • I

El El
,
I

gj • I

• I
El • c'H • I

El El •

~.
El El • M

El MEl •El El "'.El •• ••• "'"El •
El MEl • • E

• I
E

• • <,
s:

• • ,
+'

• • ! Cl

El El "'. "'. I c::

• '"El • I
rl

>
El ""El • I

• "'
El •

• "'. 0• ....••El

•

I
El

,
El

~.
"'El

El
El e

El I
I

I
• I

• I
• I

I
I

• I
I I I I , I I 0

<D r-, <D In ..,. '" ru ~(\J

ww/t..r:;.5u;'l :n 5, p



Page 43

each colour pattern, females reach a larger adult size than males.

This was also noted for L. zelandica (=L. n. maccanni) by Barwick

(1959) •

Table 6. RANGES OF S-V LENGTHS OF BOTH SEXES OF THE THREE MORPHS IN

THE STUDY AREA.

Colour pattern and sex Max. s-v/mm Min. s-v/mm n

speckled male 65.0 27.0 86

speckled female 70.0 25.0 55

striped male 62.0 17.0 202

striped female 65.5 21.0 191

spotted male 66.0 26.0 76

spotted female 72.5 27.0 82

The data also indicate that striped skinks are smaller than the

other two colour patterns. The smallest striped female with developing

ova in the ovaries measured 40.5mm s-v, whereas the smallest speckled

female in this condition was 49.0mm s-v, and the smallest spotted

female 52.amm s-v.

Fig. 17 shows the number of oviducal ova in different-sized

females of each colour pattern. This figure is probably very similar

to the number of offspring produced. Note that it is also correlated

with s-v length, as Tinkle ~ al (1970) found for lizards in general.

The graph displays very little overlap between striped and speckled

skinks, and none between spotted and striped ones. The reason for this

is tiha t; the number of oviducal ova in striped females of a given s-v

length is almost always greater ~~an in similarly-sized females of the

other colour patterns. Table 7 Li s t.s t.ne sizes of 37 juveniles of the

three colour patterns. Not surprisingly, a ~-test showed that L~e

striped offspring were significantly smaller (p<O.001) than those of
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A t-test also sho~ed that speckled

juveniles were significantly (p<0.01) soaller than spotted ones.

Table 7. SIZES OF JUVENILES OF THE THREE MORPHS IN THE STUDY A..'lliA

(ALL JUVENILES LESS TFJill ONE MONTH OLD) •

-----------------------------------------------------------------------
Colour Pattern Weight/g

Mean S.D.
S-V Length/mm

Mean S.D. n

-----------------------------------------------------------------------
striped
speckled
spotted

0.201
0.311
0.356

0.016

0.029

23.3
25.1
26.1

0.8
0.9
0.7

19
7
11

The sizes and colour patterns of the juveniles at parturition were

quite uniform within each colour pattern, and the juvenile colour

pattern always resembled the parent's. Parturition seems to occur at

the same time of the year for each morph: in late January and late

February (for 1982 and 1983 respectively). The difference in timing

was probably caused by the exceptionally cold and wet summer of

1982-1983, which could have delayed maturation of oVa in the females.

Parturition occurred at similar dates in the laboratory. No difference

in timing between colour patterns could be discerned.

Some sperm was present in the epididymis from October to March in

striped and speckled skinks, and from January to March in spotted

skinks. In all three morphs there was a large increase in sperm in

January, which indicates that the breeding cycles of the males are very

similar ..
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3.3.8 Electrophoretic evidence from liver and muscle enzymes for the

a oec LfLc d.i s t.Lnc t.nes s of the three morphs.

- ----

Gel electrophoresis on liver and muscle tissue supports the

hypoG~esis that the three colour patterns in the study area belong to

three reproductively isolated populations: ie- three separate species

(Daugherty et a l , , in prep s ) , The a t.r i ped skinks appear to be less

closely related to the spotted and speckled skinks than the latter two

are to each other.

3.4 DISCUSSION

3.4.1 Reclassifi.cation of L. n. maccanni

Significant differences between morphs occur in almost every

morphological and developmental character examined in the three morphs

from t~e study area. Although most of these characters show some

degree of overlap among the three groups, same enable pairs of morphs

to be completely separated. Tnese include the following morphological

characters: colour pattern, number of subdigital lamellae versus

number of ventral scales, and longest digit length versus snout-vent

length in spotted and striped skinks; colour pattern and intact tail

leng~~ versus snout-vent length in speckled and spotted skinks; colour

pattern alone in striped and speckled skinks. Table 8 summarises these

cnarac t.e r s ,
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Table 8. SEPARATION OF THE THREE MORPHS HI THE STUDY AREA ACCORDING TD

SELECT~ MORPHOLOGICAL CHARACTERS.

Character

colour pattern

no. of subdigital lamellae

no. of ventral scales
s-v/longest digit

intact tail/s-v

S tripeci

striped
range=18-23
range=60-70

mean=11.3
mean=1.1

Morph
Speckled

speckled
range=18-23
range=62-76

mean=9.4
mean=1.1

Spotted

spotted
range=21-28

range=70-86
mean=8.S
mean=1.3

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

Distinct characters such as these strongly suggest that the morphs

are separate species.

aNoninterbreeding between populations is manifested

by a gap. It is this gap between populations that

coexist (are sympatric) at a single locality at a

given time that delimits the species recognized by

the local naturalist" (Mayr, 1970; p. 14). -

The discriminant function analysis shows that most of the scale

counts used by Hardy (1977) are able to discriminate among the three

morphs. Although even this technique cannot separate them into three

non-overlapping groups, it is able to differentiate completely between

spotted and striped skinks. More importantly, it shows that two

unrelated characters, colour pattern and scale coun~s, are shared by

the members of each morph, with very little overlap among morphs. This

is also a good indication that the morphs are species (Mayr, 1969;

p. 182).

It seems reasonable to ass~~e on G~e above evidence, therefore,

that L. n. maccanni consists of three s~ecies in the study area.
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FurL~er strong support for tr~s ~~eQrj is given by the liver and

muscle enzyme electrophoretic results, which indicate not only

reproductive isolation, but also that L~e striped species is less

closely related to L~e other two species than ~~ey are to each other.

These results correlate well with the body size data in particular,

which show that the striped species is significantly smaller than the

other two. Electrophoresis is a useful technique for detecting sibling

species (Ryman et a L, 1979), such as the ones in this study. Sibling,

or cryptic species are species that are so morphologically similar that

traditional taxonomic methods are often unable to separate them (Mayr,

1970, p. 23). Electrophoresis to show speciation has been used

previous lyon the New Zealand herpetofauna by Daugherty et al (1981),

who carried out a genetic analysis on the native frogs. However, no

similar analysis has been used on New Zealand lizards, which is why ~~e

results from the present study are particularly interesting.

As well as being smaller than the other species, the striped

species shows much less morphological variation, particularly wi~~

respect to colour pattern, both inside and outside the study area.

During this project, I examined striped skinks from several

widely-spaced geographical localities (Fig. 18), and could detect no

geographic variation in this character. Therefore it appears that

colour pattern is a very useful diagnostic character in this species,

and may be G~e only reliable morphological meG~od of separating it from

the speckled species.

The breeding cycles of the three species appear to be very

similar. This is probably due to the exigencies of the weather in the

study area, which require L~e females t8 give birth during G~e mos~

temperate time of the year. The uniformity of the offspring within
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1- Speckled

2 - Striped

3 - Spotted

1
•

I•
I•

,
•

,
•

3
•

n,.3•:no..
23

\\L.3
~i

Fig. 18 Distribution of the three skink species in the

South Island and on various offshore islands.
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each colour pattern is further evidence G~at the colour patterns belong

to three species.

3.4.2 The distribution of the species outside t.he study area.

The three species appear to be quite widespread throughout the

South Island and on various southern islands. Each skink observed

during this part of the study was assigned to a particular species by

colour pattern alone. As a check on these classifications, selected

scale counts were made on sOme specimens from outside Otago. These

included four spotted skinks from two localities, six striped skinks

from four localities and 16 speckled skinks from eight localities. The

scales counted were the six types that the discriminant function

analysis had shown to be useful for separating ~~e three species in the

study area (Section 3.3.5). The values obtained for each skink were

substituted into the equations for the canonical variables. These

showed on the canonical variables graph (Fig. 13) to which species the

individual probably belonged. If, after this procedure, a particular

individual was closest to the species that matched its colour pattern,

it was said to have been classified correctly.

The fractions of each species classified correctly are as follows

(percentages in brackets): spotted 4/4 (100); speckled 8/16 (50);

striped 3/6 (50). Half of ~~e striped skinks were classified as

speckled, while 7/16 (44%) of the speckled ones ~~re classified as

striped, and 1/16 (6%) as spotted. These incorrect classifications may

indicate b~at colour pattern is a useless taxonomic character for

.se par a t.inq s cr i ped , speckled and spotted skinks cut.s i.d e Otago, but this

hypoL~esis is refuted by ecological data presented in Cha9ter 5. I~ is

more likely that scale COQ~ts are not good diagnostic characters in
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~~is region, since they are unable to separate L~e species co~pletely

even in L~e study area, whereas colour pattern can.

It is interesting to note that the three species occurred

sympatrically in only two of the localities examined. Besides the Rock

and Pillar Range, two large populations of striped and spotted skinks

and an apparently much smaller and more restricted one of speckled

skinks occurred at MaCRae's Flat, which is also in Central Otago (NZMS

18, Sheet 23; S43 408332). The relative abundances of the three

species at MacRae's Flat seemed to differ from those in the study area,

where speckled and striped skinks appeared to be more numerous and

widespread than spotted ones.

These species may not necessarily be reproductively isolated in

all of the areas, other than ~~e study area, where two or more occur

sympatrically. Often, reptile species may interbreed in one locality,

and not in another. For example, the garter snakes Thamnophis

hydrophila and ~ elegans are sympatric over a wide area in northern

California and southern Oregon without interbreeding. But the two

species form hybrid populations in northern California (Mayr, 1963;

p , 343). Mayr (1969; p. 32) said L~at in this and other instances

where two species are reproductively isolated in most but not all areas

where they occur sympatrically, they should still be referred to as

species.

3.4.3 Zoogeography

Fdrdy (1977) noted that the ?resen~ distribution of some ski~~

species in New Zealand could be explained by reference to past

restrictions to refuges from glaciations and subsequent movements away

from these areas. Refuges were said to include Stewart Island, and in
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the South Island coastal southern Fiordland, parts of Southland, Banks

and Otago Peninsulas, Nelson and the ~zrlborough Sounds. However, the

distributions of the three species in the L. n. maccanni species

complex are not fully explained by this theory. For example, Hardy

stated that the L. n , maccanni populations now found at Te Anau in the

South Island and on Stewart Island were thought to be descended from

populations which persisted in a scrub refuge during the last

glaciation. Although both speckled and striped skinks were found at Te

Anau and on Stewart Island, speckled skinks appear to have a much wider

distribution throughout the rest of the South Island than striped

skinks (see Fig. 18). At present, there does not seem to be any simple

explanation to account for the known distributions of L. maccanni and

Leiolopisma spp. 1 and 2. Any zoogeographic theory about these species

must take into consideration habitat preferences, which are discussed

in Chapter 5.

3.4.4 Scientific names

If my theory that "L. n , maccanni" consists of three species is

correct, then the holotype of the subspecies determined by Hardy (1977)

as NMNZ R1799 (ex ED 51220), which was collected 30km west of Ranfurly,

Otago, should be renamed L. maccanni. I have examined this specimen,

which "appears to be a spotted skink. From now on this species will be

referred to as n L. maccanni ll
• The striped and speckled species will

be called likewise "Leiolopisma s p , 1 11 and "Leiolopisma

respectively. These names avoid confusion with sugges~ed common names

for Ne',..; Zealand s ki.nks (Ne~..;man, 1980; p. 443) 1 wnere "speckled '1:

L. infrapuncta1:um (Boulenger), "striped": 1. striatu..'71 (Buller), and

"spotted": L. lineoocellatum (Dumeril and Dume r i L) ; The Chatham

Islands skinks, presently known as L. n , nigriplantare ',.;rould have to be
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One of the

criteria Hardy (1977) used to separate L. n. maccanni from L. n.

nigriplantare was obtained by plotting the number of ventral scales

against subdigital lamellae. Tnis method was found to separate r~o ot

the species in the present study, which supports a changed taxonomic

status for L. ~. nigriplantare. However, a formal reclassification of

L. n. maccanni and L. n. nigriolantare will have to await a more

complete study.

3.4.5 The status of the~ species under the Wildlife Act.

At present all but four New Zealand lizards are protected under

the Wildlife Act 1953, Order 1981, regulation 2. One of the lizards

not protected is L. n. maccanni. If L~e preceding reclassification is

correct, then L. maccanni will still be exempt from protection, as it

is not a newly described species, but the other two species will

automatically become protected (D. R. Towns; pers. comm , 1984). This

is unfortunate, since as Fig. 18 shows, ~. maccanni appears to have the

most limited distribution of the three species. A more extensive

sampling programme is needed to determine the full distributions of

these species.

3.4.6 The distributions of the ~~ree species in the study area

The data in Chapter 2 can now be reviewed based on the assumption

that the three colour patterns correspond to three species.

L. maccanni and Leiolopisma sp. 2 occurred toge~~er at relatively few

sites wiL~in ~~e study area. The mos~ typical species combination was

Leiolopisrna sp. 1 with one of t.he other t'\olO species. JI.~lso, at least

one or the s i ces vher e ~. maccan.!1i and Leiolopisma s p , 2 co-occurred

appeared to be a boundary zone between the two species populaticns.
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This did not seem to be the case when Leiolopisma sp. 1 was present

wi~~ one or both of the other species. Therefore, within the study

area Leiolopisma sp. 2 and L. maccanni appeared to be generally

allotopic and the other two species combinations generally syntopic.

Hypo~~eses concerning the distributions of the three species in the

study area are given in Chapters 5 and 8.

3.4.7 The possibility of more

complex

taxa in the L. n. maccanni species

As mentioned above, Hardy (1977) included L. maccanni in his

description of L. ~. maccanni. There is a photograph of an L. maccanni

specimen from Clark's Junction (NMNZ R1663) listed as ·C· on page 284.

Also on the same page is a photograph of Leiolopisma sp. 1 (NMNZ

R1665), listed as "B".. I have examined these specimens and confirmed

their specific identity. I have also examined the skinks Hardy (1977)

describes from St Arnaud and Waipapa Bay, Kaikoura. In my opinion they

are Leiolopisma sp .. 2, but this identification is necessarily tentative

(see Section 3.4.2). A further problem in identifying "L. ~. rnaccanni n

specimens collected from outside Otago arises from the fact that there

are possibly more than three species in the species complex. These

include the animals studied by Morris (1974) and Barwick (1959) as

~. zelandica, and Gill (1976) as Leiolopisma Spa On the basis of

developmental, morphological, and ecological characters, the North

Island skinks are more closely allied to Leiolooisma Spa 2 than to the

oG~er two species, but genetically they are closer to Leiolopisma Spa

than to the Deber species (C. H. Oaugherty, pers. comma 1984). A

further complication is added by the fact L~a~, as in ~~e present

study, some or all of these previous s~udies may involve two or more

taxa instead of only one. For example, two taxa probeb Lv occur at
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Birdling's Flat, where Morris (1974) carried out part of his study_

3.4.8 Evolution

Skinks are thought to have arrived in New Zealand about five

million years ago, or perhaps earlier. Geckos are thought to have

arrived about 15-20 million years ago (Robb, 1980; p. 20). However,

the evidence of speciation in L. ~. maccanni presupposes a much longer

history for our native skinks than was previously believed, one that

could date their arrival in New Zealand as contemporaneous with geckos.

Genetic distance data derived from protein differences can be used to

g~~~ 2r. approxim~te time for the divergence of the three species (Nei,

1975; Sarich, 1977).

3.4.9 Taxonomic revisions in other skink species

Since .~. ~. maccanni- is probably a species complex, it may be

that other polymorphic New Zealand skink species have been similarly

misclassified. Two possibili ties are L. smi thi (Gray) and

L. zelandicum (Gray). Protein variation detected by electrophoresis

will probably be essential in demonstrating whether speciation has

occurred within these two species, as Hardy's (1977) paper shows that

there is less morphological variation among their conspecific

populations than among those of L. n. rnaccanni.

3.4.10 Other lizard species in Otago tussock grasslands

As well as L. n. maccanni, a small popUlation of common geckos,

Hoplodactylus nacul~Lus, was fo~~d ~n L~e study area (a new record).

This was ~~e only gecko species found during a surveyor tussock

grasslands in Otugo carried out as part of the present study. It was

the most numerous lizard in some areas. Skink species other t.han the
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three common skinks found during t~s survey included Leiolopisma

grande (Gray), ~. otagense McCann, and L. chloronoton Hardy. These

three species seemed to have very restricted ranges compared to the

common ski~~s, and their role in the grass lands ecosystem must be

correspondingly small in Otago, at least.



Page 57

CHAPTER 4. Home Ranges

4.1 INTRODUCTION

The idea of home range has been prominent in the study of animal

populations for many years (Jorgensen and Tanner, 1963), and many

definitions have been formulated for ~~s concept. The definition used

in ~~e present study is a modification of the one proposed by Burt

(1943), and states that "home range" is "that area traversed by the

individual in its normal activities of food gathering and mating." This

definition has the advantages of being simple and biologically

meaningful. If all or part of the home range is defended against other

individuals of the same species, the guarded area is called a territory

(Odum and KuerizLe r , 1955). It is useful to determine the

characteristics of territories and home ranges in ecological studies

because they often reflect important population and community

characteristics. These include population density, interspecific

competition and the type of social system present (Schoener, 1981).

The presence or absence of territories and home ranges also influences

census methods (Chapter 7).

The associated parameters that are generally determined in home

range studies are size and shape. These may be measured in two

different ways. one is by using nonstatistical techniques, which make

no assuoptions about the distribution of animals in their home ranges.

Barv i ck (1959)! for example, used a me uhod of t.h.i.s type to determine

the home range of Leiolopisma zelanjica (=Leiolopisma sp. 27). The

other way employs statistical techniques! whic~ assume some

probabilistic distribution of the animals in the environment (eg:

Jennrich and Turner, 1969). Jennrich and TUrner stated that, in a
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homogeneous environment, the most accurate nonstatistical tec~~ique is

the Minimum Convex polygon (MCP) meL~od (described in Section 4.2.3),

whereas the best statistical technique is their covariance matrix

method. Both of these methods have disadvantages, however. Each

involves capturing, releasing, and recapturing animals so that the home

range boundaries can be delineated. MCP's based on a small number of

recaptures tend to underestimate home range size. Jennrich and Turner

(1969) provided a method of compensating for this bias. Turner et al

(1969) used this technique to recalculate the home ranges from various

lizard studies, including that of Barwick (1959) mentioned above. Rose

(1982), however, pointed out that these revised values were

unrealistically large, because they assumed that the lizards' use of

space conforms to a bivariate normal distribution, which in fact rarely

occurs in nature. Since the covariance matrix technique (Jennrich and

Turner, 1969) also depends upcn this assumption, it too is likely to

give inflated estimates of home range size. Some later workers (for

example Waldschmidt, 1979) have therefore rejected the use of these

techniques in measuring lizard home ranges, and have used instead the

MCP method with more realistic adjustments. Other workers, however,

still are using Jennrich and Turner's (1969) methods without

determining the probabilistic model for their lizards (for example:

Brooke and Houston, 1983).

In G~is chapter home ranges of Leiolopisma sp. 1, Leiolopisrna

sp. 2 and L. maccanni are mapped, and home range sizes estimated using

a recently-devised meb~od (Christian and Haldschmidt, 1984) that avoids

errors centioned above.

territoriality is determined.

Also, the presence and nature of
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4.2 METHODS

4.2.1 Study areas

Pitfall trapping to estimate home range size was carried out in

three areas (1, 2 and 3, Fig. 3). Area 3 contained L. maccanni and

Leiolopisma sp. 1, area 1 held all three species, while area 2

contained Leiolopisma spp. 1 and 2.

Trapping was carried out from 3i January i982 to 2 ~~y
100')
• ~""'''''f

and

28 September 1982 to 25 April 1983 in areas 1 and 3, and from 28

September 1982 to 25 April 1983 in area 2. The relative densities of

the c.omina..'1t plants in tihe three areas are given below. The figure in

brackets is from the cover-abundance inda~ proposed by Braun-Blanquet

( 1932; p. 34) (see Appendix C). Area 3 had 50-75% tussock (4) and at

least 5% spaniard (2); area 1 had 25-50% tussock (3) and less than 5%

spaniard (+); area 2 had 50-75% tussock (4) and at least 5% spaniard

(2). All three areas were within lOOm of each other.

4.2.2 The trapping procedure

Skinks were caught in two types of pitfall trap. The first was a

500g yoghurt container with a layer of soil on the bottom, as described

in Section 2.2.2. The second type was a 12cm length of PVC pipe, 3.5cm

wide, placed in the ground in a similar fashion to the yoghurt

containers. The open base allowed water to drain away, although

occasionally, during exceptionally hea~! rain, some of these traps

filled to the top with water. Bo~~ sorts of trap were marked with

numbered wooden stakes driven into b~e ground beside L~en (see

Fig. 23).
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Skinks were marked by clipping the toes in various combinations.

This method is commonly used to mark skinks. It was employed, for

example, by Barwick (1959) on L. zelandica (=Leiolopisma sp. 27) in

estimating home ranges. In the present study no more than ~dO toes

were removed from each skink. The toes were cut off close to the first

joint with a pair of fine-pointed scissors. In no cases were the toes

found to regenerate. This method of marking the skinks was very

satisfactorYi the only difficulty occurred in cases of toes lost

through natural causes after marking. However, this happened very

infrequently, and when it did was usually immediately obvious because

the marked toes Were cut at a constant point, which rarely coincided

with those lost. Each skink was toe-clipped immediately upon removal

from a trap and the s-v length and species was recorded, together wi~~

the condition of the tail (degree of intactness). The trap number was

recorded, and then the skink was released next to the point of capture.

