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Preface 

Many teachers of biology in Canterbury enjoy taking their 
students into mountain beech forest for field studies. An oft
expressed complaint in the past has been the lack of simple, readily
available resource material to assist both teacher and student in their 
study. This book is an attempt by three biology teachers to fill this 
gap. 

The book has three aims. The first is to introduce the reader to 
the mountain beech tree and the beech forest community (including 
stream ecology). The second is to describe activities which students 
may use in beech forest. Lastly, the book identifies forest areas in 
Canterbury where field studies can be conveniently carried out by 
school groups. 

The original idea for the book came from the Canterbury Science 
Teachers' Association. The idea took a step towards becoming 
reality when financial support was provided by the Environmental 
Council to C.S. T .A. to produce the book. Teacher release time was 
provided by the Education Department, support and assistance 
given by the staff of the Canterbury conservancy of the New 
Zealand Forest Service and editorial and publication assistance was 
generously given by the Centre for Resource Management, Lincoln 
College. In total a large number of people belonging to a number of 
different agencies combined together to produce the book. 

It is hoped that this will not be the only exercise of this kind 
where educational and scientific agencies in Canterbury combine to 
produce an educational publication on ecology. 

It is also hoped that student and teacher alike find the book 
helpful in interpreting and understanding the ecology of mountain 
beech forest. But please remember - it was written as an aide to, 
and not a substitute for, field work. 

lV 

Acknowledgetnents 

The authors gratefully acknowledge the assistance of the 
following in the preparation and production of this book: 

Centre for Resource Management, Lincoln College. 

Department of Education, Southern Regional Office. 

Environmental Council of New Zealand. 

Lincoln High School, Science Department. 

New Zealand Forest Service, Canterbury conservancy. 

Linda Blake, Margaret Clark, Lisa Crozier, Ron Hickford, Lois 
Jones, Kevin McSweeney, Kevin O'Connor, Pat Prendergast, Brian 
Robertson, Brian Taylor, Roger Washbourn. 

List of Figures 

1.1 Mountain beech study sites 
2.1 Regeneration pattern of mountain beech 
2. 2 Life history of mountain beech 
3.1 Life cycle of Platypus 
3. 2 Life cycle of Ochrocydus 
3.3 Mistletoe on beech 
3.4 Gastrodia cunninghamii 
3.5 Pinus radiata with mycorrhizal fungus and fruiting bodies 
3.6 Food of stoats, Craigieburn Forest Park 
3. 7 Annual variation in mice, stoats and birds 
4.1 Life history sooty beech scale insect 
4.2 Honeydew energy (nutrient) pathway 
5.1 Beech forest stream ecology 



0 Nelson Creek 

runner 

~ 
(J}rke Brunner 

CANTERBURY 

BIGHT 

TIMARU 

- - - ·-------------.------------

I 

Hawardeno 

PEGASUS 

BAY 

CHRISTCH·URCH 

Fig. 1 

Mountain Beech 
Study Sites 

Base information from Lands & Survey mapping Drawn by R. Versteegh N.Z .F.S . 1/85 





1. INTRODUCTION 
The native forests of Canterbury are dominated by one species of 
tree - mountain beech. In fact, if Canterbury were to claim a 
provincial plant, mountain beech would be worthy of consideration 
- it is robust, attractive to look at, valuable and one of the most 
common native plants in the province. 

1.1 Classification 
The scientific name of mountain beech is Nothofagus solandri var. 
cliffortioides. It is closely related to the black beech Nothofagus solandri 
var. solandri - two varieties of the same species. There are three 
other species of beech in New Zealand - red, silver and hard. 

