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Dedicated to those people who would have liked to 

have helped but were dissuaded from doing so. 

• • • • • • • • 

"It must be admitted that the ecologist is something 

of a chartered libertine. He roams at will over the 

legitimate preserves of the plant and animal biologist, 

the taxonomist, the physiologist, the chemist and even 

the sociologist; he poaches from all of these and 

from other established and respected disciplines. 

It is indeed a major problem for the ecologist, in 

his own interest, to set bounds to his divagations. 11 

A. 1vlacfadyen (1957) 

Animal Ecology: Aims and Methods 
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ABSTRACT 

Cvcr a seven year period (1966-1972) a systematic survey \Vas 

made of an enclosed pasture area on the campus of the University of 

\Vai'ka.to, Hamilton, New Zealand. Areas of similar soil "'1Pe and 

floral composition were used for comparison at Newstead and Tamahcrc. 

Comparisons a1--e made with shortcr-tenn studies at Newstead and in 

other countries. 

None of the three sites had fertiliser applied during the survey 

period. Apart frQm san1plint1 procedures, no wsetatton was removed 

from Hillcrest, but Newstead a.nd Tamahcre were subjected to 

systematic mowing. 

Seasonal and lonn-tcnn fluctuations of populations were 

determined for all major faunal groups, together with seasonal and 

succeesional development of the flora. 

Relationships between mcteorclogical factors, fawial w1d fiora.l 

composition hove been subjected to computer analysis. Some 

corrclat~ns arc suggested. The emphasis in the survey has been 

upon the fiuctua.Uons and rclo.tionslttps of groups rather than the 

precise responses of indivt.dual species to environmental vnriations. 

Feeding expertmants with fauna tn the laboratory have helped 

to add to the knowledge of the trophic position of some New Zealand 

The results of the survey show the effects of fioral competition 

where Uolcus lan.atus, Bromus untolcidcs and Ranunculus sardous 

replace rosette and soft annual plants. The rate and sequence of 

auccession are shown. 
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An adapto.tton or the Berleac extractor was developed to gtve 

indications of the vertical distribution of fauna. 

Long.term change in faunal com'()Osition arc not clearly indicated. 

Changes whtc:h do occur a.re mostly at the soil surface, reflecting the 

state of vegetation and litter. 

As a result of the extended survey I it would seem that one of 

the most important influences in the ecology of light loam agricultural 

pastures is the quality of the soil/vegetation interface. When a litter 

layer is retained throughout the year, faunal numbers fluctuate less 

rapidly and to a lesser extent than in exposed short vegetation pastures. 

Basically, litter acts as an ecological buffer, dampens down extremes 

of micn.,climate change, and provides a greater number of niches for 

soil microfauna. "\\'here ,regetation removo.l docs not occur, small 

low-growing plants and seedlings arc suppressed. The smothering 

effects of the stems and leaves from taller plants maintain th~ 

dominance of perennial species. 
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of these groups of temporary soil animals have been designated as 

'geophiles' (Jacot, 1940), although it is probably important to 

distinguish between the inactive geophiles and those groups that are 

e.ctive members of the soil fauna at least for part of their life. In.active 

geophiles include many adult insects which seek the shelter afforded 

by loose leaf litter and decaying logs lying on or partly embedded in 

the surface of the soil. For example, females of flower and grass 

thrips often descend into the leaf litter at the end of summer to live 

the winter there. A similar behaviour pattern is adopted by the adults 

of various plant bugs, for example, aphids, pentatomids. Many 

phytophagous beetles, particularly those belonging to the Chrysomelidae 

over-winter as adults and may be encountered from time to time in soil 

and litter samples. Because of their relative inactivity, these 

temporary members of the soil fauna make only a slight contribution 

at the most, to the soil ecosystem. 

Many insects pass through a distinct stage, or stages of develop­

ment in the soil, eventually to emerge as winged aerial adults and thus 

have a closer association with the soil than those just discussed. 

These forms may properly be classed as active geophiles. For the 

most part these insects belong to one of three major orders, namely, 

the Diptera, Coleoptera, and Lepidoptera, and since they are all 

holometabolous, the developmental stages concerned are the larvae 

and pupae. Insect pupae play little or no part in the soil ecosystem for 

they are relatively inactive. Insect larvae on the other hand are often 

of considerable importance as detritus feeders or carnivores, 

particularly where they occur locally in high densities. 

These insect larvae occupy a special position in the soil 

community, for they are well adapted in body form, methods of 

locomotion, and feeding habits to life in the soil and yet they are 



transient because many of them will pupate and eventually leave the 

soil as adults with entirely different adaptations to aerial life. 

Ecologically sµea.king the main distinction between these geophiles and 

the permanent soil .fauna is that in the former case immigration (as eggs 

laid in the soil) and emigration (as adult emergents) make a much greater 

contribution to population changes than they do in the latter. This is 

particularly true of those species that oviposit and emerge as adults 

at restricted times of the year. 

Kevan's (1962) classification separates the inactive geophiles 

(transients) from the active ones, which are further grouped into 

·'periodic• and 'temporary' categories depending on degree of presence 

inthe soil. The permanent elements of the soil fauna, sometimes 

referred to as 'geobionts' develop through the whole of their life cycle 

in the soil and include the protozoans, nematodes, annelids, myriapc,ds, 

isopods, mites, various insects including the Collembola, together 

with some molluscs. The figure following illustrates the basic differ­

ences between these various divisions. 

r~IHCDIC rERI-;:ANFNT 

e.g. Altermetaporia e.g. Allolobophora 
(Diptera (Lumbricidae) 

: Stratiornyidae) 

{A A 

E 

TFA NS IF NT T TIM1PORA P~J F ~ 
e.g. Adalia e.g. Costelytra A • adult 

(coleoptera (coleopter~ E Cl <!gg 
: Cocctnellidae) s Scarabidae) J • juvenile. 

Adapted .from Wallwork (1970). 
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The body size of soil animals varies extensively. In general, 

modern workers classify these groups into three broad categories. 

1. The micro-fauna. These animals are, in general, 

less than one millimetre in total length. 

2. The meso-f auna, ranging from one millimetre to one 

centimetre in length. 

3. The macro-fauna, in which the body size is greater 

than one centimetre in length. 

1n the present study the meso-fauna and the macro-falL'la are 

given greatest emphasis. The limits of the various categories are 

rather arbitrarily defined. Modification of this basic arrangement 

has been proposed from time to time. Some authors prefer to use 

the term 'meiofauna' instead of meso-fauna (Murphy, r. & Doncaster, 

c. 1957). 

The soil provides a variety of micro-habitats and it is not 

surprising that several different classifications based on habitat 

preferences have been devised. A distinction can be made, for 

example, between the aquatic fauna living in water-filled spaces and 

surface films covering soil particles and the terrestrial element. To 

the former grouping belong the protozoas, ratifers, tardigrades, 

copepoda, crustaceans and certain nematodes, while the bulk of 

the meso-fauna and macro-fauna. belong to the latter. 

With regard to locomotion, distinction can be made between 

burrowing animals and those which move through the soil by making 

use of existing pore spaces, cavities or channels. The distribution 

of burrowing species is largely independent of the cavity structure of 

the soil and there is little relationship between body size and depth 

distribution, although burrowing is obviously easier in loose as 



opposed to compacted soils. This grouping is considered to include 

many lum bricidae which eat their way through the soil, together with 

groups which may be considered more properly as 'excavators'. The 

non-burrowers are generally of small body size and can utilise existing 

soil spaces. Examples of this group are the micro-arthropods, mites, 

collembola, the soil water fauna, enchytraeids and symphylids. 

Larger animals such as the centipedes, isopods and certain lumbricids 

are morphologically adapted to squeeze through existing soil spaces 

and since this activity may enlarge pre-existing channels, these 

non-burrowers are difficult to distinguish from the burrowers. 

A major activity of soil animals is feeding. In terms of 

this activity, the following groups can be defined : 

1. Carnivores such as the carabid beetles, some 

staphylinid beetles, many mesostigmatid mites, 

the spiders, harvestmen and some molluscs. 

2. Phytophages feeding on -

(a) green plant material above the ground -

e.g. molluscs and some lepidopteran 

larvae. 

(b) root systems -

e.g. symphylids, larvae of some diptera, 

scarabaeids, coleoptera and molluscs. 

3. Saprophages which feed on dead or decaying 

organic matter -

e.g. the lumbricids, enchytraeids, isopods, 

millipedes, and some of the mites, collembola 

and some insects. 

Many of the groups of soil animals considered above are not 



so restrictive in their feeding habits as to fit easily into one or other 

of the preceding classes. Species which will accept a range of .food 

material, plant or animal, fresh or decaying, woody or herbaceous, 

are to be foWld particularly mnongst the mites, collembola and the 

larvae of dtptera and coleoptera. Tlle diat of these miscellaneous 

feeders usually varies from place to place, time to time, season to 

season, depending on what is available in the wa:y of food. 

For more tban one hwidred years systematic investigation has 

been carried out in soil biology, that ts, the interrelationships of 

plants and animals with the soil. :tv·h1ch data has been collected 

showing that soil invertebrates are an important factor in soil 

formation and soil fertility. ln most cases investigations have been 

related to specific agricultural problems, for example, bi New 

Zealand grass grub and porina control; manurial trials and 

productivity. ilut little work appears to have been done, perbaps 

minimal work as a basts for investigation of conditions which occur 

with minimal interference by man. 

It is kno,vn by the average farmer that a good sward of pasture 

will become rank and full of plants undesirable as fodder if left 

ungrazed and unmanured. At what rate does the r~verston occur? 

ls there a natural cycle of change which will occur? '1/hat are the 

relationships between environmental factors? 
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STATFMTINT OF HY°:'CTHESlS 

It is the author's hypothesis that although seasonal and 

long-term changes occur in the pasture biota, the dominant factor 

in detennlning the structure of a pasture community is the condition 

of the soil-vegetation interface. 1n order to examine this hypothesis, 

records have been made of the changes that have occurred in fiora 

and fauna, the effects upon biota of micro- and macro-climate as 

the pasture changes to rank, coarse weeds, and tbe qualitative and 

quantitative effects of an. undisturbed sequence upon the biota of nn 

enclosed pasture area. 



SUMMARY I INTRODUCTION 

The soil, in a similar way to all ecosystems, cannot be 

separated from the rest of the environment. 

The inhabitants of the soil may be transient members of 

the soil ecosystem \Vith little apparent direct effect on other 

biota• tem-pcrary members with a greater effect, or permanently 

living within the soil. 

The effects cf one group upon another are relatively 

1mkno"l&-n. in New Zealand except lor some groups of economic 

significance where the emphasis has been upon methods of 

control. 

This research has investigated over a period of seven 

years, the inter-relationships of the biota; the effects of 

fioral competition I the ways in which soil structure and 

chemistry affect fluctuating numbers of biota.; and the role 

of plants in modifying the soil/ air interface. 

The author• s emphasis has not been upon strict identifi­

cation and nomenclature as such, but on the changes of groups 

of biota in relation to environmental factors, both annual and 

over a longer period of ttme. 

These basic investigations can lead to further work in 

New Zealand with more direct attention being given to specific 

soil biota. 
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S ECTlON 2 t THE SITE 

The main srur.pllnr, site (known after this as the Hillcrest site) 

is situated at the north end of the c.ami?us of the University ot ':\: aikato., 

Until July, 1963 the area was u.tted as a11 experimental farm unit in 

association with dairy research at tlle r·.uakura Agricultural Research 

Centre. 1n July of 1963 the whole of the farm area was taken over by 

the South Auckland "Cducation Board for development as the campus 

of the Hamilton Teachers College and ~11.e University of \vo.ikato., 

With pla;ytng groUa"'ld development, the area 1n which the sampling 

site is situated ,vas stripped bare of top soil exposing thc sub-soil. 

This top soil was piled for composting and later spread back across 

the area. A light sowing of the seed of pasture grasses was made 1n 

most areas, but as far as records can be ascertained, no sowing was 

done deliberately in the research area. This and several otber areas 

were allowed to revert to natural pasture. No topdressing or fertiliser 

of any kind was applied after July, 1963. The area surrowidtng the 

site and the site itself are more or less flat with a very slight slope 

towards the north along the adjacent highway• The area is protected 

by a hedge 50 m to the north. 

The sampling st.te measures 10 m by 10 m and is situated 

beneath a power pylon with the south leg of the pylon 1n the centre 

of the plot. A butler zone of 1 m wide extends around the perimeter 

of the plot. 

Two similar areas (i.e. stmtlar 1n soil type, vegetation form, 

animal type and distribution) were utilised once the main survey of 

the Hillcrest area got under way. The purpose was to have parallel 

sampling plots fer comparison. The Tamahere plot is located 7 km 

to the south-east of the Hillcrest plot, the Newstead area 5 km to the 
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north-east of the Hillcrest plot. 

References : Map NZMSl N65 Hamilton 

Hillcrest 825477 

Tamaher~ 861/~19 

Newstead 844483 

The systematic description of the Hillcrest area is as follows: 

Horotiu sandy loam type of the Horotiu soil set; classified as a 

yellow-brown loam from alluvium. Parent material is described 

as a volcanic ash alluvium over well sorted rhyolitic sands and 

gravels. 

Profile description is determined by the author using as a 

guide Kear (1959), Oyama (1967), and Taylor (1962). 

Horizon 

Al.1 

Al.2 

0 - 6. 4 cm, very dark greyish brown 

(lOYR 3/2) fine sandy loam, very friable, 

strongly developed fine granular and crumb 

structure, matted with roots, boundary 

indistinct. 

6.4 - 15.2 cm, very dark brown (lOYR 2/2) 

sandy silt loam, very friable, strongly 

developed medium and fine granular with 

crumb, many fine clean quartz grains, 

abundant fine roots, boundary irregular 

and indistinct. 

15.2 ... 22.0 cm, very dark greyish brown 

(lOYR 3/2) and brown (7. 5 YR 4/ 4) sandy 

loam, very friable, greasy, strongly 

developed coarse to medium granular breaking 



B2.l 

B2.2 

Drl 

Dr2 & below 

to fine granular and crumb, many fine 

roots, boundary indistinct. 

-Pane 13 

22.0 - 43.0 cm, strong brown (7.5 YR 5/6) 

sandy loam, very friable, greasy, moderately 

developed medium nutty, breaking to fine crumb, 

very fi.i.1.e roots, boundary diffuse. 

43.0 - 53.5 cm, strong brown (7 .5 YR 5/6) 

coarse sandy loam, very friable, moderately 

developed coarse nutty, breaking to fine crumb 

and single grains, very fine roots, boundary 

indistinct. 

53.5 - 74.0 cm, strong brown (7.5 YR 5/6) 

coarse sand, loose single grained, few fine 

roots, boundary indistinct. 

Yellowish brown (10 YR 5/ 8) coarse 

gravelly sand, loose. 

1n essence, the Tamahere and Newstead areas followed the 

general soil profile, although the Newstead area had a higher content 

of fine sand particles in the upper layers and the Tamahere area had 

coarser material, almost to gravel size, towards the base. However, 

in each case, the two parallel sampling areas had not been grazed, 

manured, trampled by livestock, or cultivated over the la.st ten to 

fifteen years. 

(Personal communication - Mathieson, J. G. (1969), South Auckland 

Education Board.) 



w
 

0:: 
u LJ' 

~ . 
•/ 

..
.. 

. .. 
~ _; . 

• 
I 

_..,, 
' 

! I ·I I 

i . 

ra
g

e
 14 



KEY TO THE SOIL PROFILE • HlLLCt.E ST 

A Actively growi11g vegetation. 

n Litter layer - consisting of dead or dying plant 

fragments, not consolidated. Depth 0.5. 10 cm. 

C Hwnic ~er - 3 cm. V cry dark greyish brown, 

strongly developed crwnb structure, matted with 

roots, high organic content, upper boWldary 

indistinct. 
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D Disturbed layer. 15.0 cm. This represents the 

admixture of the original surface layers which were 

disturbed during 1964. Basically n dark brown sandy 

silt loam mixed with mostly decomposed organic 

material and fine rootlets from upper layers. 

E Fine ash layer .. 2.5 cm, fine textured, greyish 

white. 

F Silt loam .. 20 cm, strong brown, very friable, 

moderately coarse nutty texture breaking to fine crwnb 

and single grains, organic matter limited to a few fine 

roots t lower boundary indistinct. 

G Yellow brown coarse gravelly sand with some large 

pieces of pumice present (up to 5 cm), no organic 

material. This layer continues to at least 3 m below 

the present soil surface. 



SUMMARY : THE SITE 

The main site used for investigation, situated at 

Hillcrest, was enclosed in 1966 and allowed to revert from 

short grass pasture to a "natural state". 

Two paralleled sampling sites were established at 

Newstead and Tamahere. 

No fertilisers were applied to any of the areas, but 

Newstead and T amahere were regularly mowed throughout the 

period of research. 

Meteorological conditicns were closely similar at all 

sites. 

Soil type was of an alluvial sandy loam with indistinct 

boundaries between the upper horizons. The Newstead site 

had a greater percentage of fine sand in the upper layers than 

Hillcrest, and Ta.mahere had more gravel in the basal horizon. 

At the initial establishment time when the sites were 

first investigated, the biotic complexes were similar. 
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SECTION 3 : MATERIALS AND 1./lETHODS 

(a) Introduction and Sampling 

It should be noted that the metric system of measurement is 

used in the test. Measurements in the field were made using the 

English system. In the test, 2.54 cm is equivalent to 1". 

As a guide to sampling methods and techniques the following 

authors were consulted: Bourdeau (1953); Brown (1954); 

Cottam (1956); Evans (1955); Kershaw (1970) and Odum (1964). 

An initial survey of the Hillcrest site in September, 1966 

indicated that 25 samples would give 85% reliability of sampling 

and 68% predictability of the mean for expectation of the numbers 

of each species of the fauna at any sampling time. 

As mentioned in Section 2 : The Site, the 1--lillcrest site 

measured 10 m by 10 m. This was sub .. divided with permanent 

markers of plastic-coated wire into units of 2 m by 2 m. Each 

4 m2 unit would then be sub .. divided into smaller units through the 

use of a portable hand frame measuring 1 m by 1 m and sub-divided 

into 25 smaller units. Through the use of sub-gridding, a grand 

total of 2,500 potential samples could be taken in the 10 x 10 m 

site. 

Once each four-week period, 25 random samples were taken 

from the site. The positions for these samples were selected from 

a table of random nwnbers and each sampling position recorded 

on a chart to prevent repetition. Each sample measured 10.16 cm 

diameter and was taken to a depth of 15.24 cm. This size of sample 

was selected so that comparisons could be made with data obtained 

by Salt, Holltck, Raw and Brian (1948). Each sample was placed in 
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a polythene bag, labelled, numbered and sealed. Details of the 

stainless steel plug cutter can be seen in Figure 1. The samples 

were kept at room temperature a,vay from bright light and with the 

soil-vegetation interface uppennost, returned to the laboratory and 

extracted within forty-eight hours. It should be noted at this point 

that all samples were taken between 10.00 a.m. and 2.00 p.m. 

A full floral survey was carried out, also at four-weekly 

intervals, but in the intennediate periods between sampling for 

soil plugs • This procedure minimised interference with the site. 

The survey consisted of marking in the position, both of individual 

plants where these were tall or isolated from similar plants, and 

the perimeters of clumps of plants where individuals could not be 

differentiated. Recording was made from two fixed datum points, 

on the north and south sides of the site. 

From the beginning of 1967 until the end of 1971, systematic 

temperature records were made three times a day, that is, between 

7.00 and 8.00 a.m., 12.00 noon and 1.00 p.m., 5.00 and 6.00 p.m. 

Temperature records in degrees Celsius were made at+ 61.0 cm, 

at the soil-vegetation interface, -16.S cm, and -30.0 cm, with a 
1 

mercury in glass thermometer in TU steps. Relative humidity was 

recorded with a recording hair hygrometer. The daily rainfall was 

recorded between 7 .00 and 8.00 a.m. In 1971 and 1972 all temper­

atures were recorded with the aid of a Grant mini-recorder moving 

chart with four thermistor probes. The probes were placed in the 

positions mentioned for the previous thermometers. 

(b) Extraction 

Initially, all samples were hand extracted within 48 hours of 

collection. Simply, this involved subjecting the fauna of each sample 

to the effects of heat and uni-directional light. A glass-topped table, 



Page 19 

with a 100 watt lamp below an open glass panel and a 100 watt 

frosted lamp shining from the left, was used to drive the animals 

from the soil. Each plug of soil had the vegetation clipped from the 

top, and was broken into smaller fragments, ultimately to be sorted 

through piece by piece, moving both active and inactive stages from 

the soil. \Vith the drying effect of the heated panel below the table 

and the light above the table, most mobile animals moved very rapidly 

to where they could be captured, separated and preserved for 

identification. The sample was sorted again under a swinging arm 

binocular microscope, looking for inactive forms, such as cocoons, 

cysts, and non-mobile larvae. (For details of sorting table, see 

Figure 3.) 

Hand sorting was approximately 95% accurate, of course 

improving with practice and skill of th~ author. During spring, 

swnmer and autumn, hand sorting was reasonably effective, but 

diff'iculties were experienced with the greater water-logging of 

the soils during winter months. Because of this difficulty, a 

modification of a split funnel extractor was developed, being an 

adaptation of the Haarl,v system. 

Choice and design of author's extractor 

When one is extracting for animals of one particular type, 

or one particular size range, there are few difficulties encountered. 

But considerable difficulties arise when 20 or more different groups 

are being extracted at the same time. These groups may range in 

size from 1 mm or smaller, to 9 cm or bigger. Most methods are 

based upon producing a gradient of soil conditions which drive fauna 

away from unfavourable (artificial) towards favourable (normal) 

conditions. Repellent stimuli include heat, light, desiccation and 

chemicals. However, no one extraction method is absolutely 
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effective where a wide variety of f&U'I.Ul is to be extracted. 

(l\:1acFadyen (1955) in Kevan• Soil Zoology, Butte?""WOrths, pp.36-~.) 

1n. the llerlese funnel (Berlese, 1905) the matn objective was 

10 dry out the samples. Stn.ce the heating was from a water jacket 

below the sample, tt could not h.&.ve ·1,aen Berlt'!se•s intention to achieve 

&DiY directional response to heat, but tn a dry room tt ts probable 

that at lea.st in t.'Jie initial stages ot de9icca.tion the air in th.e funnel 

v..iould have bee11 '=.rnttar than that of th~ room. 

Tullgrcn (1918) tntroduced a more convenient method of 

heating by means of an electric lamp. Because the heat and 

desiccation are more severe 1n the uppc1· layers of the samples 

than the lower, th.ere would result in a tendency tor animals to 

be driven downwards. A large number of modifications of the 

Tullgren ltmn.cl have been used all over the world since then 

(\Vood, 1965). 

Haarltw (1947) drew attention to the ill-effects oe condensation 

ol water within the funnel, due to the fact that during the cxtrnctlon 

process the animals emerge from tho soil in two main batc.11.cs, the 

ftrst correspon.d1ng to the establishment ot higll temperature ill the 

funnel, and the second at the completton of tbe drying out oi t:'18 

soil. M.acFac\yen (1953) examined the critical angle of the funnel 

wt.thin the HaarWv extractor, concluding that ti the angle were 

greater than 16" 11 few condensation dtffl.cult1ee woulcl occur. 

With these modtllcattona taken into account, the author designed 

a battery ot Berlese/Tullgren/Haarl~ funnels incorporating certain 

modtftcattons of hi& own. (For details of extractors. see Figure 4.) 

la an tnve•ttgaUon of vertlcal distribution of biota, the modU'ted split 

funnel was extensively uaed. (See detalls of extractton 1n Section 7.) 



Page 21 

Salt, Hollick, Raw and Brian (1948) used a magnesium sulphate 

flotation solution. ol speciltc gravity 1.2, tollowed by ben2ene inter­

face separatton. Th1s was used principally for wireworm extraction 

but was reasonably eltectlve with arthropods about 2 mm long and 

0.2 mm broa4. Modlltcattons by Salt (1952) allowed extraction of 

other groups• but tn each case the extraction was confined to organisms 

of a Jl8lTO\V et.zed range and tlle size of soil sample is limited to 

approximately 100 cc. · 

\VUcocks, c., Ruakura (personal communication 1970) has 

uaed a set cl rota.Ung wash sieves to extract the larvae of 

Altenneta'P5?!!! l'llbrtceps. 1n a compart.son of Wilcocks' mctllOds 

and those of the author (see page 26), the author's extractors 

removed stmtlar percentages ol fauna but less damage occurred than 

in the wash method. 

Scott (1966) used extractors designed by Kempso11, Lloyd and 

Ghelardl (1963) which maintained a high humidity at the extractor 

bue. Extraction took a total of 14 ~s for each sample. It was 

coneSdered by Scott that some matching out of biota could have 

occurred durt.ng the extraction ttme • tn some cases elevating the 

numbers of organisms in some groups above the actual number 

occun1ng at the sampling time. 

With the quantity of material required to be extracted by the 

author, Scott's method was not ueed. 1t was also found by the author 

that 90% of all mtcrob10ta was extracted wlthtn 24 hours. Thts was 

a accord. wt.th Scott's ftndlnga. Also, the more rapid me.traction by 

the author'• method. lowered the chances of populatton increase 

lbrough hatching. For theee reasons, tho author preferred the uae 

ol a mod.1ft.e4 •t>Ut funnel exa-actor t.o that of other methods. 
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(c) Preservation 

1n general; biota extracted were preserved in 70% methanol 

with glycerol added. Acarina and collembola were preserved in 

Ble's solution and mounted for examination in Faure's mediwn. 

Dipteran and lepidopteran larvae and pupae were preserved in 

Oudemann's fluid. (For details of these solutions, see Appendix 2.) 

(d) Counting and identification 

Macro-fauna presented no difficulty in countingt but 

meso ... fauna ranging do,w to 1 mm in total length was counted by 

placing the collecting dish on a grid measured in millimetre squares. 

The container with preservative and meso.fauna was examined 1Ulder 

a swinging.arm binocular microscope (X20) with full illw11ination. A 

photographic record was made of each particular forr.a of animal and 

spirit collections were maintained as a permanent record. Where 

the author was uncertain of identification, specific groups were sent 

to specialists in the field. 

(e) Chemical and Physical Properties of the Soil in Each Plot 

At each of the three sites, soil cores were taken. Each core 

measured 10.16 cm diameter and 91.5 cm depth. Each core was 

encased in polythene, sealed and taken to the laboratory. 1n the 

laboratory each core was divided. into sections, that is• 0 - 30. 4 cm, 

30.4 .. 61.0 cm, and 61.0 .. 91.5 cm. Surface vegetation was removed 

and five random samples taken from each core section. Each random 

sample was weighed, oven-dried for 24 hours at 100° Celsius and 

weighed to constant weight on a Metler balance. Each random sampl; 

was then put through a sieve series. Sieve sizes: 4 meshes per cm • 

16 meshes per cm2 • and 100 meshes per cm2 • 1n this way• percentage 

moisture, percentage gravel, coarse sand, fine sand, silt and clay 



Page 23 

could be calculated; the means of each 5 random samples being taken 

as equivalent to the figures for each section of the core. (For details 

of the physical properties of the soils of each area, see Table 2.) 

Gravel is here defined as those particles bigger 

than 2.5 cm cross-section; 

coarse sand 2.5 - 0.2 cm; 

fine sand 0.2 - 0.01 cm; 

silt and clay less than 0.01 cm cross-section. 

Chemical analyses made were carbon percentage and nitrogen 

percentage. Using the method of Metson (1956) to calculate nitrogen 

percentage, 50 g random samples (five 10 g samples from each section 

of each core) were taken from dried material and tested with a standard 

Lovibond comparator. Similarly, carbon percentage was determined by 

taking 50 g samples of dried material, heating to destruction, cooling, 

weighing and calculating the percentage loss of carbon through ignition. 

(See Appendix 3 for details of soil nitrate determination.) 

(f) Precipitation 

A standard 12.5 cm diameter collecting funnel was set up in 

the Hillcrest site. A thin layer of paraffin oil was placed in the 

collecting vessel to prevent evaporation. Each day, between 7. 00 

and 8.00 a.m. the precipitation was collected, measured and 

recorded. 

(g) Moisture Content of the Soil 

Every four weeks, as samples were collected, separate 

surface and sub-surface samples were taken to measure soil moisture 

content. In each case, five of these samples were taken, each sample 

weighing 50 g. Each was weighed, oven-dried for 24 hours to 100° 

Celsius, weighed to constant weight and moisture content calculated. 
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(h) Soil pH 

In a similar manner to the obtaining of sub-samples for 

moisture content of the soil, soil pH was calculated. 10 g of 

oven-dried soil were taken, shaken with 50 cc of distilled water, 

held for 24 hours in a sealed container, then measured, using the 

electrodes of a standard electric pH meter. Similar methods have 

been used by Chapman et al (1940); Pearsall (1952). 

(i) Atmospheric and Soil Temperatures 

Until an electronic temperature recorder became available 

in 1971, all temperatures were taken with freely.suspended Celsius 

thermometers. Atmospheric temperature was recorded in the shade 

61.0 cm above ground level, as suggested by Redway (1931). At ea.ch 

soil recording position, a mercury in glass thennometer graded in 

tenths of a Celsius degree was placed. Each thermometer was placed 

in position encased in a perforated copper tube close-fitting to the 

soil and to the thermometer, but leaving the mercury bulb touching 

the substrate. This method of recording soil temperatures was 

suggested by Connell (1923). One criticism of this method would be 

that some transfer of heat could occur through the tubing, but as can 

be seen from Table 1, comparisons made between the freely-suspended 

thermometers and the Grant Electronic Temperature Recorder show 

very small difference between maxima and minima with the two methods 

of recording. Recording of freely-suspended thermometers was made 

three times during the day, th.at is, between 7.00 and 8.00 a.m., 

12 noon and 1.00 p.m., 5.00 and 6.00 p.m. The Grant thermometer 

recorded at one hourly intervals. 

(j) Soil Particle Size 

From each sample, 100 g of soil were taken at random through-
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out the core length and oven-dried for 24 hours at 100° Celsius. 

50 g of each dried sample were taken, graded through 10 cm diameter 

soil sieves of mesh size 4t-A/cm2 , 1611/cm2 , and 100M/cm2 , and the 

fractions of each sample weighed and recorded. 

In a second set of samples from each core, soil was taken at 

1 cm depth intervals and graded for particle size using the same 

method. These methods were suggested by and modified from 

Boswell (1935) and Kilmer (1949). 

(k) Analysis of the Botanical Composition 

From January 1967 until December 1971 at 4-weekly intervals, 

the flora of the Hillcrest site was sampled. The standard datwn 

points on the north and south sides of the site were used for plotting 

in the positions of tan plants, that is, over 1 m in height, single or 

isolated plants and the perimeters of vegetation clumps. 

Photographs were taken of the area from each of the datwn 

points on 35 mm Kodachrome transparencies. 

Taking 10 random positions within the site, the depth of litter 

was recorded, the average height of the vegetation and the height 

of the greatest clumps. In addition, a record was made of those 

plants in flower. The resulting survey sheets were plotted for 

change in phenology of flowering of plants, mean height of vegetation, 

greatest height of clumps and depth of litter. Subsequently, the total 

area covered by each of the species present was plotted using a 

Koizumi Compensating Planimeter type KP-27 and expressed as 

percentage of site cover for each species. 



C011PARISON OF METHODS FOR 
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Thirty random samples were taken in February 1970 from an 

area adjacent to the Hillcrest site and sorted using the three 

methods., Ten samples were extracted each way. The assumption 

made is that each sample contained the same proportionate numbers 

of each faunal group. 