4.2.3 Home range size

Home range size was estimated by the MCP method adjusted for small

sample sizes using the technique described by Christian and Waldschmidt

(1984) from Rose (1981). This method avoids the overesLimation of home

range size that sometimes occurs with Jennrich and Turner's (1969) Mep

and covariance matrix techniques. In the present study too few

recaptures of each skink occurred to enable their probabilistic

distribution to be determined with a reasonable degree of certainty.

The MCP method involves drawing G~e smallest convex polygon which

contains all of the capture points, and taking the area of the polygon

as (unmodified) area of the home range. Five skinks (one

Leiolopisma sp. 2 and four Leiolooisma sp. 1 individuals) had home
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rili'ges wnose size eventually stopped increasing as the number of

captures increased. For ~~ese skinks, L~e smallest number of captures

needed to estimate 100% of the total hone range size was taken as the

minimum sample required to estimate home range. The mean of rhe

minimum sample size was seven. A set of correction factors was

generated by dividing Jennrich and Turner's (1969) correction factors

for seven captures (0.196) into their correction factors for seven and

fewer captures. These new correction factors were then used in the

same way as the originals: home ranges based on seven or fewer

captures were divided by-the appropriate correction factor.

For example, Jennrich and Turner IS correction factor for four

captures (0.092) when divided by 0.196 yields a new correction factor

of 0.469. Thus a Leiolopisma sp. 1 individual which had a home range

,.,
of 15.7m" based on four captures (Table 9) had a new estimate of 33.5m2

4.2.4 Greenhouse experiment

To aid in interpreting the data on skink movements obtained by the

Mep method, an experiment Was set up to test whether the three species

displayed a similar probability of being recaptured after the initial

capture and toe-clipping. The experiment was carried out as follows:

skinks from each of the three species ~ere placed inside two 2.3m x

1.Qm X O.~E deep enclosures (Fig. 19) within a greenhouse, so that each

enclosure contained nine or fewer skinks at any given time. These

con rained a 15cm deep layer of topsoil from the principal study area.

The topsoil had 'the usual inter-tussoc:: vegeta don growing in it, but

in addii:ion each enclosure contained two pitfall traps (500g yoghurt

containers) placed one at each end, a spaniard (Aciphylla aurea) and a
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Fig. 19 One of the greenhouse enclosures
(2.3m x 1.Om x O.4m deep).
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snow tussock (Chionochloa rigida). The tussock in one enclosure waS

35cm in diameter, and the spaniard was 48cm in diameter. The tussock

in the other enclosure 'was 25cm in diameter, while tile s pani.a rd was

42cm in diameter. Black polythene was placed under the soil and up the

vaLl,s of the enclosures. This prevented the skinks from escaping, and

helped to retain water in the soil after watering. The experiment was

carried out during the period from October 1983 to April 1984.

When a skink was first caught in either of the two traps, two of

its toes were clipped and the animal released back into L~e enclosure.

The time between its initial capture and any subsequent recapture in

one of the traps was recorded.

4.3 RESULTS

The home ranges of one Leiolopisma ap , 2, one.!: • .maccanni and 16

Leiolopisma sp. 1 individuals are mapped in Figs. 20 and 21. It can be

seen that there is considerable overlap between them. The shapes of

the home ranges naturally depend to a large extenc upon the positions

of the pitfall traps, as well as to the number of captures. ~,en with

these methodological reservations, it appears as if the home ranges are

generally non-circular. Non-circular home ranges are known for other

lizard species, such as Crotaphytas collaris in the United States

(Fitch, 1956).

One L. maccanni individual was caught in four different pitfall

traps during the same sample period (Fig. 20). However, this probably

did no~ give a true indication of its nODe range (see 5~ction 4.4.1).
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Fig, 20 Sites of successive captures for marked L. rnaccanni and
Leiolopisrna sp. 1 skinks in area J in the study area
(see Fig. 3). The black circles represent traps.



Fig. 21 Sites of successive captures for marked Leiolopisma

spp. 1 and 2 skinks in the study area. The black

circles represent traps. The upper diagram shows

area 1 and the lower diagram area 2 (see Fig. 3).
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4.3.1 Home range size

Tne unmodified and modified home range sizes are given in Table 9.

Table 9. HOME RANGE SIZES FOR THE THREE SPECIES IN THE STUDY AREA.

---------------------------------------------------------------------
Species Area No. Captures MCP Area Adjusted Adjusted

1m2 Area ( 7 Area ( 16

captures) Im 2 Captures)
/m 2,-

---------------------------------------------------------------------
sp. 1 2 5 1 .2 1.7 3.6

sp. 1 2 11 10.5 10.5 14.1

sp. 1 2 4 1.7 3.6 7.5

sp. 1 2 3 2.6 11 .9 24.5

sp. 1 3 3 2.6 12. 1 24.9

sp. 1 3 3 5.8 26.5 54.5

sp. 1 3 6 5.4 6.2 12.8

sp. 1 2 5 2.6 3.8 7.8

sp , 1 3 3 6.1 27.9 57.6

sp. 1 3 8 9.6 9.6 16.8

sp. 1 3 6 0.5 0.6 1 .2

sp. 1 3 5 11 .3 16.4 33.8

sp. 1 1 4 15.7 33.5 68.9

sp. 1 3 5 8.0 11.6 24.0

sp. 1 1 3 6.3 28.8 59.2

sp. 1 3 6 12.5 14.3 29.5

maccanni 3 4 5.9 12.2 25.7

sp. 2 2 8 7.7 7.7 13.4

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

The modified home range sizes (based on seven captures) of

Leiolopisma sp. 1 show a wide range, from a.6m 2 to 33.5m2• Christian

and Waldschmidt (1984) compared the home range sizes of different

lizard species using 16 captures as the minimum needed to define home

ranges. Home range sizes calculated using this capture number are

included in Table 9. The home range sizes of the skinks in this study

probably lie beL~een the adjusted area values for seven and 16

captures.
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The mean size for Leiolooisma sp. 1 (Christian and Waldscr~idtts

value in brackets) is 13.7m 2 (27.5m 2 ) . One Leiolooisma sp. 1 home

range was significantly larger L~an the o~~erSt probably because the

occupant foraged outside its normal home range during G~e sample

period. This individual was excluded from the home range calculations.

4.3.2 Capture data

Table 10 shows tile nnmher of ski~~s that were captured one or more

times in the three study sites.

Table 10. THE NUMBER OF SKINKS CAPTURED ONE OR MORE TIMES IN SITES

1, 2 AND 3 IN THE STUDY ARE."..

Species No. of skinks No. of captures

Sp. 1 57 1

sp. 1 26 2

sp. 1 11 3

sp. 1 3 4

sp. 1 2 5

sp. 1 8 6

sp. 1 1 7

sp. 1 1 8

sp. 1 2 9

sp. 1 1 10

sp. 1 1 11

He an + S.E. 2.4 + 0.2

maccanni 51 1

maccanni 6 2

maccanni 1 3

maccanni 1 4

sp , 2
sp. 2

sp , 2

sp. 2

Mean + S.E.

15
6
2
1

t·J.ean + S.E.

1.2 + 0.1

1

2
3
8

1.7 + 0.3

---------------------------------------------------------
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The mean capture number is much lower for L. maccanni than for the

other species.

consecutively.

Skinks were very seldom caught in the same trap

Of the 72 Leiolopisma sp. 1 individuals caught in areas and 3

during the first sample period, 15 were recaptured in L~e same areas in

the second sample period. Six of these were in at least one of the

same traps as in the previous period. One Leiolopisma sp. , individual

caught in area 3 during the first sample period was recaptured in area

1 during the next sample period. Two of the 18 L. maccanni individuals

caught in area 3 during the first sample period were recaptured in the

same area during the next sample period. Neither of these skinks was

found in any of the same traps as in the previous period. No skink of

any species had its home range plotted in both periods.

4.3.3 Greenhouse experiment

In the greenhouse experiment, the times between captures were

compared among the three species using an unpaired t-test. No

significant differences (p>O.05) were found. The percentages of skinks

not captured a second time were: L. maccanni, 20%; Leiolopisma sp. 2,

33%; Leiolopisma Spe 1, 40%.

4.3.4 Territoriality

Individuals from every species often displayed marked inter- and

intraspecific aggression. This behaviour seemed to be associated with

the defense of a specific area within the home range- that is, a

territory- and consis~ed mainly of chasing and biting. The terri t.o.r i.es

usually contained basking sites, and the positions or bo~h therefore

varied according to t.he posi tion of the sun dur i.nc t.rie day.
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territories appeared to be associated with

particular environmental features such as rocY~ and plants. For

example, in the greenhouse a record was kept of aggressive encounters

among L~e three species concurrently wi~~ the pitfall trapping

experiment. The skinks were observed at various times of the day,

between 0800 and 1700, on most of the days when they were active.

Aggressive encounters involved one or more of the following actions

between two animals: head-butting, chasing, biting and tail lashing

(the latter usually occurred in the animal under attack). Such

encounters lasted from approximately five seconds to approximately 30

seconds, and at least one encounter was seen on 26 days. Fifty eight

encounters were observed in total, involving 11 Leiolopisma sp.~, 10

L. maccanni and eight Leiolopisma sp. 2 individuals. No skink was seen

to chase another one out of the tussocks, but in 5/21 encounters when

L. maccanni was the aggressor, the other skink was chased out of a

spaniard, and the same occurred 5/20 times when Leiolopisma sp. 2 was

the aggressor. None of the 17 aggressive encounters noted when

Leiolopisma sp. 1 was the aggressor involved the spaniards.

4.4 DISCUSSION

4.4.1 Home range size

Mean home range sizes could not be estimated for L. maccanni and

Leiolopisma Spa 2, as only one individual from each species was mapped.

However, the Leiolopisma Spa 2 specimen (a male measuring 46mm s-v) was

captured eight times over five monw~s, only T~thin the area in Fig. 21.

Home range size did not increase after five captures, and so the size

estimate for this individual is probably quice accurate. ~eskink~s

not caught until the last sampling day, so that the number or captures
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was not recorded as being lower than it should have been. The home

range size estimate for tr~s individual is probably typical of the

species, because the mean distance between traps of o~~er Leiolopisma

sp. 2 individuals caught t~ice was similar to the diameter of this

area. Therefore the home range sizes of Leiolopisma spp. 1 and 2

appear to be similar.

The L~ maccanni individual was captured four times in an area

approximately the same size as the home ranges of the other species.

This area increased with the number of captures, as did the areas

within which other L. maccanni individuals were caught, and so home

range sizes could not accurately be calculated for this species

(Brooks, 1967). However, an indication of the mean home range size for

this species is given by the fact that only 8/56 (14.3%) L. maccanni

specimens were caught more than once in the field, compared with 56/113

(49.6%) for Leiolopisma sp. 1 and 9/24 (37.5%) for Leiolopisma sp. 2.

Sometimes being caught once reduces an animal's probability of being

recaptured, and it is then said to be "trap-shy". The preceding result

may have been due to trap-shyness, but the results from the greenhouse

experiment indicate that~. maccanni is not more trap-shy than the

other species. Therefore the relatively low number of recaptures of

L. maccanni was probably due to individuals moving out of area 3 after

being caught once.

is larger than site 3

This suggests that the home range for this species

(330m2) and possibly encompassed the entire

stream bank where si te 3 ~.;as Loca t.ed ,

The idea of a large home range fer L. maccanni compared with the

oG~er species is Suppori:ed by the fac~ that no L. macca~~i individuals

were caught more than four times, compared with eight times for

Leiolopisma sp. 2 and 11 times for Leiolopisma sp_ 1_ Fusa, fewer
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L. maccanni than Leiolopiswa sp. 1 individuals were recaptured in site

3 after the winter and neither of the two L. maccanni skip~s L~t were

recaptured was in any of G~e same pitfalls as before L~e winter.

The advantage of having a definite home range is probably that, as

Hea two le (1976; p. 131) noted for lizards in general, it allows

familiarization with ~~e environment and learning the location of

refuges and food sources. The difference in hOme rfu~ge size between

L. maccanni and the other species may therefore be associated with

behavioural differences between the same two groups. The effect home

range size may have on diet is discussed in Section 6.4.

The Leiolopisma sp. 2 home range size and the mean size for

Leiolopisma sp. 1 are very similar to the mean size calculated for

L. zelandica (; Leiolopisma sp. 27) by Barwick (1959). Barwick's value

was approximately equal to 12.5m2 (although this is probably too small,

as he did not compensate for the number of captures).

4.4.2 Sexual differences in home range size

Barwick found no difference in the sizes of male and female home

ranges. However Turner et al (1969) recalculated these home ranges

based on Barwick's (1959) illustrations, and found that by using the

convex polygon method, adjusted to G~e number of captures, the males'

home ranges were larger. In the present study it was difficult to

determine whether males and females of each species had different-sized

home ranges because the only reliable method of sexing the ski~~s

involved killing the~. ObviouslYr ~~is would have limited the number

of recaptures and thus biased the home range results, and so in most

cases the only skinks that could be sexed were gravid fe~ales. These

were distinguishable by the swollen appearance or their abdomens.
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Because of this difficulty, too few skinks ~ere able to be sexed to

allow home range differences to be detected.

4.4.3 Territoriality

Most skinks studied previously have had overlapping home ranges

(Stamps, 1977), and this appeared to be true for the three species in

this study as well. There is a large amount of overlap among almost

all of the home ranges shown in Figs. 20 and 21. Aggressive behaviour

was also present in these skinks, but the extensive overlap indicates

that this was not directed towards defending the entire home range, but

only specific territories within it (Stamps, 1977). I observed such

specific site defence for eac~ species in the field and in the

greenhouse. The aggressive behaviour I saw in these skinks has often

been noted in other skinks, .such as the Australian species

Sphenomorphus kosciuskoi (Heatwole, 1976; p. 135). It is surprising

that al~~ough McCann (1955) noted that L. zelandica =L. n. maccanni)

is very aggressive, no sign of aggression or territoriality in this

skink was observed by Barwick (1959) and Morris (1974), or mentioned by

Gill (1976). This indicates that the skinks in these last three

studies may not correspond to any of the species in the present study

(see also Section 3.4.7). The exclusion of adults from territories by

aggressive behaviour was noted in other New Zealand skinks, including

Sphenornorphus pseudornatus McCann (= Cyclodina ornata (Gray» (Fawcett,

1964), L. maco (Dumeril and Bibron) (Whitaker, 1968) and L. suteri

(Boulenger) (To'~s, 1975). The differences in aggressive behaviour

noted in the skinks in the presen~ study may indicate that they have

different hao Ltat preierences, which are discussed more fully in

Chapter 5.
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4.4.4 Range shifts

Bar~ick (1959) found no definite change of range for any L.

zelandica (=Leiolooisma sp. 2?) individual which had been marked and

recaptured in his study area. In the present study one such shift from

one home range to another (a distance of approximately 100m) was noted

in Leiolopisma sp. 1. Other observations also indicated that this

species is not very site specific. For example, fewer ~h~n 10% of the

individuals captured before the winter in 1982 appeared to occupy ~~e

same home range after the winter. Also, large numbers of unmarked

Leiolopisma sp. 1 individuals were recaptured in sites 1 and 3 in the

second sample period. As fewer than 25% of the skinks captured in

~~ese areas before the winter were recaptured there after it, ~~e

unmarked individuals were probably ones that had moved into the study

sites because marked skinks had moved out.

4.4.5 Juveniles

One L. maccanni and six Leiolopisma sp. 1 juveniles were caught

and marked in this study. No juveniles were caught more than once.

This could indicate that, as Barwick (1959) found for L. zelandica

(=Leiolopisma sp. 27), the juveniles have a dispersal phase during L~e

first few months, before winter.
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CHAPTER 5. Habitat Preferences.

5.1 INTRODUCTION

Reptiles do not usually have random distributions (Heat.ole,

1976) • They utilise particular habitats within their general

geographic range, either because they have a behavioural preference for

certain environmental features, or because they are unable to survive

in some habitats. Non-random distribution is also common within the

habitat, for similar reasons.

These distributional patterns, therefore, may be said to arise

from physical factors such as habitat structure, or biotic ones such as

the presence of competitors. In Chapter 2, Leiolopisma sp.

and L. maccanni were found to occur in distinct areas within the

principal study area. Also, in Chapter 3, these species were found to

possess apparently non-random distributions throughout the rest of the

South Island and on various off-shore islands. The "glacial refugia"

hypothesis was raised as one explanation of these patterns (Section

3.4.3), This chapter discusses the present-day physical cues that may

also be involved. The effects of competition on distributions will be

discussed in Chapter 8.

Gill (1976) showed that habitat preferences could be used to

distinguish similar sympatric skink species (Leiolopisma

sp. (=Leiolopisma 5p. 27) and L. zelandicum) in the Manawatu, and to

explain how they were able to co-exist in this area. Similar

obs e r va t i ons ve t:e made for s ympa trie popuLa dons of L. 1ineoocella turn

and ~ in£rapunctatum near Nelson, by Mainwaring (1980). Por~er (1982)

examined habitat preferences for the skinks Cyclodina aenea and
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c. ornata in Auckland, but was unable to detect the factors important

in habitat selection. In the present chapter, habitat utilization by

the three species is quantified in tussock grassland both within and

outside the principal study area. The habitat preferences of the three

species are examined.

5.2 METHOD5

To quantify the occurrence of the three species in similar

microhabitats, the following four microhabitat categories were used:

( 1 ) grasses, (2) herbs and shrubs, (3) rocks resting on soil

(henceforward referred to as "rocks"), and (4) rocks resting on other

rocks (henceforward referred to as ·roc~ outcrops·). During February

1983, whenever a skink was sighted in the principal study area, a

description of the immediate microhabitat was noted. The microhabitat

of chased skinks was recorded from the place of first. observation. The

species was also determined, together with the geographic area where

the sighting was made.

From 28 August 1983 to 25 February 1984, 19 tussock grassland

localities in Otago and Southland Were visited in a habitat study.

These areas were: Tiwai Point (46°38'5, 168°27'E), Miller's Flat

(45°37'5, 169°28'E), MacP~e's Flat (see 5ection 3.4.2), Clinton

(46°11 '5, 169°20'E), Double Hill (45°34'5, 170 028'E), Clark's Junction

(45°44'5, 170 0S'E), Roxburgh (45°30'5, 169°19'E), Bucklands Crossing

(45°38'5/ 170 034
'E), Kawarau Gorge (44°58'5, 168°40'), Remarkables

Range (45°3'5, 168°47'E), Rough Ridge (45°10'8, 169°52'E), Alexandra

(45°16 15, 169°18'E), Lake Mahinerangi (45°49'S, 170°0'£), Taieri Ridge

(45°20 18, 170030'E), Hos q.i e L (.~5°53'S, 170 027'E)/ Lake ons Low (45°32'5,

169°32 1 £ ) , Kakanui Range (45°11'S, 170 039 IE)/ Old Man Range (45°19'S,
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169°11'E) and owaka (46°29'S, 169°43'E).

Whenever a ~common skink" was seen, the species was noted, and the

following environmental parameters recorded: slope, (less trdn 5° was

recorded as U fla t"), inclination of the slope, time of day I weather

conditions, air temperature and type of microhabitat associated with

the ski.nk , An Abney level, compass and mercury thermometer were used

to measure slope, inclination and shade temperature respectively. Tne

shade temperature was measured at ground level.

Usually a skink's microhabitat was determined without difficulty,

but when lizards Were captured in overlapping microhabitat types, the

individual was recorded in bo~~ microhabitat categories (Marcellini and

Mackey, 1970) • Each animal was counted only once. Chi2 tests of

independence were used to determine whether interspecific differences

in habitat utilization Were significant.

5.3 RESULTS

Numbers (and percentages) of skinks seen in various microhabitats

within the principal study area are shown in Table 11.

Table 11. HABITAT UTILIZATION BY THE THREE SPECIES IN THE PRINCIPAL

STUDY AREA. NUMBERS OF SKINKS (PERCENTAGES IN

PARENTHESES) OF EACH SPECIES IN THE FOUR MICROHABITATS.

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

Species
Grasses

Microhabi tat

Herbs and Shrubs Rocks Rock Outcrops

s p , 2
maccanni

sp ..

2 (7)

3 (5)

34 (70)

16 (53)

33 (52)

8 (16)

12 (40)
6 (9)

7 (14)

o (0)

22 (34)

o (0)

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

There is a significant difference in microhabita~ utilization

between L .. maccanni and Leiolopisma sp. 1 (Chi2=62 .. 9, d .. f.=3, p<O.001)i
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and Leiolopisma so. 2 (Chi2~29.8f d.f.=3, p<O.OOl);

Leiolapisma sp. 2 and L. maccanni (Chi2=20.2, d.f.=3, p<O.OOl).

Wi~~in the study area, Leiolopisma sp. 1 was most often associated

with grasses (mainly tussocks), while the other two species were

usually found in herbs and shrubs. This apparent preference of the

three species for plants rather than rocks or rock outcrops may occur

merely because the lizards were distributed in proportion to the

relative areas covered by these microhabi tat types. For example, the

data for L. maccanni indicate that these skinks have a real preference

for rock outcrops, as 34% were found in this microhabitat category,

which only occupies about 1% of the study area. Significantly, no

Leiolopisma Spa 1 or 2 individuals were found in this microhabitat type

(rock outcrops). The densities of grasses and other plants in the

study area Were similar. Therefore, the data for.Leiolopisma sp. 1

indicate a real preference for grasses over herbs and shrubs, whereas

the data for the other two species indicate the reverse. Other field

observations made during this study support this information on habitat

preferences.