The Fagaceae Family Tree 

Fagoideae 

Nothofagus 
(South beech) 

Lithocarpus * * 

Fagus 
(beech) 

Fagaceae 

Castaneoideae 

Castanopsis * 
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Beech Taxonomy: c 

The beech trees of New Zealand belong to the genus Nothofagus. 
This is the only southern hemisphere genus of the family of 
dicotyledonous plants called the Fagaceae. The naming of the New 
Zealand beeches seem to have confused botanists since their 
discovery - so if you have difficulty' do not be discouraged, you 
are in good company! The name Nothofagus means 'false beech'; 
fagus being the generic name of the European beeches familiar to the 
early botanists. The final proof that the N .z. beeches were a 
different genus was shown in 1965 when the chromosomes of three 
N.Z. beeches were seen and counted. They were found to have a 
diploid (2n) number of 26. All other genera of the Fagaceae have 
2n=24. 

FAMILY 

Quercoideae SUB-FAMILY 

Quercus 
(Oaks) 

Trigonobalanus * GENUS 

I 
Castenea 

(Chestnut) 
*Tropical Plants 

* S.E. Asia 

** S.Am., Africa 



What's in a name?: 
You may have wondered why 
our native plants are given 
scientific names which are 
often hard to remember and 
even harder to pronounce. This 
newspaper clipping may show 
you why common names are 
not enough. 

The scientists' answer: 

Red, black 
and brown 

(N. Z. Press Association) 

GREYMOUTH, Mar. 12. 
A sports organiser in 

Greymouth, Mr L. Thomp
son, has asked the dif
ference between red, black, 
and brown birch. 

It was explained for him 
by a prominent axeman, Mr 
W. Evans. 

The bark of the red birch 
is silver but the timber is 
pink when it is green. 

Brown birch often has 
black bark but the green 
timber is red. 

Sometimes the bark of 
the black birch is white but 
the timber is yeliow and 
sometimes it is brown when 
it is green. 

(Christchurch Press 12.3.83) 

Taxonomy-The science of naming, describing and 
classifying plants. 
Plants are placed in categories which have a close genetic 
relationship. 

Category 
Species -closely related plants which can interbreed freely 
Genus -Similar· species with some characteristics in cotnmon 
Family -Similar genera (plural of genus) with son1e 

characteristics in common 
Class -Similar families grouped together 
Division -Similar classes grouped together 
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1. 2 Distribution 
Mountain beech is the main tree species in the upland forests east of 
the Main Divide in the South Island. It is also an important tree in 
the Kaweka, Kairnanawa and northern Ruahine Ranges, Ureweras 
and Mt. Ruapehu (North Island); north-west Nelson, northern 
Westland, Fiordland and Kaikoura Ranges. Pockets are also found 
in t.he Tararua Range (North Island), near Lake Taupo, Banks 
Pentnsula and the lower reaches of the Clutha River. 

Black beech is n1uch more localised and the only substantial 
stands remaining are east of Mt. Egmont and the eastern side of the 
Tararuas. It was comn1on in the lower foothills and adjacent plains 
of Canterbury but was soon milled and burnt. All that now remains 
are forn1s intermediate between black and mountain beech. To tell 
which is which is a difficult task, even for experts. For the 
beginner the safest assumption to make (in Canterbury) is 'if it is a 
beech tree with an entire (smooth) leaf margin, call it mountain 
beech'. _ . 

Which. is· which?: · 

Mountain Beech Black Beech 

All forms of intermediates exist between the above two 
varieties 
- In some areas an adult plantJeaf is typical black beech shape 
and juvenile plant leaf is mountain beech shape 

In other areas the reverse is found 

1.3 Other forest trees 

Mo~n~ain beech forest is a re-assuring place for a beginner ecologist 
to v1s1t - he or she need not be confused by a large variety of 



different tree species. In fact, in some of the mountain beech forests 
of the dry areas of inland Canterbury, mountain beech would be the 
only canppy tree species over large areas. 

Other trees found in mountain beech forests in foothill areas of 
Canterbury are rimu, miro, matai, Hall's totara and pokaka. 

Red and silver beech are also found in Canterbury in localised 
areas - red beech on Banks Peninsula and near Mt.Grey, silver 
beech in the Rakaia Valley and Mt. Somers. 