Rotating sieves Split funnel 

Nematoda 12 = but rp 13 

Lumbricidae 7 = but r/, 7 

Lumbricid cocoons 10 + 5 

Enchytraeidae 3 - and r/, 14 

Mollusca 2 .. and,/, 2 

Acarina 8 ... and,/, 12 

Myriapoda 2 - and r/, 3 

lsopoda 0.5 .. and r/, 7 

Altenneta poitia 84 + 67 all stages 

Other groups 16 ... and,/, 18 

Figures given are means for ten samples. 

,/, indicates some specimens damaged. 

+ 

+ 

- and r/, 

+ 

- and</, 

+ 

= 

+ 

+ but r/, 

+ 

+ indicates greater efficiency than handsorting. 

_ indicates less efficiency than handsorting. 

.. indicates equally efficient to handsorting • 

Handsorting 

12 

7 

9 

12 

4 

9 

3 

5 

62 

17 
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SUM?vlARY : MATERIALS AND METHODS 

Regular sampling of the Hillcrest site occurred at 

4-weekly intervals over a 7-year period. Similarly, samples 

were taken during 1970 and 1971 at Newstead and less frequently 

during this period at Tamahere. 

25 samples were taken each time. The samples measured 

10.16 cm diameter and 15.24 cm depth. 

Quantitative analysis was made of the number of each group 

of animals present, the fluctuation in seasonal numbers and the 

variation in their depth in the soil. 

Initially, the faunal extraction was by hand but a modified 

split funnel extractor was later developed by the author. 

Soil analyses were made for particle size, pH, carbon 

and nitrate concentration, and moisture content. 

Thrice-daily temperature records were made : 61. 0 cm 

above ground level, at the soil/vegetation L""1.terface and 16.5 cm 

below soil level. Precipitation was reccrded daily. 

The positions of plants were plotted at the Hillcrest site, 

and changes in flowering and vegetation fronts recorded. 

A photographic record was made of vegetation and selected 

fauna. 
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SECTION 4 t 'ENVIRONMENTAL FACTORS 

(a.) Introduction 

Probably the most important environmental factor affecting 

the life of animals in the soil are soil moisture and soil temperature. 

Not only are there far.roaching differences between \Vater ... logged 

soils, and soils which ore at least temporarily dry, but there arc 

also considerable differences according to the degree to which the 

soil hwnidity fluctuates annually. 

The responses of dtf'ferent burrowing n..'llimals to moisture 

conditions are rather different. The earthworm(Lumbrtcidae), for 

example, need at least some liquid soil water for their existence, 

while other animals of a somewhat similar \ype arc content with 

saturated atr, for example, the grubs of scarablds and many other 

insect larvae. The majority of full arown insects, however, can 

withstand the desiccating effects of a completely dry atmosphere for 

at least a short ttme, although many of them scarcely ever expose 

themselves voluntart.J.y to such conditions. ln this connection, it is 

Interesting to note that mttes which burrow in the soil are often 

founcl in greatest numbers just after sundown when the air is 

saturated close to the ground. (Tarras-Wahlberg, 1961.) 

An excess of soil moisture is harmful to certain forms i the 

ordinary terrestrial earthworms are killed by ftoods and leave their 

tunnels when these are inundated. However, Sehaerllenberg (1942) 

1howed. that the larvae of elaterid beetles have proved to be 

decreaatngly llood-resistant with rising temperatures, which means 

that they are considerably less able to withstand flooding during 

summer than durtng aprtng tnundattone. Expertmenta carried out 
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(Madge, 1964 (a), 1964 (b); Hl\Yes, 1966), have demonstrated 

specific differences in the response to survival in a graded series 

of relative humidities, and Scott (1966) has shown differences of 

survival times in relation to humidity tn litter-dwelling isopods. 

Information of tbts k1n.d is difficult to relate to natural bchaViDur 

and distribution patterns, for no really accurate method has yet 

been devised to measure the relative humidity of the soil atmosphere. 

It has been shown by Edelfson {1943), r,.1arsho.ll (1959) that if the 

moisture content of the soil remains above the hygroscopic 

co-efficient (t.e. when soil moisture no longer clings to tllc outside 

of soil particles but remains free in the spaces), soil atmosphere 1s 

to all i.."ltcnts and purposes saturated. However, the hygroscopic 

co-efficient may not be a good measure of the desiccating effects on 

biota, and it may be more realistic to describe moisture responses in 

terms of saturation deficit (i.e. how far below the soil saturation 

point th(! moisture content has droppecl). This is an area of soil 

biology which needs much more attc11tion., particularly the reaction 

of micro-arthropods to the variations of soil moisture. (V annter, 

1970.) 

The amplitude of the temperature wave in the upper layers of 

the soil ts related to the amount of solar radiation falling on the soil 

surface. How much of thts radiatt.on is intercepted by the surface 

vegetation before it reaches the ground would depend to a large extent 

on the angle at which the sun's rays strtka the vegetation. (Burns, 

1923.) This mq be govemed, in tum, to topographical features of 

the locality, e. Eh the height of vegetation and the depth of lt.tter 

cover. 

The heat wave propagated by radiation strtking the soil surface 

1.a conetd.erabb" dampened tn the lower layers• particularly t.n highly 
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org8llic soils. As a consequence, there ts a time lag between 

temperature changes at the surface and those in the lower l~ra. 

Often, there is a clear correspondence between changes 1n atr 

temperature and changes in litter temperature, although the latter 

have a lower amplitude than the former. (Note Graphs la, bt 2a, b.) 

Temperature changes in the deeper humus and mineral particle 

layers a.re out of phase with those of the a1r and litter• These deeper 

layers are still tn the process of cooling during the morning period 

when air and litter temperatures are rising~ During late afternoon 

when air and Utter temperatures drop, the lag effect is such that 

those of the humus and mineral particles of the soil continue to rise 

altl,.oug11 less sharply as the night approaches. Some authors 

(Ashraf', 1970; Ivlail, 1930; l\titlla.r, 1954) have noted that 

temperatures in lower depths of the mineral particle la_yer do not 

ftuctuate appreciab~ durtn~ the diumal cycle. 

Clear\y, the soil micro-climate offers temperature conditions 

'Which show less daily variation than those in the atr above, and which 

decrease progressively in amplitude with increasing depth tn the 

soil. tt ls known that soil animals, such as the cryptostigmattd 

mites, show a preference for certain temperature conditions 

(Wallwork, 1960; l-1ladge, 1961) and that t.\ey un.dergo regular 

vertical movement during their '-4. hour cycle (Tan-as-Wahlberg, 

19611 V/a.llwork & Rodriguez, 1961). Such changes in the wrttcal 

dlatrtbutton pattern may be related to temperature preferenda, at 

least tn part, and may- represent a devtce by which the fauna ts able 

to remain tn equable temperature conditions despite diurnal vartaUons 

tn the temperatve proftle. (Note Graphs le, 2c • Hillcrest and 

Newatead.) 

A atmilar at.tuatlon can be deacnbed tor seasonal fluctuations. 
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Cb) Botanical Com:eostt'Jon of the Pasture 

ln August 1966 when. a prelimtneu:y survey was made of the 

Hillcrest plot, the area had recovered from the 1963 removal of 

top soil, composting and subsequent redistribution, to produce. a 

short, sparse pasture. The dominant plants at this time were 

browntop, AgrosUs tenuis (Stbth.) and white clover, Trifoltum 

re·pens CL.). Scattered throughout the plot were soft annuals and 

rosette plants, n.amefy-, chickweed, Ccrastium 3lomeratwn (Thuill.); 

pennyroyal, r.-!cnthn m!Jcatum (L~); dmldclion, Taraxacum ofticinalc 

(\leber.); cat's oar, HYpOchaeris ra.dtcato. (L.) an.cl broad-leaved 

plantain, PJM!'!Q«> major (L.). 

\Vtth the growth of pasture in the enclosed site at Hillc1--cst, 

many ot the small so.ft rumuals, rosette plants and low-growing 

perenntals became crowded out. By .August 1972 the pasture 11.ad 

changed completaly. The dominant forms werc2 Yorkshire fog, 

Holcus lanatus (I...); browntop, Agrostis tenuis (Sibth.), and 

prairie grass, Bromus uniolotdes (3eauv.). Creeping buttercup, 

'Ranunculus sardcus (Crantz.) ,vas co-dominant with Yorkshire fog 

when present, but was suppressed where Yorkshire fog was absent. 

(For details of botanical composition and percentage changes over 

the etudy period see Tables 11, 12,.) The depth of litter, mean 

height of tallest plants, and mean height of vegetation varied from 

eeaaon to season and over the length of the study period. (For 

details of this change see Table 13.) 

(e) Soil Part1cle Size 

To a great extent, the depth to whlc:h ~ organism can 

peuetn.te t.nto the aot1 will depend upon (a) the size of the organtam 

• hence t.u mecbantcel abiltv to penetrate, and (b) the parttcle etze 
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of materials in a soil layer. 

At each of the three sites t up to 35% of all organisms are 

found within the top 3 cm ot soil, whc1~ organic materials are at a 

maximum, allowing many pore spaces for easy penetration. The 

greater the depth :in the soil the closer tooctlier become the soil 

particles, so that pen.etration to depth can be achieved only by 

smaller ors:antsms or larger, machanicalzy stro11g ornroliSln~, such 

as some annelids which can push between the close .. packed particles. 

Dhillon and Gibson (1962) hav~ s1low11 that in the non-burrowing 

Ccllembola a loe.n;y grasslai."ld soil, a closa correlatton extsts between 

body size and soil porotdzy - larger £or-ma being confined almost 

entirely to the upper ~era. 

(d) Preci.J?i!!tion and Soil :M.oisture Content 

Seelye (1946) r:1ade an analysis ol precipitation in the -v/ aikato 

Valley and concluded for Ruakura. (34 years of records), just 2 lan 

from the I lillcrest stte, that the follov,tng conclusions could app\y : 

1. Precipitation ts spread evi':llly throughout the 

yec.r wit1i. tb.c winter maximum beginning in April 

and tho summer minimum beghming 1n November. 

2. Th.a ra.tiD of winter to summeT precipitation is 

1.5 ; 1. 

3. :w:ean ·precipitation is 1100 - 1200 mm per year with 

a. wriability of 1Z~. 

4. D.&ya with ratn average 160 ch\vs per year. 

s. Dun.ng ar13 year, a soil moisture de.licit exiSt8 in 

the top soil for 2 to 4 months. This can be expected 

The author'• records for the Htllcreat slte (1967-1972) althouah 
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of a shorter duration than the Ruakura dnta., would conltnn the 

conclusions Seelye has reached. 

The precipitation at the Hillcrest, Newstead and To.mahere 

sites is very similar in quantity ond annual distribution, but 

localised ratn storms can cause loss in soil fauna, where surface 

water lies 1111drnined for some time. The nreatast rainfall recorded 

at Hillcrest occurred February 26-27, 19G7 when 304 mm wcr~ 

recorded in 36 llours. Unfortunately, no fully im'{)lemcntcd recording 

system was functioning at the other t\".ro sites, but local residents 

menttoned that the rain was "light". 3y contrast, January 1970 

recorded just 3S mm of precipitation for the wllole month at each of 

the three sites. 

If comparison is made between the ~ !illcrcst and dew stead 

sites (Graphs ld and 2d), it would appear t..liat 111 spite of grant 

similarlUcs of soil type, floral and fo.unal composition, tb.e ~~awstca.d 

site with its poorly developed vegetation and litter cover maintains 

a lower soil moisture content durtnc summar. This is the time when 

the greatest percentage of soil organisms are close to the soil­

vegetation interface and moisture nc~ds to remain above the critical 

sUl'Vival level, At tha Hillcrest stto, by contrast, with its 

vegetation and litter cover well developed during the summer, the 

moisture content of the soil remains high and tha organisms remain 

more evenly distributed throughout the top soil, Furthermore, the 

total numbers of organisms in each site show a close relationsbtp 

to the percentage of soil moisture present. 1',/any authors have 

recognised this factor, t.e. soil moisture content is a prime factor 

t.n the sumval of small litter- and sotl-tnhabiting arthropods. (See 

Scot.t1 1966; Adams, 19711 Jacot, 1940; l.i.cI• .. iillan, 1969; 

Meta, 19711 Solomon, 1937 .) 
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(e) Soil pH 

The vast majority of pasture sub-soil in.vertebrates exist 

within n narrow range of pH levels. Ghilarov (1959) maintains that 

the fluctuations of mimbcrs of soil invertebrates a.re large\}, 

unaffected by oscillations of pH levels, due to the impervious nature 

of exoskeletons• The author has not been able to substantiate or 

disprove this hypothesis, but from tbc data. available, it would 

appear that fiuctuations in annual population figures associate 

more closely ,vtth tcmpara.ture and moisture fluctuations than with 

?1-1 variation. 

h1 general, the r:l is more acid in the upp<!r soil layers than 

in the lower soil (see Table 2, Soil Analysis). The three sites 

arc similar in this respect. 

Annual fluctuations (see Graph 3e, Table 4) show that the 

top I3 cm of soil at Hillcrest have a mean pH of 6 .13 (range 

5.59. 6.58) during 1966-1971. Tile greatest acidity occurs during 

the winter period (June, July, August) as breakdown of organic 

material occurs, soluble nitrate tncranses and organic carbo11 

decreases. The top soil is least acid duri."'lg summer (Doccmbcr, 

January, February) as maximum vegetation groxr.rth slows down, 

soluble nitrate becomes unavailable to sapropllagous organisms 

and accumulates as litter • 

.At Newstoad, the greatest acidity is during winter as rapid 

release of nitrate occurs - although vegetation growth ts minimal 

wt.th low temperatures. This acidity is maintained ever tho spl'i{l~~ 

end summer period when fresh, soft, rapidly-growing vegetation ts 

re1noved by frequent mowing. Decomposition ts rapid in this period 

and no litter layer butlds up. {For Utllcrest/ Newstead comparison 

see Graph 31.) 
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No data ts available for Tamahere • 

Long-term change in pH would seem to be minimal. Parker, 

F • (1972 • personal communtcatton) llas stated that an area adjacent 

to the Hillcrest site had pre-1963 pH levels of 5.4 - 5.6. However, 

tl1c exact sampling areas were not stated tn th.e recot-ds of Ruakura 

Agricultural Research Centre. Cu the Hillcrest site, little cliange 

1n pH has occurred during the period of smnpli11g. The pH in 1966 

was 6.13 and in 1972 the pH was 6.20; the mean for the pariod as 

stated before is 6 .13. The author considers that u11der field 

conditions where fertilisers are not added to an area, the pH tends 

to remain l"ela.tively stable, apart from seasonal fluctuations, 

probabl¥ due to the buffering action of~ colloids. Franz (1953) 

substantiates the author's ff..ndings with his work on the breakdown 

of clay colloids by lime application and the consequent plI fluctuation. 

(..f) Atmospheric and Soil T C!Illperaturl.'!s 

As stated in the tntroduction to this research, temperature 

near t.lie ground is a critical factor in the development of the biota 

ot a grassland area ... the mean annual temperature, maxima and 

mtntma must all be considered, 

To quote Wallwork (1970), "There ts still much to be learned 

about the spatial and temporal variabilt.v in soil temperature 

conditions, and the effect of tbts variability on the distribUtiOn 

and activities of soil organ.isms. hi general, moist sotls show 

less temperata.ire ft-uctuatto:1 than dry $Oils, for high.er moisture 

content reduces the amplitude of the temperature change. 1n 

explosed grasshnul, the little V"!getatlon cover present doe& not 

prevent the soil suri'G.CC! from receivtng large amounts of direct 

solar ra41attont and temperatures at the air/ aotl interface may 

be high.er than tho•• ot the air above• dv.rtng summer [author's 



note• see Graph 24, b, Newstead]• The activlty of the soil fauna 

may be related to these tcm-pernturc characteristics•" 

\.:then n comparison is made between Graphs 1 a, b, c, d, and 

Graphs 2 o., b, c, d, the following ca-i he observed (p!?.37 ... 40) : 

1iillcrcst 

Nc\"1stcad 

Iiillcrcst 

l'~cwstcad 

Ilillcrcst 

Newstead 

.,-c1,o cm 

15.0 31.5 .. 3.0 

15.3 31.0 .. 3.0 

Interface 

14.4 ~.o .1.0 

14.7 20.0 -3.0 

-lG.5 cm 

11.2 23.0 5.0 

15.4 25.0 2.0 

M.o°'"\ Soil 
i/iolsture % 

lltllcrcst 00.4 

·Newstead 

34.5 

34.0 

l~_J\.NGL 

27.0 

31.0 

LANGE 

1s.o 
23.0 
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1968.1971 ANNUAL TEMPERATUt'.ES ""HILLCREST 

GRAPH la AIR TE?v1PERATUR.ES + 61.0 cm 
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1968/1971 PRECIPITATION & SOIL MOISTURE 
HILLCREST MONTI-ItY M~ANS 
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ANNUAL TE:MPERATURES ... NE\'J"STEAD 
AIR TEl\.1PERATURES + 61.0 cm. 

M A M 

Mean 15.3 
Range 34.0 

J J A s 

INTERFACE TEMPERATURES 

M<.?an 14.7 
Range 31.0 
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GRAPH 2d 

1970-71 SOIL MOISTURE - NEWSTEAD MONTHLY MEANS 
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METEOROLOGICAL DATA - NEWSTEAD, 1970-71 

AIR+ 61.0CM INTERFACE SOIL -16. 5 CM Moisture 
OI 
/o 

MN I MX ~ MIN MN MX 
i 

.MIN MN MX ! MIN ' 

J 20.2, 31.0 i 6.0 21.0 . 28.0 !10.1 21. 8 I 25 o 0 i 15 • 0 68.20 I I I I 

20 . 6 i 30 • 0 ! 5 • 0 
I 

F 20.0 27.0 10.0 21. 1 i 24. 0 ! 14. 8 61.80 
' 

M 21.0! 30.3; 6.0 20.2 27.4 9.8 21.0124.0,14.6 75.80 I 

' 
I 

8 i ! A 15.6 25.0 I 3.0 15.0 24.0 6.8 1 .0,22.0 10.0 88.20 
I 

M 12.8 21.0; o.o 11.8 19.0 1.0 12.2 15.0 7.8 97.20 ! 
I 

i 
J 10.8' 18.0 ,-3.0 10.2 18.0 -3.0 11.0113.0 2.0 100.00 ! 

J 9.017.0 1-3.0 8.0 16.0 -3.0 
! 

9.2:14.01 3.0 100.00 

A 10.4 17.8 i-2.0 9.4 17.0 -2.0 9.8 13.8 s.o 98.50 

s 11.2 19.0 :-1.0 10.2 17.0 -1.0 10.8 14.4 7.0 98.S0 

0 13.2,23.0 2.0 12.8 18.0 6.0 14.0·20.0!11.o 90.30 

N 18.8 27.8 3.0 18.8 26.2 11.0 17.8'22.0 12.0 84.21 

D 19.4i 28.0 ! 3.0 19.0 27.0 12.0 18.2;2J.0!l3.0 83.27 

MN 15.3123.91 1.6 14. 7 j 22.1 5.1 
. I 

15.4j19.21 9.6 87.12 
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TABL"E l 

COMPARISON OF SOIL TEMPERATURE RECORDING 

METHODS - HILLCREST, MARCH, 1971 

(PROBES AT -15.0 CENTIMETRES) 

:M:.ercu~ in alass 2 Grant Recorder 
Day suspen ed 0 

Thermistcrs 0 c 'fliermometer C 

1 21 21 

23 23 

22 22 

2 19·* 20 

22 22 

22 22 

3 20* 21 

23 23 

21 21 

4 20 20 

22* 23 

22 22 

5 20 20 

22 22 

21 21 

6 18 * 19 

21 21 

21 21 

7 20 20 

22 22 

21 21 

8 21 21 

21* 22 

22 22 
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. ~ 

Dal' 
l\iercuz in glass 2 Grant Recorder 
suspen ed 
'I"fiermometer 0 c Thermistors 0 c 

9 22 22 

23 * 24 

23 23 
10 20 20 

22 22 

21 21 

11 19 19 

21 21 

21 21 

12 20* 21 

22 22 

21 21 

The three figures given for each day were recorded at 

7.30 a.m., mid-day and 5.30 p.m. respectively. 

* indicates that the mercury in glass, suspended 

thermometer gave a different recording from that of the Grant 

recording thermometer. 



TABLF. ?. T'a"'c 4" - ,..:, - ,J 

SOIL ANA LY.SIS - Figures given are means for 1969-1971 

Moisture~~ % by weight pH 
Depth ems. Colour coarse nne Sllt & 

Jan. June gravel sand sand clay Jan. June 

HILLCFEST 

0-30.4 20.0 36.3 lOYt' 1 21 38 40 6.5 6.4 3/2 

30.4-61.0 35.4 37.9 lOYR 0 9 29 62 6.4 6.4 6/3 

61.0-91.5 31.5 31.8 10Y1i: 0 4 33 63 6.5 6.5 7/2 

NEWSTEAD 

0-30.4 18.4 33.0 lOYI~ 5 10 40 45 6.4 6.3 3/2 

30.4-61.0 30.5 31.1 lOYR 0 8 24 68 6.4 6.4 7/4 

61.0-76.0 28.5 28.9 2.5Y 0 7 30 63 6.4 6.4 7/4 

76.0-91.5 17.8 14.4 10YR 0 € 39 55 6.7 6.7 7/4 

TAM.AHEP.E 

0 ... 30.4 16.8 18.4 lOYP. 5 20 51 24 6 .. 3 6.2 3/2 

30.4-61.0 22.0 24.2 2.SY 7 17 40 36 6.4 6.4 5/3 

61.0-91.5 48.4 48.2 lOYR 4 14 28 54 6.7 6.7 
7/3 
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CHEMICAL ANALYSIS - HILLCREST • 1966 .. 1971 

Figures are means of samples for each month taken at 
random from the top 15 ce11timetres of soil plugs. 

l Organic: C % rH (Range) Soluble N % C/N 
I 

i I 
! ! January 6. 55(6.21-6 .89) ! 18.31 I 0.62 I 29.5 ! I 

i I i 

' ' 
i I 

February\ 6. 73(6 .64 ... 6 .82) 19.74 0.78 25.3 I 
I 

I 
6. 59(6 .46-6. 72) i March. 16.45 o.a1 18.9 I 

I 

: 

l April 5.98(5.18-6.88) 17.82 0 .. 99 18.0 I 
I 
i 

' I 
il" 6. 38(6. 18 ... 6 .62) 12.27 2.18 5.6 i .,:1ay ; 
! 

' 

!June 
! 

5. 82(4. 98-6 .65) 8.43 2.89 2.9 
i 

i 
i 

iJuly 
! 

5. 91(5. 34-6 .48) 3.21 1.1 

! 
l 
!August ' . 5. 77(5. 56-6 .13) 1.80 2.76 0.7 
i 

I 
I I 
1 I 
; Septembel"\ 5. 98(5. 64-6. 32) 
l I l 

3.45 2.15 1.6 

I 

!October 5.95(5.83-6.17) 8.72 1.08 s.1 
I I r . 

!November\ 5.68(5.04-6.42) ! . 10.81 0.48 22.5 

! ' 
!December ; 6 27(5 75-6 90) 
i • • • j I I ' 

17.24 0.57 30.2 

! I 
! 1.53 

, 
13.7 MF.AN l 6.13(5. 59-6.58) 11.52 ! i 

I i ' I I 17.94 2.56 I 29.5 IRANGE 1. 05(1. 92-0. 99) ! 

I I 
t 

I 
I 

r 
( 
I, 

t 
' I 
l 

I 



TABLE 4 

HILLCREST SITE - pH LC-NG-TERM CHANGE 

Figures are means for all samples from top 15 centimetres 

1966 6.13 

1967 6.02 

1968 6.16 

1969 6.18 

1970 6.11 

1971 6.18 
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1972 6.20 (January - August only) 

Mean 6.13 

TABLE 5 

ANNUAL pl-I VAt.lATION - TC"P 15 CENTIMETRES - 1970/1971 

Figures are means of monthly samples 

HILLCREST NEWSTEAD 

January 6.47 6.31 

February 6.70 6.65 

March 6.64 6.44 

April 6.52 6.51 

May 5.98 5.78 

June 4.98 4.93 

July 5.38 S.82 

August 5.87 s.84 
September 6.07 5.82 

October 6.17 5.90 

November 6.11 5.74 

December 6.42 6.01 

Mean 6.11 5.98 
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CHEMICAL ANALYSES TOP 15 Civl ... HILLCREST 

All ttgures are means for 1966-1971 
GRAPH 3a 
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Plle HILLCREST• LONG-TERM CHANGE 

GRAPH 3e 

6.20 
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/ Mn 6.13 
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pH. ANNUAL VARIATION TOP 15 CM 
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The ~ major pJ\ystognomtc cUfterence between the two sltes 

ts that the Hillcrest site has an mmually-conttnuous litter 8.11<1 

vegetation cover while that of Newstead ts kept to a mintmum 

tht'Ough mowtng. Air temperatures correspond in means and 

range• There ts a difference of 4° C tn interlace rsnge although 

the means correspond. Sub-soil means differ by 3.4° C and. range 

by 5.0° c. Tlie fauna on the two sites shows a corrcsoondtn,... 
" e, 

difference tn quantities and vertiad dtstrtbution (see 5ectton 1), 

(g) Chemtcal.s AJ?J?lied to ~ Area 

While the Htllcrest area was being uaed by Kuakura. 

Agricultural 'Research Centre, supcr:,hospho.tc fertUis<?r was a!)plied 

annually to t..'\e adjacant areas at 1200 kg/hcc, b'!lt this ceased in 

1963 (Parker, F.. Ruakura, personnl communtcatton, 1972). No 

direct pH measurement occurred on the Uillcrcst stte licforc 19G5, 

but: records from 1)8.stures 2 Ian distant and of stmilnr soil and 

ftoral composition show pH 5.4 - 5,6, 

From tha ttme tll.o.t the Hillcrest aroa ,1ras taken over by the 

South Auckland }>lucation Board (with ona exception) no fertilisers 

were applied. This exception wns fcrtiltsar appllcd to the south 

end of the grounds on 6 Mq • 1970. As far as can be ascertained, 

the fertiliser was spread no closer tMn 200 m to the south of the 

Hillcrest site. At the time a very light oouth-east wtnd was blowing. 

The fertiliser (Dracco - lime, auperphosph.a.tc t ammonium sulphate) 

was applied at the rate of 377 kg/hcc.. B~cause of the wind drift, 

some contamtnatton of the site may have occurred, but no appredable 

effect on the btota could be observed. Sampling had occurred S da.Y'• 

before the appllcatt.on date and 23 dqs later, comparison of growth 

rate of plants en4 n.wnbers of biota shovod no atsn.Sftcant chanse•• 
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(h) The Eftec:ts of Graztng1 lv1owing 

No grazing has occurred on the Hillcrest site since 1963. 

The beginning of Se ptcmber, 196G was tll.e last time when the 

Hillcrest site waa mowed, The long .. term affects of lack of mowing 

and i,Tazh1g can be observed by perusal of the results tn Table 12 

a.."l.d compo.riaon .. Yi.th tll.~ ~~cw stead an,.-:1 T amal1e.re sites. 

bl late ~optcmbcr, 1966 as the Hillcrest site was 'ix?i.TlC set 

up, an ai .. ea of pasture land ~side the site was sampled using 

:rmlti-;X>int afl.P...lysis, $how1.na, in fact, t..~t the two areas ,vere. 

very similar inn.oral composition, r,'11cn the two areas are 

compared at th1t1 end of 1972, 't1"1.c differences c.a11 be seen. 

Basically, mowing removes the rauker grasses such as 

Yorkshire fog, suppi--esses the tall growing plants such as dock, 

and favours the r,rowth of soft annuals aii.d rosette plar1ts. A litter 

layer cannot be built up as a 0 bufter zone" giving '{lrotection to the 

soil-vegetation interface against extreme variations in temperature 

and moisture content. Simila1~ lon.g-tcr,n effects have bcc1"l observed 

i."l the T amahcre and I·i:icwstcad area!l ,1hlch arc $1~..iatcd. at the side 

of och.ool r;rounds. Ncithe1" of' these plots ll.avo hau r~rtilisars 

applied to them in the last 10 to 15 years, although witl10ut doubt 

some wind drift of rerttJ.tser will ll.8.vc occurrecl from adjacent 

farms. Systcrua.ti.C mowing of the areas is c:arrtad out over the 12 

months of the yenr, but no gruing has occurred. 



s~·c:ION 5 : A STKUCTUF.AL ANALYSIS 
OF Tl-ill CC-l.1rvlUNITY 

(a) Introduction 
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Competition is a term used widely and with various meanings 

in the ecological literature. In some instances, the term is defined 

so inclusively that it becomes synonymous with the struggle for 

existence or adaptation of the species. In this sense, the term denotes 

the sum total of the interplay of longevtty and vitality factors of all 

kinds, favouring one species at the expense of another. So used, 

competition m03 involve space, food or nutrients, light, waste 

material action, predation, susceptibility to carnivores and disease, 

or any other ty:,c ot mutual interaction • in short, it is an interaction 

between two or more species populations which adversely affects 

their growth and survival (1::lton, 1946; Cdwn, 1959). 

In a much more narrow sense, competition is defined as an 

active demand in excess of the immediate supply of material or 

condition on the 1>a.rt of two or more organisms I it is the endeavour 

of two or more organisms to gain the same particular thing, or to gain 

the measure each wants from the supply of a thing when that supply 

is not sufficient for both (Clements and Shelford, 1939), 

It appears preferable that the concept be re-stated succinctly 

and in such fashion that it be given o. stmple and wiequivocal meaning. 

The author proposes that J'or this study competition be defined as 'the 

process by which one organism affects another through the utilisatiOn 

or removal of some resource of the environment•. In this sense, 

competition is stmp\y a process t11ro~ which one organism inhibits 

the avatlabtltty of ono or more factors essential for another organism's 

way of life. 



Page 51 

As an example to illustrate this delinitton; the relationships of 

btcta. to water content can be consid~red. There ts no question that 

soil organisms are profoundly influenced by the quantity and quality 

of the water available to them; that they need water; that small 

changes in the water content 1Uft¥ alter soil mlcrohabitats or change 

nutrient availabilities. Changes in the amount or soil water are 

brought about by factors other than competition between organisms, 

or the using up of a limited supply by one organism, thus leavlng an 

insufficient supply for a second organism. 

1n the presence of an initially .favourable water sut)ply in the 

soil, depletion of that supp~ is caused by factors such as evaporation 

or the evapo .. tran.spiration carried out by plants. Plants, growing in 

a sotl, quite often are the agents responsible for the removal of a 

favourable water supply initially stored therein. T'lants may correctly 

be said 1D compete for water. As shown by Clark (1969), the lack of 

establishment of new young plants in an already established o.r<!a may 

be related as much to water loss as to crowding or competition from 

alreaey established plants. The author feels that some of the changes 

1n plant distribution tn the Hillcrest site may be explained in the way 

Clark has suggested. 

(b) A measure of the similarity of 21ots1 using fioral compositi.On 

tn each plot as the unit of measure. 

Using the formula of Simpson (1960), a biotic resemblance 

factor was calculated, t.e., BR.F • 
X .~, 

(m+nJ-x 10 

\\'here m • the number of spectcs in one area 

n • the nwnber of species 1n the second area 

x • the number of species in common to the areas, and 

B'R.F• the Biotic Resemblance Factor. 
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The greater tht;"' percentage figure, the closer is the similarity 

between plots. 

SITE SUA.lLAf:.lTY 

1968 1972 

Hillcrest /Newstead 46 6''' . /,) 56.o~; 

Hillcrest/Ta.ma.here 43.0% 5? o~, -· ;) 

Newstead/Tama.here 80 QM • ,o oo.o~~ 

1t should be notedt however, that the increased similarity 

between Hillcrest and Tamahere, and Hillcrest and Newstead in 1972 

is the result or the elimination of plant species through competition, 

rather than the accumulation of new species in the Htllcrast site. 

(Sec Table 11.) 