Two microgeographic subdivisions were recognised within the study

area: slopes and flat areas. Slopes were generally the sides of

gullies. L. maccanni appeared, in the study area, to be almost totally

restricted to gullies. This microgeographic distribution was quite

different from that of Leio10pisma sp. 2. As discussed in Section 2.3,

L. maccanni individuals were found, for example, on the bottom and

sides of Burgan Stream gully, whereas Leiolopisma sp. 2 individuals

were found only along the top.
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Figs. 22-24 show sites within the study area in which only one

species found. These sites had quite different physical

structures. The relative densities of shrubs and tussocks in L~e area

in Fig. 22 (site 17 in Fig. 3) were 75-100% and 25-50% respeotively (5

and 3 on the index proposed by Braun-Blanquet (1932; p. 34) (see

Appendix C». During one month, 19 Leiolopisma sp. 2 individuals were

caught at this locality. The relative density of shrubs in the area in

Fig. 23 (site 5 in Fig. 3) was less than 10% (2 on ~~e Bralli~-Blanquet

index). During three mon~~s, 26 Leiolopisma sp. 1 individuals were

caught here. The tussock density was similar to the area in Fig. 22.

The schist outcrop in Fig. 24, within lOOm of site 5, was examined

regularly over three years. The only species found on or beneath the

rocks during this period was L. maccanni, although pitfall traps placed

in the vicinity caught both L. maccanni and Leiolopisma sp. 1.

One or more of the species in the principal study area were found

at 16 of the 19 localities visited during the habitat study (Fig. 18).

The localities where these skinks were found were: Tiwai Point,

Miller's Flat, MacRaels Flat, Clinton, Double Hill, Clark's Junction,

Roxburgh, Bucklands Crossing, Kawarau Gorge, Remarkables Range, Rough

Ridge, Alexandra, Lake Mahinerangi, Taieri Ridge, Mosgiel and Lake

Onslow (see Section 5.2 for refs.). The numbers and percentages of

skinks seen in various microhabitats within these habitats are given in

Table 12.
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Fig . 22 Site 17 in the principal study area (see
also Fig. 3).



Fig. 23 Site 5 in the principal study area (see
also Fig. 3).
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Fig. 24 Schist outcrop, princip~l study area.
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Table 12. MICROP~BITAT UTILIZATION BY T~~ THREE SPECIES OUTSIDE Tr~

PRINCIPAL STUDY AREA. NUMBERS OF SKINKS (PERCENTAGES

IN PARENTI'.ES ES) OF EACH SPECIES IN THE FOUR MICROHABITATS.

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

Species
Grasses

Hicrohabi ta t

Herbs and Shrubs Rocks Rock Outcrops

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

sp. 2
maccanni

sp. 1

2 (7)
7 (8)

28 (56)

21 (75)
11 (12)
6 (12)

5 (18)
15 (16)
15 (30)

o (0)

58 (64)
1 (2)

-----------------
----~==~---------

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

There is a significant difference in microhabitat utilization

between Leiolopisma sp. 1 and Leiolopisma sp. 2 (Chi2=34.4, d.f.=3,

p<0.001);

p<0.001) ;

Leiolopisma sp_ 2 and L. ~accanni (Chi2=49.7, d.f.;3,

Leiolopisma sp , 1 and L. maccanni (Chi2 =62.8, d s f .=3,

p<0.001). The skinks appeared to have similar microhabitat preferences

to those in the study area. They also showed a similar

microgeographical segregation to ~~ose in the study area. 2/26 (7.7%)

Leiolopisma sp. 2 individuals were found on slopes, compared with 12/50

(24%) for Leiolopisma sp. 1 and 43/89 (48.3%) for L. maccanni.

Leiolopisma sp. 1 was more often associated with moist substrates

within and outside G~e Rock and Pillar area than the other species.

Each of the three species occupied a wide range of altitudes. No

altitudinal zonation was apparent. Leiolopisma sp. 2 was found from

sea level to 1200m, Leiolopisma sp. 1 was found from sea level to 1100m

and L. maccanni was found from 120m to 1500m. This last observation is

one of the highest for any skink in New Zealand, and was made on the

Remarkables PBnge.
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5.4 DISCUSSION

5.4.1 Habitat preferences related to skink distributions

Most of the habitats visited during the habitat study contained at

least one of the three skink species found sympatrically in the

principal study area. The absence of all of these species from some

habitats could not be attributed to any obvious physical factor, or

combination of factors. In contrast to this, the occurrence of a

particular species in a habitat appeared to be primarily related to the

physical structure of the environment. This result agrees with the

theoretical prediction that environmental stimuli involved in habitat

selection should be stable factors, independent of daily or rapid

fluctuations (Heatwole, 1977). Certainly, within the tussock grassland

ecosystem the location, size and number of rocks are among the most

stable features, with vegetation being reasonably unchanging over long

time periods. Previous studies of habitat selection in lizards suggest

that many species respond strongly to the physical structure of the

environment (eg: Sexton et aI, 1964 and Heatwole, 1966).

Some of the observations of skink distributions in the principal

study area (see Chapter 2) can probably be explained using the data on

habitat preferences in the present chapter. For example, the reason

why Leiolopisma Spa 1 was found at more sites than the other species is

likely to be because tussocks were the dominant plants in this area.

Also, Leiolopisma Spa 1, unlike the other species, appeared to be able

to live in sites with very little plant cover. Locations such as

these, caused by recent burn-offs, wer e common within the principal

study area.
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L. maccanni Was less common than the other species probably

because gullies and rock outcrops comprised a comparatively small

fraction of the total area. A hypothesis to account for other aspects

of these species distributions is given in Section 8.4.

The various microhabitats and microgeographic features examined in

this chapter were those mos t commonly found in the habitats visi ted.

There are a large number of oL~er environmental features that may

influence the distributions of Leiolopisma sp. 1 and 2 and ~. maccanni.

For example, pieces of iron appeared to be equivalent to rocks as skink

microhabitats in the principal study area, because L. maccanni and

Leiolopisma sp. 2 were found under iron more o£te~ than Leiolopisma

sp. 1.

The results of this chapter agree with the observations of other

workers who have described the habitat preferences of IlL. n , maccann.i."

(eg: Morris, 1974, Gill, 1976 and Thomas, 1982). Two distinct colour

forms of the "subspecies" were noted from Otago, and "specimens from

schist country had a speckly mottled appearance, whereas those from

grassland were plain brown with longitudinal stripes" (Thomas, 1982).

From this description, the former are probably L. maccanni, and the

latter Leiolopisma sp. 1, in which case the habitat preferences are

consistent with those determined in the present study.

The "common ski nk '' was found by other workers to occur in a wide

variety of habitat types. Gill (1976) usually found Leiolopisma

sp. (=Leiolopisma sp. 2?) in dry, open, exposed situations. This is an

accurate description OL most or the IEbitats of the three species in

the present study. Morris (1974) discovered L. zelandica (=Leiolopisma

sp. 2?) individuals living in sea bird burrows, under rocks and other
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debris on a beach, and in vegetation. He also noted that they burrowed

into sand where this was present. Burro'~ng behaviour was not observed

directly in any of the ski~~s in ~~e present study. However, indirect

evidence suggests that this occurs in at least one species. A juvenile

of an unidentified species was found SOco below the surface in the

principal study area in August, 1983 (A. G. Bremner; pers. comm.

1984) • The time of year indicates that this individual was

hibernating, and had burrowed to this depth to avoid frosts. Similar

behaviour was noted, for example, in the North American skink EUmeces

(Baird) by Breckenridge (1943). The
septentrionalis septentrionalis

survival of Leiolopisma sp. individuals after a tusso~~ fire

(Patterson, 1984) (Appendix A) can also probably be attributed to

subterranean refuges.

5.4.2 possible differences in Qverwintering behaviour due to habitat

differences

One reason why L. maccanni was found most often in gullies in the

principal study area and on slopes elsewhere was because these areas

were usually associated with rock outcrops. MacAvoy (1976) stated that

"L. zelandica ll (probably L. maccanni) was found in rock crevices during

the winter, presumably also in hibernation. These data imply

species-specific differences in overwintering behaviour between

L. maccanni and the other two species, caused by different microhabitat

preferences. However, as there was a great deal of microhabitat

overlap among the three species, this is unlikely to be true for all

individuals. For example, in one gully where ~. maccanni occurred, the

neare s r; rock outcrop 'Has 1 km awe y , Here the L. maccrrnni po pu.La ccori

used the herb Aciphylla aurea for shelter in the same fashion as a

s~~topic Leiolopisma sp. 2 population. These skinks would presumably
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have to burrow into the ground in winter to escape frosts.

5.4.3 Other physical factors affecting habitat selection

Of the physical factors other than habi tat structure that may

affect habitat selection by the three species, the most important is

probably substrate moisture content. Gill (1976), for example,

believed this to be the main factor, other than habitat structure,

influencing the distribution of Leiolopisma sp. (=Leiolopisma sp. 21)

in his study area. No direct measurements of substrate moisture

content Were made in the present study, but it is probably significant

that skink population densities appeared to be highest in well-drained

areas such as the Rock and Pillar Range, and Tiwai Point.

5.4.4 Colour patterns

The three species can be distinguished by different colour

patterns (Chapter 3). As Figs. 25-27 demonstrate, in the principal

study area these colour patterns camouflaged the skinks in their

preferred microhabitats. Similar protective colouration was also noted

by Barwick (1959) for L. zelandica (=Leiolopisma sp. 21). For the

skinks in Lhe present study, such colouration presumably increases the

chances of avoiding predation by animals, such as harrier hawks, which

hunt mainly by vision. These birds are known to be skink predators

(Redhead, 1968), and were present in the principal study area. If

cryptic colouration also renders the skinks less conspicuous to their

prey, then it may aid in predation by the skinks.



Fig. 25

Page 88

----~---

L. maccanni on schist i n the principal study area.
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Fig. 26 Leiolopism a sp. 2 aga ins t shrub background i n
principal study area.
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Fig. 27 Leiolopisma sp. 1 in grass in principal study
area.
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5.4.5 The likely effects of tussock grassland modification on skink

distributions

As noted in Chapter 1, widespread modification of the tussock

grassland habitat has occurred, and is still occurring, through man's

efforts. For example, burning-off of tussocks and oversowing with

clover and introduced grasses occurred in the principal study area

during the present study. The effects of these types of activi ties are

likely to be detrimental to the three skink species. Not only does

burning-off appear to reduce skink numbers (Patterson, 1984) (Appendix

A), but the ensuing growth of exotic plants aeems to restrict the

distributions of the ski nks , No individuals were ever observed in

pasture land, except occasionally on rock stacks. Possibly the lack of

shelter and prey invertebrates away from rocks in pastures means that

skinks are unwilling to move off the rocks to forage. Leiolopisma

s p , , was sometimes found in patches of introduced grasses and clover

in the principal study area, but the other two species were never found

in this type of vegetation. For example, the hut where I stayed for

two summer seasons in the study area appeared to mark a border between

adjacent populations of L. maccanni and Leiolopisma sp. 2, with

Leiolopisma sp.' occurring throughout the area (Fig. 3). The hut was

encircled by a narrow band of introduced vegetation: elsewhere, the

area consisted of unmodified tussock grassland. The only species that

I ever observed in the exotic vegetation was Leiolopisma sp. 1. The

reason why the other two species appeared to avoid this area is

unclear.
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CHAPTER 6. Feeding Ecology

6.1 INTRODUCTION

The feeding ecology of the "common skink" has been studied by

Barwick (1959) and Gill (1976). However, the skinks in these previous

studies did not occur in the same type of habitat as those in the

present study. Also, t..~e s k.i.nks studied by Gill and Barwick are not

necessarily conspecific with any of the species in the present study

(see Section 3.4.7 and Section 4.4.3 for evidence of this). Therefore,

the feeding habits of Leiolopisma spp. 1 and 2 and L. maccanni are

examined in detail in this chapter.

Section 3.3.6 showed that interspecific head size differences

occur among the three species. These differences are examined in

greater detail in this chapter, and their relationship to prey size

determined.

The prey taxa ea ten by the skinks are descrihed, and interspecific

differences discussed. These sorts of differences have often been used

to distinguish between closely related skink species. Gill (1976), for

example, found variations in prey taxa utilization useful in separating

Leiolopisma sp. (=Leiolopisma sp. 27) and L. zelandicum where they

occurred symatrically in the Manawatu. Most empirical studies of

dietary differences based on prey taxa have not involved formal tests

of statistical significance, because the form of the data makes

standard methods difficult to employ. One approach to this difficulty

is given in Section 6.2.8.
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Previous studies have shown SOme lizard species to be important

predators of insect pests. For example, Knowlton and Janes (1933)

found that lizards were significant predators of the beet leafhopper in

utah. The significance of the skinks in the present study as

biological control agents for invertebrate pest species is discussed.

6.1.1 Digestion rates and ~ invertebra te census

Data on skink digestion rates, and population estimates of

invertebrates in the environment were obtained. This information,

together with that on skink population densities (see Chapter 7) was

collected to enable the importance of skinks as predators in the

tussock grassland ecosystem to be assessed (Chapter 7). A knowledge of

ambient and available (to the skinks) invertebrate population densities

also allows prey preferences to be determined.

Very few studies have been made on digestion rates in reptiles,

and most information has been derived from fragmentary data comparable

among different species only to a limited extent. No studies of

digestion rates have been carried out previously on New Zealand skinks.

To carry out the invertebrate census, a method had to be found

that was potentially able to catch most of the species present in

tussock grassland that were available as food to the skinks. These

include flying insects as well as terrestrial invertebrates. In order

to prevent the escape of active insects during sampling, Balogh and

Loksa (1956) attached a cylinder to the end of a long pole and brought

this down on to the vegetation they were sampling. They then killed

the insects with insecticide, and removed them by hand. In 1957,

Johnson et al combined a sampling cylinder with a vacUUm cleaner to

extract invertebrates from grassland. This is probably the most
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efficient way of sampling the fauna of plants (Southwood, 1978;

p. 152). The invertebrate sampling method used in the follo~ing

chapter combines the techniques of Balogh and Loksa (1956) and Johnson

et al (1957).

6.1.2 Activi ty rhythms.

Activity rhythms were examined for the skinks in the present

study, because subtle temporal differences in daily activity patterns

are widespread among lizards, both within and bet-ween species (Pia~~a,

1973) •

6.2 METHODS

6.2.1 The trapping procedure

Food habits were analysed for 210 Leiolopisma s p , 1, 81

Leiolopisma sp. 2 and 110 L. maccanni individuals. The skinks were

collected from 10 October 1980 to 13 April 1981, 19 October 1981 to 21

April 1982 and 17 September 1982 to 8 June 1983.

Skinks were caught and preserved Ln five different ways. (1)

Skinks were collected by hand, killed with ether and placed in 10%

formaldehyde within an hour of capture. After 24 hours these were

transferred to 70% ethanol. (2) Skinks were caught by hand, killed

with ether, and then placed directly in 70% eth~~ol. (3) Skinks were

caught by ~AF staff in pitfall traps filled with 10% picric acid and

later placed in 70% e~~anol (the traps are described in Section 2.2.2).

(4) Skinks were caught in pitfall traps that consisted of a glass vial,

3.icm in diameter and S.Sew deep, inside a PVC pipe jacket sunk into

the ground in the same fashion as the other traps. The vial held 10%

picric acid. Upon removal from this preservative skinks wer~ placed in
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(5) The majority of ski~~s were caught in pitfall traps

(500g yoghurt containers) filled with 10% formaldehyde, and placed in

70% eG~anol upon removal from the traps.

Some of the skinks caught in picric acid were found to have eaten

prey while in the preservative. Therefore, of the ski~~s caught in

picric acid, only those whose oesophagus was empty and whose stomach

contents appeared partially digested were used in the following

analysis. These individuals amounted to fewer than 5% of the skinks in

the analysis.

6.2.2 Autolysis

The effect of autolysis on prey items in the stomachs of skinks

after death was tested. The penetration rates of 96% alcohol and 1%

formaldehyde are 5mm in 25 hours, while that of 0.75% picric acid is

2mm in the same time (Baker, 1950; p.31). Since the maximum diameter

of the skinks used in the stomach contents analysis was 1Qmm (measured

across the midbody using callipers), most of the skinks in the analysis

were assumed to be completely preserved after 25 hours. In practice,

their stomach contents were possibly preserved sooner than this due to

ingestion of the preservative before death.

The experiment was carried out by feeding an earthworm (wet weight

approximately 0.2g) to an adult Leiolopisma sp. 1 specimen, which was

then immediately killed wiL~ ether. The skink was maintained at 18°C

(±1.0°C) for 25 hours and then dissec~ed to see how far digestion had

advanced.
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6.2.3 Measurement of prey size

Prey items were dissected out of ski~~ stomachs in 70% alcohol in

a watch glass. Prey items from the stornac~ only were used in the

following analysis, because L~ese were generally intact and easily

identifiable, whereas prey items from the rest of the alimentary canal

were usually too fragmentary to identify. Also, as Andrews (1971)

pointed out, not only would the use of arthropods from this part of the

gastrointestinal tract bias the prey data towards hard-bodied

arthropods, which would lea,~ more recognisable fragments than

soft-bodied ones, but also arthropods may move through the gut at a

rate that depends on size.

The length and width of a representative from each taxon (usually

family) of prey items were measured under a dissecting microscope

fitted with an ocular micrometer with O.lmm gradations. When another

individual from the same taxon was encountered, its length was measured

in the same fashion, and its width estimated using the measurements of

the representative animal. Prey items dissected out from the 401

skinks used in the prey analysis were usually able to be identified to

family level using a dissecting microscope and an ocular micrometer. A

few (less than 0.5%) of the items were too fragmentary to be

identified, but most prey items were quite intact, which meant that

they could be identified accurately. The following classifications

were used to identify them: Harrison (1959), Commonwealth Scientific

and Indus~rial Research Organisation (1970), Miller (1971), pfadt

(1971), Fo r s t.e r (1954, 1967, 1970), Forster and Forster (1970, 1972),

Forster and Wilton (1968, 1973), Forste= and Blest (1979), Beier (1976)

and Slater and Bar anows k.i. (1978). The raw data (prey size and taxa)

have been deposited in the Science Library, University of Otago.
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(1976), who

assumed that prey items Were cylindrical. If less than 50% of the prey

item was present in the stomach, the volume of the fragmentary remains

was calcula t.e d , If 50% or more of G~e prey item was present in the

stomach, then the original size of the item was extrapolated from the

remains.

6.2.4 Skink measurements

The head lengths of 267 randomly selected skinks from the above

sample were measured from the posterior end of the interparietal scale

(Fig. 5) to the tip of the snout (see Section 3.2.3).

For each skink, the degree of correlation between head size and

the size of largest prey item was tested by Pearson correlation

(SPSS program PEARSON CORR) (Nie et al, 1975; p. 280) was employed to

determine the degree of correlation between head size and the size of

the largest prey item. The BMDP program BMDP1V (Brown and Dixon, 1977;

p. 523) Was used to perform a one-way analysis of variance and

cov~riance on skink head lengths and widths, to determine the

significance of intra- and interspecific differences.

6.2.5 Statistical treatments of prey

Each skink species of the 401 skinks described in Section 6.2.1

was divided into three categories: adult males, adult females and

subadults. "Sub ad u Lt.s " were defined as those individuals in a given

species with a s-v length less than the minimum s-v leng~~ of sexually

mature females in the same species (Section 3.3. 7) .np.~dult ma Le s " and

"adult females" were likewise defined as those individuals in a given

species ·wi 't.h s-v lengths greater than or equal to the minimum s-v
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length of sexually mature females in the same species. Males were

assumed to become sexually mature at L~e same s-v length as females {as

Barwick (1959), eg, found for L. zelandica (=Leiolopisma sp. 27).

The SPSS program, CONDESCRIPTIVE (Nie et~, 1975; P> 186), was

used to evaluate ~~e central and dispersion tendencies of the width,

lengL~, and volume of prey items. The following statistics were

calculated for each species, size and sex class: mean, standard

deviation, standard error, variance, kurtosis,

minimum and maximum values of the variables.

skewness, range, and

The SPSS program, KOLMOGOROV-SMIRNOV (Nie and Hull, 1981; p. 224)

was used to test prey size differences. The two-tailed

Kolmogorov-Smirnov (K-S) test was perforced on Leiolopisma sp. ,

individuals collected from areas where they were syntopic with either

Leiolopisma sp. 2 or L. maccanni. The test was to see if any

significant differences in prey size distributions occurred between the

two types of area. The various sa~ and age classes were compared using

the K-S one-tailed test for large samples, to see if significant

differences in prey size distributions occurred among them. These

tests were used for similar purposes by, for example, Krzysik (1977).

6.2.6 Head size differences

The skinks in Section 6.2.4 were divided into the same species,

size and Sex classes described in Section 6.2.5. The SPSS program,

H_~-WHITNEY U (Nie and Hull, 1981; p. 232), was then employed to

determine whether any significant differences in head size existed

among the classes. Th~ SPSS program, PEARSON CORR, was used to

determine whether any correlation existed between head size and the

size of the largest prey item in each skink.
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6.2.7 Activity rhythms

To measure skink activity patterns, pitfall traps (SOOg yoghurt

containers) Were left in ~~e ground in the principal study area for 24

hour periods on ~~e following dates: 5-6 P~rch (1230-1230) 1982, 28-29

September (0700-0700) 1982, 29-30 September (0700-0700) 1982, 9-10

October (0800-0800) 1982, 15-16 February (0700-0700) 1983, and 21-22

(0800-0800) P~rch 1983~ The traps were examined at hourly intervals,

and the presence and species of skir~s noted.

Also, the behaviour of the three species in the greenhouse

described in Section 4.3.4 was observed sporadically throughout 24 hour

periods, from 25 June to 15 November 1982 and 20 April to 24 September

1983, to see if any interspecific differences in activity times could

be discerned.