1.4 Habitat 

Mountain beech occupies a more diverse habitat range than any 
other New Zealand tree: 

forms N.Z.'s highest timberline ( + 1500m) 
grows at sea level in Fiordland 
survives less than 0. 7m rain/ annum 
found in West Coast areas with + 7.6m rain/annum 
tolerates very thin, rocky soils 
inhabits poorly drained, wet pakihi soils 
thrives in deep, fertile soils 

Where it does grow in good soils, such as river terraces, mountain 
beech acts as a pioneer species. It is incapable of competing on these 
sites with broadleaved hardwood trees or even the other beech 
species. 
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2. LIFE HISTORY 
2.1 Flowering 

Flowering to produce seeds may occur at 20 to 30 years of age. 
Mountain beech trees are monoecious - they have separate male 
and female flowers but they are borne on the same tree. In fact they 
are borne on the same twig. The male flower is bright red and 
showey; the female is small, green and insignificant. Flowering 
occurs between October and December. 

Male flower Female flower - -10mm 

2.2 Pollen 

Pollen production varies like the flowering. In some years pollen 
production may be so prolific that clouds of it may be seen over the 
forest. The pollen is dispersed by wind. 

A pollen grain 
of Mountain Beech 

2.3 Seed production 

Seed production also shows great variation in volume and viability. 
Good seed years ('mast' years) occur approximately every ten years. 



In a good year more than 130 million seecis may b~ produced pe:r 
hectare of forest. In between the good years there may be two 
partial years wher_e seed production ranges from 5 to 50 million 
seeds per hectare. 

Many seeds are eaten by mice and therefore good years are 
followed by increases in annual numbers of these animals. 

The quality ofseed also varies-in a rnast year, much of the seed 
is viable and capable of germinating but in other years a high 
proportion is hollow. 

Pine seed Beech seed 

17mm 3mm 

Size Comparison of Mountain Beech Seed 
and Pine Seed 

2. 4 Dispersal 

Beech seeds are small with tiny wings which limits the range of 
dispersal. Seedfall is negligible 40m beyond the parent tree. 
Generally the fall distance equals the height of the tree, although 
other factors such as high winds can increase this. Seed fall occurs 
between February and June with a peak in March/ April. 

2. 5 Germination· 

Germination usually doe~ not occur until the followi?g spring (late 
October/December). Light overhead shade provides the best 
conditions for germination and survival of the seedlings which will 
survive for many years under a dense canopy. Seedlings which 
survive may reach 100mm in the first season, but at higher altitudes 
are more likely to reach 20-40mm. 
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2. 6 S~edling development 

Seedlings which are not supressed by' parent-canopy shade are 
capable of growth in excess of 450mm per year. However, seedlings 
which are under a moderately dense parent canopy become semi
dormant. These seedlings are referred to as '.advanced growth' and 
may remain like this, making very little growth for 20 or more 
years. Growth rate has been measured at LSmm per year near the 
timber line at Craigieburn. 

2.7 Growth 

Growth of mountain beech depends on a break in the canopy. Once 
light reaches the even-aged, dense seedlings, growth is rapid. The 
growth rate varies according to many factors e.g. altitude, 
exposure, aspect, competition. 

Competition for resources (soil, water, light, space) thins out the 
seedlings and then later the saplings. Eventually only a few trees 
mature to canopy height. Many mountain beech trees appear mis
shapen with broken branches and trunks. This is caused by snow 
and wind damage. The tree appears to be well-able to withstand 
such natural damage. It cannot withstand fire~ 

2.8 Regeneration and spread 
Beech spread very slowly, partly because seed dispersal is poor. 
Regeneration requires breaks in the canopy of the forest (figure 
2.1). Such breaks are caused by such natural phenomena as snow 
damage, windfall, avalanches and death. Natural catastrophes 
appear to be part of the life history of mountain beech. However if 
large areas are removed (e.g. by fire) the beech is not able to 
recolonise the land. This is seen in the Canterbury mountains by the 
large tussock or bare gravel areas that were previously covered 
before falling to the run holder's match and natural causes. 
Regeneration can also be restricted by a dense undercover of 
vegetation. Crown fern (Blechnum discolor) has been found to be 
unpalatable to deer and has spread in many areas due to reduced 
competition by the deer eating out the palatable species. The 
resulting dense cover of crown fern restricts the growth of beech 
seedlings even when there is a break in the canopy. 