The parallel sampling plot at the Hillcrest site shows a Biotic 

Resemblance Factor of 46.6% in 1968 and 47.0'¼ in 1972 when compared 

with Newstead, and 43.0% and 43.2~; '.vb.en compared with Ta.ma.here. 

Cc) Comparison with other studies on ttrassland soils• 

Much of the baste background work on soil structure and 

chemistry has been completed in 'Europe where soil biology had its 

begtnntngs, but in New Zealand to the present day the basic work ts 

far from complete. As Lux.ton (1968) has pointed out, "information 

on the systematics of some imt)Ortant groups of soil organisms (in 

particular, nematodes, enchytre.et.ds and mites) is scarce or almost 

completely lacking. Until this ground-,vork has opened out many 

aapects of soil biology must be at best incomplete. However, tn 

recent years, soil biology has tended towards a more ecological 

approach o.nd thts trend 1s likely to continue• 0 

The fiYpO of survey which tllis author has carried out ls cUllicult 

to compare direct~ with the research of other workers for a number 
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of reasons. Few surveys have extended to such a ttme span (tl,e 

majortt;y of work surveys a twelve montlL period), most work 

concentrates upcm either the fiora or the fauna of an area; and 

methods of sam·plin.g and extraction differ widely. 

Recent work within New Zealand includes that ol Z..1cMillan 

(1969) who made a thirteen month census ot the aca.rtne and collembolan 

fauna of n/0 l'fl&tures near W elltngton. The two sites were on sloping 

hillskles of a line-textured silt loom. The sites were not manured 

durtng the thirteen months of the study• l.'icMillan established peaks 

for numbers of Acartna and Collembola during the period and 

indicated some correlations of occurrence between some species. 

However, as he states, "unfortunate'.13, kno\,rledge about the biology 

of t.11.e ~at mnjortty of soil-inhabiting arthropods is insufficient to 

ei1a.ble the tntcr,rctations or any a.ssocia.tions with unequivocal 

accuracy. These results, hcwcvcr, mny serve to suppo1-t or initiate 

direct observations on the biology of certain species, which may 

further elucidate their ecological requirements." 

Concurrently With Mcl'Ailla.n, Adams (1971) looked at the ecology 

of some soil Collembola in the same area. She was concerned with 

species composition and population dynamics in the soil profile during 

a twelve month period. As far as thia author can ascertain, no 

long.term EJtud.y has as yet been carried out. 

Lee (1968) collected soil sa:mplee from a variety of soil v-Pes 

throughout New Zealand during Wuirche Aprtl and ~.1ay, 1960, to give 

a broad general picture of the distribution, population numbers and 

ecologtca.l aseoctatkm of fauna with soil type. 

Dhillon and Gibson (1962) mada a stud.Y of the Ac.arina and 

Collembola of undisturbed old grassland tn Great Drltatn over a 
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fourteen month ·pcrtod. Samples were taken at monthly intervals _ 

each sample measuring 4.8 cm diameter and to a depth of 15.0 cm. 

Extraction was clfected using modified Tullgrcn fwmels. They 

concluded that , • 

14 The populations of both Collombola and Acaru1.a fluctuated 

with tun~ m1.d marked dtftercncce occurred tn the patterns 

of variation sl1own by different species. There was no 

eVidence tbat the changes as a whola bore aey- relationship 

to the fluctuations or soil temperature, moisture, pH or 

organic content. 

2. By far the greatest numbers of fauna occurred 1n the top 

7.6 cm of soil. 

3. The vertical distribution of the fauna. showed an overall 

stmilari1;y to the distribution of pore space in the soil. 

4. Significant changes occurred tn the vertical distribution 

of almost all species, but showed no seasonal regularity. 

These changes took place at depths where soil conditions 

were comparatively stable and could not be related to 

any variations in the eotl moisture• temperature, pH or 

organic content. 

It would seem to thts author, from their findings, that in the soil of 

fuley-.established grass fields under British climatic conditions, 

temperature and humidity are like\y' to exert an overriding influence 

only near to the surface, and that o.t lower levels, the numbers 8lld 

distribution of Acarina and Collembola are more likely to be the 

cumulative influence of en1all changes tn several soil factors. It 

should be made clear, however, that these tluctuations and the 

conclusions which Dhillon and Gibson drew from them were the 

results of one annual cycle only. Also, there is no evidence in their 



Page 55 

work that enough emphasis has been placed on the importance ot 
vegetation and litter cover and its clfbct upon microcltmate. 

Salt, Hollic..'tt, Raw and Brtan (1948) sampled, owr a period 

of 27 months, a heavy Clt\Y pasture in Britain under normal agricultural 

use. Single samples were taken each month from each of 20 positions, 

and arthropods extracted by high pressure washing through sieves 

and flotation tn magnesium sulphate solution.. The apparatus and method 

were designed. for wtrewonn extraction, and, as they state, "The 

method used did not serve to collect the entire population of some of 

the smaller forms• Further• no attempt was made to identify all of 

the several thousands of individuals collected." In spite of these 

reservations on their part, some wort..liwhilc conclusions were reachc.?d s 

(a) Coefftctents of dispersion were calculated on collections of 

Thysanura, llemiptera, Coleoptera, Diptera, Symphyla, 

Chtlopoda, Protura., Collembola and Acartna, i.e., all 

soil-dwelling groups in which the numbers were large. In 

every case the cocl'licients were significantly greater than 

unU.V, showing, 1n so far as th.ts statistical test is validt 

that dlstrlbutton ts non-random and aggregated. (lt was for 

this reason that this author did not produce coefftcients of 

diapel"siOn durlng the period of research. lt ts doubtful 

whethei- new tnformattcn could have been added to present 

knowledge.) 

(b) The majority of eoil-dweller• ocCUI" in the top 6 cm of soil, 

and there ts a dose relationship between total bulk of ea.ch 

animal a11d depth of vertical distribution. The fauna which 

occurs below the 6 cm level ta amall tn numbers and bod.Y bulk. 

No attempt waa made to correlate total numbers with floral 

can.teat of the area and on\v brtef uaeatton was made of edapbtc factor•• 
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(d) Aseoc.tattou ~.veen environmental factors 
I . ! 

Any mcuurcment made of an organism indicates the joint action 

ot meJ\Y envtronmel'l..tal factors with ca.ch oth~r and with the Iicredi.1jy 

of the organism. In. one sense, every organism ts unique, tor tt ts 

tnconcotvablc that exactly the same L"lt<!rpln;y -ot llercdtty and 

envtronmcnt could be duplicated :in nnturc.. Not only is the. result 

of 8.tJiY combination of forces on the organ.ism unique, but tt is 

unpredictable a.e well. All other thi.."l~s being equal, a ritte in 

temperature ~ raise the metabolic rate of nn organism by a given 

amount and affect its pattern of life J but all other things are never 

equal and the effect of a rise in temperature may be quite different 

when combined with Gthcr variable forces acting on the organ.ism .. 

This principle of unpredtctabtltty, ti pursued to its obvious end, 

prevents the biologist from assigning to any single factor ill the 

environment a relative role tn the determination of observable 

phenomena. In this sense, all factors arc equally important and 

interrelated in determining the life pattern of an organism, and any 

attampt to separate the cl'f'ects of these forces is biologically 

unrealistic .• 

ln a more restricted sense, however, van.ous determining 

factors do affec.t an orgarusm to dtfterent degrees, and the relative 

Importance of each variable la a valid object of biolog-Jcal tnquir.y • 

~/ieasures of correlattDn demonstrate only that two variates 

are shown, .or are not shown, by a gtven example to VD.IY tn such a way 

u to tend to ma.Smatn a definite relation to each other•· They tell 

nothing about the cause of the relationship but reveal ~ tta 

extatence or the lack of reliable evidence for it,• There ts a danger, 

tn passing from. theee numerical results u, btological conclutona, 

that the nlaUonshtp ma.v be mieUndentood, or me.Y wt.thOU& dwa 
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con.etdcratton be assumed to represent co:u.ec and cl'lect, In most 

easels, howevet" J the mora egregious blunders can. be avoii!i?d through 

tl1e US¢ ot common ... senso guided by dttl'ercnt methods of do.ta 

comparison. The relations between pairs ot variates may in some 

cases, however, be so obscure tlla.t considerable ~sis is necessary 

to d1ftere11.tto.tc cause and effect or to diot!nguish a real correlation 

from one which ts spurious • be1n~ caused not. by any true relationship 

between the variates considered but by their relationshi? to a third 

variate that ha.s been omitted from the i?l'"Oblem. 

To investigate the rclntionslli"i,)S (and possible association) 

bcnrecn variates in an enclosed pa5tur'~ a1--co., data were utilised 

f1~m the Uillcr(:St area. Details of f!ora, fawui, soil c-.>nditions 

and meteo1~loay- were recorded for 1~7 and 1968. This tilnc period 

was chosen because of the great cho.nga in fl.oral contc1it ov~r the 

two year period as compared with the relative ecological 0 st.,.biltt;y''• 

after this time, 

Using the Universtlir of Wat.11:ato computer IBM 1130,. G. mainline 

programme was composed using the lBr/1 scientific subroutine package. 

Details of this programme at~ stored with the University of Waikato 

computer centre. Correlations were obtained between pair& of 

factors for each sampling pertod over 24 months. 

Full details ot con-elations occur in Appendix 4J however, 

the author ha.e selected examples for dtecuasion • 

1. ?-.1esoattgmatidae show marked. positive relationships wtth 

Collembola (+O,.t.6)t strattomyid larvae (+0,57), Mollusca 

(+0.58), F.n.clwtraetdae (+0 .. 46), pH (+0,56) and .4-Sn>~ 

$9W:! (+0.47),. A slight posW.ve relatlon.ship ts shown wtth 

depth of Utte:r (+0.29). There~ •ubstanUal negative 
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relationships with scara.btd larvae (.o.56), Loltum I?!renne 

(..0.54), Achillea mtllefoltum (..0.56), Plantyo ma10r (-0.52), 

Ranuneulus aardous (.0.41), TlifoJtum repens (.0.40) and 

height of vegetation (-0 .47), 

Climatic data show a marked negative correlation, particularly 

mean R.H. (.0.64), mean air temperature (-0.61), minimum 

surface temperature (..O. 61) snd minimum soil temperature 

c.o.60). 
2. Collembola show a high positive correlatton with stratiomyid 

larvae (+O. 75), and substantial positive relationslllps with 

lvlesosttgmattdae (+0.46), Mollusca (+0.68), pH (+0.59), and 

A9roatia,tcn.uis (+0.52). High negative correlations a.re shown 

with Loli.um perenne ( .. o. 71), height of vegetation (.0.70) and 

all dtmattc data (ranges -0. 72 to .o. 79), particularly maximum 

aurlac:e temperature (.O. 79). ?✓larked negative relationships 

occur with Plantago ma.pr (.0.69) and Ra.n1.U1Culus sardous 

(-0.58). The depth of litter has little relationship witll the 

preeenee ot Collembola (+0.10). 

3. The L\1Dlbrtctdae show a htgll postttve correlation wt.th 

J:?a51tlls e?!!erata (+0.89) and a substantial posutve relatton­

ahtp with Ranuneulus eantous (+0.43). Positive and negative 

correlations with other environmental factors are negligible 

(from +0.20 to .0.20). 

9cara'btcl lan'ae show a marked postttve relattonship \Vlth 

Achtllea mtllefolium (+0.44) and Trttoltum reJ?C!l! (+0,57). 

There is a substantial negative cotTelatton with :t..-1esoaUgmatidae 

(.0.56)• lViollusca (.0 • .46), n~aeidae (.0.47), Men.th& 

P'!!!Sbe (.0.40), dopth of litter ( ... 0.51) and pH (.0,59). 

Slla'llt aep.ttye relattouhtpa are tndtcated with Collembola 
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(.01137> and ApsUs tenw., (...0.33). There ts a low poeitt.ve 

correlattoa with climatic condtttons. 

s~ Strattom.ytd larvae have high positive relattonahtps wtth 

Collembola. (+O. 7rsJ and lv1ollusca (+0.83), Substantial 

poaitlve rclationshtps occur with pH (+0.58)• Mesosttgmattdae 

(+0.57), Pa8J2!lum }?!Spalol.d.es (+0.63), Agrostis tenUis (+0.52) 

and a low postttve relattonship wt.th Enchytraeldae (+0.32). 

Very high negative relationships occur with Lolium perenne 

(.0.88), Plantago major (.o.84), Ranunculus sardous ( .. 0.71), 

height of vegetation (.0.86) and a substantial negative relation­

ship with Da.ct;ylta glomerata ( .. 0.41). There is a very high 

negattve correlation with weatl\er data, notab\y mean air 

temperature (..0.99), mean minimum air temperature (.0.98) 

and mtntmum sotl temperature (-0.98). 

6. Litter depth has a very high positive correlation with 

Enchytraetdac (+0.87) and pH (+O. 71). A marked postttve 

relat1onshf.p is sbow11 with t,:Iollusca (+0.42) and r ... 1.entha 

pulemum (+0.42). There 1s a slight positive corrc1at1on with 

Mesosttgmatidae (+ 0.29), and Ilolc:us lana.tus (+0.26). Marked 

negative relationships occur with scarabid larvae (.0.,51), 

Trtfolium re:esns (-0.45), Acl1illea. mtllefolium (.0.52) and 

T'uP!!um JJ:!&J?!lotdes (.0.63). 

7 • Vegetauon height shews very htgh positive correlations with 

maxtmum soil temperature (+O. 88) and minimum sotl temper .. 

ature C+o.88). 

It would be veiy tempting to extend the con-elations shown 

into a cause and effect rela.t1onsht.p. However, aa stated preViOWJ~• 

the u8C>Ciatl.on.t 'between pa.tr• of vanatee whether poatttve or 

uepttw may be chic to the influence of a ddnl or funher varta.te 



which has been omitted from the problem. 

It seems, nevertheless , that a high positive correlation exists 

between the presence of surface-dwelling invertebrates and the 

height of vegetation. As well as this, the height of vegetation has 

a marked positive correlation with maximum and minimum soil 

temperatures. 

These facts alone seem sufficient to show (at least for Hillcrest 

in 1967 and 1968) that the condition of the soil-vegetation interface 

is strongly correlated with the state of the vegetation which, in 

turn, affects the living conditions of interface organisms. 
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SECTION 6 1 SEASONAL FLUCTUATION 

(a) Introduction 

The fluctuation in numbers of groups of organisms in response 

to environmental factors is a fact establislled by ma.TI¥ authors. 

f:xactly how soil animals respond to changes in environmental 

variation is not well known, but most authors indicate that the 

major effective factors are variations in soil moisture and teml')er­

ature. 1n this section, a description is ma.de of the major 

ftuctua.ttons occurring in several fa.unal groups at the Hillcrest 

slte over a seven-year period. 

The number of animals in the soil of an area varies during 

the year and the following table gives estimated total numbers of 

all mtcroarthropcds in various habitats. It must be noted at this 

-point, however, that a direct comparison of nwnbers ts difficult 

because some authors sampled once only (Salt et al - 1948, 1949), 

while others did not S8lllple over a full annual cycle (Sheals ... 1957). 

1n some cases, the figures represent a mean for the annual 

cycle, others are the maximum for a particular time and some 

authors do not indicate clearly what their figures state. To attain 

some degree of resemblance, the author has assumed that sampling 

occurred to the same depth, i.e., 15.0 cm, and that sampling was 

random and uniformly distributed. 

(b) The total fauna shows a bimodal distribution of population 

numbers. A lower population occurs tn late winter/ early spring 

(August/ September) because of the temperature lag between the air 

and the 80il. On the average the sub-aotl temperature ts 3.s" C 



TABLE 6 : NUMBERS OF SOIL ANIMALS 

Author Habitat Soil type Method Total Numbers 
Millio11s/ Hee. 

·tv eis-Fogh 

(1947--48) old ·pasture so.ndy soil Berlese 320 Max 

Salt et o.1 I flotation I old pasture clay loan1 2630 
(1943-49) I (0.1 mm. 1-lax 

I mesh) 

Shcals old heavy, wet flotation 
( 1957) grassland loam (0.15 mm. 570 ?v~ll 

I mesh 

Haarl,v "level dry, sandy Tullgren 2880 ')\ . 
( 1960) 

ivlax 
pastu.rc0 loam 

Dhillon f,c light, 
Gibson old pasture sandy Tullgrcn 500 Ui11 ? 
( 1962) loam 

l.lacFo.clyen heavy, wet modified 
( 1962 ) pasture loam Tulle!ren 2040 .lviax 

Q 

'Davis notation 

(1963) old pasture heavy cley (0.15 mm. 360 t-ln? 
mesll) 

Adams silt clay 
(1964-65) pasture loam Tullgren 1000 },1ax 

:Note: Table, in pa.rt, after Wood (1966), 

For comparison: 

'Rosenberg pasture sandiY loam modified 860 lvln 
1966--72 Hillcrest Tullgren 

Rosenberg pasture dry, sandy modified 

(1970-71) Newstead loam Tullgrcn 300 Mn 

Rosenberg pasture sandy loam modified 740 Mn 
(1970--71) Tnmalierc Tullg:ren 



lower than the air at mid-day• The late spring/ early summer peak 

tn November /Decembe.r occurs as soil/vegetation interlace temper. 

atures rtac, vegetation growth increases and a litter Iqer 

accumulates. The population figures reach their lowest point for 

the year in January as the top soil loses its moisture• but tn late 

autumn/early winter (Me,y/July), the population reaches its maximwn 

for the year. This peak may be 12% high.er than during the late 

spring period. The late autumn peak coincides with the n1a.Ximum 

accumulatton of litter. However, by August the peak of population is 

reduced by 20~; as colder, moister c:cnditions occur (sec Graphs 4o,So). 

Cc) Lumbrtctdae 

At Htllcrest, the maximum numbers of earthworms occur 

in the top soil during Jwie, July and August when the totals moy 

be 42% greater than the mean for the year. The minimwn occurs 

in February when the numbers are 2()-;! below the mean. 

At Newstead, maximum numbers occur also during Jwie, July 

and August when the numbers are 30;~ above the annual mean. The 

JD1ntm1.1m numbers occur tn February ond ~,~arch, when they are 

36i below the mean. 

Cocoons are produced thn>ughout the year, but maximum 

numbers are produced tn October (up 15'.~') and mtn1mum numbers tn 

January (down 19%), At Newstead the maximum cocoon numbers 

occur in October (up 1510 and are at a mtntmum in February and 

t1arc:h (down 22%). 

(d) En.chl!?!:e!df! 
At Htllcrest, the maximum numbers occur in June, Ju\v and 

Aupat when the number, are 16% htgher than the annual mean, 
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The mintntum occurs in February and March, when the figures are 

12¾ below the annual mean, 

At Newstead, the maximum occurs similarly durtng June, 

July and August (up 16·¼) and the minimum occurs tn January, 

February and t,arch (down 27~0. 

(c) t1ollusca 

The maximum numbers at Hillcrest (up 37% and the main 

breeding season) occur 1n November, the minimum nwnbers in April 

(down 2&°'/4). At Newsteo.d, the maximum numbers (up 35%) occur in 

November and the minimum in February (down 80:'~. Egg production 

occurs in two peaks of equal magnitude at both Hillcrest and Newstead, 

i,e,, 1v~ay and November, 

(t') Crustacea 

At Hillcrest, isopods and amphipods are present throughout 

the year but the maximum numbers occur in C:ctober and November 

when the numbers are 16% higher than the annual mean, The 

minimum occurs in January- and February when the numbers fall to 

27~~ below the annual mean. 

At Newstead, the maximum occurs in November (up 15%) and 

the mtnimum in December, January and February (down 84~,,. 

(g) X.. 1yrtapoda 

The Hillcrest maximum occurs in l'v1arch (up 9?~ and the 

minimum in C,etober (down 12%). At Ncwetcad, tho maximum occurs 

tn August (up 8%) and the minimum in January and February (down 61%). 
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Ch) Arachnida 

At Hillcrest, the maximum numbers of spiders occur tn 

January, February and ?v'larch: 63~~ greater than the annual mean. 

The mtntnuun occurs in September and October when the numbers 

are 35% below the annual mean. 

At Newstead, the maximum numbers are present in February 

and ?,1arch (up 68'¾) but mtntma occur at two periods - January (down 

12~0 and September (down 32%). 

(i) Acarina 

June, July and August at Hillcrest have the maximum numbers 

(up 425~, and during September the minimum is reached (down 48~~. 

At Newstead, the maximum numbers (up 38%) are present in 

June, July and August but minima occur during January (down 52%) 

and September (down 45%) • 

(j) Collembola 

The numbers of <::ollembola at Hillcrest show two maxima 

i.e. March (up 18¾) and August (up 120¼). The minima occur in 

June (down 14~~ and October (down 12~~. 

At Newstead, a single peak is recorded in August (up 89-J~ 

and minima occur in January (down 62%) and October (down 12%). 

(k) Staphyltntdae 

At Hillcrest, the maximum number, occur in June (up 12%) 

and the minimum tn October, when the numbers are 4% below the 

annual mean. 

At Newstead, the maxtmum numbers occur in May and June 

(up 15%') but two minima occur • February (down 21Q and October 
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(down 6%). 

(1) Carabidac 

In both Hillcrest and Newstead sites, the patterns of seasonal 

distribution are very similar• i.e., Hillcrest adults attain a. maximum 

in August and September (up 12%); Newstead at the same time but 

up 11%. 1.-iinimum numbers occur in :May at Hillcrest (down 4%) and 

~1ay at Newstead (down 7fJ. The ca.rabid larvae reach a maximum 

at Hillcrest during December, January and Februaxy (up 5T$J and a 

minimum in June and July (down 12%). At Newstead the maximum occurs 

in December and January (up 56~') and a mintmwn during June and July 

(do,vn 13%). In both sites, eggs are deposited during October, 

November and December, With a major peak in late November - early 

December, 

(m) Scarabidae 

The seasonal distribution ts very similar at both sites. Adults 

are present ju.st below the surface or resting on vegetation during 

October and November at both sites. At Hillcrest, the maximum number 

of larvae occurs durtng July and August (up 60%), the minimum in 

November (down 2Z~. At Newstead, the maximum number of larvae 

occurs during ~ and August as well (up 58¾) and the minimum durtng 

November (down 24%). 

(n) F.lateridae larvae 

At Hillcrest, the maximum number of larvae present occurs tn 

June (up 23'/4) and the minimum during February and l11arch (down 14%). 

At Newstead, the maximum occurs 1n June (up 27%) but the 

mtntmum t.s tn January and February (down 20%). 
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Co) Chalcidae 

In Januaty and F ebrua:ry • the chalcids reach their maximum 

nwnbers (up 12~0 and their mtntmum numbers during June, July and 

August (down 18%), 

At Newstead, February and lvta.rch contain the maximum 

number (up 1~~ and July the minimum (down 14~'). 

(p) Formicidae 

TI1e numbers of ants do not fluctuate markedly during the 

annual seasonal cycle. At Hillcrest, the maximum nwnbers present 

occur during February; 1~1arch and April (up 5%) and the minimum 

in November (down 8~0. Newstead shows a similar pattern with 

maximum numbers occurring in April (up 5%) but minimum numbers 

are present in January and February (down 11%). 

(q) Strattomyidae 

The larvae at both sites shows a veiy similar pattem, t. e. , 

at Hillcrest the maximum numbers occur in November and December 

(up 14%) and the minimum in October (down 167~, while at Newstead 

the maximum is tn November and December (up 15~~ and the mtnimwn 

in October (down 17%). The puparta, however, show a different 

pattern.. At Htllcreat the maximum numbers occur tn ?,/larch (up 57;~ 

and at Newstead, also 1n M.arch (up 55%). The mtnimum numbers 

occur during October at Rtllcreat (down 58%) and December at 

Newstead (down 70.'1i> • 

(r) other groups 

tt the figures for all other groups are calculated together a 

fatr\y clear maximUm occurs at both sites during August, September 
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and October; Hillcrest (up 12~a, and Newstead (up 11%), The 

minimwn occurs in December, January and February at Hillcrest 

(\iown 8%), but during January-, February and March at Newstead 

(down 14%). 



The author has placed the most common fauna into ~rouos 
.,:, . 

according to the habitat in which each most frequently occurs. 

1. The Scaro.bidac (notably Costclytra zealandica 'Nh~) 

and Stratio~dac (notably Altcrmctaponia rubriceos Macq.) 

are placed separately, because although they ma.y be present 

in some considerable nwnbers, they are 0 periodic11 forms. 

(Note Kevan •s 1962 classification.) 

2. The I/follusca are considered separately due to their 

vertical dispersion. They may occur G cm below the surface 

or move freely over suface vegetation. They include 2 

" Agriolbnax ,reticularis M.uller, llclix aspcrsa L., Lima.x 

ma.ximus L., and Tll.8.llasohcltx zclandiaa Gray. 

3. TI1c "burrowers•• include the Lwnbricidac (two species arc 

present : Allolobophora caltf~mosa Savig. and Lumbrtcus 

rubellus Hoff.), as well as '.:.:nchytraeidae. These two 

groups live within the top 6 cm of tlic soil but can burrow 

to greater depths. (ln March, 1971 at Hillcrest o. single 

specimen of Allolobophora was found at a depth of 92.5 cm.) 

Lumbrtcus was general~ confined to the top 5 or 6 cm of 

sotl. 

4. The "litter-dwellers~• occur at the soil/vegetation interface 

where a gradient of environmental conditions exists in depth 

of litter, amount of light penetration, moisture and 

temperature. The con1D10nest species present t11clude the 

tsopod Porcelltc scaber La.tr. (although never numerous 

du.rtng the study period), the amphipod Orchestta •P• • 
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Chilopoda.9eo_phtlus sp., Acalina. .. OJ?2ia. sp. 1 Punc:tortbaiea 

£Ui!1C!9P! Koch, t::lafjYnOthrua ~;CulP!}!! Koch, and Scutovertex 

sculP!!f Mtchael. The most common. Collembola wu 

.E?,tomobtt:a ntvfits L. 

S. The "surface.dwellers" ltve mostQ" tn soil tnterettces or 

burro\V wltht:n the top 2 or 3 cm of eotl. They include most 

commonly• the Araneida. Licosa sp., Carabtdae-Trtchosternus 

dJtformi}?!S Bates t Stapl\}'ltnldae-CreoJ>!'ilus ocula~ Frabrictus 1 

Elateridae • , xact identtf'tcatton uncertain but probably Conoderu.1 

exsul Broun, and Formtctdae Mon.omorium antarcticum \Vhite. 

?vi.any other groups appear from ttme to time, particular~ as 

transients on or within the vegetation. Some of the commoner species 

are included 1n Seetton 11, with notes concerning their occurrence 

and habits. 

CLASSIFlCATlON CF SOIL FAUNA ACCORDING TO HABITAT 

vegetatton. 

Utter .... litter.dwellers" Mollusca 

___ .,_q __ m...,. .. ac_e __ --i-\-: _:_:: "iiirl'ace-dwellers11 ___ ·.,,.
1 

--

.. ,,_-. : 
top aotl \ ·v 

aubsotl 

Not to scale. 

su-e:ttomytdae 
I 

Scarabidae 
'~ 

I 

"burrowers" 

.t 
When a comparuon is made between. the populations of the 

Htllcreat and Newstead aitea (Table 8) • '1 can _'be aeen that t:b.e time• 

when gn,ups are at their maximum population number• coincide clo•ely 

tn the two anu, except tn January and February• Tht• ts the time 

when the vegetatton ts bet.us nmo-,ed. regu'larb' from Newstead, but 



a litter lqer is present at Htllcrest gtvtng protectf.on to the 

sotl/vegeta.tton interlace. This litter lqer dampens down the 

temperature ftuctua.Uons ot the interlace and topsoil, and also helps 

to retain a greater moisture content tn the upper soil lqei-s (see 

Graphs ld, 2d). \Vhere the vegetation is removed by regular mowtng, 

and litter ts minimal, the number of organisms ts reduced. 

Ir the two sites are compaNd wt.th respect to times when groups 

have attained thetr maxtmwn and minim~ population numbers (see 

Graphs 6a, b), the following can be seen : 

COl-APARlSON OF NUMBERS OF GROUPS AT MAX1MU?v1 

POPULATION LEVELS WITH NUMBERS OF GROUPS AT 

MlNllvlUM POPULATION LEVELS 

Hillcrest 213 117 413 Oal lsO 213 2s1 2tl 112 116 311 

Newstead 1,s Ot9 1:1 010 111 ltl 211 210 112 113 611 

Ja F Mc Ap l\/1 Jn lY A s C N 

Osl 

012 

D 

1n Janvar., and February at Newstead• the total number of groups 

a.ttalntng maximum population is on.e. The number of groups at their 

minimum ts 17 • The figures for the eonespondtng period at Hillcrest 

are 3 and 10. Again, by examtnaUou of Table 8 and uatng the author's 

habitat classlftcatton1 it can be seen that the major groups affected 

by vegeta.Uon and. lttter removal (wt.th its meteorological consequences) 

are the "litter-dwellers", Mollusca and "aurlace-dwellera". 

1t would. seem, therefore, that a Utter lqer plqa an Important 

role t.n preaentng the atabtlit.Y of populatfon groups during an annual 

cycle, gt.vtng proteCUon ~unst tempei-atllft and moisture lluctuatton.a 

aa well u prond.tna an additional number of ecologt.cal ntcbee not 

avat.lable whea vegetation t• regularly removed. 



TABLE 7 

VARlA.TlO·N • TOTAL FAUNA IN TOP 15 Cl·A 

OF SOIL 

MONTH MN MX MIN 

January G.9 9.6 4.2 

Februa.iy 8.4 10.6 s.o 

lvta.rch 9.6 37.1 7.6 

April 12.1 13.1 11.1 

~lay 13.1 15.3 10.a 

June 15.5 16.0 15 .. 0 

July 13.3 14.3 12.3 

Au.gust 11.3 12.1 10.6 

September 8.4 9.6 7.1 

October s.1 s.2 s.1 

November 10.4 10.6 9.9 

December 13,1 18.0 a.1 

All ftgurea 1n mtllt.ons /he_ .• , 
Mean ftgure.s gtven are means tor all samples over S years. 



FAUNAL GROUr 

Lumbricidae 

Lumbricidae cocoons 

En.chytraeidae 

1,\ollusca 

:MollUS('.a eggs 

Crustacea 

Myriapoda 

Arachnida 

Acarina 

Collembola. 

Sta~liniclae 

Cnrabidae adults 

Carnbidaelarvnc 

Carabidac eggs 

SEASONAL VARIATION FAti'rlA ... 1lILLCt.EST l\.ND NE\/STEAD. 1970-1,71 

HILLC[.:.EST p 
1

•• r; " "S A D 
~""'~"~--~--~~--ll""\ll""\~ ....... ~-~~-~~~ ... ~~· V ?-.1r"' V l-'"Xrv·•v·,l'"'\r'\v ...... """CNN""'""'ll""\,-,,"V"',....,.... h~A .o w .L, •l ;. 

Jn, lYt A +~ 
.... 

-20 i.' 