6.2.8 Prey taxa

The stomach contents of skinks caught in pitfall traps or by hand

at six different times of the year were compared to determine if any

differences in utilization of prey taxa occurred among the three

species. The six sample periods were: 1-15 October 1982, 18-29

September 1982, 16-31 October 1982, 1-14 January 1983, 1-14 December

1982 and 17-25 April 1983. At least three individuals of each species

were caught during each period with prey items in their stomachs. By

comparing only ski~~s caught at similar times of the year, differences

in diet caused by fluctuating seasonal ab~~dances of prey families were

minimised.
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(see Appendix D) was used to

determine ~~e significance levels of dietary differences aoong the

~~ree species. Prey items identified to the familial level were used

in this test, except for the following groups: larval lepidopterans,

adult lepidopterans, dipterans, centipedes, millipedes, berries,

cOllembolans, arthopterans, harvestmen and pseudoscorpions. Each of

these groups was classed as a single -morphospecies· because its

members, possessing similar behavioural and physical characteristics,

probably appear similar to ~~e skinks. Also, grouping many families

together in this manner produced the statistically desirable result of

eliminating many zero values from the Mantel test.

6.2.9 Absolute poculation estimates of invertebrates

Five invertebrate population estimates were calculated during the

interval between November 1982 and April 1983 (this interval is

hereafter referred to as the "census period"). The estimates were

carried out on the following dates: 18 November 1982, 1 December 1982

and 15-16 December 1982 (first estimate); 1-3 January 1983 (second

estimate) ; 29 January 1983, 2-3 February 1983 and 12-14 February 1983

(third estimate); 26-27 February 1983 (fourth estimate); 20 March

1983 and 3-4 April 1983 (fifth estimate). The estimates had to be

taken over different time intervals (for example, two weeks separate

some of ~~e samples in the first estimate, compared with one day in the

second) because of G~e extremely changeable weather in the study area.

As noted in Section 6.2.10, it was desirable that sanpling be carried

out in quite uniform climatic conditions.

samples ~ere often required to obtain G~ese.

Long intervals between
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To ensure b~at invertebrates were sampled randomly, the

invertebrate census sites were located next to the ski~< census areas

(Chapter 7). These had pre~nously been sited a~ rando~ within the

principal study area. Each invertebrate census site was adjacent to

one side of a skink census area, so that there Were eight skink census

areas, and 32 invertebrate census sites. Six sites were sampled to

obtain each of the five invertebrate population estimates. Three of

these sites were in gUllies and the other three were in open areas.

Each of the six sites was next to a different skink census area.

Each of the four invertebrate census si tas surrounding every skink

census area was sampled at least once during the census period. Tha

invertebrate census sites were the same size as the skink censUs areas

(324m 2), and no invertebrate site was sampled in consecutive estimates.

The skink census area itself was not sampled because that might have

affected the skink population estimate by disturbing the lizards or by

removing prey items. No invertebrate sampling was carried out within

3m of the skink census area for the same reasons.

The sampling method employed a 12v D.e. "Autovac" car vacuum

cleaner with a 1.5m flexible plastic hose 4cm in diameter attached. On

the other end of this hose was a 30cm long nozzle containing a 20cm

long collecting bag. The bag consisted of a cotton mesh with holes

O.25mm in diameter. The entire suction apparatus, including the 12v

battery that powered the vacuum cleaner, weighed 1Skg and was portable.
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6.2.10 The sampling routine

The sampling routine waS as follows. First, a small area of

grassland was enclosed by a metal cone, the lower edge of which was

forced into the ground. This cone was O.8m high, 30cm across L~e top,

which had a detachable lid, and 80cm across the base (Fig. 28). EarG~

was heaped around the cone to prevent invertebrates from escaping under

the edge, and then insecticide (Professional Strength Black Flag (Home

Products (NZ) Ltd) was sprayed into the interior through a hole in the

side for five seconds. The hole was then plugged. The insecticide

immobilised flying insects, preventing them from escaping from the cone

once the lid had been removed for vacuuming.

After five minutes the lid of the cone was removed, =d the

vacuum-cleaner nozzle inserted. The vacuum-eleaner was turned on, and

the nozzle was worked to and fro systematically over the entire area

inside the cone for four minutes. All of the material collected by

vacuuming was put into a plastic bag and sorted by hand as soon as was

practicable. Only invertebrates longer than 1mm were counted, because

fewer than 0.1% of prey items found in the skinks were shorter than

this, and the number of such small individuals in the suction samples

was very large.

Within each invertebrate census area, three tussocks greater than

20cm across and and three inter-tussock areas (including tussocks <Scm

across) were sampled randomly by picking a random compass direction and

walking five steps in that direction and placing the sampling cone on

either the nearest inter-tussock area (oG~er than a stream) or the

nearest tussock. Spaniards greater than 5cm across were noe sampled

because of the difficulties involved in extracting insects from L~em by
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Fi g. 28 Suction apparatus used to s ampl e invertebrates
fro~ tussock grassland.
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suction. Since these plants covered less than 5~ of each invertebrate

census area, their omission probably did not affect the invertebrate

estimates significantly.

In an attempt to standardise the samples, and to prevent errors

caused by the extraction technique, sampling was undertL~en only when

the wind speed was less than sm/s, the sun Was not obscured by clouds,

and the ground was dry. Unfortunately, these conditions were seldom

met during the particular summer when invertebrate sampling occurred,

which is why no invertebrates were sampled in September or OCtober,

when the skinks were also active.

Sampling was carried out between 1000 and 1700, because skinks

were then generally active (see Section 6.3.6). Twelve samples were

also taken at 0800, six at 1800, six at 1900 and six at 1930 to see if

any differences in fauna1 composition occurred at different times of

the day.

To assess ~~e efficiency of the extraction method it was necessary

to determine ~~e number of invertebrates remaining inside the cone

after sampling. Accordingly, the following procedure was carried out

on 20 March 1983, at 1500 in a gully within the same 0.2skm 2 area as

~~e other invertebrate samples. A tussock measuring 25cm across the

base was enclosed by the sampling cone, and vacuuming occurred as

described above. The air temperature a~ this time was 1ifc, the wind

speed was 4.5 rn/s, and the sky was clear. Immediately after vacuuming,

all of G~e plants and debris above the soil and a small part of the

surface soil and superficial planL roots within the area enclosed by

the cone were removed with a spade. This material was L~en placed in a

paper bag and hand-sorted in the laboratory within 24 hours to remove
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all invertebrates greater than 10m long L~at remained.

6.2.11 How invertebrate densities were calculated

population estimates within each 324m2 invertebrate census site

were standardised by weighting according to the relative densities of

tussocks and inter-tussock areas in the site. These densities were

first assumed to be equal for the purposes of sampling, and so three

samples were taken from tussocks, and three from inter-tussock areas

within each site. Then, the relative densities of tussocks were

estimated using the cover-abundance index of Braun-Blanquet (1932;

p. 34) (see Appendix C). For example, the East side of skink census

site 16 (Fig. 3) contained 50-75~ tussock (4 on Braun-Blanquet's

index) • This density was assumed to equal 62.5%; which means that the

actual ratio of tussocks to inter-tussock areas in this site was

62.5:37.5, which reduces to 1.25:0.75. Therefore, ~~e numbers in each

invertebrate taxon extracted from tussocks were multiplied by 1.25, and

the numbers in similar groups from inter-tussock areas were multiplied

by 0.75, to give the adjusted invertebrate numbers for this site.

6.2.12 Digestion rate

An experiment was carried out to measure the digestion rate of

prey in L~e ski~~s. This information enables the effects of the skinks

on invertebrates in the study area to be assessed (Section 7.4.1).

~~enty L. maccanni individuals of both sexes, measuring between 48mm

and 63mm s-v, were used. The experiment was carried out on the

dates and times in .ru l.v , 1982: 20 (1400-1500), 25

(1400-1500), 26 (1400-1600), 27 (1400-1500) and 27 (0800-0830). During

each time period two skinks were eacn fed an ear~~worn (approximately

O..2g we t; weight) 1 and trie o c ne z two s k.i.riks an ampni.pod (approximately
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In ~~is manner the digestion rates of soft- and

hard-bodied invertebrates could be compared. During the expeYiment

skinks were kept in a 12/12 light/dark regime, at 15°C (+1.0°C). The

skinks were fed on a honey and water mix for a week before controlled

feeding was begun.

drinking water only.

During the experiment, they were supplied with

At 1400 on 27 July, the skinks were killed simultaneously with

ether, and immediately afterwards had their stomach contents dissected

out into 70% ethanol where the degree of digestion of the prey items

was examined under a dissecting microscope.

6.3 RESULTS

6.3.1 Autolysis

After 25 hours the earthwonn was intact except for some

disintegration of its outer integument. Therefore the effect of

autolysis on prey obtained from skinks preserved in formaldehyde and

ethanol was considered to be negligible. This was also assumed to be

the case for skinks preserved in picric acid. The digestion experiment

(Section 6.3.8) shows that it takes more than two days for skinks to

completely digest soft-bodied prey. After this time, all but the

largest skinks would be saturated with picric acid. Since skinks

preserved in pic~ic acid made up a small fraction of the total skinks

used in the present study in any case, the effect of autolysis on the

following prey data was assumed to be negligible.
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Table 13 gives various statistics associated with the prey sizes

in the nine skink classes.

Table 13. RANGES OF PREY SIZES EATEN BY EACH OF THE AGE l'.ND SEX

CLASSES OF THE THP~E SPECIES.

Species, Age and Sex Class n Maximum/mm3

sp. 2 adult males 33 0.08 595.8

sp. 2 adult females 21 0.03 331. 7

sp. 2 subadults 26 0.04 226.2

sp. 1 adult males 81 0.03 603.2

sp. 1 adult females 79 0.07 226.2

sp. 1 subadults 50 0.03 326.9

maccanni adult males 27 0.04 1216.4

maccanni adult females 29 0.04 406.0

maccanni subadults 54 0.03 469.9

The prey items show a large size range, from less than O.1mm 3 to

1216.4mm3 (this latter item was a cicada nymph).

The K-S two-tailed test showed no significant differences in prey

size distributions between the areas where Leiolopisma sp. 1 was

syntopic with either Leiolopisma sp. 2 or L. maccanni. The only other

type of area where lizards were sampled for prey analysis was one where

the three species Were syntopic, and so all of the prey data were

pooled in the K-S one-tailed test. Table 14 gives 36 comparisons

obtained using this test. one female Leiolopisma sp. 2 individual

contained 41 out of the 134 prey items in its class. This was most

unusual and it was removed from the analysis because its inclusion

would have unduly biased trie resul t.s ,
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Table 14. STATISTICAL SIGNIFIC.'vlCE LEVELS OF PP.EY SIZE UTILIZATIOtl

FOR PAIP.Ell C0l1Pp.RISONS OF LEIOLOPISI1A SP. 1,

LEIOLOPISMA SP. 2 AND L. MACGllNI AGE AND SEX CLASSES

(K-S ONE-TAILED TEST). M=ADULT MALES, F=ADULT FEMALES 1

S=SUBl-..DULTS.

Comparison* Significance Level

maccanni (M) vs maccanni (F) N.S.

maccanni (M) vs sp. 1 (S) p<0.05

maccanni (M) VS sp. 2 (S) N.S.

maccanni (M) VS maccanni (S) p<O.OOl

sp. (H) .'('";5 maccannL (S) p<O.OOl

sp. 1 (M) VS maccanni (M) N.S.

sp. 2 (M) vs maccanni (M) N.S.

maccanni (F) VS sp. 2 (F) N.S.

sp. 1 (F) vs maccanni (F) N.S.

sp. 1 (5 ) vs maccanni (S) p<O.OOl

sp. 2 (S) VS maccanni (S) p<O.OOl

sp. 1 (M) VS maccanni (F) N.S.

sp. 1 (F) VS maccanni (M) p<O.Ol

sp. 1 (F) VS maccanni (S) p<0.001

sp. 2 (M) VS maccanni (F) N.S.

sp. 2 (M) vs maccann i. (S) p<O.OOl

maccanni (M) VS sp. 2 (F) N.S.

sp. 2 (F) vs maccanni (S) p<O.OOl

maccanni (F) vs sp. 1 (S) N.S.

maccanni (F) VS sp. 2 (S) N.S.

maccanni (F) vs maccarmi (5 ) p<O.OOl

sp. 1 (M) VS sp. 2 (M) N.S.

sp. 1 (S) vs sp. 2 (5 ) N.S.

sp. 1 (M) VS sp. 1 (F) N.S

sp. 1 (M) VS sp. 2 (F) N.S.

ap , 1 (M) VS sp. 1 (5 ) p<O.OOl

sp. 1 (M) VS sp. 2 (5 ) N.S.

sp. 1 (F) VS sp. 2 (F) N.S.

sp. 1 (F) vs sp. 2 (M) N.S.

sp. 1 (F) vs sp. 1 (5) p<O.Ol

sp. 1 ( F) VS sp. 2 (5 ) N.S.

sp. 2 (M) VS sp. 2 (F) N.S.

sp. 2 (M) vs sp. 1 (5 ) p<O.05

sp. 2 (M) VS sp. 2 (S) N.S.

sp. 1 (5 ) vs sp. 2 (F) N.5.

sp. 2 (5 ) vs sp. 2 (F) N.S.

-------------------------------------------------------------------
*The first species contains the largest prey i terns when statistical

significance has been established.

Most of the differences in prey size ut.i.Lf z a don ",'ere be t::,.;e en

subadults and adults as expected, since subadults would be expected to

eat smaller prey than adults. There were relatively few differences
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between similar interspecific age classes. Most of these differences

involved L. maccanni subadults, which ate smaller prey than subadults

of the other two species. However, Leiolopisma sp. 1 adult females

were eating larger prey than L. maccanni adult males.

species utilized a large proportion of small prey items.

All three

The prey sizes eaten by each skink class are plotted in

Figs. 29-3 i • These graphs show t.ha t, all of the species were eating a

large proportion of relatively small prey items. The shapes of the

curves and their relationships to each other show the allocation of

food sizes among the species, sex and maturity classes present in the

community. As reflected in the results of the K-S test, these curves

are very similar, except for L. maccanni subadults, which ate a much

larger proportion of small prey than the other classes.

6.3.3 Head size

Head widths and lengths for males and females of the three species

are given in Table 15.

Table 15. HEAD DIMENSIONS OF MALES AND FEMALES OF THE THREE SPECIES

(H.L.=HEAD LENGTH; H.W.=HEAD WIDTH) •

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

Species Sex n Dimension Mean/mm S.D./mm Max./mm Min./mm

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

sp. 1 M 70 H.W. 4.7 0.6 5.7 3.0

sp. 1 F 62 H.W. 4.7 0.5 5.7 3.2

sp. 1 M 70 H.L. 6.6 0.9 8.1 4.3

sp. 1 F 62 H.L. 6.6 0.7 7.6 4.5

maccanni M 34 H.W. 5.2 0.8 6.4 3.6

maccanni F 37 H.W. 5.2 0.8 6.6 4.0

maccanni M 34 H.L. 7.4 1.3 9.3 4.9

maccanni F 37 H.L. 7.3 1.2 9.4 5.1

sp. 2 M 37 H.W. 5.4 0.7 6.4 3.7

sp. 2 F 28 H.W. 5.2 0.5 6.0 4.2

sp. 2 M 37 H.L. 7.3 1.0 8.7 4.8

sp. 2 F 28 H.L. 7.1 0.7 8. 1 5.7

-----------------------------------------------------------------------
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Figs. 32-37 show head length and width plotted against s-v length

for the same groups. These graphs show that females have smaller heads

relative to s-v length than males, and that this disparity increases as

s-v length increases (that is, with age). This difference between the

slopes of head width and lengt..l1 of males and females is statistically

significant within each species (Table 16). Interspecific differences

are also present between sexes (Table 16).

Table 16. COMPARISONS OF HEAD DIMENSIONS BASED ON MULTIPLE REGRESSIONS

OF SEX AND SPECIES CLASSES OF THE THREE SPECIES (H.L.=HEAJ)

LENGTH; H.W.=HEAD WIDTH).

------------------------------------------------------------------------
Comparison Dimension Difference DistanCe

between between

slopes slopes

------------------------------------------------------------------------
sp. 1 (M) vs sp. 1 (F) H.W. p<O.OOl

sp. 1 (M) vs sp. 1 (F) B.L. p<O.OOl

maccanni (M) VS maccanni (F) H.W. p<O.05

maccanni (M) VS maccanni (F) B.L. p<O.05

sp. 2 (F) vs maccanni (F) H.W. N.S. p<O.Ol

sp. 2 (F) vs maccanni (F) B.L. N.S. p<O.OOl

sp. 1 (F) vs maccanni (F) H.W. p<O.Ol

sp , 1 (F) vs maccanni (F) B.L. p<O.OOl

s p , 2 (M) VS maccanni (M) H.W. N.S. p<O.Ol

s p , 2 (M) vs maccanni (M) H.L. N.S. p<O.OOl

sp. 1 (M) VS maccanni (M) H.W. N.S. p<O.OOl

sp. 1 (M) vs maccanni (M) B.L. p<O.OOl

sp. 2 (M) VS sp. 2 (F) H.W. p<0.01

sp. 2 (M) vs sp. 2 (F) B.L. p<O.OOl

sp. 1 (F) VS sp. 2 (F) H.W .. N ... S ... p<O.01

sp. 1 (F) VS sp. 2 (F) H.L. N.S. N.S.

sp. 1 (M) vs sp. 2 (M) H.W. N.S. p<O.Ol

sp. 1 (M) vs sp. 2 (M) H.L. N.S. N.S.

------------------------------------------------------------------------
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Table 17 correlates head size with certain dimensions of the largest

prey item eaten by the skink.

Table 17. HEAD SIZES COMPARED WITH THE lARGEST PREY ITEM EATEN BY EACH

SPECIES OF SKINK.

Species Head Dimension n Prey Dimension Significance
Level

-----------------------------------------------------------------------
sp. • length 81 length N.S •

•
sp. 1 width 81 length N.S.

sp. 1 length 81 volume p<0.05

sp. 1 width 81 volume p<0.05

maccanni length 51 length p<0.05

maccanni width 51 length p<0.05

maccanni length 51 volume N.S.

maccanni width 51 volume p<0.05

sp. 2 length 51 length p<O.05

sp. 2 width 51 length p<0.05

sp. 2 length 51 volume p<0.05

sp. 2 widt..l1 51 volume p<0.05

The results in Table 17 indicate that an upper limit on prey size

is determined by head size, which is not surprising. Head width is the

only parameter correlated with prey size for each species.

Table 18 gives Mann-Whitney U test comparisons of head sizes for

randomly selected subsamples of the same skink classes as in Table 14.
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Table 18. STATISTICAL SIGNIFICANCE LEVELS OF HEAD SIZE DIFFERENCES

BETWEEN SKINK SPECIES, SEX AND AGE CLASSES (H=ADULT MALES;

F=ADULT FEMALES; S=SUBADULTS). LARGER SPECIES FIRST WHERE

DIFFERENCE IS SIGNIFICANT.

-----------------------------------------------------------------------
Comparison

ap, 1 (M) vs sp , 1 (F)

sp , 2 (M) vs ap , 1 (M)

sp , 2 (5) vs sp. 1 (5)

.ap , 2 (M) vs ap , 1 (F)

sp. 2 (F) vs sp , 1 (F)

maccanni (M) vs sp. 1 (F)

maccanni (F) vs sp. 1 (F)

maccanni (M) vs sp. 2 (F)

maccanni (F) vs sp. 2 (F)

maccanni (M) vs maccanni (F)

maccanni (M) vs sp. 1 (5)

maccanni (M) vs sp , 2 (5)

maccanni (F) vs sp. 2 (5)

maccanni (F) vs sp. 1 (5)

maccanni (5) vs sp. 2 (5)

maccanni (5) vs sp. 1 (5)

sp. 1 (F) vs maccanni (5)

sp. 1 (M) vs maccanni (5)

maccanni (F) vs sp. 1 (M)

maccanni (M) vs sp. 1 (M)

maccanni (M) vs sp. 2 (M)

sp. 2 (M) vs maccanni (F)

sp. 2 (M) vs maccanni (5)

sp. 2 (F) vs maccanni (5)
s p , 2 (F) vs sp , 1 (M)

sp , 1 (M) vs sp. 2 (5)

sp. 2 (M) vs sp , 2 (F)

sp , 2 (M) vs s p , 1 (5)

s p , 2 (F) vs sp , 1 (5)

sp , 1 (F) vs s p , 2 (5)

Significance level

Head wid t..'l

N.S.
p<0.001
p<0.001
p<O.OOl
p<O.OOl
p<0.001
p<O.OOl
p<0.001
p<O.Ol
N.S.
p<0.001
p<0.001
p<O.OOl
p<0.001
N.S.
p<0.001
p<0.05
p<O.Ol
p<0.001"
p<0.001
N.S.
N.S.
p<0.001
p<O.OOl
p<0.001
p<0.001
p<0.05
p<0.001
p<0.001
p<O.Ol

Significance level

Head length

N.S.
p<O.OOl
p<O.OOl
p<O.OOl
p<O.OO1
p<O.OOl
p<O.OOl
p<O.OOl
p<0.001
N.S.
p<O.OOl
p<O.OOl
p<O.OOl
p<O.OOl
N.S.
p<0.001
N.S.
p<0.05
p<O.OOl
p<O.OOl
p<O.OOl
p<0.05
p<O.OOl
p<O.OOl
p<O.Ol
p<O.OOl
p<0.05
p<0.001
p<O.OOl
p<O.Ol

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

Comparisons between conspecific subadults and adults are not

given, since adults naturally have significantly larger heads than

subadults. The data in this table show that significant differences in

head size occur among most sex, age and species classes.



Page 122

Table 19 lists the various prey taxa eaten by each of the three

species. Frequencies are not given, since these probably vary

seasonaliy. These changes would be reflected in the skinks' diets,

making interspecific comparisons unreliable.