,-, +15 Ja -19 V 

Jn, J:y, A +16 F, lvk -12 

N +37 Ap -23 

M 1 N 

O,N +lG Ja, F -27 
.. , 

+9 C -12 1\-lC 

J .,,... "I" +G3 , ... ,.._ "" ... a, .t' t L',tC .;::,, \,,; -..>J 

Jn. lvt A +42 5 -43 

}.Ic, (A) +18(+120) Jn,(C) -14 (-12) 

Jn +12 C -4 

A, S +12 1'.·1 -4 

D, Ja., F +57 Jn, lY -12 

c, "-l D ., .l , 

Jn, Jy, A +30 

C +15 

Jn, Jy, A +16 

N +35 

1:.-~, N 

N +15 

A +8 

v, 1'1k +63 

; Jn, lY, A +38 

I A +89 

r-,l, Jn +15 

A,S +11 

D, J +56 

C,N,D 

r '1\-r 
"' t 1,:.C 

F, ?Jc 

Ja, F, lik 

F 

D, Ja, F 

Ja, F 

Ja, (S) 

Ja. (S) 

Ja, (0) 

F, (C) 

?i,(" 
&,',6, 

Jn, lY 

-36 

-22 

-27 

-SO 

-34 
-61 

-12 (-32) 

-52 ( .. 45) 

-62 (-12) 

-2 (-6) 

-7 

-13 ~ 
,: 

'-.] 
w 

1-j 

> tp 
r' 
trj 
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SEASONAL VAt.IATION FAUNA - HILLCREST AND NE\JSTE.AD - 1970-1971 (continued) 

HILLCREST NE\VST"CAD ~~-M~-------~-~~~~~----r ~----------------------~ FAUNAL GRCUr MX V lvUN V 1\lX V MIN V 

Scarabidae larva(? Jy, A +60 N -22 Jy, A +58 N -2.4 

Scarabidae adults C, N I C, N 

Elateridae larvae Jn +23 F, t:c -14 I Jn +27 Ja, F -20 

Chalcidae Ja, F +12 Jn, Jy, A l'"" - 0 F, Uc +10 Jy -14 

Formicidae F, lv1c, Ap +5 I N -8 Ap +5 Ja, F -11 I 

Stratiomyidae larvae N, D +14 C .. 16 N, D +15 C -17 

Stratiomyidae puparia t-.lc +57 C -58 .Mc +55 D -70 

Cthers A, S, C +12 D, Ja, F -3 I\, S, C +11 Ja, F, Z·.1c -14 

KEY TO THE TABLE: 

1. Months abbreviated to: Ja, F, I1'1c, Ap, 11,1, Jn, Jy, A, S, C, N, D. 

2. i\.11 .figures given are percentage variation from the mean figure for the year for each group at each site ... 

e.g., +42 indicates that the maximum figure was 427~ higher than tlie annual mean. 
'"d 
p) 

(IQ 
(D 

-...J 
.j::',, 
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SECTION 7 t VEt.TICAL 'DISTRIBUTION 

(a) lntrod.uction 

Soil-dwelling animals undertaking vertical migrations 

(depending on temperature, llwnidi\Y and aeration of the soil) intro­

duce tnto the soil organic matter of plant origin. \Vhen digging 

passageways and bringing soil from deep layers to the surface, they 

contribute to the mixing of different soil layers. By burrowing, 

soil-dwelling animals create soil channels, ensure the infiltration 

of rainfall into the soil, thus introducing organic remnants from the 

surface. By clearing the dead roots and litter away, even very small 

mtcroartb.ropods help to increase the number of vertical soil spaces 

(Jacot, 1936). By mixing mineral particles of soil with undigested 

remains of food processed by micro-organ.isms, a number of 

soil-dwelling invertebrates contribute. to tbc formation of granular 

soil stru.c:tuN, which ensures a better water penneabilif3 and 

aeration of the soil. The total activity of sotl ... dwelling animals 

contributes to the development of an accumulative soil layer and is 

a potent factor in soil formation. 

The depth ot the activity of the whole complex of soil organisms 

depends tn each particular area on the broad climatic conditions 

determined by latitude and altitude, on microcltmate connected with 

the character of the immediate surrouncltngs, phytoclimate linked 

with the type of vegetation, and by the launal complexity of the soil 

organtsms present. 

Ghtlarov (1968) mentions some relationships between the vertical 

diatributton of humus• root systems and Invertebrates 1n the aotl. 

For example, the lqers of soil rich in humus are rtch tu. both roots 



Pqe(1'/ 

and Invertebrates, and are concentrated tn the upper soil horizon. 

1n thta lqer, surface plant remnants are introduced tnto the soil, 

and debris dccoJnposttton and humtftcation occurs. The lower border 

of the h·umus horizon broadly coincides with (a) the depth of the matn 

mass of roots, {b) the lower limit of the majority or invertebrates, 

and Cc) with the lower border of the well.aerated layer. The spreading 

of roots in tb.e soil depends largeliY upon the depth of the b.umus 

horizon. The deptli of penetration of l'OOts L-,,tc the soil depend.q on the 

digging act1vtw of animals. The VE:rtical distribution of soil a:i1imals 

is determined; in its turn.9 by the depth of l."C>Ot penetration and by the 

thickness of the humus horizon. Consequent\y, all links ... humus, 

roots and Invertebrates - are interrelated and recipn>cally determined. 

Jacot (1936) states that during the periods when the? soil is 

saturated with water, the activity of soil-dwelling invertebrates is 

unpaired due to oxygen deftctency. Durtng such periods, the processes 

of decomposition and mineralization of plant matter o.re carried out on 

the soil surface, in the litter, where the soil-dwelling invertebrates 

become concentrated. After the soil becomes drier and aeration more 

eftecttve, during spring and early autumn particularly, the processes 

of decomposition of the organic mass increase in their rate of break­

down, move deeper into the top soil, and there the decomposition 

products are released. 

bl summaTy, increase tn the population denslf¥ of aoil 

invertebrate• tncreases the depth of the soil horizon. The relatton­

sbtps between the character of the aot1 profile, envtronmental 

c:ondWons t and the population densi1;1 and vertical dietri.button of 

aotl animals c:an be illustrated by compartng data on complexes of 

eotl-clvelltnn tnvertebratea in stmtlar aotl types under differing 

amounts of vegeta.Uon. 
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(b) The. Total Fauna 

As has been demonstrated tn Section 6 a Seasonal Fluctuations, 

there are two -periods during the annual cycle when the nwnbers ol 

sotl-dwelltng invertebrates fluctuate away from the mean. 'fhese 

are du.ring the summer period, particularly tn January when 

temperat\\res 11~ con9tstently high and moisture tn the top soil is 

minimal, and tn June when the lower temperatures of the air, interface 

and soil h'J.ve 't'educed the amount of litter being produced and the 

activiUe.s of the soil animals. 

The author has compared the vertical distribution of some or 
the major faunal groups in the top soil at Hillcrest, Newstead and 

Tamahere during January and Jwie. n.esults of the surveys are 

~ tabulated and summarised in page _. 1 , and Tables 9 a, b, c. 

It ts worth noting her-e that the only major difference between the 

three sites ts that Hillcrest has a. vennanent and deep vegetation and 

litter cover. This has been removecl regularly st the other t\VO sites. 

1n late January, 1971, 20 samples were taken at each site, 

each sample to 91. 5 cm depth. It was established that 94. 8% of all 

fauna occurred within the top 6 cm of soil• exce~t for tU.llcrest 

where the figure was 96 • 2~,. Research on the subsequent vertical 

distribution of fauna was concentrated upon the top G cm of soil. 

A sampling programme similar to the January set was carried out 

tn June of 1971. 
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TAULE 9a 

5-6 4-5 3-4 2 .. 3 

• 7.14 7.14 42.136 
3.54 10.56 15.78 19.28 

10.00 • 30.00 • 8.30 8.30 8.30 16.73 

• • • • 
• • • • 

• • 12.50 12.50 
5.80 13.04 12.32 14.49 

• • • • 
• • • • I 

• • • • 
• • • • 

' 

• • • I . . 
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! 
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• • i 
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I • I 
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' • • • so.oo j 

• • • • I 
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2.86 5,71 14.29 17.14 

• • • 44.44 1 
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18.18 36 .• 36 27.28 9.()(J 

1 ... 2 0-1 

14.29 2s.57 
a.11 42.07 

• 60.00 
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• • 
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• • 
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• 100.00 
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6.85 90,88 

10.00 • 
9.09 • 

rag(! 90 

-
Depth cm 

-

Jan) 
Jn) Nematoda 

Jan) 
Jn) Lumbricids 

Jan) Lumbrtc:id 
Jn) cocoons 

Jan) r:nchytracids Jn) 

Jan) Agriolimax Jn ) 

Jan) 
Jn ) Thalassohclix 

I 

J:n~ f./1esostig111atids 

Jan) 
Jn) Cribatids 

Jan) 
Jn) Arachnida 

Jan) 
Jn) Gcophtlus 

Jan) 
Jn) Orcheattn 

Jan) 
Jn ) Symphyla 

~ .... 
~ 
~ 
() 
~ 
trJ 
(J) 

1-3 

'"d 
tI1 
l='=1 
() 
tI1 z 
1-3 
> 
G) 
[:j 

0 
trj 

1-3 
0 
1-3 
> 
~ 

~ 
~ 
r.1 

Q 
G) 

g 
l,:J 



Pqe91 

TABLE 9a.. (continued) 

5-6 4.5 3-4 I 2-3 1-2 0-1 Depth cm 

• • • • 33.33 GG.G7 Jan) Collembola. 11.05 13.95 15.98 16.50 19.22 23.30 Jn) 

7.69 !13.74 12.64 25.27 22.53 18.13 Jon} Altermetaponia 
2.,1 l 6.23 13.64 21.64 32.55 23.45 Jn )larvae 

; 

• I • 7.14 i 7.14 23.53 57.14 J~"l)Altcrmeta110nta 
! 9.09 90.91 Jn ) pu-;:,aria. • ' • • • 
! 

i 
l 

' 
' Jan) Tipulid • i • • • • • 5.82 ! 4.65 22.10 ,19.77 I 25.56 22.10 Jn) larvo.e 

i 

i 

' [ 
[ 
I 

100.00 Jan) • i • • t • I • Creophilus I 16.67 t 16.67 ! GG.66 Jn) • I • • I I' i I r 

I ! • • • I • • 100.00 Jan) Carabtdae 
• • • I • • 100.00 Jn ) 

I i 
! i ; 

l • I • • • Jan) Cara.bid • • l 
• i • • I • • 100.00 Jn ) larvae 

r 
i 
~ 

Jan) • I • • • • • \:Jiseana 

• I • • so.oo • so.co Jn ) larvae 
I 
' so.co 50,00 Jan) • I • • • Formtcidae 

41.65 8.33 16.66 33.36 Jn) • • 

• • • • • 100,00 Jan) Chalcidae 
• • • • ; • Jn ) 

• • • • • 100,00 Jan) Aphid 

• • 11 • 25.00 75,00 Jn ) nympu 

s.83 9.38 11.00 22,65 22,98 28.16 Jan) % by depth 
S.93 9.92 141117 17,05 22,58 30~35 Jn) 



TABLE 9b 

5 ... 6 4 .. 5 3-4 2-3 

• 11.12 33.33 33.33 
5.56 5.56 16.66 33.33 

• • • • 
• • • 40.00 

• • • • 
• • • • 

• 16.67 • 33.33 
8.33 

! 
8.33 16.67 25.00 

i 
! 
I 

• ! • • • 
• i • • • 

! 
I 
I 

• I • • • 
• I • • • 

! I 

• • • • 
• • • • 

• • • • 
1.54 3.07 9.23 · 21.54 

• • 2.00 3.00 
• 2.06 3.09 8.26 

• 

• • • • 
• • • • 

• • 50.00 so.oo 
ii 14.29 14.29 28.57 

• • • 4.64 
• • • 33.33 

1-2 0-1 

22.22 • 
38.89 • 

• I • 
60.00 • 

; 

I 

• • I 

i • • 
I 

I 

33.33 · 16.67 
33.33 8.34 

! l 
1 

j 
1 

• 1 • 
·1 

I • ! • 

1 

• :1 • j j • • i ,1 
j i 

1 
:i 

• lj • 
• :i • 

!I 

16.67] 83.33 
46.16 :1 18.46 

I 
J 

J 

G.oo l 89.00 
14.43; 72.16 

I 

:i 

so.co I so.oo 
ii 

• !I • 
I 
ii 

• • 
42.85 • 

42.24 58.12 
66.67 • 

Depth cm 

Jan) Nematoda Jn) 

Jan) Lumbricids Jn ) 

Jan) Lumbricid 
Jn) cocoons 

Jan) 
Jn) Enchytraeids 

Jan) 
Jn ) Agriolimax 

Jan) Agriolimax 
Jn ) eggs 

J:1~ Thallasohelix 

}!n51v1esostigmatids 

Jan) 
Jn) Oribatids 

Jan) Arachnida Jn) 

Jan) Geophilus Jn ) 

Jan) Orchestia Jn) 

I 

~ 
I.O 
""-l 
t\) 

'"'j 
trl 
~ 
(') 
trl z 
1-3 
> 
(i') 
trl 
0 
t!j 

1-3 
Q 
> 
r' 
t!j 

~ 
trJ 
f) 
;:I: 
(i') 

B 
c:: 
"'d 
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TAB LE 9b (continued) 

5..6 4-5 3.4 2-3 1-2 0.1 Depth cm 

• • 60.00 '°·00 • • Jan) Symphyla 16.67 16.67 33.33 33.33 • • Jn) 
i 

• 0.40 4.51 2.05 S.74 87.30 Jan) Collembola • • 1.16 4.06 52.75 42.03 Jn ) 

I 9.09 27.27 18.19 27.27 9.0:> 9.09 Jan) Altcrmetaponia I 1.14 7.14 14.29 14.29 35.71 21.43 Jn )larvae 
l 
l I ! 

Jan) Altermetaponin • 1 • • • • • i 
• I • • • 37.50 62.50 Jn )puparia 

i 

' 
• • • • • • Jan) Tipulid 
• • • • • • Jn) larvae 

• 33.33 • • • 66.67 Jan) Creophilus • • • • GG.67 33.33 Jn) 

• • • • • 100.00 Jan) Carabiclae 
• • • • • /100.00 Jn) 

• • • • • • Jan) Co.ribid I 
t • • • • • Jn) la.rva.e 

I 

I 

• • • • • • Jan) ·a1seana 

• • • • • • Jn ) larvae 
I 

10.00 10.00 20.00 20.00 10.00 30.00 ~ Fonnicidae 15.39 7.69 15.39 23.07 30.77 7.69 

• • .. • • 100.00 Jan) Chalcidae 
• • .. • • • Jn ) 

• • • Jan) AT>hid • • • Jn) J\Y1Dphs • • • • • • 

0.47 1.89 5.66 4.95 7.55 79.48 ~ ~~ by depth 
1.16 1.66 4,15 9.62 43.45 39.96 



'Fo.ge 94 

TADLE 9c 

5-6 4-5 3 ... 4 2-3 1 .. 2 0-1 Depth cm 

• 4,55 31.82 40.91 13.63 9.09 Jan) Nematoda 3.13 6.25 9.37 43~75 20.13 9,37 Jn ) 

33.33 • 33.33 33.34 • • Jan) Lwnbrictds • 25.00 25.00 50.00 • • J11) -
• • 50.00 so.oo • • Jan) Lumbrtctd 
• • • • • • Jn) cocot.>ns 

6.90 6,90 20.69 37.92 20.G9 G.90 Jan) 1~nchytraeids ? 8G 5.71 28.57 Sl,43 11.43 Jn) .... • 

i 
i Jan) • • • • • • Agrtolimax 

• • • • • • Ju ) 

i • 
• • • • • 100.00 J:115 Thallasohelix 
• •· • • • • 

13.€4 9.09 • 4.54 I 9.09 G3.64 ~ 1':'iesostigmatids 5.56 2.18 5.56 8,33 i 50.00 21.11 

' i 

3.10 I 9.65 0.28 8.97 G,.55 G3.45 Jan) C-ribatids 
1,33 j o.67 2.00 5.33 10.67 ao.oo Jn ) 

• • • • • 100.00 Jan) Arachnida 
• • • • • 100.00 Jn ) 

• • • • • • Jan) Gcopbtlus 
• • • 28.57 57.14 14.29 Jn) 

• 12,50 12.50 37,50 25.00 12,50 Jan) Orchestta 
• • • • • • Jn) 

so.oo • • • 50,00 • Jan) Symp~la 
20.00 10.00 A().00 20.00 10 .. 00 • Jn ) 



T/1.IH .. 'E 9 c (continued) 

5-6 4 .. 5 3-4 2-3 1-2 0.1 Depth cm 

0.44 0.77 2.20 4.40 11.ss 80.31 Jan) Collcmbola • 0.30 1.40 1s_oo so.20 30.10 Jn ) 

' 
12.04 S.90 15.18 10.99 ~.13 16.76 Jan) Altermctaporia 
0.61 3.05 10.37 26.22 51.22 a.s3 Jn )larvae 

• • • 9.09 • 190.91 Jan) Altermcta,:x,rio. 
• • I • • 25.00 f 75.00 Jn ) pupo.rta 

! 
' • • • • • \ • Jan) Tipulid 

• • • • • i • Jn ) larvae 

: 50.00 • , 50.00 Jan) • • I • Creophilus • • I • 25.00 25.00 · 50.00 Jn) 
I 

I • • ~ Cara.bidae • • I • • ' 33.33 " GG.67 • • • • 

• • • • • • Jon) Cnrabid 
• • • • • • Jn ) larvae 

! ' I 
Jan) • • • • • • '-Jiscana ·• Jn) • • • • • • lan-ae 

16.68 • 16.68 25.00 0.30 33.34 Jan) Fonnictdae 18.18 9.09 18.18 18.18 9.09 27.28 Jn) 

• • • • • 100.00 Jan) Chalc:tdae 
• • • • • • Jn ) 

• • • • .. 100.00 ~ Aphid 
• • • • • .. nymphs 

2.99 3.85 6.11 1.11 14.01 65.27 Jan) % by depth 0.74 1.23 3.92 1a.s1 43.78 31.52 Jn) 
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PERCENTAgE .FAUNA r:RESENT AT EACH LEVEL 

Hillcrest Newstead. Tama.here 

cm Januar.v June January June January June 
0.1 2~·1G . LJ,. ·, 30.35 79.48 39,96 654t27 31.52 

0.2 ?.2.98 2'-.58 7.55 43 .. 45 14.01 43.78 

2-3 22.65 17.05 4.95 9.62 1.11 3.92 

3-4 11.00 14.17 5.66 4.15 6.11 3.92 

4-S 9.38 9.92 l,89 1 .. 66 3.85 1.23 

5-6 s.s3 S.93 0.47 1.16 2.99 0.74 

From the above table, the following conclusions can be made 1 

1. \Vhen the Jonuary and June ftgu.res for Hillcrest ai~ compared 

it can be aeen that little change occurs in the vertical 

dtstrtbuUon of fauna. The main changes which do occur, 

however, are a 2.84~~ increase in fam1a in the top 1 c:m level 

and slight inc:Nase tn the 3.6 cm toy-ere, but these are of low 

pel'Centage• 'bet.ng 3.17%• 0.54;G and 0.10% respective'.b". 

Howevert a decreue of S.6m~ occurs in the 2-3 cm level. 

2. At Newstead, when )anuaiy and June ligu.res are compared, 

a marked ch&uge can-be obsened. The top 1 cm of the soil 

has ncblce4 •• faunal total by 40. 75%, and the 2-3 cm and 

3-4 cm levele hoe tncnaaecl the fa,....t total• by 35.~ and 

4.67% nti,ecU,reJ.v. The lower level•(~ cm)abow ~ small 

c:lwlge•, t.e., -1.51%, .o.23% and +0.60% respective\,'. 

3. At TamaheN, a c:lwlge •1mtlar to that of Newstead but d.lff'erent 

from Hillcnn ha• oecuned. The top 1 cm level has recluced 

us total tauaa 'by 33.75% and the 1.2 and 2-3 cm level• haw 

t.nc:Naaecl th.ail" totale by 29. 77% pd 11.04% ..... apecUveJ,' • 
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The changes in the 4-6 cm levels are small but slightly greater 

than at Newste:ld,, i.e., -2.19%, -2.62¾ end .2.25~,. 

The difference in pH between January and June (see Teble 6) is 

1 • 49 at Hillcrest and l. 38 at Newstead. 

The dtflerence tn atmospheric temperature between January 

and June means at Hillcrest ls 8. rf'c and at Newstead ts s.:f'c as 

well. The temperature range is 25.s0 c at Hillcrest in January and 

20. a°C in June• At Newstead the January temperature range is 

1s.0°c and in June is 21.0°c. 

The difference between the January and June means for inter­

face temperatures at Hillcrest is 9.s0 c and at Newstead ts 10.s>c. 

The range of interface temperatures in January at Hillcrest is 

15.0°C and June 19.0°c. At Newstead the January range is 1S.o0 c, 

reaching a greater maximum than at Hillcrest, and that of June is 

21.0°c, reaching a lower minimum than at Hillcrest. 

The difference in subsoil temperature between January and June 

at Hillcrest ts 9.0°C (the January range is S.o0 c and the June range 

is 9.rf'c), while that of Newstead ts 11.0°c. January range ts 

10.0°c, reaching a greater maxtmwn than Hillcrest; June range ts 

11.0°c, reachtn.g a lower minimum than Hillcrest. For the 

Hillcrest/Newstead comparisons, see Graphs le, 2c. 

Top soil moisture content dttterence between January and June 

at Hillcrest ts 22.0% and at Newstead ts 32.0%. 

The only major difference between the two aites is that Hillcrest 

retains a well-de'll'eloped vegetation and litter cover du.ring the year. 

The author wou.ld hypothestae that the state of the litter and 

vegetatton ta reapoutble tor the vanatton in the vertical distribution 
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of sotl ... dwelling invertebrates in the top aotl, because the extent of 

ftuctuatton of Interface and soil temperatures, as well as eummer 

top soil motature content, ts closely related to the height of vegetation 

and depth ot litter. 

Cc) Lwnbrictdae 

At Htllcreet tn January, 60¾ of earthworms are in the 0-1 cm 

level and distributed irregularly tn depth. 1n June, 58% are tn the 

1-2 cm level. dtstrtbutton ts even but decreasing in numbers wt.th 

depth. Cocoons are produced in June in the top 0.1 cm level, but 

are absent in January samples. 

Both Newstead and Tamahere show an absence of earthworms 

tn the top 2 cm of soil in January• but aro present below the 2 cm 

level at Tamahere, although tn small numbers. They did not occur 

tn January samples at Newstead. In June• the numbers of earthwonns 

at Newstead and Tamahere increase. 6~, are tn the 1-2 cm level at 

Newstead and S(rJ in the 2.3 cm level at Tamahere. 

(d) Enchf!raeidae 

1n January at Hillcrest, encbytraelda occur within the top 

4 cm of eotl (75% wtthtn. the top 2 cm), whtle tn June they are 

distributed through the 6 cm depth, decreasing tn numbers with 

tncreastng depth. 

At Newstead 1n January• 6?'-' are found in the 1.3 cm level, 

but in June the dtlltributton. ts more untlorm, decreasing 1n numbers 

wt.th depth, but the majority are 1D. the 1.3 cm level (58%). 

At Tamahere tn January, the dtatributton. is more regular than 

at Newstead., but the majort\y are t.n. the 2-4 cm level (79%) • Du.ring 
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June, the distribution tends to concentrate more in the 2 .. 4 cm level 

(91%), with a dunil?.\ttit»n of numbers at lev~l~ below 4 cm. 

(e) Mollusca 

Asrioltmax rettculatus ts absent lrom all three sites in January, 

but is present at Hillcrest 1n the 0-1 cm level t.n June. absent at 

the other two sites tn June. Thallasohelix ts present at Tamahere 

and Newstead in January in the 0-1 cm level, but present in June at 

Hillcrest only and tn. the same depth, 1n each case the numbers of 

tndtvtduals is very small. No eggs have been observed at either penod 

at an;y of the three sites. 

Cl) Crustacea 

At Hillcrest in January, Orchestla ia present in the top 

1 cm level ('4¾) and present down tc 3 c:m, 44% being present at the 

2-3 cm level. 1n June, however, the 0-1 cm level has 91% of individuals 

present, although distribution ts still no further than 3 cm in depth. 

At. Newstead in January, the total numbers present are less 

than at Hillcrest, and penetration of the soil occurs to 3 cm, The 

greate~number t.s tn the 0-1 cm level. 1n June the numbers present 

increased, -penetration is to the same depth but 67% occur at the 

1.2 cm level. 

At T amahere tn. January, Orchestta occur down to the 5 cm 

level, with 58% at the 1-3 cm level. No epectmens have been recovered 

dlU'tng the June sampling. 

<s> Mvria:eeaa. 
In January at Hillcrest, myrtapod• attain their maximum number• 

at the 1.2 cm level (31%), but 23% are t.n the 0-1 cm level. tu June, 
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3n are tn the top 1 cm and numbers decnue progreaetveJ.y and 

steadily down to the 6 cm level. 

At Newstead tn Januai-y • there are no myrtapoda in the top 

2 cm. All speetmen., have been record.eel at 2-4 cm depth. 1n June, 

43"-" are tn the 1.2 cm level and d.ecreaae steadily down to 5 cm. 

In January at Tamahere, no rnyrtapoda have been recorded 

at 8J\Y level, but tn June, 57°-' are in the 1.2 cm level, 29% in the 

2-3 cm level, and the remainder (14%) in the top 1 cm of the soil. 

(h) Arachnida 

Hillcrest in Januaiy, has 50% of the Arachnida tn the top 1 cm 

and tn June, 100% at the eame level. 

Newstead has 50% in the top 1 cm in Januazy, but Arachnida 

have not been collected in June. 

"famahete has all Arachnida t.a the top 1 cm both in January 

and in June. 

(0 Acartna 

1n Janury -.t Htllc:Nst, mesoettgmatid mites are concentrated 

tu the top 2 cm, wUh 56¾ tn the 1""'2 cm te-vel. Ortbattds occ:ur tn 

the top 4 c:m, with the greatest numbers (48%) occurring in the 

0-1 c:m level. 

1n June, meeoattgmattds extend to the full depth ol 6 cm, with 

the anatea number• (57%> occurring at the 0-1 cm level. Oribattd.e 

occur down to the S cm level, wt.th the greatest number• (51%) at 

tb.e0.1 cm 1ew1. 

ta JaJN&l'Y at Newatead, meeosttamatf.cl mite• are pre•ent tn 

the top 2 cm of -,tl, wt.th the area.teat ccmcentratton.e of population 
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(831) occ\lff'tng in the 0 .. 1 cm level. Ortbattda occur down to 4 cm, 

but with 89% at the 0.1 cm level. 

In June, the mesoettgmattds in the top 1 cm are reduced to 18%, 

illcrea•~ 1D 46% tn the 1-2 cm level, and con.Unutng down to 6 cm 

tn progressive\', amaller numbers. The oribatids extend their range 

down to _S cm and although still numerous tn the 0-1 cm level, are 

reduced to 72% of the total number present. 

At Tsmehere '1n January, mesosttgmatids occur at all levels, 

but the greatest numbers (63%) are in the 0 ... 1 cm level. Ortbattds 

occv etmtlar1¥, with 63% in the 0-1 cm lev-el. 1n June, meeoattgmattde 

are stm preeent at all levels, but the greatest population (50%) occurs 

at the 1-2 cm leftl. The top 1 cm is reduced to 28% of the populatton. 

Orlbattda 1n June occur at all levels but 80% occur in the 0.1 cm level 1 

the Nmidnder occur in progresstveJ.y clecreaatng numbers as the depth 

of aoil tncreaaea • 

(j) Collemhola 

67"J, ocCIW 1n the top 1 cm at Hillcre.et tn Januaiy • The remainder 

are found tn the 1.2 em level. 1n June, dtatribution occun throughout 

the 6 cm of aoil, wtth the greatest n.umbere (23°,.Q occurrtna in the 0.1 cm 

leYel. 

At NeweteaA tn Jo.11817• 87% of C:Ollembola are folllld tn the 

top 1 cm of eod.1 whtle the remat.n&ar oecur tn clecnutna numbers 

down to the S cm level. 1n )llD8 • c:Ultribv:ttoD. occur• down to the 4 cm 

level, with the peateat number• (53%) being tn the 1.2 cm lwel. The 

top 1 cm haa tt• popula.tton recluce4 to An. 

At Tamahen ta Jan\lal'J' • the peatelt number• (80%) occ.v ta 

the 0.1 cm 1aft1 u4 aumber• reduce p1'09Naet.ve\y down to 6 cm. 
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m Junei the ropulatlon. cxtcn.:ia to S cm d.c,th• and the greatest 

numbers oecu:- at the 1 .• 2 cm lavel. so;:~ cec:ur tn the 0.1 cm level. 

(k) Staplwltnidae 

la J&n\18l'Y' at l-ltllcrest, all sta'Pl\yltntds occur tn the top 1 cm 

of soil, but t.n June the ,opvlatton Is reduced to 67% tn thte level; 

the rema.tnder are evenly distributed down to 4 cm. 

At Newstead in Januat'y, 67% are in lhe top 1 cm, but this is 

reduced to 33% tn }\1lle, with the J'emotning 67% occurnng in the 

1-2 cm level. 

At Tamahere ta Janual'Y, 50% occur tn the 0.1 cm level and 

SO% in the 2.3 cm level. 1n June, 50% occur tn the top 1 cm still, 

and the .g population is evenly dt.stributed within the 1-3 cm 

level. 

Cl) £m:21:41tr 
in Jauuazy and June, all adult carabids occur in the 0.1 c:m 

level at Htlluest. Lanae are absent in Januar.v but found tn June, 

and then onq- in the 0-1 cm level. 

At Nentea.41 all adult• are lomul Ill the 0-1 cm level tn 

January and )lne and no lanae have been recorded at eltb.a1' ttme. 

No adults oc.cv t.n Jan1'&1',Y at Tamahere, but tn June, 67% are 

lo1llld tn the top 1 cm, and. 33% tn the 1.2 cm level. No larvae have 

'been found ta J&l'1U.1'J' ol:' June. 

6D) 99'911, 
At all thNe attea, cbalcid8 are load. on\, In Jam1&":Y, aD4 all 

apectmeu oc.&• tn. the top 1 cm of the .u. 



(n) Formtc:tdae 

At Htllerest tn Ja.1\\Ul.l"y, ant& are evenly distributed tn the top 

2 cm of the soil, but 1n }wie the majority (42%) occur tn the top 1 cm 

With the rematndel" evenly dietnbuted through and down to the 6 cm 

level. 

At Newstead, 4Jlts are evenb' distributed throughout the 6 cm 

of top soil in January, with 30¼ (the maximum number) tn the 0.1 cm 

level. ln June, distribution ts untfot'lll throughout the 6 cm1 except 

that the 0.1 cm level ts reduced to 8~~. the maximum nlilllber (3U~ 

being tn the 1 ... 2 cm level. 

At Ta.me.here tn January, distribution is uniform through the 

6 cm of the soil• with the maximum (335~ in the 0-1 cm level. 1n 

June• the d.t.stri.but1ou ls still uniform but the maximum in the 0 ... 1 cm 

level ts reduced to 27%. 

(o) Dt.ptera 

Ttpulid larvae occur only at Hlllcrest and. only in June. 

Distribution is even, but decrease$ in numbers with depth. The 

maxbrnlln populatton (26%) ta in. th,e 1.2 cm level, 

Altemt!f P!!!la 1'Ubrtcepp ts c1.t&tl1buted unitorm]¥ through the 

ett centimetres of sot1 at 1-ltllcreat tn January, wt.th the maximum 

numbers (25¾) oeeurrtng tn the 2.3 cm level. ln Jun.e, the tendeac.y 

te tor greater numbers to occur tn the top 3 c:m, and a cleCNUe to 

occur in the 1.2 c:m lffel. Pu.part.a. are pre•ent tn the top 4 cm in 

January, with a ma:dmum of 57% tn the 0 ... 1 cm level. ta June, 90"J 

of puparia are tn thu level wt.th the Nmatnder in the 1.2 cm level. 

At Newstead. ta January, the majority of lanae are 1n the 

2.3 cm and 4.5 cm leYGu (27% ln each), wherea.t tn June the 
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dien1b1Jtton ts more uniform, although numbers decrease with depth, 

and the maximum nlUDbera are tn the 1-2 cm level, Puparta are 

abseat in January, while tn June 63% are tn the 0.1 cm level, and 

the remainder in the 1.2 cm level. 