The skinks ate a large range of invertebrates, including insects

of most orders. They also ingested skinks and berries. However, the

presence of Leiolopisma sp. 1 remains in the stomachs of the other two

species does not necessarily indicate interspecific predation. Since

only the tails of Leiolopisma sp. 1 individuals were found as prey

items, it is probable that these were detached in aggressive encounters

between the skinks, and then eaten. Although this behaviour was not

observed directly in the present study, it has previously been noted

for L. zelandica (=L. ~ maccanni) by Mccann (1955), and L. suteri

(Boulengerl (Towns, 1975).

The berries were Cyathodes fraseri, and Snowberry, Gaultheria

depressa. They were too large to have been ingested accidentally, and

on several occasions in the greenhouse skinks of each species were seen

to deliberately eat them.

I am indebted to the following people for identifying, or

confirming my identification of, most of the families and all of the

invertebrate species in this table: D. E. Hurley, C. W. Butcher,

B. H. Patrick, B. I. P. Barratt, A. C. Harris, R. R. Forster,

A. W. Don, G. M. Barker, R. P. Macfarlane and P. M. Johns.
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Table 19. PREY TAXA FOUND IN THE STOMACHS OF THE THREE SKL'lK SPECIES

(+ INDICATES PRESENCE, - INDICATES ABSENCE).*

-----------------------------------------------------------------------
Prey Taxon sp , 1 sp , 2 maccanni

-----------------------------------------------------------------------
DIPTERA
Tachinidae
Muscidae
ChironGmidae
Bibionidae
Sciaridae
Phoridae
Empididae
calliphoridae
Ephydridae
Tipulidae
Ceratopogonidae
Asteiidae
Trypetidae
Cecidomyiidae
Sphaeroceridae
Mycetophi lidae
Chloropidae
Drosophilidae
Anisopodidae
Pipunculidae
Anthomyiidae
Dolichopodidae
Simuliidae
Therevidae
Syrphidae

HEMIPTERA
Cicadidae
Aphididae
Cicadellidae
Delphacidae
Nabidae
Coccidae
Pentatomidae
Miridae
Lygaeidae
Berytidae

COLEOPTERA
Hydrophilidae
Scirtidae (=Helodidae)
Tenebrionidae

Elateridae
Staphylinidae
Colydiidae
Curculionidae
salpingidae
Byrrhidae
Scarabaeidae

+
+
+
+
+

+

+
+

+
+
+

+
+

+
+

+
+

+

+

+

+
+

+

+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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---------------------------------------------------
---------------------

prey Taxon
sp , 1 sp , 2 maccanni

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

LEPIDOPTERA
Gelechiidae
Noctuidae
Pterophoridae
Pyralidae
Hepialidae
Micropterygidae

Tortricidae
Oecophoridae
Glypterigidae

Geometridae

HYMENOPTERA
Formicidae
proctotrupidae

Trigonalidae

Agriotypidae
Braconidae

l?teromalidae
Halictidae
Apidae
Diapriidae
l?ompilidae
Ichneumonidae

Scelionidae
Cynipidae
Eurytomidae

ORTHOl?TERA
Acrididae
Gryllidae

DICTYOPTERA
parallepsidion inaculeatum Johns

COLLEMBOLA

PSOCOPTERA

TRICHOPTERA

PLECOPTERA

EPHEMEROPTERA

+
+

+

+
+
+
+

+

+
+
+

+

+

+
+

+
+

+

+

+

+

+

+
+
+
+
+
+
+

+

+
+

+

+
+

+

+

+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

+

+

+

+

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

ARANEIDA

Lycosidae
Amphinectidae

Erigonidae
Theridiidae
Salticidae
segestriidrae

+

+
+
+

+

+
+
+

+
+
+
+
+
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--------------------------------------------------
---------------------

ARANEIDA (Continued)

Agelenidae
Clubionidae
Amaurobiidae
Oonopidae
Gnaphosidae

Orsolobidae
Linyphiidae

ACARINA

OPILIONES
Laniatores
Palpatores

PSEUDOSCORPIONIDA

Thalassochernes taierensis

(With)

MOLLUSCA
Flammulina feredayi glacialis

Suter

PLATYHELMINTHES

ANNELIDAE
Megascolecidae

AMPHIPODA
Orchestia sp.

ISOPODA

CHILOPODA
Hemicopidae
Geophilidae
Cryptapidae
craterostigmatidae

DIPLOPODA
schedotrogonidae

NEMATODA

SKINK
Leiolopisma sp. 1

BERRIES

+
+
+
+
+
+
+

+

+
+

+

+

+

+

+

+

+
+
+

+

+

+

+

+

+

+

+

+

+

+

+
+

+

+

+

+

+

+

+

+

+

+
+
+

+

+

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

*Based on an examination of 210 Leiolooisma sp. 1, 81 Leiolopisma sp_ 2

and 1'0 L. maccanni individuals collected over a period of 21 months
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The relative population densities of most invertebrate orders did

not vary greatly during the year (Section 6.3.7), and so stomach

content data from all of the skinks were pooled, with prey items

classified to ordinal level or above. Figs. 38-43 graph volumes and

frequencies of prey items, classified to these levels, in the stomachs

of the three species.

Insects make the largest contribution to the skinks' diets by both

number and volume. Spiders are the next most important group by number

and volume for Leiolopisma sp , 2, by number for L. maccanni, and by

volume for Leiolopisma sp. 1. Berries make a surprisingly high

contribution to the diets of L. maccanni and Leiolopisma sp. 2, being

the second most important prey items by volume for each species.

Leiolopisma spp. 1 and 2 eat greater volumes of spiders than any other

prey taxon, whereas hemipterans are- the most important prey taxon by

volume for L. maccanni. This figure for hemipterans in L. maccanni is

derived mainly from a few very large prey items, such as the cicada

nymph mentioned in Section 6.3.2.

The mean number of prey items per stomach was 4.6 for L. maccanni,

3.2 for Leiolopisma sp. 1 and 4.2 for Leiolopisma sp. 2. A difference

in prey item number between~. maccanni and Leiolopisma sp. 1 (p<O.05)

was determined using a median test. There were no significant

differences in this number between the other two species pairs. The

difference between Leiolopisma sp. 1 and L. maccanni was probably

caused by some ~. maccanni age and sex classes eating smaller prey

items than similar Leiolopisma sp. 1 classes (see Table 14). This

would explain Why L. maccanni individuals had more prey items in their

stomachs than Leiolopisrna sp. 1 ones.
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Percentage of total volQ~e of prey taxa in Leiolopisma

sp. 1 stomachs.
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Fig. 40
Percentage of total volume of prey taxa in
Leiolopisma sp. 2 stomachs.
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Fig. 41
Percentage of total individuals of prey taxa in

Leiolopisma SP4 1 stomachs.
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Fig. 42
Percentage of total individuals of prey taxa in

L. maccanni stomachs.
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Fig. 43
Perce~tage of total individu3ls of prey t~{a in
Leiolopisma sp. 2 stomachs.
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The fractions and percentages of individuals in each species with

empty stomachs were as follows: L. maccanni: 12/110 (10.9%);

Leiolopisma sp. 1: 39/210 (18.6%); Leiolopisma sp. 2: 16/81 (19.8%).

6.3.5 Mantel test

The results for the Mantel test and Fisher's method were as

follows: L. maccanni and Leiolopisma sp. 1 had different frequencies

of occurrence of prey taxa in their stomachs (p<0.001), as did

L. maccanni and Leiolopisma sp. 2 (p<0.05). No significant difference

in prey taxa utilization occurred between Leiolopisma spp. 1 and 2.

6.3.6 Activity rhythms ~ feeding behaviour

The times when skinks were caught in pitfall traps are shown in

Table 20. These activity times were standardized to ·'time since

sunrise" (Pianka, 1973). Skinks were probably foraging for food when

they dropped into the traps (see Section 2.2.2). The figures indicate

that the three species were active at similar times of the day, but not

enough specimens were caught to allow differences in activity rhythms

to be detected. However, skinks observed in the greenhouse and in the

study area displayed no detectable differences in these

characteristics. Their behaviour usually consisted of brief periods of

searching for food interspersed with longer periods of basking.
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Table 20. ACTIVITY TIMES OP L. MACCANNI AND LEIOLOPISMA SPP. 1 AND 2

IN THE STUDY AREA.

Time Since Sunrise(hrs

0-1

1-2

2-3

3-4

4-5

No. caught

maccanni sp. 2 sp , 1

1

1

5-6 3 1 4

---------------------------------------------------------------
6-7

7-8

8-9

9-10

10-11

11-12

1

1

1

1

2

2

3

2

1

1

The skinks used three methods to capture their prey. The first

was employed with slow-moving prey, such as worms. The skink flexed

its neck and raised the anterior third of its body. It then darted its

head forward and seized the prey in its jaws. With fast-moving animals

such as spiders, the skink dispensed wi th the neck movement and body

raising. Winged insects resting on the ground were stalked by the

skink in a manner similar to that of a cat.

forward and seized the prey in its jaws.

The skink then darted

In the field, skinks were not observed drinking water, but in the

greenhouse on several occasions they were seen licking water droplets

off tussocks. The principal study area is prone to fog, and Holdsworth
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(1981) noted that in the Rock and Pillar area most water yields from

tussocks are derived from fog trapped by the plants. The behaviour

observed in the greenhouse might therefore be typical of skinks in the

wild.

6.3.7 Invertebrate sampling

When material from the 0.5m 2 area under the sampling cone was

vacuumed and then sampled by hand, two amphipods, two centipedes, one

lycosid spider and one coleopteran larva were obtained from the

hand-sorted material. Two cockroaches, three hemipterans, three

centipedes, one spider, one coleopteran and one dipteran were obtained

by vacuuming before hand-sorting. Johnson et al (1957), using a

similar suction sampling method, obtained a consistent and very high

extraction rate of between 90% and 100% for all invertebrate groups

except millipedes, centipedes, dipterous larvae and pupae, and beetle

larvae. These reSUlts, together with the ones from the present study,

indicate the limitations of the suction technique. Invertebrates

living in the soil during the daytime are less likely to be sampled

than other invertebrates if sampling occurs in daylight. However, the

efficiency of extraction of surface-dwelling invertebrates appears to

be relatively high in both studies. Moreover, invertebrates that

burrow into the ground during the daytime are presumably unlikely to be

available to the skinks as prey. Therefore, as the basis for a

comparison between potential prey items in the environment and prey

items in the skinks ' stomachs, the invertebrate density estimates in

the present stUdy are likely to be quite accurate.
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The 30 invertebrate samples taken during the evening or early

morning demonstrated no detectable differences in faunal composition

compared with the samples taken at other times of the day. Therefore,

the data from all of the samples Were pooled in calculating

invertebrate densities. These densities are shown in Figs. 44-47. The

figures refer to tussocks and inter-tussock areas, gullies and open

areas. Half of the 210 samples taken in total Were from tussocks, and

the other half from inter-tussock areas, whereas 108 samples Were from

gullies, and 102 from open areas. In each type of habitat, spiders

were the most numerous group, with densities ranging from 4.6/nf- in

gullies, to 6. 7/m 2 in open areas. The relative densities of the other

groups varied with the habitat type. For example, hemiptera were the

second most nUmerous group in gullies, but the fifth most numerous

group in open areas. This is probably because the vegetation was

generally more luxuriant in the damp, sheltered gullies than in open

areas, and hemipterans feed mainly on plants. Not surprisingly,

hemipterans were also comparatively more numerous in tussocks than in

inter-tussock areas. Invertebrate densities (all groups) were higher

in tussocks than in inter-tussock areas (19.5/m 2 compared with 10.3/~ )

and in gUllies than in open areas (16.2/m 2 compared with 14.7/~). To

determine if these figures are significantly different, paired t-tests

were carried out using the tussock and inter-tussock invertebrate

numbers from each invertebrate census area. Each of the five

invertebrate population estimates taken at different times of the year

was tested separately, since invertebrate population levels appeared to

fluctuate during the census period. In four of the estimates,

invertebrate densities were higher in tussocks than in inter-tussock

areas (p<0.05). Only in the second estimate (1-3 January 1983) were

the densities not significantly different between the two types of
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Fig. 44
Density of various inverte~rate taxa in gullies in

the study area.
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Fig. 46 De~sity of v2rious invertebrate t~~a in tussocks in

the study area.



page 140

l
I

J

I

J
A

0
NEilATODA

ISOPODA

CHILOPODA &
DIPLOPODA

PLATYHEL~INTHES

PSEUUOSCORPIONID

MOLLUSCA

AMPHIPODA

ANNELlDA

r.r it.El>PTER A

C.OI.LI1'IBOU

DILTiOPTERA

DIPTERA

E?HD1EROPTER.'.

HI1'IIPTERA

HYMENOPTERA

LEPIOOPTE<A

OitTriO?TE~A

PLECOPTERA

PSOCOPTERA

TRICHOPTERA

}.RANEIDA
c
0
x

ACARINA•...
OPILlONES

10 20 30
No./m 2

I. 0 so

Fig. 47
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area. These results imply a significantly higher invertebrate density

in gullies than in open areas at corresponding times of the year.

Table 21 shows the population densities and relative abundance of

various invertebrate taxa caught at different times of the year. It

appears from these data that at ordinal level, or higher, invertebrate

populations did not fluctuate greatly in relative density during the

census period.

6.3.8 Digestion~

After one week, no trace of the prey items remained in the

stomachs. After 48 hours, both the worm and the amphipods were present

in a partially-digested, but still recognisable, state. Aftar six

hours the amphipods showed very little sign of digestion, but the worm

had lost its outer integument.

6.4 DISCUSSION

6.4.1 Preference

Most lizards appear to be fairly opportunistic feeders, taking

without preference whatever prey items they encounter within a broad

range of types and sizes (Pianka, 1969). Earlier studies of New

Zealand skinks have shown that a wide range of food items is eaten by

these animals. Included among these studies are those of Barwick

(1959) on L. zelandica (=Leiolopisma sp. 2?) and Gill (1976) on

Leiolopisma sp. (-Leiolopisma sp. 27). Neither of these studies

involved the estimates of prey numbers in the environment, however, and

so it is not possible to determine from them how much selection of prey

by the skinks was occurring.



Table 21. POPULATION DENSITIES OF VARIOUS INVERTEBRATE TAXA - SEASONAL CHANGES

Month

November - December January Late February April

No/18 m
2

Rank No/18 m
2

Rank No/18 m
2

Rank No/18 m
2

RankTaxon

Araneida 129 1 128 1 81 1 64 1

Co11embola 71 3 11 5 6 6 26 2

Hymenoptera 63 4 94 2 19 4 6 7~

Hemiptera 90 2 35 3 37 2 15 5

Orthoptera 0 14~ 0 12~ 8 5 2 12~

Coleoptera 34 5 19 4 22 3 16 4

Diptera 6 8~ 2 8~ 4 8~ 21 3

Acarina 6 8~ 2 8~ 3 10~ 1 14

Diplopoda & Chilopoda 1 12~ 0 12~ 1 13 4 9~

Opiliones 7 6~ 5 6 0 14~ 7 6

I\mphipoda 7 6~ 3 7 4 8~ 6 7~

Lepidoptera 2 11 1 11 2 12 2 12~

Dictyoptera 5 10 2 8~ 5 7 3 11

Pseudoscorpionida 0 14~ 0 12~ 3 lO~ 4 9~

NoLl.u s c a 1 12~ 0 12~ 0 14~ 0 15

"''"'Q
m
f-'

'"N



Page 143

The present study shows that although~. maccanni and Leiolopisma

spp. 1 and 2 were unspecialized feeders, eating a great variety of

invertebrates and other prey items, they each exhibited some degree of

prey preference. The most obvious example of this involves negative

preference and the insect order Hymenoptera. Approximately 90% of the

Hymenoptera caught by vacuuming in each invertebrate population

estimate were ants (FormicidaeJ, whereas tb~s family comprised fewer

than 10% of the hymenopterans eaten by each skink. species. The ants

usually caught in the environment were wingless ground-dwellers, which

would be expected to be vulnerable to predation by skinks, especially

since both ants and skinks were active during the day.

These data imply that the skinks are selecting against ants. Ants

contain formic acid, which is distasteful to many animals. Fawcett

(1964) noted that Sphenomorphus pseudornata (~yclodina aenea) did not

eat ants and other insects with defensive secretions which occurred in

its environment. Observations of the feeding habits of this skink

suggested that Jacobson's organ was used in food detection. This organ

is a paired vomeronasal structure, well-developed in skinks, that opens

into t..lte mouth and contains olfactory sensory cells (Bissinger and

Simon, 1979). It is thought that the tip of the tongue may be inserted

directly into the organ, after the tongue has picked up food particles

from the environment (Bellairs and Boyd, 1950). The slight bifurcation

of the tip of the tongue noted in skinks may help in the functioning of

the organ (Pratt, 1948). This bifurcation was quite distinct in the

tongue of each of the species in the present study. Also, these skinks

continually extruded their tongues while hunting. When they first came

in contact with a slow-moving prey item they usually touched it with

their tongue before eating or rejecting it. Ants supplied to skinks in
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the laboratory were always rejected in this manner. The skinks'

eyesight did not appear to be very acute, because often they did not

appear to notice an insect placed in front of them until it moved.

These observations support the hypothesis that Jacobson's organ plays

an important part in the detection and selection of prey in the three

species. If, as this implies, the skinks' olfactory sense is highly

developed, then the absence of distasteful invertebrates in the skinks'

diets is not surprising.

Each of the three'species showed the greatest negative preference

for spiders and collembola, and the greatest positive preference for

Diptera. However, this latter apparent preference may have been caused

by the fact that invertebrate sampling occurred during the day. Most

flying insects would be in the air at this time, especially since

sampling was carried out while the sun was shining. Flies rest on the

ground when the weather is overcast (A. C. Harris; pers. comm. 1984).

Estimates of the total POPUlation of dipterans should ideally have been

made at night, when they are inactive. However, only population

estimates of prey obtained during the day are relevant to the present

study, because the skinks are diurnal predators. Therefore Diptera

were likely to be under-represented in the invertebrate samples.

Furthermore, Diptera emerge from pupation in the morning, and bask on

sunny slopes at dusk, making them more vulnerable to predation by

skinks at these times. Little sampling was carried out at dawn or

dusk, however.

All three skink species ate berries deliberately. Berwick (1959)

also found berries, which he thought were unlikely to have been

digested accidentally, in the stomachs of L. zelandica (~Leiolopisma

sp , 21). It is difficult to assess the importance of fruit in the
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diets of L. maccanni and Leiolopisma spp. 1 and 2, but the skinks are

unlikely to be able to receive as much nourishment from berries as from

invertebrates of comparable size. Herbivorous lizards generally have

low gross assimilation efficiencies compared with insectivorous

lizards. The gross assimilation efficiency is the ratio of the

calories assimilated to the total calories ingested in a meal. This

relatively low assimilation is because of an apparent inability to

digest cellulose. Unlike herbivores such as cows, for example, lizards

lack the bacteria in the guts that allow cellulose to be digested,

(Bennett and Dawson, 1976).

There was no material in the stomachs to indicate tt~t au~ophagy

or cannibalism occurred in nature in the skinks in the present study.

However, on several occasions in the laboratory small subadults were

eaten by adults of the same or diff~rent species. If this occurs in

the field, it might account for the dispersal phase in small subadults

(j uveniles ) noted in Section 4.4.5. Dispersal away from areas

containing adult home ranges into marginal areas seldom visited by

adults may be a method of avoiding predation. Observations made in the

field suggested that young subadults tended to occupy less suitable

microhabitats than other age classes.

6.4.2 Inter- and intraspecific differences- prey size

An attempt was made in this study to relate skink head size to

prey size. Earlier studies have produced conflicting results. Within

Anolis species, for example, larger individuals ate larger food items

than smaller individuals (Schoener, 1968). pianka and Pianka (1976)

showed that head length was correlated with prey size in Australian

geckos. Larger species tended to eat larger prey than smaller species.
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However, Schoener and Gorman (1968) found that animals with identical

head lengths from two Anolis species ate prey of different sizes.

In the present study, most of the sex, age and species classes

differed in head size, but these differences generally were not

reflected in prey size. For example, each of the species is sexually

dimorphic with respect to head size, but no intraspecific differences

in prey size utilization were found to occur between sexes. Similar

sexual dimorphism was noted by Barwick (1959) for L. zelandica

(=Leiolopisma sp. 2), although he did not attempt to relate this to

prey size.

Most differences in prey size utilization in the present study

occurred between subadults and adults of different species, and were

correlated with head size differences. However, Leiolopisma sp. 1

adult females have smaller heads, but ate larger prey, than L. maccanni

adult males. Also, L. maccanni subadults ate smaller prey than

subadults of the other species, but have similarly sized heads to

Leiolopisma sp. 2 subadults, and smaller heads than Leiolopisma sp. 1

subadults.

Schoener and Gorman (1968) suggested that there are at least four

ways of either producing differences in prey-size distributions between

classes with similarly sized heads, or of producing similar prey

distributions between classes with differently sized heads. (1) These

results could be associated with different habitat preferences. This

is unlikely to be true in the present study because the K-S two-tailed

test showed that no prey-size differences were present between

Leiolopisma sp. individuals from different macrohabitats. (2) One

class might have a preference for larger food than the other. (3) One
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or other of the classes might be more effective at taking larger food.

For example, one class might be more aggressive than ano~~er. (4) The

individuals of one class may have a greater energy requirement per unit

time than do those of the other class. Depending on the relative

abundance of small and large food, one class may find it necessary to

take more items from food classes whose net yield in energy/unit time

is less than from other items of preferred food.

Two more hypotheses concerning the head and prey size data arise

from the present study. One is that the large number of small

invertebrates in the environment, noted during sampling, could explain

wny skink classes with head- size differeLces ~~=e eati~g similarly

sized prey. Since the skinks were quite opportunistic feeders, their

diets would reflect the prey-size distribution in the environment, and

if this were uniform, then their diets. would be uniform too. Although

head-width places an upper limit on prey size, a comparison between

Figs. 29-31 and 32-34 shows that the skinks were eating a large

proportion of prey that was small in relation to head-width. Because

of this, the effect of head-width on prey size was reduced.

The difference in prey size utilization between Leiolopisma spp. 1

and 2 and L. maccanni may be at least partly related to the difference

in prey taxa utilization noted between these two groups. Both

differences may in turn reflect the fact that L. maccanni appears to

have a much larger home range than the other two species, and thus, by

inference, different feeding behaviour (Section 4.4.1). The effect

home range size may have on prey taxa utilization is discussed below.
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6.4.3 Interspecific differences- prey taxa

The differences in prey taxa between~. maccanni and the other two

species may merely reflect differences in habitat preference. For

example, a larger proportion of beetles eaten by L. maccanni were

scirtids than in the other two species. Scirtids have aquatic larvae,

and the adults are found near streams. Most L. maccanni specimens were

obtained from gullies (Section 5.3), which usually had streams at the

bottom. only a small proportion of individuals from the other two

species was found in these areas. Because more than 50% of Leiolopisma

sp. 1 specimens were obtained from areas where they were syntopic with

Leiolopisma sp. 2 alone, this could explain why Leiolopisma sp. 1

displayed a significant difference in prey taxa utilization compared

with L. maccanni. Allotopy could account for the similar difference

between Leiolopisma sp. 2 and L. maccanni. However, the difference

between L. maccanni and Leiolopisma sp. 1 is significant at p<0.001,

whereas the difference between L. maccanni and Leiolopisma sp. 2 is

significant at only p<0.05. This indicates that the prey differences

Were not due solely to microgeographic factors. They may be caused by

different foraging strategies, or competition (Chapter 8), for example.

If possessing a small home range enables skinks to be more

selective feeders (see Section 4.4.1), then this may explain why

~. maccanni appears to be a more opportunistic feeder than the other

two species. L. maccanni ate a greater proportion of flying insects

than did the other species. These are the sorts of insects that might

be expected to be eaten by an opportunistic feeder, since they would

tend to be encountered at random during the day (ie: when they landed

an the ground). Also, fewer L. maccanni individuals were found with

empty stomachs than were the other two species. Pianka and Pianka
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(1976) found for geckos that the more generalized feeders had empty

stomachs less often than less generalized feeders. However, the

difference in prey taxa utilisation noted between L. maccanni and the

other species may also be caused by different microhabitat preferences

(Chapter 5). For example, densities of various invertebrate taxa

probably differ between rock outcrops, the preferred microhabitat for

L. maccanni, and other areas.

Away from rock outcrops, the home ranges of the three species

(Figs. 20 and 21) show a large amount of overlap, which indicates that

the skinks Were all foraging in similar microhabitats in these areas.

......... - - ----- .: -- ...
V.IJ:::I1:::::J,. VD. ~.:::o of ski::..~ h~tir..g behaviour ma.de in the field and in the

greenhouse support this hypothesis. Unfortunately, the complexity of

the above ecological data means that the effect of habitat on prey taxa

eaten by the skinks is difficult to assess.

6.4.4 Hibernation

MacAvoy (1976) investigated the physiology of at least one of the

species in the present study (probably.!:. maccannd L, and noted that

this species does not appear to feed during the winter. She found that

during the sUmmer months these skinks build up fat reserves mainly in

their tails and abdominal fat bodies. They then use these reserves to

sustain them during hibernation over winter.

Abdominal fat bodies were noted for all of the species in the

present s t.ud y , These bodies increased in size during the summer

months, and probably aided all three species in hibernation. Tails,

likewise, Were relatively emaciated after the skinks emerged from

hibernation in L~e spring, and became plumper before the next

hibernation period. No skinks were observed to feed in the study area
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in winter, but one Leiolopisma sp. 1 individual found during this

period had a dipteran in the stomach, and so this species at least

appears to feed over winter, to some extent. Barwick (1959) found that

L. zelandica (~Leiolopisma sp. 27) also appeared to eat during the

winter.

6.4.5 Pest control

Weevils are believed to be the most important insect group to

damage clover seedlings in the post-germination period in tussock

grassland (B. I. P. Barratt; pers. comm. 1984). A large fraction of

the Coleoptera eaten by the skinks were weevils. The percentages for

each species Were: L. maccanni- 13.2%; Leiolopisma sp. 1- 28.2%;

Leiolopisma sp. 2- 54.2%. In the environment, 36% of the coleopterans

were weevils, and so, apparently, only Leiolopisma sp. 2 was selecting

for these insects. However, weevil numbers fluctuated seasonally in

the environment, and so these figures may be misleading. Since the

skinks are rather indiscriminate feeders, they are not likely to be

useful as biological control agents.

6.4.6 Digestion rate

The most important external factor influencing the digestive

processes of ectotherms is probably the ambient temperature. For

example, Skoczylas (1970) found that digestion rate was correlated with

temperature for the grass snake Natrix natrix L., and that below a

specific temperature digestion did not occur. Therefore, since the

digestion rates in the present study were determined at a single

ambient temperature, they must be considered to be approximate only.

CopyingPC01
Rectangle
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Also, the digestion rate probably depends on the nature of the

prey swallowed. There is some evidence from the present study that

soft-bodied animals are digested faster than hard-bodied ones. If this

is correct, then the number of soft-bodied items ingested by the skinks

is likely to have been larger than indicated by the stomach content

data.

6.4.7 A comparison with previous feeding studies of -L. E..:.. maccanni "

Gill (1976) found parasites in the stomach of Leiolopisma sp.

(=Leiolopisma sp. 21), but none were found in the stomachs of skinks in

the present study. Leiolopisma sp. (=Leiolopisma sp. 21) had a mean of

8.9 prey items per stomach (Gill, 1976) whereas Barwick found a mean of

5.47 prey items in the alimentary tract of L. zelandica (=Leiolopisma

sp , 21). The fraction of skinks in Gill's study with empty stomachs

was 7.1%, whereas the fraction of skinks with empty alimentary tracts

in Barwick's study was 17.6%. These values are similar in general

terms to those in the present study, but no valid comparisons can be

made (see Section 3.4.7). The type and range of food eaten by the

skinks in Barwick' s and Gill's studies are similar to those in the

present study.

6.4.8 Competition and niche overlap

The observed differences in prey utilization may be due, to some

degree, to intra- and interspecific competitive interactions. The

effect of competition on prey size and taxa will be discussed in

Chapter 8, together with niche overlap using the same parameters.
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CHAPTER 7. Skin]< Population Estimates

7.1 INTRODUCTION

There are several methods available for estimating sizes of lizard

populations. These can be summarised as (1) direct counts, in which

each lizard in a given area is counted directly; (2) capture-recapture

methods, in which part of a lizard population is captured, marked and

released before the population is sampled again; (3) removal

techniques, in which lizards are removed from the popula tion during

censusing; and (4) incomplete counts, in which part of the population,

whose relationship to the whole is known, is counted directly (Turner,

1977) • Many factors must be taken into account in deciding which

method to use. The most important are the behavioural characteristics

of the population under study. These .have been elucidated for the

species in the present study in Chapters 2, 4, 5 and 6, with Chapter 4

providing the data most pertinent to this chapter.

Once demographic data are obtained, they can be used to calculate

the ecological impact of the study population more accurately. In this

chapter the information obtained on population densities together with

ecological data from previous chapters are used to assess the

importance of skinks as predators in the tussock grassland ecosystem.

7.2 METHODS

7.2.1 Trial censuses

In 1981 and 1982 test censuses were carried out on skinks in the

principal study area using direct counts, a capture-recapture technique

(the Lincoln Index (Otis et~, 1978)) and incomplete counts (line
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transects (Burnham et al, 1980»). The Lincoln Index failed to give

satisfactory results, because two assumptions underlying all

mark-recapture techniques Were not fulfilled. Firstly, marked animals

could not be randomly mixed in the population after capture. When this

operation was performed in two test censuses, no marked animals were

recaptured after the initial capture, thus preventing any population

estimate. Marked individuals probably moved out of the census area

after being placed outside their home ranges. Secondly, equal

catchability did not occur since, as noted in Section 4.3.2, the skinks

showed a certain amount of -trap-shyness·.

The line transect method, while relati~ly easy to implement,

relied on visual or auditory observations of skinks. Since these

animals were by nature very retiring, this method greatly

underestimated popUlation levels. In several localities no skinks were

observed during line transects, whereas pitfalls placed in the same

areas immediately afterwards yielded several individuals. OWing to the

skinks' cryptic behaviour, estimation of population numbers by directly

counting the animals in a given area was also very difficult.

7.2.2 The Zippin removal method

After these census techniques had been tried, with unsatisfactory

reSUlts, it was decided to use the removal method of Zippin (1956,

1958) for Leiolopisma spp. 1 and 2. This method had several advantages

relevant to the present study (B. F. J. Manly, pers. comm. 1983). (1)

It was relatively easy to implement. (2) It did not require the

experimenter to be present at all times during its operation. (3) It

was likely to give more accurate estimates than other census methods

for the reasons outlined above. (4) Skinks dying in the traps during



Page 154

the census (because of inclement weather, for example) would not affect

the population estimate to the same extent as in a capture-recapture

census. In fact, no skink deaths in pitfalls occurred during the

census.

A O.25km 2 section of the study area, easily accessible by vehicle,

was selected as the location for the skink population census. This

location was subdivided into 625 squares of 400m2 each. Four of these

squares were randomly selected from open areas (slopes less than 5°)

(sites 12, 13, 14 and 18, Fig. 3), and four were similarly chosen from

gUllies (sites 11, 15, 16 and 17, Fig. 3). Sampling was stratified

because it was thought that stink population densities may have

differed in the two types of area, due to their different

Within each square a 7 x 7 grid of pitfall traps was

microclimates,

charac teristic 5 •

vegeta tion, invertebrate faunas and other

laid out. The traps were 500g yoghurt containers sited in the ground

as described in Section 2.2.2. A rock was placed over each trap

(leaving just enough space for stinks to enter) to prevent trapped

skinks from being taken by predators such as harrier hawks which were

present in the census area. The traps were spaced at 3m intervals.

This distance is less than the mean home range diameters of the three

species (Section 4.3.1). Each stink inside the grid theoretically

should therefore have been able to be captured at least once.

Zippin's method was modified slightly for the present study.

Skinks were marked by toe-clipping (Section 4.2.2) instead of being

removed from the census area after capture. This avoided the problem

of skinks moving into the area to replace those removed during

sampling.
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For removal-trapping to give accurate results, it was desirable

that the following conditions be met (Turner, 1960): (1) uniform

effort from One sampling to another, (2) uniform climatic conditions to

give constant susceptibility to capture, and (3) the population needed

to be closed, so that no replacement of removed individuals occurred.

The first condition was achieved by using the same number of traps in

each sample period, and the second by having week-long sample periods.

Chapter 4 indicated that the latter condition could be met for most

Leiolopisma sp. 1 and 2 individuals if the sample period were

sufficiently brief. This would also avoid significant mortality during

the experiment. Accordingly, sampling was carried out for one month

only.

Unfortunately, the removal method was probably not suitable for

estimating the numbers of two skink groups. The condition of closure

was unlikely to be met by either L. maccanni individuals, or juveniles

of the three species, for reasons given in Chapter 4. A

capture-recapture technique such as the Jolly-Seber method (Jolly,

1965 ; Seber, 1965) may be more suitable for L. maccanni, but less so

for the juveniles, because none was caught more than once (Section

4.4.5) • Because of the difficulties inherent in direct censusing of

juveniles, the number of juveniles recruited to the population in the

year of the census was calculated indirectly. This involved

determining the fraction of pregnant females within each species from

samples taken earlier (Section 3.2). Skinks caught in pitfall traps

belonging to the MAP were excluded, because the small size of the

pitfalls meant that large skinks were not caught. For each species,

this fraction was then mUltiplied by the mean number of oviducal ova in

mature females to give the mean number of offspring produced! skink.
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Tnis figure Was used in conjunction with census data to estimate the

total number of juveniles produced in the year under study.

The census took place from 24 January 1983 to 20 February 1983.

These dates were chosen because the weather was generally the most

settled at that time of year, and also because parturition occurred at

that time in the previous year.

The skinks caught in pitfalls were marked and released at the end

of each week. If a skink had been marked already, it was released next

to the pitfall where it was caught, and no record was made. Population

estimates were obtained as follows:

Let k the number of sampling periods and

Yi
the number of unmarked lizards caught in the ith period.

Then the total catch per sample is

k
T = L Yi

.
(raw)

i=l

The ratio R is then calculated from

R =

k
L (i - l)y.

i=l J.

T

where
k
L (i

i=l
- l)y.

J. T (corr.) .

Now R
..9. _ kqk

P (1 _ qk)
where p is probability of capture on a single

occasion, q = 1 - P and the estimate of the total population is given

by
N =

T
k

(l - q )
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A si~ple way to determine q is by using Appendix A6 in Seber (1973)

(B.F.J. Manly, pers. coa~. 1984). Here, s = q and K = k - 1 (k fro~

Zippins's equation).

The standard error of N is given by

S.E. of il
il(il - T)T

Densities were calculated using a boundary strip of one-half the

width of an average territory added to the trapping grid area (Fig. 48)

(Dice, 1938).

Fig. 48 BOUNDARY STRIP ONE-HALF THE WIDTH (z ) OF AN AVERAGE SKINK

TERRITORY ADDED TO TRAPPING GRID (CLOSED CIRCLES REPRESENT

TRAPS)
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To simplify matters, only territory sizes based on seven captures

(Section 4.3.1) were used in the calculations. Skink densities were

therefore probably lower L~an G~e figures in Table 22 indicate. The
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added boundary strip gave an effective trapping area for Leiolopisma

The computer program TEDDYBEAH. (Wilson, 1975) was

used to carry out an analysis of variance on skink numbers from gullies

and open areas.

7.3 RESULTS

Skinks were present in each census site. Table 22 gives density

estimates for Leiolopisma spp. 1 and 2 in the census sites. Eight

new-born young (six Leiolopisma sp. 1, and two Leiolopisma sp. 2) were

caught in the last sample period, and these are excluded from the

calculations.

Table 22. CAPTURES (T), COMPUTATION CONSTANTS (R), ESTIMATED

POPULATIONS (N) WITH STANDARD ERROR (S.E.) AND POPULATION

DENSITIES OF LEIOLOPISMA SPE.. 1 AND 2 IN THE STUDY AREA.

----------------------------------------------------------------------
Species Site T(raw) T(corr. ) R N S.E. Density

----------------------------------------------------------------------
sp. 1 11 15 9 0.60 16 1.36 1/25m 2

sp. 1 12 12 9 0.75 13 1.57 1/31m 2

sp. 1 13 18 3 0.15 18 0.00 1/22m 2

sp. 1 14 39 9 0.23 39 0.00 1/1Om2

sp. 1 15 11 8 0.73 12 1.39 1/33m 2

sp. 1 16 2 1/20Om 2

sp. 1 17 0 0 0.00 0 0.00 0/m 2

sp. 1 18 33 17 0.52 34 1.05 1/12m 2

----------------------------------------------------------------------
sp. 1 Mean 17 0.95 1/24m 2

----------------------------------------------------------------------
sp. 2 11 5 6 1.2 8 9.20 1/24m 2

sp. 2 12 22 16 0.73 24 1.96 1/16m 2

sp. 2 13 6 1/64m 2

sp. 2 14 6 4 0.67 6 0.82 1/64m 2

sp. 2 15 17 16 0.94 21 7.51 1/18m 2

sp. 2 16 17 12 0.71 18 2.02 1/21m 2

sp. 2 17 19 19 1.00 24 5.60 1/16m 2

sp. 2 18 5 5 1.00 6 2.99 1/64m 2

----------------------------------------------------------------------
s p , 2 Mean 14 4.87 1/27m 2

----------------------------------------------------------------------
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Four ~. maccanni individuals were caught in site 14, but since

these Were all obtained in the same sample period, numbers could not be

estimated using removal or capture-recapture methods. The density of

the species at this site was therefore assumed to be 4/324m2, or

1/81m2• The combined densities of the three species range from 1/8m2

(site 14) to 1/19m2 (site 16). The mean density of skinks in the eight

sites was 1/13m2 (769/ha) (assuming the mean density of .!:.. maccanni to

be 1/648m2). There was no significant difference in N between gullies

and open areas (p>0.05).

7.3.1 Natality

The ratio of pregnant Leiolopisma sp. 2 females to all Leiolopisma

sp. 2 skinks was 23/82 (28 %). For Leiolopisma sp. 1, this figure was

95/277 (34 %) and for L. maccanni it was 36/158 (23· %). The mean

litter sizes per female were 3.6 for Leiolopisma sp. 2, 4.3 for

Leiolopisma sp. 1 and 3.1 for L. maccanni. These figures indicate that

during the reproductive season, the number of Leiolopisma sp. 2

offspring produced as percentage of the existing Leiolopisma sp. 2

popUlation is 23/82 x 3.6 x 100, which equals approximately 100.

Therefore, the popUlation density of Leiolopisma sp. 2 approximatelY

doubles at this time of year. Similar calculations show that the

L. maccanni population density increases by a factor of about 1.7, and

that of Leiolopisma sp. 1 by approximately 2.5. These figures give a

theoretical mean skink density for the eight sites of 1/6m2 (derived

from 1/24m2 x 2.5 + 1/27m2 x 2 + 1/648m2 x 1.7) after all juveniles

have appeared. This density is equivalent to 1667 skinks/ha.
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7.4 DISCUSSION

The mean densities of skinks in the present study were 769fha

before, and 1667jha after, parturition. Other workers have found

removal methods to be unsatisfactory for estimating skink numbers.

Turner (1960), for example, found that the Zippin method drastically

underestimated skink numbers in a field in Louisiana. Nevertheless,

the density es timates in the present study appear to be quite accurate.

Not only are they very similar to skink home range sizes (Section

4.3.1), but they are also close to the densities determined for

Leiolopisma spp. 1 and 2 at another site in the principal study area

(Patterson, 1984) (Appendix A).

Where skinks are present in New Zealand, densities have been found

to range from 40jha for Sphenomorphus pseudornatus (probably Cyclodina

aenea (Porter, 1982» (Whitaker, 1973) to 130,OOOjha for L. suteri

(Towns, 1975) • The extremely high value for ~ suteri was due to its

clumped distribution. Most of the densities calculated for New Zealand

skink populations are similar to those in the present study. Porter

(1982) estimated the densities of Cyclodina aenea and ~ ornata at two

Auckland locations to be 1100/ha and 900/ha respectively. Fawcett

estimated Sphenomorphus pseudornatus (=C. ornata) at 1400jha in the

same area. Whitaker (1968) found that densities of skinks on the Poor

Knights Islands ranged from 215/ha for~~ to approximately 1500fha

for L. suteri. Barwick (1959) estimated that L. zelandica

(=Leiolopisma sp. 2?) had a density of 2200/ha in his study area (a

Wellington cemetery). However, Barwick1s figures are not directly

comparable to the ones in this chapter, because the skinks in his study

were in a different habitat type, and possibly belonged to a different

species, than those in the present study.
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7.4.1 The importance of skinks as predators

The knowledge of skink population densities, together with other

data from previous chapters, enables predation by the skinks to be

quantified approximately. Skink digestion rates are known, together

with invertebrate densities within the same 0.2Skm2 area as the skink

population census. The mean density of invertebrates in gullies was

16.2/m2, compared with i4.7/m2 for open areas. The mean numbers of

prey items per stomach were 4.6 (L. maccanni), 3.2 (Leiolopisma sp. 1)

and 4.2 (Leiolopisma sp , 2). A single prey item took between two days

and one week to be completely digested, which means that skinks ate

approximately one invertebrate per day. The mean skink densities were

1/13m (before parturition) and 1/6m2 (after parturition). Therefore

skinks probably ate 0.5<;; of the invertebrate population per day before

parturition, and 1<;; of the same population per day after parturition.

In either case, the effect of skinks as invertebrate predators appears

to be negligible.
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CHAPTER 8. Niche Overlap and Competition

8.1 INTRODUCTION

The previous chapters have concentrated On ecological and

taxonomic differences among Leiolopisma spp. 1 and 2 and~. maccanni.

This knowledge will noW be used to suggest which biotic factors allow

the three species to coexist in the principal study area (for the

remainder of the chapter referred to just as "the study area").

When two species in a community use a vital resource that is in

short supply, either in abundance or availability to the species,

generally One of the species will eventually eliminate the other from

the community. This phenomenon is termed ·competitive exclusion-

(Jaeger, 1974). Competitive exclusion will not occur, however, if one

or both species evolve differences that sufficiently reduce or

eliminate the mutual utilization of the critical resource. Therefore,

differences in resource utilization (resource partitioning) by species

in the same community have been of great interest to ecologists in

previous synecological studies (Schoener, 1974).

Partitioning of resources by lizards occurs generally with respect

to when they are active, where they forage and what they eat (Pianka,

1973). Data on activity times, and food and habitat utilization have

been obtained for all of the species in the present study.

Interspecific differences have been fo~~d to occur in both food and

habitat utilization. In order to relate these differences to

interspecific competition, the concept

intraduced.

of "niche cve r Lap" is
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Hutchinson (1957) defined the niche as an n-dimensional space

enclosing the total range of conditions under which a species can live

and reproduce. The various axes of the niche space correspond to

tolerances of the species for different environmental variables. Niche

overlap occurs when two species use the same resources, and is often

associated with competition. A positive relationship is usually

assumed to prevail when resources are in short supply (Porter and

Dueser, , 982) •

Species may compete through interference or exploitation (Jaeger,

1974) • Interference competition involves one species inhibiting

another species' access to a resource through active means such as

territoriality, aggression, etc. In exploitation competition, species

compe te by differential use of a limi ted resource, with the species

better adapted to obtain the limited resource securing a larger

proportion of it than the other species It is easier to show that

interference competition is occurring between species than it is for

exploitation competition, because interference competition is, by its

nature, more readily observable than the other type of competition

(Schoener, 1975).