1n. January at Tama.here, larvae are evenly distributed tn all 

levele, acarce\y decreasing tn numbers with Increasing depth, the 

maximum number (36%) occurring in. the 1 ... 2 cm level. tn June, the 

maximum numbers (51%) occur at this level, and the rf'mainder occur 

to the J\dl 6 cm level, decreo..stng in numbers with tncreaetng depth. 

90¾ of pupat1a occur at the 0-1 cm level ln Januar.,, and tn June, 

75% occur at this level ahhough the total numbers in June are greate"'• 

(p) qther Gro9 

Several othel" groups occur fn various levels at the two 

sampling times. Sympbyla occur at each of the three altee • numbers 

do not var., between sampltng time•• and all are found tn the 1-6 em 

levels, never at the surface. The majort.t;s, (60%) occur in the 3-4 cm 

1.nel. 

To the author•• surprise, neither elaterid nor scarabid larvae 

were rec.oveftCl at either sampling ttme hom 81\Y of the three et.tes. 

Poestb\y the n.umbelr of samples wu tnadequate, yet ~ specimens 

ha4 been recowred at Htllcreet anc1. Newstead, using atmtlar methods 

and numbers of Mmple•• in pi-ew:,u, years, at the eame part of the 

annual aeaaonal qele. No explanatton co be offered. 
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SUM.1\1ARY 

The data presented tu this section ts the result ot surveys 

carried out in Jan-uary and June 1971 at Hillcreat1 Newstead and 

Tama.here. 1n each ease, 25 samples were taken, and after 

preliminary du!cktng in JanU11ry for depth a.t which fauna occurred, 

the top 6 cm were taken, divided lnto 1 cm la3rers I an.d the inverte­

brates tn each layer separately' extracted. Comparison between 

Htllereat and Newstead waa the main point of emphasts, wt.th Tama.here 

'being used as a check on Newstead,. A1n'lo81:)heric tempe1.'"aturee, both 

mean and range, are atmtlar at the Hillcrest and Newstead sites. 

Interface temperatures were etmtlar 1n mean, but a smaller range 

occurred at Htllcrest. Temperatures dtd not nae as high or fall 

as low as at Newstead in. January or June. Sub-soil temperatures 

differed at Hillcrest tn mean and range from Newstead, neither rising 

ae high nor falling aa low• Soil mot.aw.re content was similar in June 

at the~ sites, but tn January, Hillcrest top soil was 11% moister. 

pH r~ was a1milar for H1llcreet and Newstead at both sampling 

periodl. 

The major dtff'erence 'between the Hillcrest and Newstead sites 

ts that a vegetation. and litter cover ts present throughout the year 

at Htllc:reat. 

The fauna ah.ow• a greater stal>tlU;y t1l verttc::al diltrtbutton. 

at HUlei•eust than at Neweteac:1.. Although 79% of the fauna u found 

at the 0.1 cm leftl at Newstead tn Jan.uai,r • thU eouuu larae\y 

of de1iecatten.•i"eAlta'rlt tnwrtebratea and occur• ta 8m.411er munben 

than at HUJ.creet. D1u1ng June, the lauu ta0ft8 to cleeper liNel• 

(1.3 em) at Nevtteai, although 40% of the fauna Nmaina at 'the 0.1 cm 

X tnel. (See t>flle /,' 
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It can be deduced that a 11ttar/wsetat1on cover controls the 

mtc.tvdtmate of tb.e top soil, and hence the actlvtties and numbers 

of many soU ... dw~lltng invertebrates. C11ly further and more extenatve 

sampltng, howevcl", could detenntn.e the extent of inlluence 4eftntte'br • 

and a.ttentton should be given. to the temperature/motsture/popuktlon 

n.umbei- responses tn. apectftc species. Note, however, the work of 

l~etz (1971) on Acarina.J and Hale (1966) on Collembola, where 

.,·direct correlatlo.o. ts indicated between va.ria.UOn.s in feedtng and 

locomotory behavt.our, and wnatt.ons in soil motsture and •oil 

•~mperature. 
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The majority of studies on pasture phenology have been concerned 

wt.th single species or small groups of species over a single annual 

cycle, 1n this section, a brief account is presented on some ot the 

longer-term changes which have occurred at the Hillcrest .site over 

a seven-year period, with particular emphasis on the succession 

of forms. 

Changes in the Flora (Reier to Tables 11, 12, 13, 14.) 

1n August 19661 Trtfolium repens covered 45% of the total area. 

This cover was reduced rapidly to 3CY-' tn August 1968, to 7~5% in 

August 1970, and 2, 7% by February 1972, Soft grasaea auch as 

Agrostte ruantea, Agrostts tenuts, Anthoxanthum odoratum, Lolt\UJl 

perenne and Poa annua changed tn total cover from 43% (August 1966) 

to 56% (August 1968), then reduced to 46% (August 1970), and 15'.'' tn 

February 1972, ln all probability, the initial tncreaae 1n cover was 

a respcn.ae to the removal of mowing from the area. Perennials and 

coarse grasses had a combined total cover of less than 10% of the area 

in August 1966. By August 1968 they had tncreued to 12%, tncreased 

to 45% tn August 1970, and tn February 1972 covered 74% of the total 

area. 

The total plant species on the site tn September 1966 numbered 

30. By September 1968 the total was 31 • Bromus untoloid.ee had 

introduced itaell. By February 1970 the total number was 29. By 

Febnaary 1972 the total was 25, but of this total on\y S species 

covered tndivtdually 10% or more of the area • Achtllea mtllelollum 

12", Aestta tenut.a 10%, Bromua untolotde• 12%, Holcu.s tae,.tu 54% 

ancl Ranunc'11"8 aardous 11%, All other species present were there as 
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a trace onq or lea& than 10%. 

By contrast, the area adjacent to the Hilles-eat site had changed 

by no stgntftcant amount over the seven years, and retained tn 1972 

•tmtlar numbers of plant species with similar percentage cover by 

each species. 

Just why this change has occurred in the Hillcrest site is difficult 

to ucertain. Little change occurred tn pH levels during the 7 year 

pertod, no chemicals were applied to the area and no grazing or mowing 

occurred. A.G. Campbell, Ruakura Agrtcultural Research Centre, 

(personal communication• 1972) has suggested the possibility of 

germinatton.tnhibittng external metabolites preventing the growth of 

Tr1folium rel?!:ns. No work was done on this aspect by the author, 

although $OIDe workers (Y:l all work, 1970) have mentioned the effect 

of external metabolites on root growth. 

This author favours competition for space as the major factor 

which has effected the change and produced a succession on the 

Hillcrest site. Holcus lanatus has a growth pattern unlike the other 

Sl)ectes present at the site. It persists throughout the year and 

makes its maximum growth tn late October and November. lt spreads 

vegetatively by means of short stclona, thus a coll&tant supply of 

nutrients and moisture te available to young growth. lt ts taller 

than most other plants on the atte during the spring period and 

exerts tntluence through shading. As growth elows down durtng 

the eummer, erect young stems and their leaves become prostrate 

smothering out young plants of annuals and soft grasses. The result 

of thts ts to reduce the apace available for seed germination and the 

growth of young Ned11.nge, However, where Ranun.culwa H£4o'M i8 

pnaen.t as a dente growth of vegetative atolon.a Hf?leua lpatl.y! does 
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not smother growth. It has been observed by the author that after 

the collapse ot Holcu stems and leaves, Ranunewua grow• up through 

the litter lqer produced. OV'ington (1950) investigated the invasion 

ot abandoned pastures by Holcua mollts L. in Scotland.. 1-le found 

that HQ19!§ mollts was able to grow effecttvev- under large amounts 

of vegetation refwse,, unlike the other major grass present (Deechampfia 

flexqoaa L.). 

lt ts concluded that Holcus lanatus, with its growth habit 

stmtlar to H. mollts I would have a similar smothering effect. This 

effect, together with the general growth tn height and breadth of 

other plants on the Hillcrest site, ts suflicteut to account for the 

effects observed over the 7 year period of succession. 

Changes in the Fauna 

The soil beneath an old grass sward, except in the tmmecl1ate 

vicinifaY of the surface, constitutes a very stable environment which 

ts not subject to large or sudden alterations tn conditions. The 

dumges exht.btted by the fauna are therefore more 11.keq to be 

responaea to the cumulative tnlluence of emall varf.a.tto11S 1n a number 

ol fadOra than to the ove"1.dtng effect of large changes tn a str,.gle 

factor. Neverthele••• the complexity of the eotl as an envtronment 

makes tt vtrtual~ tmposetble tn field studies to take tnto conet.4eratton 

all the variables which might conceivabb' tnfluence the nature, size 

or distribution of the mtci-oarthropocl fauna. Fvther progress ta 

the v.nravelling of these relat1oubips ta ualike9" to be made until 

the behaviour of tndtvf.dual apectee tn relatton to 81ngle envtron­

mental factor• has been more tul~ determined under controlled 

coll.dtttou ln the laboratory• 

1n August 1966 at Hillcrest, under ehort pa~e conclitt.ou, 
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burrowers conaUtut.ea 36% of the t.otal populaUon, litter.dwellers 

CAcartna and Collembola) 131,, M.ollusca si, 8Ul"tac:e-dwellers 5%, 

Kara'btd lanrae 2%, ltratiomyid larvae 17%, and all other groups 

totalled 23%. 

tu Au.gust 1968, the pasture composition had changed tn height 

and lUter depth• while coarse grasses had tncreaaed their extent c,f 

cover• The percentage figures for this period were t burrowers 44%, 

litter.dwellers 15%, Mollusca 1%, surface-dwellers 4%, scarabtd 

larvae 5%, strattomytd larvae 26%, and other gl'Oups 5%. 

The summer ol 1968-69 exhibited moderate drought conditions 

and the number• of fauna in several gn,ups received a set.back, 

which ls reftected by the percentages of those groups near to the 

soil/vegetation interface, Thus, in 1970, burrowers constituted 

29% of the population (down 15% from 1968), litter-dwellers 11~ (down 

2%), ?violluca 1% (dcwn. 2%), surface-dwellers showed no change at 

4%, scarabtd larvae 2% (down 3%), but strattomyid larvae increased 

to 29% (up 3"', while other groups increased to 2.4% (up 19%). 

Mr. c. Wilcock•, Ruaku.ra A.R.c., (personal communtcatton, 1972) 

recorded thta change in atn.tiomytd populati.On, aa did W. Kain, 

Rua.laara A.R.C.,(penonal comm:un.tcation, 1972) tn scarablds. 

The laat nrvey tn the eerie• (Febl'118%'Y 1972) showed that 

aome groups had recowred to their pre-drought populatton levela. 

For example, lltter-dwellere reached 11%, ?vtolluaca 2% and 

av.rtace.dwellers 3%, and other groups 18%. The low ftgures for 

bu:rTowere (4%) atte aecounted. tor if the time of year ta con8lclerec1. 

1Jl February, moat cneUds, partl.CU1ar'.br. Luq:abrieg nibellg. haw 

'tfUhdrtawn to depth.e gNater than the depth to whtch the sample• were 

taken, No ecarabid lawa• were. obtained. ill the Febl"Wl.lY samples, 
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although larvae were present 1n samples from the area. adjacent to 

the Hillcrest site. The great1¥ increased numbers of stra~d 

lanae (62¾) are part of a general in.crease ex:pertenced by other 

areas (\V'ilcocks - personal conmnmtcation• 1972). 

The ata.temeute made so far would indicate that no great 

changes occurred at 1-ltllcrest tn the composition of the fauna over a. 

7 year period, Changes have occurred in fioral composition, 

however, and the effects upon the fauna of increased cover can best 

be illustrated thus t 

FA UNAL COMPOSlTION • lULLCR.ESJ; 

A,ND N,EWSTEAP1 FEBRUARY, 1970 

(Figures gtven are to the nearest percent) 

Hillcrest Newstead 

ButTOwers 27 30 

Litter-dwellers 12 4 

Mollusca 5 0 

Surlace ... dwellers 10 3 

Sea.rabid. larvae 6 16 

Stratiomytd larvae 34 38 

Others 6 9 

It would. seem that those groups at Newstead most affected by 

the lack of vegetation and litter cover are those ltring close to the 

surface, t.e., lltter .. dwellere, euri'ace ... dwellers and Mollusca. All 

three SJ'OUl>• show a marked drop 1n numbers when compared with the 

HUlc:ren lite. Burrowers show little comparative dtltennce 1n 

popalatton and neither do etraUomytcl larvae111 Sc:e:.rabt.d lanae an 

greater tn popwatf.o1'l. l,)(!l'centage at Newstead than l·Itllcnet. Both 



Page 112 

Fenemore (1966) and Miller (1921) menttoa that preference for 

O'ri.t>O•lttoa ta adult acarabld.e tn abort pasture. The vanatton in 

number• cou14 perha.pa be explained tn the two eitea U vegetation 

length ta con.aiclered •. 



Page 113 

SUb..iM.ARY 

umg-term change 1n the biota at Htllcrest ta apparent onb' 

in the flora. From a short grass pasture of stable composition, 

rapid progreseton occurred to a few dominant forms of plants. 

The author suggests that the succession t.n the flora ts due to the 

domt.natton of low.growing, less vlgoro\18 plants by tall shade-producing 

plants which smother young growth. The baste composttton of the fauna 

remains unchanged after a 7 year period. Short.term effects mq 

occur wt.th unla-vourable low moisture condltione at the surface, 

pal'Ucular\y upon surface-dwellers, but t.o some extent the ellects 

ol deatccatton are ameliorated by the maintenance of a strong covering 

of vegetation and t.ta associated litter la.yer. 



TAl~LE 10 
CHANGE OF FAUNAL COMPOSlTlON - IIILLCREST - 1966-1972. 17igure given is percentage of total 

fauna for sampling time. 

9 6 8 l I 

1966 ] 9 6 7 1 1 9 6 9 1 9 7 0 I 1 9 7 1 
I 

A F A F A F A F A I F A 
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I ,urn hric iclae 33.06 31 . 10 4l. 60 7.79 36.36 11 .47 , 23. 83 24.90 23. 01 
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! 11. 18 20.76 
I 
I 

IE,1chvtraeid _c; 3.14 3.SO 3.83 1.86 7.27 2.05 5.22 2.02 S.84 2. 12 4.52 I 
I ~ I 

l'-~o llu sc.:1 3.26 ! () 2'1 I 3.82 o. 19 0.53 0.68 : 2.83 5.54 2.13 1.35 4.27 I 
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I I 2.57 ! I 3.66 Co llem bola 0.93i l.51 0.35 1.30 I 3.25 2.18 3.11 2.02 I 3.30 I 

I I 

I 
1.23 I 3.28 I Sta phylinid.:1c 2. S6 J 

7.54 I 2.20 5.19 1.95 4.28 1.41 2.02 1.10 
I 

I 

0.46 2.97 : 1.3s I 3.66 I Car .. 1 bid,ic ndu lt 0.82 j 2.49 : 0.65 2.40 , 0.76 3.73 1.71 
I : 

I I I 

Sc.:1 ral>idac I 
I 

1. 751 
,, --, I 1.27 4.08 6.23 3.26 I s.66 6.54 1.91 1. 54 0.48 

L1nae 
,) . / ,) I 

! I 

I I I 

Slr:ll IL'tll_\' icl:ll' I l I 
16 r-) I Ir -- 8.L6 I 38.40 , 2S.'.:)8 38.53 : '26.77 33.61 29.L..0 34.88 33.94 

ldl-V,ll' 
I • :J,) _ __). / / , 

I I I I I ; I I 

L.. -L I 
l I 
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I 

Others 23.05 l.Ol 19.82 ! 7.7CJ 5.19 l 1 . L..8 ' 20.02 5. 10 I 22. 56 ; 15.98 21.L..9 
I I 
I 
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0.63 

0.32 
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I 
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I 

6JL I 
I 
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Pl 

(JQ 
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.j),. 



Page 115 

CHANGE OF FAUNAL COMPOSITION - HILLCREST 

B Burrowers 
L Litter dwellers 
M Mollusca 
S Surf ace dwellers 
Sc Scarabid larvae 
St Stratiomyid larvae 
0 Other groups 

Sectors show percent of total 
fauna for each sampling time. 

FEBRUARY 

1966 

1967 

1968 

1969 

B 

48·43 

AUGUST 

\ 
1 
i 



1970 

1971 Sc 

St 

61·83 

1972 

FEBRUARY AUGUST 

Surface dw..:-Llcrs Staphylinidae, Carabicl.:ic, Formic1dac 
J\rane ida. 

Litter dwelLcrs 1\carina, Collembob. 

Hurrowcrs Lumbricidac, Enchvtraei<.foc. 



LONG.TERM EFFECTS OF 
SECTION g t VEGETATION 'R.EMOVAL 
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From an examtnatton or the three photograph.a which follow, 

tt can be seen that when ngetatton ts not eyatemattcally removed 

from all area, tall growtng plant• of a few species dcmtnate and 

111PPN•• rosette form•, annuals and soft grasaes. 

The pasture on. the Htllcreat site {September 1965) before 

endofNl'e• when mowtng was matnte.ined.1 consists of Achilles. 

~ t Ceiuttum S!!!!':?ratum, Loltum peremie, Me!l!h! pu.lestum; 

P~E lanceolata, Ple!!Jf? majgr, Poa aAn\la. and Trilolium "2!!!!• 
Litter i8 abaen.t and the II.eight of vegetatton does not exceed 4 cm. 

By September 1968, alter enclosure and the cessation of 

vegetation removal, fewer apeciea occur at the site - the majortty 

bemg tall growtng species. Achtllea millefoUum produces a tall 

p,owth form. D:!£!Ylls. s1!3!!rata forms dense clumps• while Lolium 

P!reta.ne and Apetia ten.uta, although growing strongly, have a firm 

~ of Ronyneul9 ao.rdoua., Rumex obtusifolium tonne clumps. 

The DMe«A height of wgetatton ts 45 cm, although clumps Ulf.\Y grow to 

70 cm. The mean litter depth ts 4 cm. 

By contrast, an area 1mmed1at4!ly adjacent to the Htllcrest 

de Ntalna 1D Auguet 1972 e•aenttally the aamc structure and 

eompo•ttkm. as d1d the Hillcrest aUe in September 1965. Vegetation 

NDDOval by tyetematte mowtD8 bae auppreaeed. tall growtog plants. 

Utte~ u abMn.t and the ut.;h, of vegetation cloea not exceed 4 cm. 

Tboae •pitlde• pfteen.t are Achtllea iqtlletol!'!!, Cera8tt.um sJeratum, 

l\ne! · !!• Lo!!E pennne, M~,wt,ee, P!PJW 

JeeelfM, Pff !!!:!:!! o4 IntotJum "P!!!• 
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KEY: A annuals 
C coarse grasses 

CL clover 
p perennials 
R rosettes 
s soft grasses 
T trace 

Achillea millefoliwn L. 

Agrostis gigantea Roth 

Agrostis tenuis Sibth. 

Anagallis arvensis L ~ 

Anthoxanthum od.oratum L. 

Bellis perennis L. 

Bromus unioloides (Willd.) Beauv. 

Cerastium glomeratum Thuill. 

Cirsium vulgare (Savi) Ten. 

Crepis capillaris (L.) Wallr. 

Dactylis glomerata L. 

Hokus Lanatus L. 

Hypochaeris radicata L. 

Lolium perenne L. 

PLANTS - PERCENTAGE COVER 

SPECIES MAXIMUM FOR EACH YEAR 

I.O 

~ 
.-1 

p 7.80 

s 0.10 

s 37.60 

A T 

s 0.05 

F o.os 

C Nil 

A 0.40 

R T 

K T 

C 0.14 

C 0.72 

R 0.09 
,... 1.75 .:, 

t"'-
1.!) 
O'I 
.-1 

6.84 

0.14 

50.04 

0.09 

T 

0.01 

0.09 

0.05 

T 

1.42 

1.33 

0.95 

0.09 

2.08 

co 
~ 
.-1 

12.18 

o.os 
45.88 

0.01 

T 

T 

0.14 

0.03 

0.01 

1.04 

0.24 

1.16 

0.14 

2.00 

O'I 
I.O m 
.-1 

10.29 

0.01 

41.71 

T 

Nil 

T 

o.85 

0.03 

0.02 

o.os 
0.18 

2.00 

0.09 

5.04 

(Grouped as per Allan, H. 1940) 

g 
O'I 
.-1 

15.12 

T 

35.55 

T 

Nil 

T 

1.24 

0.01 

o.os 

0.52 

1.09 

2.38 

0.07 

1.49 

...-1 
t"'­
O'I 
.-1 

16.24 

Nil 

27.72 

T 

Nil 

T 

13.15 

T 

0.05 

T 

4.29 

7.19 

0.04 

4.95 

N 
[' 
O'I 

15.52 

Nil 

10.94 

T 

Nil 

T 

15.20 

o.os 
0.05 

T 

0.47 

58.10 

T 

4.37 
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Lotus uliginosus Scb.kuhr 

1 ... 1entha pulegium L. 

Modiola caroliniana (L.) Don. 

Paspalum dilatatum T"oir. 

Paspalum paspalotdes Scribn. 

riantago lanceolata L. 

Flantago major L. 

roa annua. L. 

Frunella vulgaris L. 

Ranunculus sardous Crantz 

Rmnex obtusifolius L. 

Solanum nigrum L. 

Soliva sessilts R. &: f'. 

Stellaria media (L.) Vill. 

Taraxacum officina.le \'! eber 

Trifolium repens L. 

Veronica sepyllifolia L. 

CL 

p 

A 

C 

C 

R 

R 

s 

I' 

~ 

T-' 

A 

A 

A 

R 

CL 

r 

0.40 0.09 

12.20 9.45 

o.os 0.05 

0.10 0.10 

0.36 0.36 

0.30 3.00 

0.10 1.33 

0.24 0.38 

0.30 1.47 

0.80 0.43 

2.48 4.67 

0.28 0.20 

0.10 0.05 

T T 

0.20 0.62 

40.00 27.80 

T 0.04 

0.92 0.71 2.81 3.05 2.39 

1.46 0.33 0.19 0.41 o.os 
0.09 T T T T 

0.05 o.os 0.09 0.33 0.24 

0.48 0.33 2.33 o.48 0.43 

2.42 0.24 1 .. 00 0.48 0.38 

3.23 0.29 0.09 o.os T 

o.os T T Nil Nil 

0~09 0.01 T T T 

0.24 4.73 6.17 13.84 18.82 

2.76 5.61 3.14 1.33 2.71 

0.16 0.13 0.10 0.12 0.14 

T T Nil Nil Nil 

T T T T T 

1.24 0.81 0.96 0.09 0.09 

27.40 25.83 27.42 6.19 1.43 

T T T T Nil 



TABL'E 12 

FLO'RA .. PERCENTAGE COVER 

.. Maximum for January /June t 
..., ..., rt, f ~ a, 

• absent from samples 
Cl) Cl) «:I .. f f [-... f~ CUN (IJ C',l 

T trace only ti r--,. ~6' 
a, a,N 

u t,?. ~~ 1f1:1S; Xey + increa.se = ..-1 ;. °' ij .-1 •'4 .... GJ .-1 ~ GJ t-4 - decrease :::c: ::r z f-4 :i o no change 

yarrow I 

Achillea millefolium L. + 1.ao 15.12 • • 7.50 

redtop 

Agrostis gigan.tea Roth - 0.10 Nil • • 0.05 

browntop 

Agrostis tenuis Sibth - 37.60 10.94 21.00 20.00 35.00 

scarlet pimpernel 

Anagallis arvensis L. 0 T T • • T 

sweeet vernal 

Anthoxanthum adoratum L. - o.os Nil • • 0.01 

daisy 

Bellis perennis L. - o.os T 2.00 1.00 0.09 

prairie grass 

Uromu.e unioloides Beauv. + Nil 15.20 • • 0.01 

annual mouse-eared 
chickweed 

Cerastium glomeratum "fhuill - 0.10 o.os 3.00 • 0.09 

Scotch thistle 

Ctrsium vulgare Ten, + T o.os T T T 



I 

! 

I 

hawks beard I 
I 

Crepis capillaris L. I 
i 0 

I 
> : 

cocksfoot '· 

: 

Dactylis glomerata L. + 
: 

I 

Yorkshire fog 

Holcus lanatus L. + 

cat's ear 

Hypochaeris radicata L. 

perennial ryegrass 

Lolium perenne L. + 

lotus major 

Lotus uliginosa Schkuhr + 

pennyroyal 

Mentha pulegium L. 

creeping mallow 

1 Modiola caroliniana L. 

paspalum 

Paspalum dilatatum Poir + 

Mercer grass 

Paspalum paspaloides Scribn.i o 
i 
i 

T T T o.os 
I 
i 

I 
i ' i I 

I : 
; I I 0.14 ! 0.47 • • ! ' ! I 

' 

o. 72 ;58.10 . • • 

' 0.09 · T 0.05' 0.01 

1. 75: 4.37 30.00 :30.00 
' 

I 

0.40' 2.39 

·12.20. 0.08 

0.05 ! T 
: 

i 

• • 

• • 

• • 

f 
I 
i 

' I T 
I 

' : 
: 
I 

! 
0.15 

i 

1.00 

1.00 

1.80 

0.38 

11.57 

0.08 

: . I 
0.101 0.24:10.00t s.oo 0.20 

' ! ~ 

I ! 1 

: 

I 
I 
I 

0.36 0.43140-00 • 
! I 
! I 
i 
I 

0.40 

narrow-leaved plaittatn 

Plantago lanceolata L. 0 0.30 
I 

0.38 20.00,16.50 0.32 
I 
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broad-leaved plantain 

rlantago major L. - 0,70 T 0.10 0.1s o.68 

a1mua.l r0a 

roa annua. L. - 0.24 Nil 0.08 0.10 0.20 

sclfheal 

T"runella w.lgaris L. - 0.30 T • 0.02 0.28 

ha.by buttercup 

t.anunculus sardou.s Crantz + o.oo 18.82 • • 1.00 

broad-lca.vcd dock 

r:umcx obtusifclius L. 0 2.48 2.11 • • 2.50 

black nightshade 

5olanwn nignun L. ... 0.28 0,14 • • 0.30 

Cnchunga weed 

Soliva scssilis R. and I''. - 0.10 Nil 2.00 4.00 0.10 

chickweed 

Stellaria media. L. 0 T T • • T 

dandelion 

Ta.raxacum oflicinale Weber - 0.20 0.09 7.00 5.20 0.22 

white clover 

Tri!'olium rcpe11s L. - 40.00 1.43 30.00 40.00 41.00 

turf speed.well 

Veronica serpyllif'olia L. - T Nil • • T 
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1966 

1967 

1968 

1969 

1970 

1971 

1972 

CHANGE ('lF VEGETATION COlv.POSITION - HILLCREST 

Figures indicate the percentc.1ge cover for cac-h group 

Annuals 
Coarse Clovers Perennials Rosettes Grasses 

Feb. Augo Feb. Aug. Feb. Aug. Feb. Aug. Feb. Aug. 

. 0.46 . .0.53 . 45.35 • 6.30 . 4.15 

O.L~O o.oo 40.48 21.10 0.42 
0.33 2.15 27.80 13.29 3.31 

0.09 3.25 22.17 25.23 10.10 
0.15 3.90 30.25 8.62 1.14 

0.05 4.32 23.47 20.81 2.00 
o.os 11.89 29.70 15.37 1.91 

0.05 6.17 25.20 29.13 5.50 
0.29 126.73 7.41 18.36 1.62 

0.00 25.11 9.24 31.41 1.57 
0.00 51.88 5.20 12.19 0.54 

0.00 . 52.45 . 1.12 . 31.08 . 0. 1 S . 

Soft 
Grasses 

Feb. Aug. 

. 43.21 

37.60 
53.12 

38.61 
55.94 

49.30 
41.13 

33.95 
45.59 

32.67 
30.19 

15.20 . 

'"'d 
~ 

(JQ 
(!) 

-Iv o~. 



TABLE 13a Page 127 

CHANGE IN VEGETATION COMPOSITION - HILLCREST 

A Annuals 
C Coarse grasses 
CL Clovers 
P Perennials 
·R Rosettes 
S Soft grasses 

Sectors show percent cover. 

1966 
A 

Cl s 

1967 
A 

s 

55 ·94 

1968 
A A 

C 

11 -89 

23·47 Cl 

49·30 
29 7 

p 
I 

I 
I 

/ 

1969 

FEBRUARY AUGUST 



A 

25-11 

C 

52-45 

Cl 

FEBRUARY 

1970 

1971 

1972 

s 

s 

30·19 

A 

C 

26·73 

C 

51-88 

AUGUST 
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SECTION 10 1 THE SEQUENCE OF THE FLORAL 
SUCCESSION AT HILLCREST 

Upon the floral distribution diagrams (1966-1972) a grid overlay 

was plotted using 5 quadrats (2 m x 2 m) at right angles to the 

advancing front. 

The south-west corner (quadrat A) in 1966 was dominated 

by white clover (Trtfolium repens). Qua.drat C was on the front and 

Qua.drat E was do1ntnated by browntop (Agrostts tenuis). 

By plotting the species change for February of each year 

(1966-1972), the aequence was shown for each quadrat. The 

succession was shown to be as follows a 

1. Yarrow (Achilles. millefoltum), broad-leaved plantain 

(Plantago major) and white clover (Trtfoltum repens) are 

the dominant species when the pasture is short. 

2. 'Pennyroyal (Men.tha pulestum) replaces broad-leaved plantain. 

3. Browntop (Aestta tenuis}, perennial z:yegrass (Lolium 

perenne) and cocksloot (Dactylis glomerata) replace yarrow 

and pennyroyal. 

4. Yorkahire fog O{olcus lanatua) and Paspalwn paspaloides 

replace white clover and cocksfoot. 

S. 'Prairie grass (Bromus uniOloides) replaces Paapalum 

:pypalotdea and perennial z:yegrasa, culminating 1n a pasture 

dominated by l>rowntop, prairie grass and Yorkshire fog. 

lt ebould be noted that where creepillg buttercup (Ranunculus 

eardou) has establtehed as a dominant, replacement dces not seem to 

occur, but acme over.growth of Yorkshire log doee occur to produce 

co.dominance. 

The mean rate of adTance of the vegetatton Iron was 0.99 m/year. 
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THE FLORAL SEQUENCE 

AM PM TF 1966 

I I I 
I 
i 
t 

AM Mr TF 

~ / 

,/ 
/ 
/ 

AT Lr DG TR 
I ~ / I 
; 

/ ~ 
AT LT" F'P HL 

I 
'\ 

/ I ' " " 1972 
AT nu HL 

I 
RS 

KEY -
AM Achillea millefolium yarrow 

AT Agrostis tenuis brown,..top 

BU Bromus unioloides prairie grass 

DG Dactylis glomerata cock3f0ot 

HL Holcus lanatus Yorkshire fog 

LI' Lolium percnne perennial ryegrass 

MP Mentha pule_,.,ium pennyroyal 

FM Plante.go major bread-leaved plantain 

pp Paspalum paspaloides Mercer grass 

RS Ranunculus sardous creeping buttercup 

TR Trifolium repens white clover 



VEGETATION SUCCESSION - HILLCREST 

1966 -1972 

KEY TO MAJOR GROUPS 

cccccccccc 
cccccccccc 
cccccccccc 
cccccccccc 

YYYYYYYYYY 
YYYYYYYYYY 
YYYYYYYYYY 

Achillea millefolium 

Agrostis tenuis 

Bromus unioloides 

Dactylis glomerata 

YYYYYYYYYY Holcus lanatvs 

Lolium perenne 

Mentha pulegium 

Paspalum paspaloides 

Plantago major 

Ranunculus sardous 

Trifolium repens 

Vegetation front 
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HILLCREST PLOT • MOVEMENT OF VEGETATION FRONT 

A. Distance (metres) from North-East Marker and Percentage 
Increase of Distance 1 

1961 ~l 
1968 ~! 
1969 ~I 
1970 ~x 
1971 ~! 

West Centre 
Dts. % Inc. Dis. 

6.5 • 6.5 
9.0 38.0 7.5 

11.0 18.0 7.5 
11.0 s.s s.o 
11.0 o.o a.o 
11.0 o.o s.o 
11.0 o.o 9.0 
11.0 o.o 9.0 

11.0 o.o 9.5 
11.s s.s 10.0 

F • February 
A• August 

% lnc. 

• 15.S 

o.o 
6.7 

o.o 
o.o 

12.5 
o.o 
s.s 
5.3 

F.ast Dis. ~~ Inc. 
Dis. % Inc. Mean Mean 

6.5 • 6.5 • a.o 11.0 a.2 21.s 

8.5 6.2 9.0 a.1 
11.s 35.3 10.2 15.8 

11.s o.o 10.2 o.o 
11.s o.o 10.2 o.o 
11.5 o.o 10.s 4.2 
11.5 o.o 10.s o.o 
12.0 4.4 10.8 3.3 
12.0 o.o 11.2 3.6 

B. Distance (metres) which Front has Advanced: 

1967 ~! 
1968 ~ 

1969 ~! 
1910 ~I 
1971 ~x 

West Centre 

• • 2.5 1,0 

2.0 o.o 
o.o o.s 
o.o o.o 
o.o o.o 
o.o 1.0 
o.o o.o 
o.o 0,5 
o.s o.s 

F • February 
A• August 

East Mean 

• • 1.s 2.10 

o.s o.83 
3.0 1.16 

o,o o.oo 
o.o o.oo 
o.o 0.30 
o,o o.oo 
o.s 0.30 
o.o 0.30 

Total Advance 1 4,99 m 
Mean Rate a 0,99 m/year 

Distance 
per year 

• 2.10 

) 1.99 ) 

) o.oo ) 

) o.30 ) 

) 0.60 ) 
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SUPPRESSION OF TRIFOLIUM REPENS BY 
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SECTION 11 t sot1n COMMON FAUNA 

Elatertdae (p._ 166) 

Adults occur during November /January at the 3 sites, but never 

fn great num~•~ The maximum number recorded waa tn January 

(15,000 per ha). The mean length for 54 specimens ts 12-3 nun, 

wt.th a range of 11.1-13.2 mm. Eggs occur in the t.op 1 mm of soil 

dur1ng November/January, but not tu great numberth At Hillcrest, 

lan'ae have a mean monthly population ol 77 ,ooo per ha, with a 

January maximum of 178,000, and a late November mirdmum of 14,000 

per ha., They are uniformly distributed through the top 5 cm of soil., 

The mean length for 75 larva.e ts 21 .. 1 mm with a size range of 

17.0.23.2 mm. No a-pparent dam.age to pasture could be observed, 

but damage to agrt.cultural i'00t crops ls reported tn Brttatn (K\\hnelt, 

1963) where it ta rega.t."ded u an ta)portant pest. Feeding trials with 

lal"fte o.1ld adults by the author ustng pasture plan.ta from Hillcrest 

were uneuccessfU.l. 

Carabtdae (p.166) 

The adult earabida colleded du.rtns the perlOd of suney lived 

on the aoU surface amonget the acc.umutllted. leaf Utter, while larvae 

occun-ed tu the 0.1 cm level of the aoil, retreating to 1.2 cm tn June. 

Egga a.re found bl clumps ol 10-15 jUt below the soil wrtace durtng 

November/Jan:uary, wt.th the greaten number• of ch&mpa 'ltl December. 

Larvae haw a mean monthly population of 67 .ooo per ha, With the 

maxim\lm (99,000) in March, and the mtntmum (27,000) ta JW3• Adult4 

ha.ff a mean moathly populatton of 54,000t a December nwd.mum of 

96,000 peli' ha a.ad a Jul¥ mtn.bD\lm,,ol 25,000. FeecUna experiments 

lit. the la'borator:, by the author ahow that both the laft'O.• and adult• 
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led rea.d"1 on whole small lanae ot CoatelYtra. zetsJandtg and 

tntvated L9!l>rlcus nibellu. 

~o•t•\nrt eea!et!s• (p.167) 

Thta endemic scan.bid. feeds in the soil d\U1ng the larval stage 

oa the roots of :moat paeture plan.ta 0.-iiller, 1921). The author has 

found that larvae an not associated with dense clumps of Mentha 

pulegtum at any of the 3 aitea. By A1lgll8t1 most lal"Vae have entered 

the ltna1 to.star• and pupate 12 cm below the soil surface to emerge as 

ad.ult& tn October. The main emei-gence occurs in October and November, 

but pupae have been found at Newstead tn early h.iarch. Small larva2 

occur deepest tn the sot1 (down to 15 cm), but tbe larger the larvae 

are the cloaei:- they come to the aurface. At Hillcrest, larval number• 

show a mean ~ ftguN of 5101000 per ha, with a maxunum ol 

716,000 per ham. April, and a minimUm of 25,000 per ha in October. 

Numben ot 1.3 :million.a per ha have been recorded at Htllerest. 

PopulaUon ftsure• are similar at Tamahere, but at Newetead populations 

are Ulll&D,- 1CT.- lower than the oth.ei:t 2 sttes during summer. Fen.emore 

(1966) COUl4en that where heu,y 1nfeatattona ot larvae occur, shallow 

rooted puae• are elirnt.nated and weede rap1dly become established tn 

put.'IIN•· 

£!'.!fPNlHJts!J!t!!! (p.167) 

nt.t u the larae•t ot Mftl'al a-pect.e.s of •ta~lintds ncovered 

on tu•-• lt ts rudt.\v recoptsed by 1.t• black colour, ahol't e~a, 

oftnge QOtl ,oatenor- to each eye, and the 1'1&D&eat odour when 

dlat\a'be4• Tbe meaa length ol 28 apecilileU recovend. waa 12.S mm. 

1:t ~ ta ..-face lt.ttai- au clown co 4 cm d.epth., It ta not foun4 on 

the nafac• at Newetead and T~n ~ Janur., • F•lwwur7 and 
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March. The author has obaened ~reoP!!:ilus teedm,g on dead Lt.max 

maxtmus ud Lumbrleua rubeUue. A mean monthl.y population at 

litllc:reet ta ~1,000 per ha, wt.th a. maximum In March of 568,000, 

and a mtnt.mum ill October of 114,000 per ha. 

Jllal!He!!!Jtx. zelandtae (p. 156) 

Thie ame.11 endemic snail ta found occasionatbr during a.utumn, 

wt.nter and s'Pl1,:llg at ltillc:reat1 N~wetead and Tamahei-e. The pale 

yellow.bl"O'WD. helt.ccid shell hu a mean diameter ol 3.2 mm and a 

mean height of 1.,1 mm (62 specimens). The body ts medium grey 

with wht.te apecb dorsally, whUe the underside of the "foot" ta cream. 

Little ta knowa of the ecology ot lJM!.llaeoheltx but Powell (1957, p.189) 

suggeats t1'al U teede on fineb' COIDJQtnuted teat fragmen&e and aotl 

algae-. Egg dumps were obsenecl once only, 1n June. Live individuals 

are loun4 uad.er teat litter on the surface of the soil, but bleached 

ahella are N!CO\"eNd dl&rtng the aummer from the top 2 cm of soil. 

Numbera (e · o~) may be about 1,200 per ha at Hillcrest. 

AiJ!1el1!!H ~ (p.155) 

nu. u; the CCIIDDlOn grey ftelcl alua, introduced fl"01D Europe. 

The exta.4.ed t.qth ta 3-4 cm. The mean length of 67 eluga collected. 

-.. 3,6 cm. Colour ta variable from "blue.black 1D white, but ueually 

te lft\V•l>ftwn. to bl'OWIU8h.yellow. The mon.t'h\y mean. at HtllcNat ta 

100,000 per ha., but ihe maximum (No.ember) mq 'be 1. 3 mlllton• pe1." 

ha. Bo-~ at the baee of wget&Uon clump• OCCIP"• at Htllcrelt 

tb.ro..,_ tu year except tori January, February and Mardi, and 

reachct• • IIIIDdnl'llln in late November. 97~ are .found m th.e top 8 cm 

of aoU ~ aa Januar., to March W'he1l popu.latMm a11111ben are 

Nduced.. l.l«llham ud Hater (1970) mte that Ae1fl!m•f can off1et 
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high deple'don rate, due to dro'Qflht and frost by their hlgh rate of 

Npro4ucUoa. During summer, there t.a a tendency tor aureaatton 
un.der the deue•t la;yera of Utter at Htllcreet, where moU"Nre content 

t.s hiatwst. Pallant (1969) reports that in Brtttah woodbnul 11 food 

eoutsts of 53,4% Jeunculus NJ:?!na, 23.9"/4 Urttca d.tolS!• 12.31 .. sraaa•• 1 

21, 2% arthl"Opodt (aphids, small diptero) and t11e remainder other 

vegeta'tton., Th.is e.uthor has observed Agrtolimax acttvely feedtng on 

leave• of ~anuncw.us ap.t"dc119 just after ltght ratn tn April. 

Helix ME!"~ Ci,.155) 

The e.ommon garden suail, tntrocblced from 'EUl'01)8, ts more 

n.wnenn1s at Newstead and Tama.here (12,000 per btJ) ta. November 

than at Uillene:t. Here it is sporn.dic 1n oeC'IJlTen.ce but does not 

attain mo,:-e than. 2~000 per ha at al\Y time. lt ts a sm:face-dweller 

euttrely, and hu been obaerred by the author to feed on young leaves 

of TnfC?li\1111 J'eP9f ~ ftower.heads 8l'.ld giteen capsules of Ranunculus 

eardou, although c,ccaatonally youna flower stems of ,flan!!:&!:? 

lanaiolf!e an removed at gn,--.4 level. Major egg-1,qt.ng occurs 

1n Novembu; b1d there may ta .t0me 1'ear1¥ eprtng• yean be a mt.nor 

nzrae ol lqing ta late Augult. 

A!Jel!hodt:P!! MJ!smou (probabli, foffJI !F&J>!ZOtde8) (p.154) 

1'ke extetw1ed length of mat&D'e worme ts 4-10 cm. The mean 

1eaath of 2(X') ape.dmen.a collected. at Rtllcre• WU 8.9 =· The 

l&J'.dUtR' a4 is ptnktah. end the poatel'tol"· end le SNY' w1.l'bout the sheen 

oa the 4fflrw ..-lace obaerved in L•!?!:l!l'! £¥bellH• It oecut"e to 

.eoine &tpth ta the toil, but t.a fo'1D4 t;ypt.cal\y down to 30 cm. The 

majonty •• toll'ftli ta the 12-29 cm level. Cocoona are pale yellow 

4-u-... to aNea at each .a.. The nrtace of the cocon. le Sll'lOOd& 
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without ftbrea. 120 cocoons were measured givtng a mean length of 

3.5 mm, mean width of 2, 7 mm, and a length/width ratto of 1,3 mm, 

Evans and Guild (1947) have obtained similar figures tor samples 

eollectecl. in the United Ktngdom wheiie Allolobophora ts endemic, The 

maxtmum number of cocoons oceura tn Oetober and the minimum in 

Febru.ry. \\tater• (1955) records populattons of 7 million per ha 

under New Zealand perennial ryegrasa and whtte clover paeture. The 

num.bert at Hlllcreat show am~ mean of 3, 17 m111tons per ha, 

and a maximum of s.6 millions per ha. tn November, Similar numbers 

occur at Newstead although January to March figures are less than. 

at Hlllcrest, Food conatate of dead roots and herbage. 

Ltmax. maxtmu (p, 154.) 

Th.11 large ttger slug wu •poradtc Sn occurrence at Hillcrest. 

The exteD.d.ed length of 54 slugs wu 10-21 cm, with a mean length of 

16 cm, lt was reported by Runham and Hunter (1970) that it feeds on 

other 1lugs, but will eat other food including fwigt and deca;ying matter• 

It bu been obaervecl at Htllcnet 'that recently dead Ltmax are fed 

upon by the atapb.yJJn.td CreoJ?Mlue oc:ulatus, There ts eome indicatt.on 

from Funhain and Hunter that Brttteh atap)wltntds are predators on 

alua•• Although. Ltmax ts found aporadically at lttllcrest, in 

Noftmber tt hu been recorded at 5,000 per ha. They are fewer at 

Newatea4 a1l4 altaent from Temahen. Egg.1.qtng occurs in November 

under Yepli.Uon. aJ1d in small depNaatou t.n the l\"011114, particularly 

at nlght after n.ta. 

E~ (p.153) 

Ltttt. appears to be known about the New Zealancl •peclea and 

tdeatUlcaUoa ta dUflcult. They occur replarly at all 3 sltea, and at 
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Hillcrest have a mean monthly populatk>n of 425,000 per ha. A peak 

in numbers occurs in May (1,200,000 per 11A} and another emaller 

peak in October (800,000 per ha). During Janli&U'y, February and March 

the population talla to 200,000 per ha, and also Sn September (100,000 

per ha). The mean length of 428 mature specimen.ts collected tn June 

was 23.3mm. The size range wae 15.1-48.3 mm. When soil conditions 

are mot.st, they are untfonn];y dtatrtbuted down to 15 cm below the soil 

surface• lNt during dr.y conditions the majority are fowt.d tn the 3.4 cm 

layer. Wallworit (1970) records population peaks tn April and October, 

with lowest numbers in June, although he states that the stze of 

enc~eid -population.a 1n Brttt.sh pastures ts subject to sudden and 

violent tluctua.tton. The cause ta unknown. Food matet1ala consist 

basically of plant fragments and fungi, although tnorgantc matter mfG" 

accowit for 20% of gut ~tenta. 

Lumbncus Jl'U.bellua (p.153) 

Thu tmroduced European earthworm ts the dominant lumbrtctd 

at all 3 •tte•, occurring down to 30 cm, but the majori~ are in the 

top 15 cm ol eotl. The colour ia red ... brown with a marked dorsal sheen, 

while the ftntr&l •tde t.s cream• The size range of 385 1pecimens 

collected. at Htllerest was 25 .. 150 mm wttb. a mean extended length of 

74 mm. Ae.UY&Uon during mid-summer ts particularly evtdent at 

Newstead and Ta:mahere and occurs 10 cm below the Nil aurface., The 

maxlnnml mmabet- of cocoons t• produced. in October and the mtnSm\lJll tn 

'F•~• They are medium brown wt.th a greenish tinge. The eurlace 

appear• .ttl,Jou yet is amooth textUred. Ftfty eocOODJJ were measured• 

atvtna • mea. leJl.Slh of 3.2 mm, a mean width of 2, S mm and a mean 

length/width ratio ot 1,2 mm. Evan• and Guild (1947) have obtatued 

••tlar flat.ln• for Bl"lttsh populaUOn.1, Lee (1959) reconb I;.•b!1e!f 
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as feecUng on dead roots and dead herbage. Waters (1955) records 

population.a .of 7 .4 to 12.4 mtlltons per ha under a perennial 

ryegra••/whtte clover pa1tur-e in New Zealand. The numbers at 

Htllcrest varied hom 450,000 pei- ha in February to 5.6 millions 

per he. tn. June, with a monthliy mean. of 4.27 millions per ha. Newatead 

ud Tama'beN populations are similar to Hillcrest except t.n summer, 

when llguft1 can be as low as 310,000 per ha.. 

Altenneta.2?!!:1!, 1"u1>rtceps (p.165) 

The Australian aold.t.C!r ~ ts a atrattomytd which has become 

a sert.oua 'Pft•t of pasture since 1964. It has ateadt.b' tncreaeed tta 

numbers and di.etrtbutton. Larvae when tun grown at the end of the 

final inatar measve 11 mm tn length (mean for 3Z'l larvae)• The 

gNate&t fl.umbers of larvae occur tn the 3-5 cm layer below the 

niface, althovgh penetration of small larvae can occur to 15 cm. 

Numbere ft1Y from year to year, but a population of 2.1 millt.ons per 

ha u the Ul'lla1 monthly mean at Htllcreet. N1DDbers of s. 3 millions 

per ha have bee 1"ec:orded. 

~ the year, larvae of d.Uferent tnatars are present. 

Dv.r11la le.le 8pt'iDg at HUlcreat, up to 58% of all larvae bigger than 

8 mm a leaath are puaattt.sec1 by a fllnsw,. Timlin (1969) has 

"8Plte4 that t1ulf mq be BealWetlf •P• Pu.part& OC:CUI' throughout 

the yeu- wtlhill the 0.2 cm aotl la;yer, but a peak occura ta Februar., 

and IDOl:her ta April, when majOr emeqence of adults ocev•• No 

direct effecta ot damage by lanae haw been ob•ervecl by the author, 

but Timlta Npofte the adverae effects upon growth of. Loll11111 perenne 

through t1'e latroductlou of lano.e during pot trial•• Root tta•ue• are 

ecarceJ;y clamaae4 by the lanae, l>u.t growth ta mtntmteed throuah, the 

removal by .nctton ot plant tmc••• 
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~Uoxer.- ap. (p. 164) 

On17 20 apectmeu were found d.\il'ln.g the whole ~ pertod, 

and tha. oaljy at Htllcrett aud. Tmnahei:-e. They occur 8-10 cm below 

the eudace attached to the rcots of Trd'oUum reP!!!! where sap t• 

extracted. The mean length ts 10 mm with a stze range of 8.3-12.9 mm. 

No mt'ble aAwree effects U'pOn the plants have been obael"'V'ed. 

\VtMana Cl~ (p. 164) 

Occasional larvae h8.ft been found but only at Hillcrest, 

al1hou.gh adulu have 'been observed. ,:,esttng on vegetation at Hillcrest 

an.4 Nevttead 111 October and November. The Ml gro-wn larvae are 

found UIM!er line,:, l,llld within the top 4 cm of eotl. They have not been 

found under dense stands of Holcu em,. The mean length ot 34 

1anu la s.s c:m; range 4.9.6,4 cm. No attempt ts made here to 

e.umate population number• • tnnfftctent spectmeu have been obtained 

• wt it would seem that numbers were low during the period ot survey. 

Howewr, damage to roots and baseo of leaves and stems can occur 

tn putvu when laqe numben of \Vteeana larvae are present, ae 

at:atecl by a awnher of New Zealand autbon (Cumber• 19581 Luxton, 

1968.>. 

Aft!2S!!!.1'1Mf! a;etmu (p.-1S8) 

nta p..-.doecorpt.on ta encouatere4 oceaat.onalq at Htllcre•t• 

the one ftaun4 1-tna collectecl tn Decembei- attached to a golden..bottle 

-, ~sll!dle:I !!XfbmUhllt (Mat.a•>• Those p•eudo,corptou 

...,.,..._ (5 ta total) wen fwad ta Decem1Mar. and Jaa•l"Y• Ape.rt 

,-._ the pbonU,c ~, they woe found on the ndace ta leaf 

...... Na'beN .,... D011m.oWll for the t.otal populattoa ... th.eh' 

.... ....i ~. but Betel' (1966) note• that molt Euro,-n. 



form• are QCO\lntered in spring and earJ.y summer • thta being the 

populatlon peak, The author has found in labo-ratory feeding expert. 

men.ta that AJ?!l2Shemee will feed upon Entomob!'la ntvalis, 

Put.v:to!:1i9!!a J?!!!:Stulll and dead, small en.ehytraetdae t but would not 

feed upon Staphylinldae, Araneida. or tnturated L!!!l?t&e!! rubellua 

even when deprlYed of food for 5 dq's. No plant material was taken 

but molmlre wu picked up from damp surfaces. 

AcariDA ilr°rtbate~unetum1 2P:£?ta, ep., Platrn9~ aculptg. 
~~fi~ s7iij.) (pp.158-160) 

Dvblg the survey period little attempt was made to separate out 

the -popwa.ttoA ftuctuaUona of indivtd.ul species of Acanna. The 

emphule waa upon the number• aad dletnbution of the Acartna as a 

whole, with an tnveattgation ol teed.tng habits. The overall pattern 

ot popula:tton lluctuatton ahowa a aummer (February /'l:v1arch) maxtmum 

of 2,700,000 per ha and a minimum ot 620,000 in early apring 

(Septembel'/euliy October). At Htllcrest, a mean monthly popula.tton 

of meao.Ua,natid.• ta 1.4 mtllton.s pell ha, and orlbattds 496,000 per 

ha. At New.-tead and Tamahere, the mean monthJ.y mesoatigmatf.d 

popwattoa S. 2.,48 milltona per ha (akhough a pc,pulatlon of 3,41 

mdltou wu recorded tn lvfay) and the mean month\y ortbatid population 

ts 1.s mtlltou per ha. Tlm:,ugb feeding expert.ments 1n. the laboratory, 

• wu loWM1 that the onbaUde Pia~ ~"'1l'!!f and s~ 
teulP!!! ,bowed. fe•dtng preference for dcccmpoamg litter• parttcu.lar~ 

of IOft .,...J•• Tl'itoltum "l?!H aa4 ~lantyo lanceoJ!Sa. Ftne\v 

tnturate4 Lwza~ !e!11'19 was couumect~ but not fl vegetation waa 

pNMat ta tu fee4tna area. The meao9tt.gmattda 2PR'I! tl>• and 

E!!S!!11!!1!• JNIIS!W! feel upoa llve Collembolat other muontgmatt.da 

(~ 10\lftl n.ympb.e), U'tt11nted Lumbrtcus zimellu aa4 whole, 

4ea4 ~. 'In •umme• at .n 3 site•, Acarina. oceur mostly ta 
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ta the top 2 cm of soil, but in the winter extend to at least 6 cm 

below the 80tl 9\\1'face. The maJonfiY, however (43%), occur tn the. 

0.1 cm level. 

EntomobJX• utralts (p, 162) 

Thla amaU Collem.bolan ts pl"esent throughout the year at all 

3 et.tea, but wt.th conatderable variation Sn populatton numbers. The 

maximum tmmber oc:c.u.ned (1. 72 111illion per ha) at Hillcrest tn March 

1967, ju.It alter light rain had fallen.. Wets-Fogh (1948) baa recorded 

2. 9 millton per ha tn Britain tu a similar attuatton. A mean population 

per month baa ltttle meaning due to the intense fluctuations Qf numbers 

.. U •ampl1ng t.a co-tncld.ent wt.th a maximum or mintmum tna fluctuation, 

a falae plc'tllre eoulcl be cNated. However, it aeeme that at Hillerest 

a mintmum popqlatton (32.000 per ha) occurs to. August/September. 

Two pealca oc:cv.r • apnng (November, 2,000,000 per ha) o.nd autumn 

(April, 1,3301000 per ha). McMillan (1967) record, Entomobqa 

preaen.t ai ht.a aampltng aUe t.n. New Zealand dvnng all months except 

June, 11114 at no time t.n great mam'ben. Ford (1937) found ta Britain 

a Wimer maxtmum of all CoU.'bola. Mac:Fadyen (1962) considered. 

that the lhctu.tiou for all Brttt.sh 1peciea colnct4ecl.- Milne (1962) 

ffi4ence4 for Bl'ttaln that hatr.year\y maxtma 1A aummer and wtnter 

oec:m- lor all •pect.e•, but COMluae• "tbu abould not be coutdered 

-.tftNal ,_. all a-pectae and haltt.tata., •• At HWcNat, the majo~ 

(67~ occv In the top 1 .. 2 cm of .U 4t&l"l.n8 auamner, 1Nt ue 

dimi..a c1owa to 6 cm a water- with the majority (23%) a the 

0.1 • leftl. Ford. (1937) w fo-4 •lgatft.cant conelattou between 

IOtl moiatu'e content ad populaton mamber• • low u,ma'bei-1 fNqueml.y 

occur wit.ea Nil mo1't1r.r'e COlltat la low. The food of ~-~m u 
IIOI knowat but Pord hu na,elted era•• poU.U and. deconrpoeiDQ 

wgetattoa. P'eecltaa upel'taaeme '1y the author wen il\c.Onoluai'Nt. 
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P~m•m Cp.163) 

The epedmen ftgved ts 4.3 mm tn bocJ.y· length, and t.s prob&l;J.y 

VftP"?Of ~-,elandtae .. Paocide oc:.cv apora~\y at all 3 •tte•• 
1>ut ..-el" ta QN!at nuabera. ThE\V' occw moi-e comrncmly tn Februar.y, 

Much &ad. April, where they rrmaaln motionless on. the top ot leaf litter 

and the lower leaves of vegetatto1b ltJUU (1964, p.486) ttatee that 

alate Ptodd8 feed on htasmeuta of vegeta:tton, parUcula.r\y fungi and 

uutcellulu' algae, thua helptng to contribute to the b:rea.kdown of Utter. 

No feed.tng e~pel1Dients have been ~1.tTl.-!d oat by t.\is author. 

Geo;e!\tlua sp. (p.161) 
. $ 

Salt, Rollick, Raw an.cl Drtan. (1948) have recorded tn Britain 

6.48 mill.ton g~philtds per h4 tc November, and 3.34 million per ha 

In .'May. Altbouah these fi&Ul"es are large, they must 'be regarded 

wUh. ca\lUOD. because of the small lll.W.ber of 88Dlples taken. (40 f.n. total), 

and they were taken on two occ:&l.Gtons onb'• However, the author• do 

-p'la.cct. ~ on the d.U'lerence between the numbe~s at the two 

~ time• - tt being known that qeoMllua undel"Soe• seasonal 

wlUc:al mfar'..U.0-0. (Ghtlarov, 1962). Thie author hae found for 

HU1aut • ~ mean -popu1ati.on ol 301i000 per ha, wt.th a June 

~ ol 716,000 and. a mtntmv.m fia'JU.re of 165:,000 per ha tn October. 

Blowel" (1956) atatea that n,eeptUdlity to destceation t.s of Uttle 

flatlo,__ •-- they- an e..bt. to awid drought by bmTow1ns deeper 

tato tu ..i. 'BU'rowlna ts a leaf Utcer• but the ma,Or&v' are found 

ta tb.e top 1 .. 2 cm ol toil• Little la bowA ol the feedf:r,.g habtU of 

popht~ oanttpede• ia New Zwcand. Peed.mg aputmenta 1,y 

the alltho1" ta the 1abontor., ha• yte14e4 onq- one poaW.ft reapoue. 

· ia one •--• with ou cen.Upe4e, leecUaa wu o'bNned on trtllaf'ated. 

LaJma! IBID91• Thta c:o1d4 aot 'be repeated. 
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!-1!9~ IP• (p .. 157) 

Thl8 hun.Ung spider lt.vee almoet exclualve]jy tn led lttter and. 

amonaat the lower leaves of •seuuon. The bod.Y length ts 7 mm, 

with an extelidec1 leg span up to 18 mm. The month~ mean popwauon 
u 56,000 per Mt wtth a Januar.,' maximum ot 238,000, and a June 

ndntmum of 10,000 per ha. Egg aacs are carTl.ed attached to the female 

sptnnerets cbaring September to Jan.UU";Y, and as has 1-en observed• 

the new1y-11atche4 young cltmb on to the dorsal atde of the female. 

Forster (1967) atatea that mal\Y Lycosklae make a allk-ltne4 

•hal'low- burrow 1n the ground. nt.s has not been obaened at Htllcreat 

whei-e vesetatt.oa ie long, but in the ebo:rt paature at Newstead and 

Tamahere burrows are made la January. Feeding has been observed 

to. the laboratol)' on the amphtpcd On:heatta ~· 

L!!\Ye!! (Mynoglene• sp.) (p.157) 

Tb.ti famt\r of apidera, although small tn at.ze, ta the dominant 

sn,ap ta pUtuna. At Htllcrest, a moath~ mean ol 112,000 per ha 

occva, wtth a Febrvar,y DULldmllm ol 714,000, and a J""' minimum ot 
30,000 p.- •• Brtatowe (1958) record.a popwattou of s.s mt.Won 

-0-1' ba tn au ~4 :O!SS'd!! a4ee!i-ata pasture ta Bn.tatn. 

M1laa a4 M--. (1949) record 4.2 million per ha tn a phb1e aN&. 

TIie atptden are small, and tacou1ptcuov.s in colou:tlm.g. For 

56 'PM.,... at Hlllcl'eet, the ntendec1 lea •PD ta 12.2 nun and the 

... 1-\,' 1-,th 4.1 mm. 1D. au.tum11 and early wtnter the veaetatt.on 

o1 tNlll1ft• ta often. cowred by the hoftZODtal weba of tht.t group. 

P'oo4 la -- pwobab\y amal1 flrma al'tb.ropou (BrtRowe). Egg 8&CII 

~ a Much an yellow.bn>wn, pa.per., and peu".lhape4, 

....,...._ 3 aa ta 1-,th. Gen..en117, the ae• are aupeaded by 

a •tnale 111Na4 from the adentde of dried plant stelU• NewJ.y.hatched 
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spiclen haw a men leg span ot 4.1 mm. 

For&ult\ ,~a (p.163) 

ThtG European earwig b found occutona11_y at Hillcrest tn 

leaf litter, but penetrates to 2 cm in the eotl in late April. Three 

egg elumpe (map. numbl!r of egge 27) have been obaen-e4 tn September• 

with a female curt.d around each clump. Young white earwtga have 

been recovered. from the top 2 cm of soU In October and November. 

The author has not obsel"ftd feed.ing, but Morris (1927) menttont 

Collembola and soft plant d.aeues (.-peciee n.ot specttled) aa food tu 

nrttatn. Becawae of low numbers oecumDg at Htllcreet, no attempt 

ta made here to estimate popu!atton mmabera or lluctua.Uone. 

0.-c:beatta 'Pt (p.161) 

Thte 1PDphtpod is a litter. and eurlace-d.weller tbl'Oush most 

of the :,ea, IR&t penetrate& to 3 cm depth tn the summer where 

w:aetattoa ad lttter are spane. The maximum number• at Hillcrest 

occur ta the 0.1 cm level of the eotl. A't Hillcrest, a mean month~ 

~ of 140,000 per ha ta piresent, with a November 1DaXimum 

(328,000 per be) and a Ja11uary, Fe~ and Man:h mtn.tmum 

(181000 per ha). The populatton. n:mn'bltrs at Newstead and Temahere 

an •~•V' 50% le81 than at Hillcrest at all tlmea. Feeding 

expenmem, l:v the authci- tn. the laboratory would tndtcate that dead 

Holse JaMv leawa aN not eatea .ul. puUal\y decqd, but 

~•-11eat material ol ~!faapereg. ~E pratwll 

ad TrilbU. N@U are efdml wtddn 24 houri. TM ater.fttll ttane• 

aN cou.e4 &st, and the COlll",et- materiel rematntna u larae'J,­

rejecle411111U well ~4. Major lddtna actt.vf.tf' occui-• a't mah•• 
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\ 
ENCHYTRAEIDS 

LUMBRICUS RUBEJLUS 
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COCOONS OF ALLOLOBOPHORA CALIGINOSA 

LIMAX MAXIMUS (TIGER SLUG) 



Page 155 

AGRJOLIMAX RETICULARIS (GREY FIELD SlUG) 

HELIX ASPERSA (COMMON GARDBN SNAIL) 



THALLASOHELIX ZELANDIAE 

THALLASOHELIX ZELANDIAE 
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LYCOSA SP. ( WOLF SPIDER) 

LINYPHIID - MALE (POSSIBLY MYNOGLENES SP.) 
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Apatochernes proximus Beier 

PUNCTORIBATES PUNCTUM 
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OPPIA SP. 

OPPIA SP. - HEAD DETAIL 
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PLATYNOTHRUS SCULPTUS 

SCUTOVERTEX SCULPTUS 
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ORCHESTIA SP. (LITTER AMPHIPOD) 

GEOPHII ,US SP. (LITTER CENTIFEDE) 
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ENTOMOBRYA NIVALIS 

ENTOMOBRYA SP. 



PSCOPTF.RAN 

FORFICULA AURICULARIA (EUROPEAN EARWIG) 
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PHYLLOXERA SP. 