This chapter examines competition and niche overlap among the

three species in the study area. The total interspecific niche overlap

is estimated. The role of inter- and intraspecific competition in

producing the observed skink distributions is assessed, and the nature

of this competition determined.
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8.2 METHODS

Krzysik (1977) thought that using prey taxa in calculating total

niche overlap for generalist opportunist predators leads to false

results, since this dimension is related to either prey size or

microhabi tat, and therefore "included" in their overlap values.

Accordingly, overlap values for prey taxa are not calculated in this

chapter. However, an estimate of the relative degree of overlap by

prey taxa between species pairs can be derived from the results of the

Mantel test (Section 6.3.5).

Because activity times appeared to differ relatively little among

Leiolopisma spp. 1 and 2 and L. maccanni (Section 6.3.6), the temporal

niche dimension is also not considered further. Accordingly, only two

resources- microhabitat and prey size- are used in the present study to

estimate total niche overlap. Overlap was calculated for prey size

using the method in Manly and Patterson (in press) (see APpendix E for

a less mathematical treatment). This technique avoids the pitfalls of

subjectivity described by Schoener (1968). Values for the food niche

overlap calculations are based on prey size data from Chapter 6.

Various figures used in the food niche overlap calculations are listed

in Appendix F. Microhabitat overlap was calculated using Schoener's

(1968) index (Appendix D). Since the two resources are probably

independent (orthogonal), total niche overlap is likely to be the

product of the separate unidimensional overlap measures (May, 1975).
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8.3 RESULTS

The data from the Mantel test suggest a large overlap in prey taxa

utilization between Leiolopisma sp. 2 and Leiolopisma sp. 1, less

overlap between Leiolopisma sp. 2 and L. maccanni, and much less

overlap between the remaining species pair.

Table 23 gives food niche overlap measures for the skink classes

described in Section 6.2.5. As expected, the values in this table (see

next page) parallel the results from the Kolmogorov-Smirnov one-tailed

test (Section 6.3.2). In particular, low overlap values occur for

L. maccanni subadults compared with the other classes (the overlap

values for these comparisons are marked with asterixes). These values

reflect the relatively large number of small prey items eaten by

L. maccanni subadults.
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Table 23. NICHE OVERLAP MEASURES BASED ON PREY SIZE UTILIZATION FOR

PAIRED COMP&~ISONS OF L. MACCANNI AlID LEIOLOPISMA SPP. 1

AND 2 AGE AND SEX CLASSES (M=ADULT MALES; F=ADULT

FEMALES; S=SUBADULTS) IN THE STUDY AREA.

------------------------------------------------------------------
Interspecific Comparison Overlap

------------------------------------------------------------------
maccanni (M) vs sp. 1 (S) 0.801

maccanni (M) vs sp. 2 (S) 0.939

sp. 1 (M) vs maccanni (M) 0.994

sp. 2 (M) vs maccanni (M) 0.992

maccanni (F) vs sp. 2 (F) 0.963

sp. 1 (F) vs maccanni (F) 0.908

sp. 1 (S) vs maccanni (8) 0.885*

sp. 2 (S) vs maccanni (S) 0.687*

sp. 1 (M) vs maccanni (S) 0.767*

sp. 1 (M) vs maccanni (F) 0.985

sp. 1 (F) vs maccanni (M) 0.927

sp. 1 (F) vs mac cann i (S) 0.674*

sp. 2 (M) vs maccanni (F) 0.998

sp. 2 (M) vs maccanni (8) 0.748'"

maccanni (M) vs sp. 2 (F) 0.986

sp. 2 (F) vs maccanni (S) 0.763*

maccanni (F) vs sp. 1 (S) 0.864

maccanni (F) vs sp. 2 (S) 0.921

sp. 1 (M) vs sp. 2 (M) 0.961

sp. 1 (F) vs sp. 2 (F) 0.936

sp. 1 (S) vs sp. 2 (8) 0.786

sp. 1 (M) vs sp. 2 (F) 0.956

sp. 1 (M) vs sp. 2 (S) 0.908

sp. 1 (F) vs sp. 2 (M) 0.925

sp. 1 (F) vs sp. 2 (S) 0.988

sp. 2 (M) vs sp. 1 (S) 0.836

sp. 1 (8) vs sp. 2 (F) 0.830

------------------------------------------------------------------
Intraspecific Comparison

------------------------------------------------------------------
sps 1 (M) vs sp. 1 (F) 0.895

sp. 1 (M) vs sp. 1 (8 ) 0.874

sp. 1 (F) vs sp. 1 (8 ) 0.774

sp. 2 (M) vs sp. 2 (F) 0.988

sp. 2 (M) vs sp. 2 (8) 0.937

sp. 2 (S) vs sp. 2 (F) 0.948

maccanni (F) vs maccanni (S) 0.764*

maccanni (M) vs maccanni (F) 0.993

maccanni (M) vs maccanni (S) 0.732*
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The food and microhabitat overlap values for each species pair are

given in Table 24, together with the multiplicative total overlap

values.

Table 24. VALUES OF MULTIPLICATIVE TOTAL NICHE OVERLAP AND ITS

COMPONENTS FOR THE THREE SPECIES OF LEIOLOPISMA IN

THE STUDY AREA.

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

Species Pair Microhabitat Prey Size Total

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

sp , 1-sp. 2

sp. 1-maccanni

sp. 2-maccanni

0.373
0.304
0.656

0.970
0.855
0.845

0.362
0.260
0.554

The greatest overall niche overlap is between L. maccar~i and

Leiolopisma sp. 2. All comparisons possess a low value of niche

overlap, implying a low degree of competition in resource utilization.

8.4 DISCUSSION

Usually, species numbers of sympatric lizards vary from about four

or five to perhaps 20 (Pianka, 1973). Thirteen lizard species were

noted on Great Barrier Island, off the northeast coast of the North

Island, making this the most diverse lizard community yet found in New

Zealand (Towns and Robb, in press). The skink community in the present

study is comparatively simple, but is ecologically interesting because

of the similarity of the member species. Although interspecific

morphological differences are described in chapters 3 and 6, it is

worth recalling that these species are so alike that before this study

they were classified as a single subspecies. Morphological similarity

implies a similar use of resources (Pianka, 1973), and therefore the

likelihood that competitive exclusion will occur. The fact that the

three species have an apparently stable coexistence in the study area
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suggests that the problem of competitive exclusion has been overcome

there, to some extent at least.

To avoid competitive exclusion, lizard species are usually

separated by more than one niche dimension (Schoener, 1974). Niche

separation based on food and microhabitat was noted between Leiolopisma

sp. (=Leiolopisma sp. 27) and L. zelandicum in the coastal Manawatu

(Gill, 1976). The seven lizard species On the Poor Knights Islands

were separated by at least two niche dimensions, habitat and activity

time (Whitaker, 1968). Other studies (summarised in Schoener, 1974)

-indicated that partitioning of microhabitat and food (size and/or taxa)

was the most important factor minimizing competition in

communities and thus contributing to stable coexistence.

lizard

In the present study, the differential utilization of habitats and

food (size and taxa) also appears to be primarily responsible for

reducing overlap among the species in the study area. Separation by

habi tat seems to be particularly important in allowing the three

species to coexist in the same area. For example, Leiolopisma sp. 2

and 1 occurred syntopically throughout a large section of the study

area, despite extensive overlap in food utilization by taxa and size.

Microhabitat appeared to be the only niche axis where the two species

differed significantly in their frequency of utilization.

The role of competition in reducing niche overlap within and among

the three species is discussed below.
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8.4.1 Microhabitat separation

The segregation of species by microhabitat appears to be caused

partly or solely by interspecific competition. Territorial behaviour

was noted for all three species in the study area (Chapter 4). This

behaviour implies that direct interference competition is occurring.

In the greenhouse described in Section 4.2.4, L. maccanni and

L€iolopisma sp. 2 individuals chased Leiolopisma sp. 1 individuals out

of spaniards, whereas the reverse was not observed. L. maccanni and

Leiolopisma sp. 2 were found, in the field, to exhibi t greatar

preference for herbs and shrubs than did Leiolopisma sp. 1 (Section

5.3). Therefore, it is probable ~~at Leio1opisma sp. 1 was actively

prevented from occupying microhabitats other than tussocks by the other

species. Further, indirect, evidence for this hypothesis obtains from

a comparison between the niches of Leiolopisma sp. 1 within and outside

the study area.

Leiolopisma sp. 1 was found inhabiting a rock outcrop in an area,

outside the study area, where the other two species appeared to be

absent. L. maccanni WaS the only species that was found in this

microhabitat type in the study area. Therefore, it seems reasonable to

conclude that L. maccanni excluded Leiolopisma sp. 1 from rock outcrops

in the study area.

This type of behaviour has been observed in other lizard species.

For example, the Jamaican anole, Anolis opalinus, has a different

microhabitat when it occurs with another anole species, caused by

direct interference competition (Jenssen, 1973).
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Territorial behaviour was also observed between L. maccanni and

Leiolopisma sp. 2, but its effects are harder to determine than between

Leiolopisma sp. 1 and the other two species. As noted in Chapters 2, 3

and 5, Leiolopisma sp. 2 and L. maccanni appeared to be generally

allotopic, whereas the other two species pairs were generally syntopic.

L. maccanni was generally found in gullies, whereas Leiolopisma sp. 2

was usually in more open areas. At least one of the sites where

L. maccanni and Leiolopisma sp. 2 were syntopic appeared

boundary zone between the two populations. These microgeographic

distributional differences can be explained by two equally plausible

hypotheses. The date are consistent with competition theory: habitat

separation may reflect ecological or evolutionary adjustments designed

to reduce competition (Dueser and Shugart, 1979). Support for this

hypothesis comes from the fact that the total overlap between

L. maccanni and Leiolopisma sp , 2 was greater than that between the

other species pairs. This implies that competitive exclusion was most

likely to occur between L. maccanni and Leiolopisma sp. 2.

However, inherent physiological or behavioural differences may

also be responsible for the observed separation. Evidence from outside

the study area supports this hypothesis. Here, too, L. maccanni

appeared to prefer gullies, whereas Leiolopisma sp. 2 preferred more

open areas, although the two species were found sympatrically only at

MacRae 1 s Flat (Section 3.4.2). At this Location, however, the

Leiolopisma sp. 2 popUlation was very sparse, and therefore must have

exerted a negligible competitive effect on the much larger ~. maccanni

population.
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Other

ecological studies seem to show that a combination of physical factors

and competitive exclusion are basic to explaining contiguous allopatry

in animals (Jaeger, 1974).

8.4.2 Intraspecific interference competition

Observations of the skinks in the field and the greenhouse suggest

that the intensity of intraspecific aggression in all b~ee species was

greater than the intensity of interspecific aggression. This implies

similar relative intensities for intra- and interspecific interference

competition.

The effect that intraspecific interference competition may be

having on the skinks is difficult to assess. It is undoubtedly a

spacing mechanism, like interspecific interference competition, and as

such may reduce or prevent competition for resources such as food.

This would be an important advantage for the skinks within each

species. Conspecifics tend to utilise resources in a similar fashion,

which means that competition is likely to be intense, unless mitigated

by behaviour such as territoriality.

8.4.3 Competition for food

Exploitation competition with respect to food is difficult to

prove for the skinks in the present study. For such competition to

occur, food must be in short supply in the environment (Section 8.1).

The results in Chapter 6 suggest that food is not limited in abundance,

but it may be limited in availability (ie: the skinks may be unable to

catch or eat certain prey items). Interference competition may also be

occurring for this resource (eg: skinks seizing prey items from other
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skinks), but the probability of this type of competition being present

is reduced by territoriality (see above).

The observed differences in prey utilization may therefore be due

to competition, but they may also arise through other means (Section

6.4). One way of determining the relative importance of competition in

prey utilization would be to compare the diets of skinks outside the

study area with those inside the area, ·to see if the absence of

potential competitors outside the study area leads to less restricted

diets.

8.4.4 General Discussion

Competition has long been believed to be the most significant

interaction in ecological communities (Schoener 1982). However, the

role of interspecific competition in structuring such communities has

recently been subjected to intense critical scrutiny, and challenged on

theoretical and empirical grounds. Phenomena once assumed to be caused

by interspecific competition, such as character displacement, are now

thought to have arisen by different means in many instances. Other

species interactions, such as predation, may be more important than

competition in structuring communities. The role of niche overlap in

measuring competition, and mathematical models in predicting the

effects of competition have also been re-evaluated.

Root (1967) distinguished a gUild as a group of species using a

common resource. Most studies of interspecific competition have

concentrated on guilds (although they were not usually labelled as

such), because competition is likely to be strongest among similar

species. The three skink species in the present study comprise a

guild. Lizard guilds have featured prominently in experiments designed
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to test competition theory, as is shown in the following summary of the

debate over interspecific competition. In fact, on the basis of their

primacy in this controversy, it has been claimed that lizards could

become the new model organisms of ecology (Huey ~ al 1983; p. 6).

Hutchinson (1959) found that sympatric species of closely related

birds or mammals tend to have ratios of trophic apparatus ranging from

1.1 to 1.4, with a mean of about 1.3. Since Hutchinson, many

scientists have found regular and/or large size differences in

otherwise similar sympatric species (Schoener 1982). It is usually

assumed that these differences result from coevolution (one species

becoming larger, the other becoming smaller) to reduce interspecific

competition by minimising the use of shared resources. This particular

type of coevolution is known as character displacement (Strong 1983).

In the present study, head width and head length differ between

Leiolopisma sp. 1 and the other two skink species by ratios of 1:1.1.

However, this size difference cannot be used to explain the occurrence

of Leiolopisma sp. 1 in syntopy with the other two species, since it

does not correspond with prey size distributions.

Character displacement has also been studied by comparing

morphologies of species pairs in sympatry and allopatry. It is said to

explain why characters that are similar in allopatric populations of

two species are found to differ when the species occur in sympatry.

Coevolution is thought to have caused the sympatric populations to

diverge.

Until the early 1970's examples of character displacement were

believed to abound in nature. One of the classic examples related to

size differences in finches in the Galapagos islands (Abbott et al
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However, when the sizes of these finches were compared with

null models produced by mixing together sizes of existing finch species

on Galapagos islands and repopulating the islands by random draws from

this pool, few differences could be discerned (Strong, Szyska and

Simberloff 1979). There is controversy as to the validity of the null

models - for example Roughgarden (1983) and Quinn and Dunham (1983)

criticised the null model for island faunas. However, not as much

observational evidence in support of character displacement appears to

exist as was once thought.

Even if a consistent ratio in morphology, such as Hutchinson's

ratio, is shown to differ significantly from a null community, this

does not necessarily indicate that coevolution between species has

occurred (Thompson 1982; p. 41). In fact coevolution is unlikely to

occur between competitors because most adaptation resulting from

competition is likely to be one-sided, and there is seldom a selective

force to keep the interactions together (Thompson 1982; p. 37). Once

one population has developed a different resource utilization from

another population, it is less likely to come in contact with that

population and therefore influence its evolution.

It seems more likely that animal species diverge as they evolve

separately, so that, if they later come together, they coexist because

they have already become adapted to different resources (Connell 1980).

This is probably what has occurred in the L. n. maccanni species

complex as well as in New Zealand skinks generally. Hardy (1977)

hypothesised that New Zealand skinks speciated in this manner. He

suggested that populations became geographically isolated during

glaciations, and sUbsequently became re productively isolated a Then in

post-glacial periods, the newly-formed species reinvaded the areas
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formerly occupied by the parent species. Although it does not fully

explain contemporary skink distributions (see Chapter 5), this

hypothesis seems the most likely explanation of the diversity of lizard

species in New Zealand.

A recent mechanism of allopatric speciation proposed by Paterson

(1978, 1980, 1981, 1982) may be relevant to the species in the present

study. Paterson's hypothesis was that the members of a species share a

common specific-mate recognition system (SMRS), which ensures mating

within a population occupying its preferred habitat. The characters of

the SMRS are adapted to function efficiently in this preferred habitat.

A new species arises when all members of a small, isolated

subpopulation of a parental species have acquired a new SMRS, which

makes effective signalling impossible between members of the daughter

and parental populations. Species-specific characteristics in the

isolated subpopulation are acquired during a relatively short period of

adaptation to the prevailing conditions. Then the species spreads

throughout its new habitat. Species descended from the same stock may

often differ only in minor ways, as do Leiolopisma sp. 1 and 2 and

~ maccanni, due to differences in the habitat in which speciation

occurred.

Although Paterson's hypothesis is not widely accepted, and there

is no evidence that an SMRS exists for the skinks in the present study,

there is ample evidence for stereotyped mating behaviour in lizards

generallY, including behaviour that corresponds to Paterson's SMRS

(Carpenter and Ferguson 1977). Also, I believe that it is unlikely

that species such as Leiolopisma spp. 1 and 2 would occur syntopically

without possessing a means of avoiding interspecific mating. More

study is needed to determine the validity of Paterson's hypothesis in
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relation to New Zealand skinks.

There is also currently a great deal of argument about the

importance of morphological differences in measuring interspecific

competition. Recent studies reinforce the idea that interspecific

competition is not usually a function of fine morphological differences

between closely-related species (Strong 1983). For example, a pair of

surfperch species in the genus Embiotica have diet differences that are

much better indicated by differences in foraging behaviour than by

differences in morphology (Schmitt and Coyer 1982). This also appears

to be the case for the skinks in the present study (see Chapter 6).

A second major line of evidence that factors other than

competitors are the main soUrces of morphological differences is

derived from studies on climate and ecogeographic variation. There are

many correlations between morphology and climate in animals. For

example, Bergmann's rule states that endotherms from cool climates tend

to be larger than related animals from warmer climates (James 1970).

The larger size presumably confers a physiological advantage on the

animals in a cool climate. "Variation in morphology across a species

range is largely a function of climatic conditions" concluded Fleischer

and Johnston (1982; p. 747).

The evidence for the importance of interspecific competition in

structuring communities is largely circumstantial. This is

particularly true with regard to resource overlap. Until recently, if

there was a high overlap in resource use between sympatric species then

(if the resource was in short supply relative to the needs of the

species) competition was assumed to be occurring. If there was a low

resource overlap, then competition was assumed to have occurred in the
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past, and differences arisen through coevolution to reduce overlap in

the present (Connell's (1980) "ghost of competition past"). Obviously,

as Strong (1984) and others have pointed out, using this circular

argument competition can be invoked as a major force in structuring

most communities. Field experiments have the potential for providing

direct, rather than circumstantial, evidence for competition, but even

they have several drawbacks. The most important of these is that

short-term effects may not be a good gUide as to the long-term effects

of competition (Tinkle 1982).

Experimental studies of interspecific competition in lizard

communities have been rare, because theY are difficult to carry out. A

common sort of field experiment involves changing the abundance of one

possible competitor, species A, and comparing the response of the

other, B, to its behaviour in an unmanipulated control. The responses

usually measured are the change in density, the change in some rate

that could affect the density, or the niche shift (Connell 1983).

While this type of experiment will detect interspecific competition,

the effects of inter-and intraspecific competition are difficult to

disentangle (Connell 1983). Connell surveyed field experiments to

measure interspecific competition, and found that, in the few studies

where these two effects were separated, interspecific competition was

seldom stronger than, or seldom even as strong as intraspecific

competition.

The results of field experiments on interspecific competition

among lizards have unfortunately been equivocal. Tinkle (1982) carried

out an excellent field experiment to see if interspecific competition

occurred in a lizard community where it looked to be important. He

removed two of the three most abundant lizard species of a community in
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Arizona and found no detectable effect of removal on the remaining

species. Other experimental studies of these desert lizards have

detected significant effects of interspecific competition (for example,

Dunham 1980 (see below). Sometimes, however, these effects have been

the opposite of those predicted by competition theory, and they have

usually been transitory (Strong 1983).

Hairston (1981) tested the competitive basis of a guild of

salamanders (family Plethodontidae) in deciduous forests in the

southern Appalachians. Food was known to be shared among the

salamander species, therefore they conformed to the usual definition of

a "guild". However, removal of one or other of two species did not

increase the abundance of most of the other species, as could be

expected if food was a limiting resource. It is usually stated or

assumed in ecological studies that competition between closely related

species is responsible for their observed abundances. Therefore these

results question the commonly-held assumption that competition is the

organizing force in all coexisting groups of species which share common

resources.

Another, different type of field experiment also indicated that

food is not the important resource it is assumed to be in many

communities. The majority of studies relating home range size to food

density show home range size decreasing for animals given extra food by

the experimenter. A few studies show that home range size stays the

same when animals are supplementally fed. Waldschmidt (1983)

supplementally fed lizards (Uta stansburiana) and found that,

surprisingly, their home range size remained unchanged (the lizards

merely became larger). On the basis of these results, Waldschmidt

surmised that habitat use by the lizards was probably influenced by
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(1972, 1974) postulated an inverse relationship between the intensity

of competition and degree of niche overlap. He based this hypothesis

on his observations of desert lizards. Several later experimental

studies, notably by Dunham (1980), appeared to support Pianka's niche

overlap hypothesis. These studies demonstrated that during times of

resource shortage, when competition was intense, similar species

overlapped less than during times of plenty. However Schoener (1983)

provided a hypothesis, consistent with traditional competition theory,

to explain this result, and experiments by Pacala and Roughgarden

(1982) on lizards, and Porter and Dueser (1982) also contradicted

Pianka's ideas.

Other species interactions, especially predation, may be more

significant than competition in structuring communities. Predation may

be more important than competition at certain trophic levels, but not

at others (Connell 1975). For example, predation is probably more

important than competition for herbivorous insects (Schoener 1982).