LARVA OF WISEANA CEHVINATA (PORINA) 
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LARVAE OF ALTERMETAPONIA RUBRICEPS (SOLDIER FLY) 

EMPTY CASES OF PUPARIA OF ALTERMETAPONIA RUBRICEPS 
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ELA'l1EIUD ADULT 

CARABID LARVA 
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LARVA OF COSTEIYTRA ZEALANDICA (GRASS GRUB) 

,l 

CREOPHILUS OCULATUS (ROVE BEETLE) 



PHOTOGRAPHIC DETAILS OF PRINTS 

Film - Kodak Tri-X Pan (ASA 400) 

Subject Comment 
Frame Film-
length subject Aperture 

mm cm f 

Enchytraeids flash 18 15 9 

Earthworm 50mm lens+ 47 23 16 
extension 
X 1.5 

Earthworm 20 15 8 
eggcases 

Agriolimax lens 46 20.5 8 
reticulatus reversed 

grey slug 50mm lens+ 34 20 14 
extension 
x2 

small snail 1 flash 13.5 15 8 

small snail 2 flash 13.5 15 8 

Helix aspersa flash lens 
reversed 

51 21 16 

Lycosid flash 
extension 

34 20 14 

x2 

Lyniphiid flash 
extension 

13 18 8 

x2 

Mesostigmatid 1 X 25 22 

Mesostigmatid 2 Kodachrome 20 5.6 
(head) U then 

copied 

Mesostigmatid 3 II 5.6 

Ortbatids 1 II 5.6 

Oribatids 2 X 25 22 

Pseudo-
scorpions 

Orchestia 20 20 8 

r G.2,(; 168 

Speed 
(seconds) 

1/60 

1/60 

.! 
4 

1 
4 

I 
1/60 

1/60 

1/60 

1/60 

1/60 i 

1/60 
' i 

½ 

1/60 

1/60 

1/60 

.!. 
2 

1/15 



FHOTCGRAFHIC DETAILS OF FRINTS (cont.) 

Frame Film- Speed 
Subject Comment length subject Aperture (seconds) 

mm cm f 

Centipede flash 19 20 12.5 1/60 
extension 
x2 

Collembola 1 x40 22 30 

Collembola 2 x40 22 30 

Forficula 19 22 16 1 
auricularia 

I 
Pscoptera ) Kodachrome x20 5.6 1/60 

) 11 then 
Fhylloxera ) copied x40 22 5.6 1/60 

Porina larva 19 22 I 5.6 {-
I 

Altermeta poria 19 22 8 .!. 
4 

larvae 

Altermetaporia 19 22 8 J_ ,. 
pu.paria 

Elaterid flash 16 15 11 ½ 

Carabid larva flash 14 15 8 -l 

Scarabid larva 19 22 16 1 

Creophilus flash 19 20 11 1/30 
ochreatu.s extension 

x2 



SECTION 121 

A SUMMARY OF THE PASTURE PHENOLOGY 

OF HlLLCR.EST 

Photographs wen takea dvt;ag the aeuona1 

cycle, Septembel' 1967 • August 1968 

FISUN• 8iYeD. for eaa JII01l1h are mean flave• 
tor 1967-1969 
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JANUARY 



1n Janu.iy, the vegetation ts past its maximum growth. the 

averaae height being around 30 cm, but clumps of vegetatton stand 

at so cm in hetght. Lttter depth ts arowtd 10 cm. This ts slightly 

less than in December. 

The flowering period of the grasses is declining, but 

those plants tn ftower include I yarrow; brown top I red top; 

scarlet ptmpernel; lawn da.isyJ mouee-eared chickweed; Scotch 

thistle, hawksbeard; some very late Yorkshire fogf cat's ear not 

yet at its maximum I perennial l')'e; u,tus ultginosa; pennyroyal 

just starting to llower; creeptng mallow reaching its ma.xtmum I 

Paspalum dtlatatum almost at its maximwn flowering; PasJ;?!lum 

;easpaloides flowering o~ slowly; narrow-leaved plantain at its 

]Jlaxtmumf broad-leaved plantain continuing, but not at its maximum; 

selfhea.lJ creeping buttercups dock; black nightshade beginning 

flowering in Januarys Onehunga weed at its maximum; dandelions 

white clover and speedwell~ 

Slugs attain their maximum numbers in ear\y January accomp­

anied by an egg-laytng period which ts less than that of the M.ay and 

June sea.son. Lumbricidae and Enchytraeidae are most numerous 

16 cm below the surface. At the surface, however, their numbers 

drop considerab~. The dominant groups ot animals tn the January 

penod are the Acartna, Collembola. and Strattomytdae. 

The mean aid temperature 61.0 cm above the ground ts 20.3°c, 
the mean maximum, 23.6° and the mean minimum, 17.0°. The highest 

temperature can reach 31. 5° and the mtntmum m,n, be 6 o0 Ho 
--v • • wever, 

only on 61% of the ~• in January m~ the temperature exceed the 

mean ma)Cimum, but on 87% of the do.vs the tempero.ture falls below 

the mean min:lmum. 
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.At the aoU.v-egetauon ~rtace the mean temperature ts 

19.9° t the mean maximum 22.4°, and. the mean minimum 17.2° 11 

The temperature may rtse to 26.d' or drop tc 11.0° • On 45% ol the 

days the temperature ma,,y exceed the mean maximum and on 19.4% 

lt mq dn>p below the mean mtntmu.ni. 

16.S cm below the nrface the mean. temperature for 

Jart.Wll)" is 20., 2°, the mean m,udmum 21.2°, the mean minimum 

18. 7°. Temperatures ~ reach 24.rf' and drop t.o 16.a° • On 

41.9% of the da¥s in January the mean maximum temperature may be 

exceeded, but 35.5% of the day$ the temperature may drop below 

the mean min1mum. 

On. 22.6% of the days 1n January there will be rainfall, 

averaging 39 .4 mm tor the month. 

The mean RH ts 70.6%, bu& eveiy day tn January the RH will 

drop below thta mean. 1n the top 16.S cm of soil the aotl moisture 

percentage ts 78.4. 

Briefly• the pktUN which presents ttaelf in January te one 

of slowed gl"Owth compared to the previous two months. The moisture ... 

preferrtng anSmal groups eeek greatei- shelter tn. motet conditions 

below or within the litter layer., The tempen.tu.rea (air, interlace 

and aotl) do not fluctuate greaey during the month. 
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FEBRUARY 



Jn. Februar.Y the slowing tn growth which was apparent in 

January conttn.ue•• The average height of vegetatton ta 26 cm, clumps 

-.,- 'be 65 cm, and Utter 8 cm. 

Gn.a•e• conttnue to llower, some eporadical\v, but by the end 

of Feb..-u.ar.v moat grae•e• have ceased ftowering. Thoee plants in 

Rower tndude • yarrow stW tu11" tn flower; red topf brown. top 

(eporadf.c)J scarlet ptmpemel; lawn daisy; mow,e.earecl chickweed; 

Scotch thistles hawksbeard; Yorkshtl"e fogf cat's ear agam. at US 

maximum; perennta.l rye dropping away coru,tderab~ in its ffoweringJ 

Lotus tltgtnoaa declining compared with January, pennyroyal not 

yet at its maximum but reaching it towards the elld of F ebruar,y and 

the beginning ol March J creeping mallow declining t PaU9:l1DD 

dilatatum reaching its maximum; P,aspalum paspa!oide• contt.nutug 

and reaching its maximum after the end of Febl"Wlry; Dal"l'Ow-leaved 

plantains broad.leaved plantain continulng I annual Poa1 aelfheala -
creeping buttercup declining I dock dying awa_y towards the end of 

the months black nightshade increasing but not yet at its maximum 1 

Onehunga weed dropping away marke~ towards the end of Febl"Ual"yJ 

dandelions whtte clovera speedwell ceasing at the end ol FebNU'y,. 

Aa soil motature becomes lees Sn the top sotl, the total number 

of animal a continues to decline 11>. thta la.yer compared with Jan118.1.'Y • 

Still numemu. however. are the Ac:arina, Collembola, and 

S~e. The Aranekla show a decline tn numbe..-• tic) t-wo-thirds 

of the Jamaary level. 

The mean. air temperatve 61.0 cm aboft the szv\lDd u 20.6°, 

warmer than to. January. The mean DlaXimum te 23.6° • the mean 

mtntmurn 16.r.f' • Maximum tenlpa-aturea ma.,- nae to 30.d' and 

m'bdmum temperatures tall to 6 .oO. On 86% of the ctqa In Febntal'y the 
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tempel"llt'Q:N .._.,. nae a'bow the mean lllaldmum, aD4 oa 82% of the 

c1a;r•· the tempeht\lN aq tall below the llleaJl lDtnt.munl. 

The mean temperatue of the aterlace ta 19.cf>, wtlh. th• mean 

maxtmma 20. t' and meaa minimum 18.<>° • .Tempera.twee ma;, l"lH 

to -x,.r, a.nd fall to 12.oO • 0a 71.4% ot the c!q• ta Pebliaary the 

temperataie me,- rlN above the meaa maximum, On 50% ol the dqa 

tt mq drop below the man~. 

16.S ca below the Nil ...,_ce, the mean temperature la 

19.s°, die mean maximum 19 21.6°, the mean mtntmum 16.1°. 

The temperatee __,. nae to 23,0° or fall to 16.C'P • On 17.9% of 

the cLt.v• the temperature mq exceed the mean maxta'1'illllt but o-o. 

only 3.6% of the da¥• will the teaperature fall below the DlfU&D. 

21.u of the~ wt1l haft fttnfall. Thia O'el"4See 34.4 mm 

for the IIIOll.th. 

The RH .... ta 76,0%. 92.9% of the dqe the 'RH mq drop 

below the mea. The aoll mouture ta the top 16.S cm averages 

72.0%. 

Ill .....,., Febl"ll8.J7 ta •UahtlY wumar than Jauu.r, 

•ltah'9' ...._, 811d the Rll wt11 1- Jdaher parttcularly in tile mol'J'dn&•• 

The p,,,wdl of waetattou haa •J.owe4 ad the mamber of animal• that 

an pNMDI a.,_ top lqen of the •tl ii couid.era'bJ.y le•• tun. 

the Jpur., ·total.9 but .u11 the ge•at numbers of entmal• are 

loun4 wU'htn thNe major poupa. 
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MAltCH 



During March the growth of summer and autumn elows almost to 

a fina.1 bait,. The average height of vegetation is 22 em, some clwnps 

t."8aC1il\g 62 cm, and Utter to 8 c:m in depth. 

Plants tn tlower tn.cludet ya.l'l"Ow (stmtlar to Februar.,)1 red 

top and brown top dtmtntahtngJ scarlet pimpernel ceasing by the 

middle ot the months lawn daisy slowing considerably CODlJ.'&red wt:t.\ 

Febru&l'YI mouse-ea.red chickw~d continu.tns s!)Oradtca.Uy • hawks­

beards Yorkshb:-e log ceasing shortly after the beginning of the 

month, cat is ear declining considerably compared with February J 

perenntal ,:ye tlowel'lng sporadtcallyJ Lot]UJ uliB,fno'1a ceasing by 

the end of MarchJ pennvrc,y41 in the middle of its flcwel'"ing season; 

creeping mallow dec:ltntng and ending in the last few weeks of .A1arch I 

PasJ?!lum dilatatum not so stro~ as in Februa:ry1 Pa!J?9lmn 

paapaloides reaching its maximum by the end of l\·1archJ narrow­

leaved :plantain and broad-leaved plantain ccmtinu.tng but wt.th a 

steaq decltne1 selfheal and creeping buttercup and dock mu.ch less 

than in Febru.aiy and declintng further as the colder weather sets tnJ 

black nightshade increasing reachlng its maximum at the end of 

:Marchi Oneb.unga weed dec:ltntng1 dandelion continu.tng strongly; 

white clover declining to half its former February level by the end 

of t'larch. 

The total fauna shows a steaq upward tncreue tn numbers. 

L11mbridda,e increase u to Encb;ytraetdae and Collembola, 

The air 'temperature 61.0 cm above the e'IDface has a mean of 

22.00 • and the mean maximum ts 25. lo, which ta htgb.er than tn 

February. The mean mtntmwn ls is.go• Temperatures may reach a 

maximum of 25. 10 and a mlnlzmun ot a.oo. 77 .4% of the Ume the mean 

maxtmum t.s exceeded and 87 .1%-ot the time temperatw:-ea dn,p below 
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t\e mean. xntntmum. 

At the mter.fe.ce the meaa tempen.~ t• 20.2°, the mean 

maxim\Un 22.go ad the mean mtrdmll.Dl 17 .4° • Maxtm• temperatuns 

of 25,.a° and~ temperaiuree of 11.cf may be Naehed. 61.2% 

of the d.qa ta Mai'Ch ~ exceed the mean maximum an.cl 38. 7% of the 

da¥• the tempel"at\lre mq d,op below the meu. minimum.,. 

16.S cm below the surface the mean temperatta...-e ts 20.f?. 
tilean ma:xim1am ie 21. r' and the mean mhumwn 19. 1° • Maximum 

teml)e.ratu.res ~ reach 23.<f> and mtntmum temperatures 16.rP. 
On 64. 5% ol the dqs tn Mardi the mean maximum ~ be eueecled. 

and on 22.6% of the ~• the temperatuN ~ drop below the meaa 

minimum .• 

35-.5% of the dqa wt1l have ram, the preeipttatton 'bet.na 

31.3 mm to-a:- N.uch. 

During Ma.Nh the RH ts 76.1%1 on 80.6% ot the d,q-e the RH 

will drop below thts figure. tu the top a,U, the soil motst\lre 'rill 

-~86.0%. 

In nmmar:y, March t.e a time wun. tbe great heo.t ot Fetmaar.v 

ls .Rill pl"IUQI, b\at temperatu.'rea are ftuetua.tt,ng a &Nat deal more 

than tn Februar,y. Ahbough. l"&lnfall t.a very •tmtlar a March and 

Fe'brt.lal.7 f the pnctpttattoa ,. Qnad IDON ewnly ~ the 

mollth, 'W1dl the rtt•u.lt that aod moutve percentage tlal"te t.o 

sncreaM. Tbe number of anima.h, fn the aotl lncnues •lowly above 

the Fe~ tnei., but couui. of the three major an,up•, Acanna, 
Collembola ud LllUlbmtdae. Mo•t pl,m,t gft:tupe hoe completed 

thew ~ring, a1thouah 80Dlet auch u Pu29lum e•pplofd•!• 
do not Nach their maximum untll the eud of the mon:th., 
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1n. April,. vegetatton has practtcal~ ceased tta growth. The 

mean hetght of vegetation t.• 28 cm, although -,me clumps can nee 

to 60.0 em, Leal litter averas-• 7 cm. 

Plants in flower tnclude , yarrow at the aame level ae March I 

red topJ brown top declining and fbU&bing by the end ot the monthf 

lawn datay ftntahiug by the middle of 1he month I mo~e-eared 

dd,ckweed (sporadic:.) J hawkabeal"d coatinv.1.ng at tho t1.arch levels 

cat'• ear slow]jy d.ecUntns1 perennial rye slowing and stopping by 

the end of AprilJ petu\'YTOYal couttnutng but at half the :March level; 

Paapa.lum dilatatum stopping by the end of AprilJ Pa.spat~ 

2YJ?:9loides steadily decltningJ narrow.leaved plantain declining 

and cea•tns at the end of the monthJ broad-leaved plantain 

increasing sltgbt~ tcwards the end of the month but not up to the 

maximum of the February levelJ eetfheal and creeping buttercup 

continuing but to a lesaer degree I dock ftniahtng early in AprilJ 

black nightshade dee lining I Cnehun.ga weed ceasing by the middle of 

the month1 dandelion and white clover decreasing. 

The total number of animals in the top soil and interface shews 

a •11.aht Increase over the March maximum. Groups which have 

tucrea.eed ares Collembola, Aca.nnas Lumbrteidae, Strati.Omytdae 

and Ench;ytraetdae. There arc decreasing numbers of a Stapb.ylintdae, 

Foftnictdae a:od Arauetdae. l\'1ollusca. begin their second breed.tag 

pel1od, but the maximum ts not reached till 'the end of April. 

61.0 cm a.bow the groUlld the mean air temperat\U"e ta 15.,6°, 

the meaa maxtmmn 17 •. rt' and aeau mitdmum 13.6°. Tempefttvea 

~ reach a~ ol 25.cf' and. mtldmum of 3.d'. 66. 7% of the 

clqa the mean maximum 1Da..Y be eueeded and 66. 7% of the daye the 

tempeJ"ature 111&\Y cln,p below the ll\eaD m1n1mwn. 
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At the tntedace, the mean tem:peratw:-e ta 15. j>, the mean 

maxtmu:m ts 17 .4°, the meaQ. m1nir.rrum 15,4°. twcwum teznpentwe• 

~ l"e&Ch u.oO and mmtmQllt temperatuNa IJU\Y be s.rP. On 36, ~ 
of the dqa In April, the tempen,.wn w1J.1 exceed the mean. nwdm'11n, 

but 93. 3".-' of the ciq• the tempera.ture wtll fall below the 111ean 

mtnua\Q. 

16.S cat below the 11<>t1 wrlace, the mean temperature ta 

16.5°, the meaa. nwwnum 16.9° and the mean mtmm:wn 15.5°. 
The tenpen.~ may l1Se to 21.s° or tall to 12.oO. 46.7%otthe 

~• tn ApJil, the temperature ma_y- rtae above the mean mutmum, 

and 43, 3% of the dq-.s m.e;r fall below the mQJ'I. mtntmum. 

66. 7% ol ibe ~• theN will be ratn, prect-pUatt.on meaaurtng 

200.3mua. 

The «ftl'll&e RH ta 81.8%1 76. 7% of the dq• tn April the RH 

will dNp below thfA mean. The aofl ID018't1U'e tu the top 16.S cm 

averagu 94.10%. 

la ~, April ts a time when tempcaratl#ea an dropping 

raptdly.. No frost• an yc expected, 1mt .. mitd:IJNm temperature ta 

o1'1y 1ewftl deaNe• a'boft ~ Poia, A &N4tei' a11mber of dq-8 

with raSa ca be expected ad thte '°'41 pl'lectpttat:to11 pea't\, exceed.a 

that expected a March, ren!Uns ta a much higher RH t.u. the au- o.nd 

a vaetly '11CNUe4 IOf.1 JIIOUtlUl'e ta tile top Htl. With the d.ecreaee 

tJl. tempardlQ'e and the aaal'ked ~ between. dq Gd nisht•tlme 

tempel"a1Ul'e•, u well a, tM cleueue ill auml>et- of dqlqht houra, 

the 91'H'tl\ of pl.a.t.tf bu etopped, a1th.ouah oae or NO of the aru•e• 

have Na.CUd their maximum ftowenag at thta Ume. Surface.dwelltns 

an2mat. have decN&Md ta nwalMFa, 'tNt. lt.tter ... d\V'elle.-e and tboae in 

the top 16.S c:m of the IOU conUmae to tncreue tn naibera. 
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MAY 



tn thl9. ftna1 month of autumn, the heiabt of vegeta.Uon conttaue• 

to cleaeaM, affftatns 22.0 Gilt Some clvmpa, bowewt-, U1«\Y reach 

60 •• Depth of leaf litter '8 S em. 

Tho• planta c:onttmdq to ftowel' melw:le I yarNw t although the 

total amwnt of flowering ha.I dtxntn:lshed.1: moue-eared chickweed 

(a-,ora.41c)J hawbbearcl now 4ecltnmsJ cat•• oar d.ec1tatns un.U1 the 

eud of W18,Y when all except a few plants haft ftntshedt ~ 

past its maxtmwn but conttnutng atea.cttv" through to the end of Mq1 

P••Mlun1 24!PAA?ides slowly dediJ1tng and ttntshtng at the end of 

!>tayJ a few plants of broad.leaved plantain. which ttntah by the end 

of the montb.1 some selfheal J some creeping buttercup (this ti 'the 

minimal llowert,ng period for buttercup) J black nightshade beginnmg 

to decline I dtmdelton continuing but not as atron.gl.y as in Apnlf and 

white clover continuing but below the Apnl level. 

The total fauna tncrea.ses above the n\D'llbers tol&Dd ta April, 

but aurfa.ce...dwellers decline 1n numbers. The biggest tn.c.-eaae 18 

ta the Collem'bola and hi'tollwsca, whUe the Acartna decline ta man'ben 

compal'Cd with the pi-ev1ol.\S month. 

61~0 cm above the ground the mean te.nperature ta Mq ta 12.1', 

the mean maximum 1s.2° and the mean mmtm.um 10.t>. The 1DAldmUm 

temperature mq riae to 21.cl' and tlle.mt.utnuam tempcra.t:QN mq dft>p 

to o.rfJ • On. 77.4% of the dqa in t~ the temperature me.y rtse abow 

the .... 'D18Jdlllllm aad OU 67 • T°/4 of the dqa the tempuatve a1q dn,p 

•'low t1ae mea llllniDnaa~ Froats ..,- be expected oa. ·3-2% of the d.Q-• 

tnMq. 

At the tntedac:e, the mean. temperature Sa 12.d', the mean. maldmum 

14.4° • and the mean mfiatlmaa 9.,-., • Temperature• 1Dq' nae to 19.<>° 

or fall to 3,d". On.41.9"ottbe da.Ya tn Mq, the temperatures •"1" 



rise above the mean maxtmum and Ol\ 32,3% of the dt\ya the 

temperature may fall ~low the mean minimum. 
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16.5 Clll below the •Cfll •lPiMet tile.mean temperat\lN b 

13.tJ·, mean. lll4XSmwn 14.0° aad. •eau mtntmum 12.d', Temper~ 

atuire1 ll1aiY' nae to 18~a° mid fall to 8.c.P • On 32.31 of~ &v• ta 

h-1-.y, the tempel"atuft may rue above the m.ea mextmum &ad on. 

38.,7% of th.e dq'a may dJ:op below the inea mtntmumll 

64.-5%. of the dq• wtl1 haw pn,dpttatiou., awnae tor Mq 

betna 186.o mm. 

The mean RH ta 86. 7%, l:n1t 64.5% of ttt. dQ'• S.. Mq the 

~ mq fall below thb mean. ta the to,;, aotl the ~ 

.......... (§'1.1~. 

tn •--uy, the Mq per104 DW"U dle be of the 

ce1aattoa ot plaat ud animal ~, 1he majority of plaa'tt 1aave 

eeue4 to n.wu, hdace.dwelltna antmal• have dropped 

COU'td.ea'bi,- ta JNm\,en, but when the fatma it protected below 

the ltttel' 1qe_., the auaben coa.un.ue to rue• the CoUembola 

me.-eaataa noUe•'b\Y• 1a th• Ian. tWP week• of May lroat• OCC\lr"t 

an4 tMte, toptlle-lt wUb. tb.• ~ ro,lall and Jowe.- ternpen.t;w:"ea 

mark the 'beg1mdaa of wtntu. 
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JUNE 



Plant growth u at ua mtntmum for the year d,uing the month of 

J-.e. Awn,.ge vegetation height i8 19 ems cbppa of vegetation may 

reach 40 cm, and Utter 4 cm. 

The majont;y of pastve plants have completed their flowering. 

Those plonts tn flower tnclude t yarrow (although the tlowertn.g of 

yarrow continues thn,u.gh June the total number& are less than in May) I 

lawn daisy (1pc.,radtc), mouse-eared chtckweed (sporadic) I a few 

plants of hawbbeard and cat's ear conttnutn.g but finishing by the 

middle of June J pem)¥l'Oyal and seUh.eal al.so coasf.ng by the middle 

ot June t creeping buttercup at tts minimum at this ttme, but 

increaetng to half the maximum level at the end of the monih• black 

nightshade and white clover continUing b~ ftnishtng by the end of 

June. 

The fe.1,1118. reaches its maximum numbers at the beginning of 

June but declines rapidly towards the end of the month,. l.iollWICtl 

deposit their final batch ot eggs u.t the beginning of J\me. The 

greatest numbers of animals occur among the litter.dwelltng 

Collembolat all other groups show a. marked declino 1n numbers. 

61.0 cm above the ground surface the mean temperature ts 

10~5° • the mean maximum 12-4Q, meo minimum 8.6° • The temper­

ature ma,y rise to 18.a° or drop to ... 3.~. On 71.0% oi the days tu 

June the temperature will rise above the mean maxum.tm during the 

day and on 58.1% of the days the temperature will drop below the 

mean mtn•um~ Froata can be expected ou 9. 7% of the dqe. 

The temperature at the tnteriue ta 10.cf', the mean maximum 

12. 7°, the meu mtntnaum 7 .6°. Temperatures mq me to 18.o<' 

and drop to .1 .• <f' • On 67. 7% of tho da_ye the tempera~ mrq rise 
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JU LY 



The If.rat half of Jw,- i8 'ftl'7 •tmUal" to the lut part of June• 

that ta, cold and. cwnp, wUb pNClpttaUoa expected oa mau., ~•• 

-. to'WU'de the end of July tempen.bl1."IQ atart 10 nae ad 'Chere ts a 

OOQlequ.el'l't i-esrowth ot the wt.teJt wget&Uoa. The aftn&ge hetsht 

ot wsetatt.oa u 25 cm, clumps IU1' ra.e to 45 cm. The litter depth 

&ftrage• 6 cm. 

Yarn,w eollttnuea to flower but the f1owcl'lng decliraea towarda 

t'be ertd of the month. Lawn datey b at a mtntmum but tac:ree.eea 

aaatn towara the end of the month. ne laet llowenng of moue .. 

eared ddc:kweed occur• and does uot occur beyond the end of the 

molt.th. Creeping buttercup slow1;y decltnea, dandelton. tlowen 

sporadt.ca.J.br, speedwell begtu tts tlowerllls towaM the end of 

July. 

Total fa~ numbers continue to decreaae, but numbers of 

1Uter .. dwe1Ung Collembola remain high and Acan.na eteady their 

number-a. Lumbrt.ctdae begin depositing their cocoou a the top 

soil toward.a tho end of the IDO!lth. 

61.0 cm above the ground tho m.~an atr temperatwe ta 9.<f'. 
Tide 18 the !owe.et mean air tempeh.t\U'e tor~ month dmNp. the 

ye&I."., Tbe mean ~ is 11.,6°, the mean minimum 6.1', 

although a maximum temperatu.re ol 17 .t:J> ~ be nached, &ad 

the tempera'Nl"e mq drop to .3.cf' ~ 0a 53. 3% of the d.qa ta 1""' 
the temperature will exceed the mean uaatm11111 and on 66. 71 of .the 

dqe the temperature will drop 'below the meaa lld.tdlrnarl. Pron• 

.. be h,peeted 01\ 26. 7% et the day• ta Jubr, 

At the atedaae the mean tempen.tve ta 8.r/',, -..aa the 

loweat mean. latel"lace tempera.tue to.- tb.e year. The. me&il 

m&Xlm\118 u 11., 7° and the mean ~ 4.if> • akhough tesnpera-
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iuN• ~ l'be to 17.d' ud f..U to .3.,C,. On '6.1% of the dq• the 

\elllt>el'atU.N .._,. exceed the meaa •axtmwn and on 66. T:• lhe temper­

a.tue 11ll\Y 4Nl' 'below the meaa 11At11Sm•• 

In tlla top •Uthe men. teaapeftl'IU"e it 9.2"t the•- maldaum 

10.3°1 tll.e ... mat.Imam 1. 7°. The m.axlnNla temperatme _.,. rue 
to 14.<>° or 4"p 10 4.fP • On 36. 7% ot the dqa the temperatuN ..,. 

exceed. the .... llldtmum ILD4 Oil 14.0% ot the da.v• u •• dn,p below 

1hemeUl18ta.tmum• 

RalolaU occura on 50.01 ol the clqa, atvbla 156.5.,. of 

ftS1llortbelQOQlh. 

n.. mt ta 81.H blai on 86, 7% of the days the lUl .may' drop 

below..... Soil mot.a\1rNl ill the top 16.5 em la 100,00%. 

a ~, Ju\Y le the colden IIIOnth of the yea.r, i.u.t then 

ts le•• pNdpttau., on. a lower pere.eJlt4ge of clq• thall. In JlUle• 
Tbe ~ of ln>tt te at U. aaimwn for die yea* Exc;ept for 

•t.x plant ~, all apec:ta• bAYe m,mpleied their flowe\"tns a.lld 

pewth t.e at tte ~ fol" the yeu. Faunal numben a.ft 

put thetr ..... and ue ltal'ttns 1o cleclme, an.c1. althouah ,ome 

___,. haft ....a. to ~ ea•• the ftte ot pn,4wettoa ta alow. 
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AUGUST 



D\ll1.na August the eprtng growth of vegetation begtu• at ft.rat 

elowly hut wUh mcreaatng rapidity. The b.etsht of vegetation t.s 35 cm, 

cl•P• "•dll88 to 72 csaJ UttAlr'r 4ePlh, howeftr, .....SU.• at 4 em. 

Sporadic flowering of yaft'OW •low• even liather toward• tbAI 

eacl el August, but lawn daisy begins to flower. The occaatonal plant 

of Yorkthil"e tog begins to ftower, and creeping buttercup completes 

th ftowertng by the middle of the month. Chickweed starts to flower 

at a 1a1n.SJ.nal level tn the last two weeks of August f speedwell continues 

10 flower but in minimum quantities" The flowering of dandeliou 

declt.ue•• reaching its loweat point for the year at the end of Aupst. 

Paunal nUJJlbers continue to declines the numbers of litter. 

dwelltq Collembola drop away raptdly towards the end of Augut, 

but by contrast the Aca.rina. increase in nwnber J Lumbrtcidae 

Coadnue to deposit their cocoons I all other gmups show a ateady 

decline fa numbe:r-s. 

Air temperatures 61.0 cm above the surface are ve:ry atmtl&r 

to those of June, that ts, mean temperature 10. t', mean maximum 

12.,9° • mean minimum 8.5° • Tempera.tu.res ID8iY rtse to 18.0° and 

reach a minimum ol -3.0°. Cn 64. 5% of the days tn Augwit the 

tellapez-atu.re may rise above the mean maximum and on 77 .4% ot the 

dq• mq fall below the mean minimum. Frosts may be expected 

oa 16.1% of the dqe tn August, that ts, 10% less than tn July. 

At the interlace, temperatures are higher than tn July and 

•llahtt,, htghezi, thau ill June. The •ean temperature ta 10.4° * meu 
au1a .. 13.4•,111ea-.~7 d T 

•;l • eaperat\lrea mq nae to 
16.a° all.d fo.11 t.o 1.a° • On. 41.9'-.¼ ot the ..t ...... tn A h 

.-.,, ugqet t .e mean 

maxtmwn temperature me.y be exceeded, and temperatures m11v Ii 11 
below the ~-v a 

:mean mtnunvm temperature on. 38. 7% of the ~• • 
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1n the top ac>tl the mean tempeftture ta 10,.9°, the meaa 

aaxtmua 11.gO, the mean mSD.tlmam 9,'1' • The temperatue 11181' 

r&N to 13.<>° o• fall to 6.d'. C- 71.0I of the dq9 the .... 

111&Xim\llll t--,eftt\U"e m., he ._eec1e4• bat ma_y fall below the 

mean~ oa 38.71 ol 1h.e ~•• 

'RalaWl .._, be expectecl oa ss.11 et the &tp, 1M11 the 

PNClPltattea, 123.4mm, ta le•• lban. ta Jubr., 

The RH ta 81.51, but oa 74.Holthe dqe the RH-,, drop 

below thla. TIie •ti moUtuN ta the top 16.S cm. t. 98.si. 

la ,,... • ..,., alt'boqh temperatla'ea are .Ull low ad hoat• 

an 1n..-,. the meaa maxlm1a1D temperature• at the tntedace lttter 

aft& an btalteT th.a those of the soil. Moat plant poupa have 

ceuecl ftoNIU&t althouah aome haft .tN&ilJ' bepn. their •Prtna 
ftow•rta&• 1-NaM tu vep.tatton heipt i. noticed toward.a the 

an4 of A1&p,R and the 111&11l'ber of Ac:oma tncreaM•• 
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SBPT'SMBBI. 



The growth of vegetation that ha• begun at the end of August 

continues tn September. Vegetauoa hat.pt average• 45 c:Jll1 cl111ap• 

DlifiF NUh 70 em, bid lttte't' t.t at it• mtatmum tor the year, 3.5 cm. 

Yattow complete• tt• nowert.ng and stop• completely by the end 

otthe months lawn daisy continues to tncreaae, comtng into its 

maldmuna flowering at the end of September1 occasional plan:ts of 

Yoruhtre fog come tnto fiowerJ creeping buttercup recovers from 

ti• late August flowering cessation and continues to increase in total 

.flowering. Smtlarly. chickweed, dandelion and speedwell increase, 

coming to their spring maxima o.t the end of the month. 

The total numbers of fauna continue to decline,. ~aching the 

mtmmum at the end of September and beginning of October. The 

numbers of !vlollusca remain steaey and towards the end ol September 

egg.laying begins. The nmnbers of Acarina. and Aranetda rise at 

the beginning of the month and continue to the end. 1n. the top soil, 

the number of acarab larvae begins to decrease, with the emergence 

of adult• tn late September. Elatertd larvae begin to increase, ae 

do adult Staphylinidae. Lumbrtcida.c continue to deposit their 

cocoons, the number of Enchytraeidae increases, the number of 

audace-dwelling ants declines and the number of Collembola 

decrease at the beginning of the montht but show a slight up.eurge 

toward.a the end of September. 

61.0 c:m above the ground the mean air temperature ts 11.2° • 

the mean znaxtmwn 13.5° • the niean mtntmuu:a a. -f' • The tempe.-atu.re 

mq l'1ae to 19.00 ot- tall to -1.cl' • On 76. 7% of the da.Y• in 
September the 1nean maxtm ....... ,1 

Utt& •M- be exceeded Qd on 76 • 7% of the 
~• the temperature wtlJ. drop below .. ,.. _ 

lloU.e mean mtntm\Ull. F-..oats 
wtll occv on 9.9"" ot the daya tn September. 



At the tntedace the mean 'tempea:-ature ta 11.cf, the mean 

maxtmum 13.9°; lhe mean mt.n:tmwn a.~• Temperat\ll"ea ma.v rtae 

to 17.rP · ad fall to 4.o0 • On 63.3% ol the clays the mean maxim.um 

wtl1 be exceeded• aa4 on 50.0% of the dq1 the temperature mq 

fall below the mean. mtntm,,am, 

'Ill tl\e top aotl the mean ternperat\lN! u 11,6° • mean maxSm'WD 

12.5°, mean IDildmum 10.:f. The tempenture ma.y n•e to 1s.d' 
and fall.., s.oO. On so.~ of the da.Y• tb.e mean maxtmum temperatca'e 

wll1 be exceeded, and. on 30.0% of the dqa the temperature wtll bop 

'below the mean. mildmum, 

60.<m of the dqa wtll have rainfall, but thu will total 97 ,6 mm, 

The :meaa 'RH wt.Ube 78 .. 2%, but n 76. 7% ol the ~• the RH 

wtll lall 'below Ilda •••• tn. the top 16.,S cm of the aoil the moteture 

will be 98.5"· 

1n nmmall'7 t the mean tempel'B.tllres of the at.r, the interlace 

ad the 8011. hoe naen above the A1'8'Mt leftl•• There are IDaJV' 

dqs of 'l"atat 1M the total preaptt.at1oa te 1••• tba.tl ta the pi-ev1ous 

two month•• The lH haa dl'Oppecl, but the eotl motatue content 8ttll 

nmatu htai... Gl'OWth of plant• le elow, the total number of animal• 

le 11ot :,et at tt• atatmum, 1Nt at tlle eucl of the 1110l\th the numbers of 

IDaJV' poup• •how a marked. down.w•l"C! tum, 





OCTOBER 



The ll'Owth of veaetatton, begun tn. Auau.st and continued tn 

September, Naches lt• maxunum. at tae end of Octobea-. Mean 

veaetatt.on height ta 69.0 cm1 clump• may reach 92.0 crnt litter depth 

averages 8.,0 cm. 

Flowering begins for red top, 'brown top; sweet vernal, lawn 

c1atey t.s at tts maxtmum flowertng I mouse-eared chickweed riaea to 

tte maximum at the end of Octobera cocksfoot, Yorkshire fog and 

Poa begtn their growth. Narrow.leaved plantain starts t.ts flower--ma, as does creeping buttercup, rt.sing to its maximum in late 

October. Onehunga weed flowers dramatically. Chickweed 

reaches t.ts mwdmum flowering. Dandelion reaches its spring 

maximum but declines towards the end of October. Speedwell 

reaches tts maxtmwn flowering, and white clover increases towards 

the end ot the month. 

At the beginning of October the total numbers of animals reaches 

the mtntmwn for the year, bu.t, withtn two weeks, the increase in 

nUDlbers is extremely rapid. The numbers of Mollusca increase to 

a maximum, also the deposition of their eggs. Acarina and 

Aranetda Increase, as4o the surface-dwelling animals, e.g., 

Stapb.yltntdae, adult Sco.rabtdo.e emerge, there is an increase tn 

the number of Chtlopoda, the Lumbrtctdae deposit their maximum 

number of cocoons, the Encl»iYtraetdae show an increase, as do 

adult Cara'bidae and Strattomyidae. Collembola maintain steaey 

incftase tn number• with the maximum mcrease toward.a the end of 

the month. 

61.0 cm above the •1Uface the mean alr tempel:"ature ts 13.2°, 

the mean maximum 15,2°, the mean mtntmum 11 2° T • • emperatures 
may l"tse to 22.,0° and fall to 1.cf • On. 71.0'/4 of the~• tn October 

the temperature will rtae above the mean maximum and 54 8"' f th . • ,~ o e 
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da.Y• wtll fall below tb.e mean mlldnNm. The llkelthood of frosts 

ta over. 

Al the ~- the meaa ..,,_.atl&ft ts 12.8° t the mea 

-... 14.7°, the mea ...._ 11.1°. Te.iapefthlU mq rile 

to 18.o" e-111&11 to 7 .o" • 0a 71.~ of the da;y8 the aeU; --•• 

tempefttla'e will be aceedecl and the temperature wU1 fall below 

6.e meu mininnaa on 32.31 of the dq•• 
1n 6e top aot1 Ille mean. temperaiure t• 13.4°, the mean 

mu,__ 14.1°, meau mto.tmum 12.,3°. Temperature• mq i'Ue to 

16.<>° ad. tall to 10.oO • On. '8.4~ of the days the temperature wtU 

euee4 the mean mntmwn, on 32,~ of the days wtl1 tall below the 

51,6% of tu d.q• wtll have Tata, glvblg 96., 8 mm tor the 

IIIO'Ath. 

Tu mean RH la 75.3%, bu.ton 83.~ of the dqa the RH w11l 

be below the meen. ta the top 16.S cm ol the 8011 the mot.tun ta 

92.~. 
1n nmaw,-, the &ft'wth of waetaticm and the ID.U'eue 'Ill 

taapenture• whieb. bepn ta Septem'be~ contlmle•• l"IU.t W.Uhoocl 

ol lro•u ta Jov. The I011 at the ated'ace wann• rapt.db-, and 

althouah the amovat al pred.pttatton u eimtlar to the PNflOU modle, 

the peft.ftta,e of dq• cm wht.ch. ftla can be expected u eoutderul.y 

le••• The •11 •wtve tn the top ,ofl be become le•• than In. 11&• 

p~momll. 
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By the inlddl.e of November the matn pert.od of •P11na growth te 

put tn the p'lon1:• ot the area. The mean veptatl.cm. b.et.pt U 57 cm• 

the ave-rase height of clumps i8 90 cm, but the mean depth ol lttter l• 

11.0 cm, reaching tts maxtmu.m for the year. 

Yarrow has begun its flowering I red top and brown top are tnto 

thetr maximum gl'OwthJ scarlet pimpernel begins at the beg:buling of 

the month to reach 1.ts maximum near the end. Sweet vern.a.1 has 

passed its maxt.mwn by the middle of November• and lawn dalst.es 

continue to grow but with less flowering tht.m in October. Pratrt.e 

grass begins to flower in the la.st two weeks of November, mouse­

eared chickweed shows a decline in flowering, hawksbea~ begins 
q 

to come up to ttt maximum near the end of the month. Codtsfoot ts 
! 

1n full flower. Yorkshire fog ehows a slight decline towaria the end 

of the month, although this ts tts maxtmum month of t'J.owertng. Cat•s 

ear comes into flower tn the last two weeks of November and increases 

towards the beginning of December, Perennt.al ryegrass reaches its 

maximum at the end of November1 narrow.leaved plantain conttnu.es 

to fiower, reaching its maximum in late November and the beginning 

of DecemberJ !2,! reaches its maximum in late November. Creeping 

buttercup continues in full flower. Dock plants increase thetr i'Jower .... 

tug, but do not reach their maximum until late December. Onehunga. 

weed increases in its llowering• but chickweed declines towards the 

end of November. Dandelion decreases to halt of the maximum 

tlowertng wht.cb. occurred in October. White clover increa•es tts 

flowertns to reach tta maximum at the end of November, while apeed. 

well •lowly deeltnes to come to its mtntmu.m at the end of the month. 

A rapf.d increase of numbers tn. the total fauna occura and by the 

begilining of the third week of November the total numbers are 



•~b" hrtce the mf.1lSlmml .,._l" wht.eh occVNCl ta 

Octobu• All lN\lP• 11-w a Nl"U4 tll.eftue. MoUuca have 

complete.4 .._. •a lqtoa. Ac.u1na tac.ftu•• u do AnaefAI.. 

9tap1Q,1Sntdae IDcNue, a&m ~ c;,n,t1m1e to emerge from 

the 81'DV,'114. Chdopoda matra.tatn --• 11\&Diber•• Lluabl1cidae eonttnue 

clepo•tHaa tbeb' COCOOUt but ta 1111aUer n.lllll'bere than In. October .• 

Bnchytraefd&e -.ow an. tncreue• aa do Colleinbola, Carabidae and 

achak Stnttiolllyl4ae. 

61.0 cm above the sround the meaa temperature ta 16.2° • 

the meaa sraaldm1&m 18.9° • the mean mtaS.mum 13.4°. Temperawrea 

mq ftach 29.rl and fall to 3.cf>. On so.oi of the da-Y• the mean 

maxlJm8a mq 'be aceeded, but on SG. 7% of the d.&\Y• the temperature 

wtll tall below the mean mtmmum. There are no hvat•• 

At lhe aterface the meaa temperature t.• 15. tf' • mean maxtmutll 

1s.4° 1 meu mtmmum 13.6°. Tomperaturea may reach 23.cf> or fall 

to 11.d' • On. 43.3% of the dqa in Ncmma'ber the mean maximum IDli1' 

be exceeded• and n 43. 3% of the cJ.a.ya 1he temperat,a-e -. tall below ..... ~. 
1a the 1iO'P .U the tempeN.tUJ'Q if 16.cf', the mean maximum 

16.9°, the meaa mtntmum 14.6" • The maximum tempentm'e nached 

may be 20.cP,. end the mtat.Jmml te-,en.ture 12.a° • 0a 30.0% of the 

dqa the mean maximum temperatuie _,. 'be exceeded and 011 43,.3% 

of the 4-Y• dt.e temperature mq laU below the meaa mlaf.mulla. 

43,3% ol d:t.e da.Y• han ratn.,the meaa for the IDODth bet.n.166.S mm. 

The__.. R.H 18 71.1%t but on 73.~ ot the da.Y• t1ae RH mq f.U 

below the --.n. In th.e top 16.5 cm the ,oil motmrn Se 90.,l" 

ta ry, No'ft11lber •how• an mcnue a .it temperatue• 

ner the October 11lea1UI, \Vtth the abNace of lro1t1, n,aa 



tearpen.wre•• decfta•t.na 1'&i:Afa11 &114 pel'Celltage of clq• with 1'eJn, 

plaat an,wtl\ -4 ftowertn& tnereuea i-a~, ae c1oea the number 

of•---••• ta tb.e top aotl a4 ta t'he total populatwa. ne 
cle-poattt.a of eu• 1,y ltttel'•clwelUug aaimat. readlee tte maximum 

u poU. MCOme• aw.U.ble hom tb.e tncnaeed ftowen.ng ot plant•, 

an4 the total depth of leal-ltuei- taereM••• 
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During December the me.an wsetatton het.ght ts 20.0 an; clumps 

ma.}" reach 48.0 em; and lttter depth is 4.0 cm. 

1a December the gnateat 11.umber of species ol plant• are in 

flower, althoush, the mat.a growth period of the vesetatton has been. 

completed,. Yarrvw come• t.n.to tt• maximum flowertng, as do red top 

ad 'brown. top. Scarlet pimpernel decltnee. Sweet vel'Dal decline• 

a4 liniahes flowering at the end of December. Lawn datslea alowq­

deeltne, to c:ome to their mt:rdmu:m flowering a.t the end ol December• 

Prairie gras!t linishes by the mtddle of December. ?-.iouae-eared 

chtclc.weed continues to flower. During the mtddle of December 

Scot.ch thistle comes into flower, reachtng its maxim.um at the end ot 

the montll. Hawksbeard and cat's ear continue to in.crease their 

flowering. Cocksfoot has reached its maximum, and by the end of 

December finlshes flowering. Yorkshire fog slowly declt'Q.ea. 

Perennial 'l"YC is at tts maximum flowering in December. Lotus 

ul!stnosa increases flowering rapidly to reach its maximum by the 

end of December, as does creeping mallow. Pemwroyal starts to 

flower tA the middle of December, increasing slow)¥ towards the end. 

PaaP!!um dilatatum and 'l"asalum paspyotdes begin their ftowerlng• 

although the maximum flowering ot dilatatum ts reached before that 

of pupeloides • Nan-ow-leaved plantain reaches tts maximum 

ftowe11ng at the end of December, although broad.leaved plantatu 

hu n.ot yet reached thta maximum. £!?!. slowly decltn.ea. SelAeal 

comea in.to flower at the 'be~g ot december and reachea tt• 

Dl&ldmum at the encl. Creepiq b11ttew-cup 4ad dock nach their 

.... ._ at tke encl ot December. 011.eb.un.ga weed reaches it• 

maximum., The llowertng of dan.deUoa •lowJ.y ~crea••• du-ough 

Dec•ber, a11hough. there la a decltne in. ftowenug ta whtte clover 
u4 epeedwell. 



The total l&"IPlll ■how• a maru4 tncrea•e even OTer the 

Nowmbe1' tnenue. ret.duna en eub' •ummer maxtmum by the 

mtd4le of Dec:Alllber. The JNmbeN of all group• t.ncreue with the 

nc:eptj01l of the Collembola which ahow a ■lt.ght drop awq t.n the 

8Ulface.4welltng tonne toward.J the end of December. 

61.0 cm a'bow the aurfaee the mean at.I" temperature ts 18.9°, 

the mea. m«Jdmum 21.4° and the mean mt.ntmum 16.4°. The tempera­

tun mq reach 28.d' and fall to 3.0°. 64.5% of the daa• in December 

the tampeft~ rise a'bo've the mean maxtmum and on 77 .4% of the 

da.Y• they tall .below the mean mitdmum. 

At the interlace the average temperature IS 18.6° ,. the mean 

maximum 20.9°, the mean minimum 16.S°. Temperatures m°" rise to 

25.5° or fall to 13~a° • On 29.0% of the days tn December the temper­

ature mq exceed the mean maximum, and on 41.9% ot the dqs they 

fall below tb.e mean minimum. 

1n the top .ail, the mean temperature ts 19.1° • the mean 

nwctmum 20.1° • the mean llllnimum 17.6° • Maximum temperature may 

be 23.cP, mtJdmum 1S.a°. On 35.5% of the de.ya the mean maximum 

IIIQ' be exceeded and on 32, 3% of the dqa the temperature may fall 

below the mean mtntmum. 

38. 7% of the clq-• will have ram, 58. 7 mm tor December. 

Tile mean RH t• 70. 9%, 1Mlt on. 80.6% of the daT• the RH wtU 

tall below t1as. mean., Soll mouture ta the top 16.S em ta 87.00%. 

la ~, the maximum •pnng growth ta paat, but the 

number• of the launa an tnaa.•ma raptdl_y, Aa temperature rt•••• 
the aumber ol apectes ol pldt• In llower tncreue• owr the November 

leftl. latedace and aoil tempera.tuna rematn ht.ah, INt not u htsh 

u ta Janu.r., • The percentase ol c!Q'1 wtth rain ad the total 



l)Nd-pitatton ta le•• than in November, but the RH .u.r• •close to 

the No'Vellbu mean,., The aoil motsture, however• 4ecreuea 

COUIMl'&li\; ,._ the No'ftmlaer flaure•• 
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CONCLUStON 

It bu been. atatd ln the lntrocluctton that this an.weuaattoa 
wu de.e&ped u a long.tem etudy to e,wntne the •~ of 

veaetation. retention. upon the biota ot an enclosed pasture area. 

The empbasta has not been upon the responses of particular spectea 

ae auc:h, but on the changes ot groups of btota tn relation to 

envtronmeatal factors, both annual and ovel" a longer pert.od of 

tt.me. 

Soil and soil profiles are •tmtlar at Hillcrest, Newstead 

and Tama.lLere II u 1s the pH ol the top soil, 

The lattial ftoral content was •tmtlar at each site. 

Mac:n, .. cltmate at the three sites ts similar, alt.11.ough some 

local vai1at1oD. may occur through short-term, tntense prec:lpitatioa. 

The on\r major dtffeNmee between the sites ts that Htllcnat 
. 

bu remained with a full vegetatton cover throughout the period of 

tn.veatt.satkmt while systematic: removal of vegetation occurred at 

the other~ altea. 

Surface and micro-climate Tartattons can be ltoke4 dtrectq­

with the depth of vegetation and ltiter present. Vlhere a stn,ng 

plant co,rer ext.ts at Htllcreat, eotl motsture content at the surface 

ancl tntelface nmam• higher in 11&UUDer than at Newstead ot­

Tamahere., Summer maximum temperatures of top aotl and interface 

a.._ lower at Htllc:reat than at the other two site• f winter mt.nllmua 

tempera.tuN• are high.er, and temperature lluctuatfoa.a are not •• 

wtc1e during the year where a ,ti'Ong plant cover ts pn,ent. 

The a.umber• of interface and top aotl tn.vertebratee show lees 

varlatton at Htllcrett than at Newstead and TamaheN u a. direct 



couequence of maei-o .. cltmat.e modiftcatt.on Pd butfertna by a 

vegeta.tton C:.Oftr• 

A• well u the dtmatt.c effect, the maintenance of a vegetation. 

cover wt11 cauae nppreaaton of amall, low growing plan.ts, and 

lead to an orderly eucceastona.l change 1n plant species. 

Ftnalq • the author believe• tht.a inveattgatton tndtc:ates that 

the qua!_, of the invertebrate population of a paeture ta large\y 

tr&ftuence4 by the depth of litter and height ot vegetatton within the 

puture. Where ..,atenulttc vegetatlon remo"lll1 occurs, the 

suece .. &o:a ot flora u aupendecl end some launal groups t e. S• • 

litter aa4 ndac:e dwellers, are pl'ftnnted from developing thetr 

fw1 populatton potentt.al. Thia could have tmpc,rtant tmpUcattou 

tor pa..-e ma:u.gement pn,grammea. 
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SOME SUGGESTIONS FOR FURTHER RESEARCH 

The detailed work of Ad.am• (1971) ou New Zealand Collembola, 

Lee (1959) on New Zealand Lvmbrtcf.c1&e• McMUlan (1969) on New 

Zealand Acari and Collembola., and Scott (1966) on New Zealand 

terrestrial llopoda must be coattnued., and extended to ta.elude the 

ayat.emat1c ~ of other aoil btota, pro"VtdJng f.nfonnatton on the 

relatiouhi-,. between. btota tu the fteld. To quote Lee (1968) tn bis 

pre1tdentta1 address to the New Zealand Ecologtcal Society, "In 

New Zt-alancl aotJ.a there are lllfU\V groups, parttcularbr of animal•• 

of which we know virtually notbingt and there ta an open field for 

taxonomic u.4 ecological work", and, "Now that efficient methods 

of extraction are available, soil autmals are a truuf'u1 and readily 

acceealble field for students of animal populations, and tor 

eatablt.ahtng baatc principles tu the stw\y of mecbantams of competttton 

between specie•, reaction to environmental change, control of animal 

population• ud many other fmtdam(!'.ntal aspects ol antrnal ecology•" 

1t ta with Lee'• wot'd.e tn mtnd that the author suggests some 

exteutona 10 re•earch •tu4tes. 

Above all, exact tdentiftc&Uon of btota ta easenttal, b1d: thts 

mut work had tn hand wt.th the a,.th.enna of field. data maalfected by 

1aborat.o17 COD.4iUonl. 

1, Loy.term 8tUcltee tn other areas of stmtlar ,otl and floral 

compontton ahould occur., _, that ~ valid e.ompart1ons 

can be made wt.th areas dtfterillg in aotl t.YPe, flora and 

mtcrocltmate. Where possible, fauna ahould be •tudt.ed in 

,ttu. with ~t.nirnal dtaturbance, ao that the feed.mg and compt!ltitlve 

relatt.onshtp• can be dete1"'111tned. 



2. S11}gle species ftusY tn the laboratory wt.11 add depth to 

data collected 1n the field, particularly with ft&pect to 

New Zealand Acarina, Collembola anc1 En.d\vtraehule. 
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3. The etfegtf of exo.met1bc>1!!4'S. need precise d.e.flatt:ion to 

·detenntne the effect upon the bebavtour of fauna and its 

wrttcal, eeasonal and long-term dtstributi0n patterns. 

On\y when thi8 baatc research has been accompliahed 

can the elfect• of envlrotunental manipulation through 

a,ricUltural pra.ctice be •een tn their lull •cologlcal 

perapecttve. 

4. The author'• ftn.dtnga can be extended into the fteld of 

applied agriculture -

(a) What are the ellecta upon spectftc faunal groupa of 

fe1"tiliser appllcatton of varied quantities? 

(b) Could the applt.c:atton ot a natural or arttftctal mulch 

to prepared pa.etu.re• aid the rate of organic tumowr 

clurlng the crit1cal period of summer as .-oil temperatures 

rta and .,u moisture falls? 

(c) Dou pasture monoculture deplete the top10tl of aome 

to.uoal gTOupa, lead:lng to an tncrea•e 1n numbers of 

.-c,me "pest" tnvertebntea, or 19 the increase a 

toug.term cyclic proce11? 
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FIGURE 1 

SOIL SAMPLER 

Scale f 

Page 214 

Adjustable clamp pins 

4 Stay-straps ( 2 shown) 

Ball joint 0,1 flush-fit plate 

Sample cylinder 
s/steel 10·16cm i.d. 

Cutting teeth chamfered each 
side on outer face 



FIGURE 2 SOIL SECTIONER 
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STRUCTURAL DETAIL 

KEY 

A A Fixed top plate 

B Moveable bottom 
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slotted at 1cm 

intervo Is 
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handle and 
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FIGURE 3 

..... ·> 
Scale 

FROSTED PANEL 

WITH 100w 

LIGHT BELOW 

Directron of sorl sorting 
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METHOD OF HAND-SORTING 
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UNDER GLASS 
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TABLE COVERED WITH 

GLASS AND LAID 
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BLUE CARD 
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BLACK CARD 

UNDER GL~SS 
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[IQ 
tD 
N .... 
O'I 



FIGURE 4 

SPLIT FUNNEL EXTRACTOR 

0 
C 

E I , •••••• ., • • 

- , - -!-=: ~ ~- - - - - -t :-: + - ---- : ..... -: . ----- --- --- D 

F 
L 

-----------
STRUCTURAL DETAIL 

i TIME 
- - CLOCK 

0 

C 

~:::::!!::======j E 

B 

L 

KEY 

A 15w clear lights three 

in parallel circuits 

B Ven ti lotion holes 

C Top box reflective 

white inside 

D Sponge plastic b.uffer 

E Hinge 

F Bose box matte 

block inside 

G Sieve in ring support 

4 mesn/cm 2 

H ditto 16 mesh/cm 2 

J ditto 32mesh/cm 2 

K Steep angle funrie I 

and collecting viol 

L Bose hinged door 

K Scale ½ 

SECTION DETAIL 
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~Solid internal 
support 
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APPENDIX No. 1 

PHENOLOGY OF FLOWERING .,. HILLCREST 

MEAN TIMES 1967 • 1971 

Verttcal acale (2 mm • 1 ;year) tn.dicatea the 

'AUl'llbel" of years when the apectea flowered. 

l'.,age 219 



Po.ge 220 

Achillea 

Agrostis g. -----------.....,, 

Agrostis t. ✓--------.............. 

Anagallis 

Anthoxanthum c:::::-: 

Bell is C ::::::=] 

Brom us 

Cerastium -------------------

Cirsium 

Crepis c ~ 

Dacty I is I \ 

C -............ 
Holcus -- - - ::I ----------

~ ~ :::,,, 
Hypochaer is 

s 0 N D F M A M A 
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Lolium -----------
Lotus 

Mentha 

Modiola 

Paspalum dil. 

Paspalum pasp. 

Plantago lane. 

Plantago major c::::::::::: ~ 

Paa --------
Prune Ila ------------, 

Ranunculus ---------------~ 
Rumex -::>,, 

s 0 N D F M A M A 



Solanum 

Soliva 

Stel laria 

Taraxacum 

Trifolium 

Veronica 

90 

80 

70 

60 

so 

40 

30 

20 

E 
V 

- 10 ..c 
Ol 
II 

:I: 
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L -----------------=i 

""'"--=-aos 

----- ~-:::::1 

s 0 N D J F M A M A 

MEAN HEIGHTS - CLUMPS 1 VEGETATION, 

LITTER - HILLCREST p 1967-1971 

s 0 N D F M A M 

Clumps 

Vegetation 

Litter 

J 

bar 

A 



APPENDIX No.2 

BLE'S SOLUTION 

glycerol 

95% methanol 

~ formaldehyde 

49cc 

49cc 

2 cc 

•••••••••••••••• 
FAURE'S MEDIUM 

1. disttlled water 50cc 

2. chloral hydrate SO gm 

3. g~cerol 20ml 

4. gum arabtc 30 sm 
Mix tn order 1 through 4J stir and filter; 

reac\y for use tn 12 hours, 

OUDEMAN'S FLUID 

70% methanol 

g\ycerot 

87 cc 

5cc 

glacial acetle acid 8 cc 

(This llutd has the advantage that it leaves the 

appendages of mtcro ... arthropod.a extended.) 

•••••••••••••••• 
EXTRACTION SOLUTION 

aqueoua ptctrtc acid 

70% methanol 

gJ.ycerol 

75 cc 

20cc 

5 cc 

•••••••••••••••• 
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SOlL NITRATE DETERMINATION • 9utcK METHOD 

1. Shake SO gm of dry pulverised soil wt.th 250 ml distilled 

water conta'&nlng 5 ml of N Cuso4 .SH2o for 10 minutes. 

2. Add 0.4 gm of Ca(OH)2 and 1 gm of Mgco3• Shake tor 

5 mtnutea to precipitate Cu and Fe. Filter but dtacard 

the first 20 ml of the ftltrate. 

3. To 1 ml of the sample solution ta a d17 test tube add 1 ml 

of dilute pheno14t.sulphon:k: act.cl. Shake gentJ.y and leave 

for 2 minutes. 

4. Add 23 ml of diluting eolutlon and compare resulting 

solution wUh the standard Lovlbond comparator disc. 

(Diluting aolu.tton 1 

Ammont.um citrate 5 gm 

880 Ammonia eolution 125 ml 

add dutUlecl water to brtng to 1 litre.) 



CARD 1. 

Cols 

tt 

ti 
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ti 
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ff 
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tt 
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tf 
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LAYOUT OF DATA CARDS STC1R'ED AT 

UNlVERSlTY OF WAU<ATO 

1 ... 3 RBG 

4 - 5 Year 

6 Ca1':I. No • 

7 • 10 Date 

11 -13 Staphylinidae 

14 -16 Meaosti.gmaUds 

17 .. 19 Collembola 

20 -22 Lumbrtctdae 

23 .25 L. Egg Caae 

26 .. 28 Aranelcla 

29 -31 Carabtdae 

32 .34 c. Larvae 

35 .37 C. Eggs 

38 -40 Scarab larvae 

41 .43 s. Adult 

44 .. 46 Strattomyt.d larvae 

47 .49 s .. Pupae 

SO .52 Formt.ctdae 

53 -55 ?v-tolluaca 

56 ...58 M, Eggs 

59 .61 Chalcidae 

62 .64 Chilopocla 

65 -67 Enchytraetdae 

68 ... 70 Elatertdae lanae 

71 -73 pH 
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CA'RD2 

Cols 1 .. 3 RBG 

" 4 • s Year 
tt 6 Card No. 

" 7 .10 Date 

1$ 11 Bromue untolot.des 

H 12 Lotua ultgitaosa 

tt 13 Trtfolium repens 

ft 14 Lott.um perenne 

" 15 Ach.fllea mtllelolium .. 16 Flantago lanc:eolata 

.. 17 Plantago major 

.. 18 Taraxacum officinale 

.. 19 1'.-tel\'tha pulegt.um 

.. 20 Paspalum dtlatatu.m 

" 21 Fa•pal1.1m paspalotdes 

tt 22 Poa armua. 

.. 23 Ranunculu aardou.s 

.. 24 Rumex obtueitoliua 

•• 25 
.. 26 Solanum ntgrum 

It 27 Holcu lana.tue 

.. 28 Hypochaert.e radtcata 

.. 29 D~lta alomerata 

.. 30 Cera1tt.um glomeratum 

.. 31 Agreetts tenut.a 

.. 32 -34 Depth Litter 

If 35 .37 Height Vegetation 

.. 38 .. 40 MN RH • Air 
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CARD 2 (continued) 

Cols 41 • 43 MN ... Air 

" 44 - 46 ABS MX - Air 

n 47 - 49 ABS MIN Air -
i1 50 ... 52 MN MAX • Air 

" 53 55 MN MIN ~ Air 

It 56 58 MN Soil -
t, 59 ... 61 MX Soil - ABS 

" 62 64 MN Soil ABS 

11 65 67 MN Surface 

ti 68 70 MX Surface ABS .. 
H 71 73 MN Surface .. ABS 

" 74 76 Total Rain (7 days 
before sampling) 
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KEY TO AT'I'ENDtX 4 

Row 1 Mesostigmatidae 

2 Collembola 

3 Lumbrlcidae 

4 Scarabid larvae 

5 Strattomytd larvae 

6 lviollusca 

7 Encbytraeidae 

8 pH. 

9 Bromus uniolotdes 

10 Trifoltum repens 

11 Lclium perenne 

12 Achillea millefoltum 

13 T'lantago major 

14 Mentha pweglum 

15 P.aspalum paspo.loides 

16 Ranunculus sard.ous 

17 Holcus lanatus 

18 Dactylis lanatus 

19 Agrostis tenuta 

20 Depth of Utter 

21 Height of vegetation 

22 Mean R.H. 

23 Mean ntr temperature 

24 Mean maximum a.tr temperature 

25 Mean minimum a.tr temperature 

26 Mean soil temperature 

27 Maximum soil temperature 
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Row 28 Minimum soil temperature 

29 Mean surface temperature 

30 Maximum surface temperature 

31 Minimum surface temperature 

32 Rainfall 

33 Time 
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