Paine (1966) found that predation was the major organizing force

within marine rocky intertidal communities. It produced its effect by

suppressing dominant competitive relationships. These results indicate

that competition between species is more likely to occur in the absence

of predators. Before the introduction of mammalian predators to New

Zealand, the endemic lizards would have had few natural enemies. For

example, Southey (1985) showed that the only natural predators of three

Cyclodina skink species were tuataras (Sphenodon punctatus). Several

offshore islands around New Zealand, such as Great Barrier Island with

thirteen lizard species, still have no introduced predators (Towns and

Robb, in press). On these islands, therefore, competition is more

likely to be imporLant in structuring the lizard communities.
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Two main conclusions can be drawn from this debate. The first is

that there is much less evidence that interspecific competition is

important in structuring communities than was thought to be present

even a decade ago. Not only is there now doubt about the role of

interspecific competition in accounting for present-day community

organization, but also the significance of interspecific competition as

an evolutionary force has been called into question. The second

conclusion is a corollary of this uncertainty. It is apparent that

ecologists should be very careful about assuming that interspecific

competition is important in structuring a particular community unless

they have direct evidence that such competition is occurring. The fact

that this evidence, in the form of interspecific aggression, is present

for the Rock and Pillar-Lammermoor skink community makes the present

study rare among community studies, and very pertinent to the

competition debate.

To obtain empirical tests of whether competition has a significant

role in communities, attention is focussing on how guilds of animals,

particularly lizards, partition resources. There appear to be numerous

examples of species guilds in the New Zealand herpetofauna worthy of

analysis. For example, there is a gUild of six congeneric skinks at

Macrae's Flat (Towns et al 1985). This is a large guild, even by world

standards, and would make an ideal subject for a study on interspecific

competition. Several lizard gUilds occur on some of New Zealand's

offshore islands, such as the Mercury Islands (Towns ~ al 1985). A

few other New Zealand skink gUilds have already been studied (three

Cyclodina species (Southey, 1985), two Cyclodina species (Porter, 1982)

and two Leiolopisma species (Gill 1976)), although none approaches the

complexity of the MacRae's Flat community. In common with situations
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elsewhere, some of these previous synecological studies provided

evidence that competition was responsible for structuring the gUilds.

Only Southey's study presented evidence to test this contention, and so

the potential for further studies of influences on the structure of

communities of New Zealand lizards appears great.
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Chapter 9. Summary

(1) Three morphs of the common skink, Leiolopisma nigriplantare

maccanni, were studied in an area on the Rock and Pillar and

Lammermoor ranges, Central Otago. Various morphological,

developmental and ecological characters were examined in these

morphs. Significant differences occurred among the morphs for all

scale types except supraciliaries and suboculars (Table 25).

Similar differences were found among colour pattern, body ratios

(except axilla-groin/snout-forelimb), intact tail length versus

snout-vent length, longest digit length versus snout-vent length

(Table 25), and number and size of offspring produced (Table 26).

Ecological differences included the number of prey items/ stomach,

size and taxa of prey eaten, habitat and home range size (Table

27). This evidence, together with protein electrophoretic data,

strongly suggests that the three morphs are actually three species

in this area. Other data support the hypothesis that the morphs

are also distinct species outside the Rock and Pillar-Lammermoor

study area. In the present study the species are referred to as

L. maccanni, Leiolopisma sp. 1 and Leiolopisma sp. 2.

(2) The three species are found throughout the South Island and on

various offshore southern islands, but occur sympatrically in only

two areas: the Rock and Pillar-Lammermoor region and MacRae's

Flat, both in Central Otago. Their distribution does not appear to

correspond with current zoogeographic theories concerning New

Zealand skinks.

(3) Speciation in the common skink presupposes a much longer

evolutionary history for the New Zealand skinks than previously



Table 25. f10RPlIOLOGICAL CHARACTERS OF L. MACCANNI AND LEIOLOPISMA SPP. 1 AND 2 IN TilE ROCK AND PILLAR

STUDY AREA. (NO. IN PARENTHESES IS NO. OF SKINKS EXAMINED)

charact(~r L. maccanni
Species

Leiolopisma sp.1 Leiolopisma sp.2

colour pattern spotted striped speckled

mean no. midbody scales 32 (55) 29 (44 ) 31 (35)

mean no. ventral. scales 78 ( 55) 65 (44 ) 70 (35)

mean no. supraciliaries 6 (27) 6 (32) 6 (25)

mean no. upper ciliaries 8 ( 27) 8 (32) 8 ( 25)

mean no. lower ciliaries 10 (26) 8 (21) 9 (25)

mean no. suboculars 6 ( 26) 6 (32) 6 (25)

mean no. lamel_l_ae 24 (65) 20 (59) 21 (40)

mean no. nuchals 4 (65) 3 ( 59) 3 (40)

mean ratio axilla-groin/snout-forelimb 1.7 (24) 1.8 ( 26) 1.7 ( 26)

mean ratio snout-ear/ear-forelimb 1.2 (30) 1.0 (30) 1.2 (30)

mean ratio bead length/head width 1.42 (42) 1.37 (44) 1.36 (42)

mean ratio tail. length/snout-vent 1.3 (16) 1.1 (16) 1.1 (18)

mean ratio snout-vent/digit length 8.5 ( 28) 11.3 ( 22) 9.4 (17)
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Table 26. DEVELOPI-lENTAL CHARACTERS ASSOCIATED WITH ~. MACCANNI, LEIOWPISMA SP.1 AND LEIOLOPISMA SP. 2

IN THE ROCK AND PILLAR STUDY AREA. (NO. IN PARENTHESES IS NO. OF SKINKS EXAMINED)

Character L. maccanni

Species

Leio1opisma sp.1 Leiolopisma sp , 2

max. snout-vent length/mm 72.5 (158) 65.5 (393) 70.0 (141)

m in. snout-vent length/mm 26.0 (158) 17.0 (393) 25.0 (141 )

min. snout-vent length of mature ~/mm 52.0 (158) 40.5 (393) 49.0 (141)

min. weight juveniles/g 0.356 (11) 0.201 ( 19) 0.311 ( 7)

max .no. ov i ducal ova 5 ( 21) 10 ( 63) 6 ( 21)

Table 27. ECOLOGICAL CHARACTERS ASSOCIATED WITH ~. MACCANNI, LEIOLOPISMA SP.1 AND LEIOLOPISMA SP. 2

IN THE ROCK AND PILLAR STUDY AREA (NO. IN PARENTHESES IS NO. OF SKUlKS EXAMINED)

Ch a r a c t e r

l,ome range size/m2

preferred microhabitat

mean no. prey items/stomach

1
Based on 7 captures

2 Derived from 1 individual

J•• maccanni

> 330

rock outcrops

4.6 (110)

Species

LeiolopJ.sma sp i L

13.7
1

grasses

3.2 (210)

Leiolopisma sp.2
•

7.71,2

herbs and shrubs

4.2 (81)

'u
ru,n
"
>-'
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thought. The existence of a species complex presently classified

as ~ ~ maccanni also has implications for wildlife conservation,

since the subspecies is unprotected under current laws.

(4) Ecological data were obtained from skinks in the Rock and

Pillar-Lammermoor study area. However, observations of these

species at other tussock grassland localities suggest that the data

are applicable there as well.

(5) Overlapping home ranges were mapped. Intra- and interspecific

aggressive behaviour was noted for each species. This behaviour

seemed to be associated with specific site defence within the home

range. Sexual differences in home range size could not be

detected. Home range shift was noted in one Leiolopisma sp.

individual.

(6) At least one species (Leiolopisma sp. 1) burrowed in the ground,

which probably enabled it to survive frosts in winter, and tussock

fires.

(7) The skinks were diurnal, and appeared to have similar activity

times. They ate a large range of invertebrates, which included

mainly insects. They also ate skink tails and berries. Berries

were significant by volume in the diets of the three .spec.ies , These

diets were similar with respect to prey taxa eaten, and the

relative importance of these taxa by number and volume. Spiders

were the most important single prey Order for the lizards, by

number and volume. Leiolopisma sp. 1 and L. maccanni ate different

numbers of various prey taxa, as did L. maccanni and Leiolopisma

sp , 2. There was no significant difference in prey taxa

utilization between Leiolopisma spp. 1 and 2. The prey taxa
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differences were caused partly by the habitat differences, and

partly by other means such as, possibly, behavioural differences

and competition. Probably as a consequence of a well-developed

sense of smell, each skink species had a negative preference for

foul-tasting invertebrates, such as ants.

(8) Differences in prey size were present mainly between subadults and

adults. However, differences were also noted between several

comparable age classes of L. maccanni and the other species. Most

age, sex and species classes had different-sized heads. For

example, sexual dimorphism with respect to head size was noted

within each species, with females having smaller heads than males

of a comparable snout-vent length. Although maximum prey size was

correlated with head width in each species, variations in head size

were generally not reflected in prey size differences. There are

several possible reasons for this, including habitat and

behavioural differences, as well as the effects of competition.

(9) Using a removal method, the mean density of skinks in one 0.25km

area was estimated as 1/13m (769/ha) before the appearance of

juveniles. After the juveniles had appeared, the mean skink

density increased to approximately 1/6m (1667/ha). The size of

this increase was derived indirectly from mean litter sizes and the

proportion of sexually mature females in the population.

(10) Knowing the digestion rate, skink and invertebrate densities and

the mean number of prey items in the skinks' stomachs allows the

skinks' impact as invertebrate predators to be assessed. The

effect of the skinks on invertebrates appears to be negligible.

Skinks probably ate 0.5-1% of the invertebrate population available



to them per day.
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For this reason, and because the skinks were

indiscriminate feeders, they are nct likely to be useful as

biological control agents for insects such as weevils.

(11) The total niche overlap between each species pair was calculated

by multiplying prey size overlap by microhabitat overlap. The

greatest overall niche overlap was between L. maccanni and

Leiolopisma sp. 2, but all comparisons had a low overlap, which

probably explains why three very similar species were able to

coexist in the same area. Separation by habitat appeared to be the

most important factor in reducing interspecific niche overlap. The

three species showed different habitat preferences (Table 27).

L. maccanni was almost entirely confined to gullies in the study

area, with Leiolopisma sp. 2 in more open areas. Leiolopisma sp. 1

was more often associated with moist substrates within and outside

the study area than the other species. The three colour patterns

camouflaged the skinks against their preferred microhabitat.

Habitat separation probably arose through aggression combined with

behavioural and physiological differences.
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APPENDIX B. Vegetation~~~ and ?illar-Lammermoor Study Area

The information in the following list is from 20 MAF study sites

in the Rock and Pillar-Lammermoor study area (sites 19-37 in the

present study, plus another site).

GRASSES

Agrostis tenuis Sibth.

Anthoxanthum odoratum L.

Chionochloa rigida Zotov

Festuca novae-zelandiae Cheesm.

Poa colensoi Hook

HERBS

Acaena caesiiglauca Berg.

AciphYlla aurea Dliver

Anisotome aromatica Hook

Anisotome flexuosa Dawson

Brachycome sinclairii Hook

Celmisia graminofolia Hook

Celmisia lyallii Hook

Craspedia uniflora Forst.

Epilobium angustum Raven

Galium propinquum Cunn.

Geranium microphyllum Hook

Geranium sessiliflorum Cav.

~ leiospermum Petrie

Helichrysum bellidiodes Willd.

Hieraciurn pilosella L.

Hypochaeris radicata L.

Lagenifera cuneata Petrie



Lobelia linnaeoides Petrie

Phyllachne colensoi Bergg.

Ranunculus lappaceus Smith

Raoulia grandiflora Hook

Raoulia subsericea Hook

Rumex acetosella L.

Scleranthus uniflorus Williamson

Senecio bellidiodes Hook

Violoa cunninghamii Hook

Wahlenbergia albomarginata Hook

SHRUBS

Cassinia vauvilliersii Hook

Cyathodes colensoi Hook

Cyathodes fraseri Allan

Drapetes dieffenbachii Hook

Gaultheria depressa Hook

Pentachondra pumila R. Br.

Pernettya macrostigma Col.

Pimelia oreophila Burrows

SEDGES AND RUSHES

Luzula leptophylla Buch.

Luzula rufa Edgar

Oreobolus pectinatus Hook

ORCHIDS AND LILIES

Bulbinella angustifolia Moore

Herpolirion novae-zelandiae Hook

Microtis oligantha Maore
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Prasophyllum colensoi Hook

LYCOPODS AND FERNS

Lycopodium australianum Allan

Lycopodium fastigiatum R. Br.

LICHENS

Cladonia sp.

Usnea s p ,

MOSSES

Bryum pendulum Schimp.

Polytrichum juniperinum Hedw.

Rhacomitrium lanuginosum Hedw.
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APPENDIX C. The Cover-Abundance Index

The cover-abundance index proposed by Braun-Blanquet was used to

estimate cover in the Rock and Pillar study area:

5 - covering more than 75% of the area

4 - any number of individuals covering 50% to 75% of the area

3 - any number of individuals covering 25% to 50% of the area

2 - very numerous or covering at least 5% of the area

1 - plentiful but of small cover value

+ - sparsely or very sparsely present, cover very small
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APPENDIX D. T'ne Mantel Test

This test required the construction of two square matrices for

each time period. Each elenent in each matrix corresponded to a

certain relationship between a pair of skinks. One matrix (X)

consisted of ·'·5 and "0"5: '1" s if the t-wo skinks belonged to

different species, and nons if they belonged to the same species or

were the same individual. The second matzi.x, (y), contained overlap

values based on prey taxa. These values were calculated by the method

used by, for example, Schoener (1968).

This is expressed as:

where Pih=

n
1 - 0.5 l: P

h=l ih
o .. =

'-)
- P ..

)n

the proportion of taxon i in resource state h and

the proportion of taxon j in the same resource states and n= the total

number of resource states. The values of the overlap statistic range

from zero to one.

Each skink was compared wi th all of t.he others in the same time

period. Both X and

thus:

a b c

a 0 2

b 1 0 3

c 2 3 0

Y Were symmetric, with zeroes down the diagonal

because, fer example, if skink a was not the same species as skink

b, G~en ~~e reverse was true, and likewise the overlap between a and b

was L~e same as ~hat between band a.
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Mantel's test is concerned wi~~ assessing whether ~~e ele~ents in

X and Y show correla tion. The test s t.a t i.s t.t c is Z== r LX .. Y..
~J ~J

i j

where summation is over all rows i and columns j. This statistic

is compared ,,-ith the distribution of Z that is obtained by taking the

elements in a random order for one of L~e matrices. For example,

matrix X can be left as it is. A random order can then be chosen for

the elements of matrix Y, and Z calculated using these two matrices.

Repeating this procedure using different random orders of the elements

in Y produces the randomised distribution of Z. A check can then be

made to see whether the observed Z value is a typical. value for this

distribution. Using a computer program (B.F.J.Manly, Biomecrics

Department, University of Otago; pers. comm.), 1000 randomised Z

values were generated for each sample period, and the Z values obtained

using the two types of matrices described above compared with these to

see if they differed significantly (p<0.05).

Fisher's method Was used to sum the p values obtained for each

sample period. Chi2 = -2l:1og (p).
e

The Chi z thus obtained is

equivalent to Chi z with 2 d.f. (Steel and Torrie; p. 475).
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The sk i nks a t e many small prey .i t sz.s , and relatively few 12rge ODes ..

This prey size distribution can be apprcxi...-::a.ted b:::' a weibull curve

(Heibull, 1967) The parameters of the c~rJe ca.~ be estimated from

s~~ple data in L~~ following fashion

First, let 01 = mean prey size, varl = variance of the prey size

Then, a can be derived

Manly (1977).

ID2
from 

ID 2
1

using the table on p. 123 in

Ne..'tt, T is found, using the equation r = r (1 + ;-). r (n+l) can be

approxi~mated very accurately (wit~ an absolute error of less than

0.0001 for values >1) by the equation,

n+~
n exp(-n

Now a Weibull curve that approximates L~e prey size data can be

constructed. The curJe has the equation:

S (x ) =
20.
T

(~1 20.-1 exp] _ «~) 20.)]
T' ,

Let f(x) be the curve for species 1, and g(x) be L~e curve for

species 2. To de~ermine niche overlap tet~een the species, the area

unde~ the curves ~hich is commOn to bOL~ species is calculated. g(x)

a~d f(x) are eval~ated over the range of possible prey sizes. Both

cu~res will corres~ond at either one or t~o val~es of x. If they

ccrze s ponc Xl and of x , CQrr,SOn to both

i.e. niche cverl~~) c~n De estimated as:

- 1 (X.) = e:·:r:~ - \, (X,
J



If t~ere is cnly a single F0int x = x~
J..
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the ::-,;0 cuzves are

e~~~l, t~e~ the estimated overlap is:

Note: if et canner; be estimated from the tc.ble in. Ha.nly (1977), vaLues

outside t~e table C~~ be calculated as follows:

For ex~~ple, suppose for a set of prey size frequency data

:=17.469

From the table in Nanly

that it is 0.10. Then

(1977), Cl

r (lJ:.)
Cl

must be less than 0.2

(from Manly, 1977)

Assume

10~

(5!J 2
252. This value is too large,

which means that Cl must be larger than 0.10. Let Cl = 0.17.

m~

Then
~ r(6.882) 18.587 etc ~=

m1 2 =
r (3 .941) 2

Cl = 0.173 gives a value for

Exa.mple

very close to 17.469.

Niche overlap of prey items by size was calculated for two skink

classes. The mean and variance of prey size for the first class are

Xl = 18.1, vI = 1212.1. m2 = (18.1) 2 + 1212.1 = 1539.7. Therefore

:;; 4.7. a l is approxLilately 0.28 reading from the table in ~an1y

(l977) .
18.1

r(l + 1)
0.56

18.1
1.6565

= 10.9267.

'I'he mean and variance of prG'.:" si::e for t.he s e cc nd c La s s are:

= 18.6,

0.'=55.

= '=320.1. There£o~e = "i ; 7, 21:.0 a

-;- ':::,"" ~
I • _ ~ . ..,..:.
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Substituting the E5timated values for ai' TIt a 2
and

equa t i.ons for the Heibull curves , it is f cund that the f r equericy

curves for the thD morphs are equal when Xl ; 1.65 and X2 = 111.3.

The contribution made by X
2

to the total overlap is negligible, and

can be ignored. Therefore the overlap be~Neen the two classes is

A= 1_!exp(_(1.65/10.9267)0.56)_exp(_(1.65/7.5042jO.45) I

= 0.896
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APPENDIX F. Niche Overlap Measures and Intermediate Values Based On
Prey Size Utilization for Paired---Comparisons of L. maccanni and
LeiOloPiSffia spp. 1 and 2 Age and Sex Classes (M=Adult Males; F=Adult
Females; s=s~ultsr-in the Rock and Pillar-Lammermoor Study Area.

Interspecific Comparison

maccanni (M) vs sp , 1 (S)
maccanni (M) vs sp. 2 (S)
sp. 1 (M) vs maccanni (M)
sp. 2 (M) vs maccanni (M)
maccanni (F) vs sp. 2 (F)
sp. 1 (F) vs maccanni (F)
sp. CS) vs maccarll~i (S)
sp. 2 (S) vs maccanni (S)
sp. 1 (M) vs maccanni (S)
sp. 1 (M) vs maccanni (F)
sp. 1 (F) vs maccanni (M)
sp. 1 (F) vs maccanni (S)
sp. 2 (M) vs maccanni (F)
sp. 2 (M) vs maccanni (S)
maccanni (M) vs sp. 2 (F)
sp. 2 (F) vs maccanni (S)
maccanni (F) vs sp. 1 (S)
maccanni (F) vs sp. 2 (S)
sp. 1 (M) vs sp. 2 (M)
sp , 1 (F) vs sp , 2 (F)
sp. 1 (S) vs sp. 2 (S)
sp , 1 (M) vs sp , 2 (F)
sp. 1 (M) vs sp. 2 (S)
sp , 1 (F) vs sp , 2 (M)
sp. 1 (F) vs sp. 2 (S)
ap , 2 (M) vs sp , 1 (S)
sp. 1 (S) vs sp. 2 (F)

Intraspecific Comparison

sp. 1 (M) vs sp. 1 (F)
sp , 1 (M) vs sp , 1 (S)
sp. 1 (F) vs sp. 1 (S)
sp , 2 (M) vs sp , 2 (F)
s p, 2 (M) vs sp , 2 (S)
sp , 2 (S) vs s p , 2 (F)
maccanni (F) vs maccanni (S)
maccanni (M) vs maccanni (F)
maccanni (M) vs maccanni (S)

X

8.0
0.2
O. 1
O. 1
7.0
1.6
0.6
1.2
1• 1
0.8
0.5
1• 1
0.01
1.4
0.4
1.2
2.5
1.5
7.0
1.0
2.3
2.8
1.2
1.0
2.5
4.3
3.2

1.6
4.0
2.3
0.8
0.8
1.0
1. 1
0.1
2.3

F(X )

0.559
0.171
0.132
0.132
0.575
0.289
0 .. 495
0.573
0.335
0.309
0.236
0.242
0.047
0.346
0.219
0.342
0.445
0.372
0.578
0.295
0.568
0.429
0.256
0.307
0.355
0.501
0.449

0.289
0.654
0.342
0.282
0.282
0.295
0.332
0.132
0.392

F(X )

0.758
0.110
0.138
0.124
0.612
0.381
0·380
0.260
0.568
0.294
0.163
0.568
0.045
0.598
0.205
0.579
0.581
0.293
0.617
0.231
0.354
0.473
0·357
0.231
0.367
0.665
0.619

0.394
0.528
0.568
0.270
0.219
0.243
0.568
0.125
0.660

Overlap

0.801
0.939
0.994
0.992
0.963
0.908
0.885*
0.687*
0.767*
0.985
0.927
0.674*
0.998
0.748*
0.986
0.763*
0.864
0.921
0.961
0.936
0.786
0.956
0.908
0.925
0.988
0.836
0.830

0.895
0.874
0.774
0.988
0.937
0.948
0.764*
0.993
0.732*

Raw data on which calculations are based have been deposited in the

Science Library, University of Otago.
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