2. 9 Mature tree 
Mountain beech grows from seedling (less than 1.3m height) 
through sapling (over 1.3m, trunk diameter less than SOmm), pole 
(diameter greater than SOmm) to maturity (figure 2.2). As saplings 
and poles the trees have a whip-like form and grow strongly 
towards the light with few side branches. Once they approach their 
final height (which may take between 80 and 150 years) more 
growth goes into extending the crown and forming a canopy. 

Metres 

The height of the canopy varies according to site conditions. In 
the Craigieburn Range canopy height at 900m altitude is around 
20m. 

Diameter growth of the trunk varies too. This is dependent on 
the site conditions but may also be influenced by competition 
between trees. Trees near the margin of a forest will grow faster 
than those within. Annual ring growth is small in mountain beech. 
In the Craigieburn range the average ring width is 0.8mm. 

20-P----------------------~--~-----------------.~~~=-----~~ 
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Figure 2.1 Regeneration Pattern of Mountain Beech 

1. "Seed years" occur at about 3-7 year intervals. 
Densities are of the order of 3 to 7 million seedlings 
per hectare. 

2. Dense canopy - prevents light penetration suffic
ient for rapid growth of seedlings. 

3. Suppressed seedlings remain small and stunted for 
many years. 

4. Release of growth due to break in the canopy. 
Dense stands develop of young saplings. 

5 

5. At the forest edge trees cannot advance into 
grassland by large jumps although light is optimal. 
Climatic conditions and animal browsing are 
limiting factors. Young trees grow only in the 
shelter and litter influence of older trees. 

6. In young stands there is a slight tendency to even 
aged stand structure and even height through the 
agency of "seed years" but there is also a tendency 
to mosaic patterns due to random windfall. The 
mature forest is, however, of mixed age and trees 
are of equal height. Competition causes thinning to 
densities of about 500 mature trees per acre. 

(Redrawn from Burrows, 1964) 
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2.10 Stand replacement 
Mountain beech forests are usually composed of mosaics of stands of 
trees of uniform age. The size of the stands may be several hectares 
in area. The uniform age has resulted from regeneration following 
natural catastrophies such as windthrow from a norwest gale, snow 
damage or insect attack. When individual trees die the dominant 
seedlings rapidly grow to the pole stage, one of which may form 
the replacement tree. However, the crowns of the existing trees 
may expand and fill the gap, causing the death of the competing 
poles. 

2.11 Death 
Mountain beech reaches a maximum age of 350-400 years. 
Mortality may be due to old age or a natural disturbance together 
with an insect or fungal attach. Death and decay at all stages of the 
life cycle contributes nutrients and a good seed bed for germination. 



3. BEECH FOREST COMMUNITY 
Interspecific relationships 

3.1 Herbivorous Insects 

(a) Sap-sucking 
The Sooty Beech Scale Insect (Ultracoelostoma assimile) parasitises the 
beech by drawing sap out of the phloem tissue (refer section 4). 

(b) Wood-eating 
Pinhole Borers (Platypus species) figure 3 .1. Three species of Platypus 
attack the wood of mountain beech (P. apicalis, P. gracilis, P. 
caviceps). The small tunnels they make cause less damage to the 
wood than the fungi which they enable to enter. Sapstain fungi 
stains and kills the inner sapwood. W cod-rotting fungi may then 
readily enter these stained areas and rot the wood, causing the 
heart-rot commonly seen on felled mountain beech trees. 

Ochrocydus huttoni (Longhorn beetle) figure 3.2. Damage by this 
parasite is caused by the larvae which bore larger tunnels than 
Platypus and which are often kept open by wetas. The initial tunnel 
travels across the grain vf living beech trees to the inner sapwood 
zone where they branch. Short longitudinal tunnels are made 
parallel to the grain in which the insect pupates. The adult emerges 
the following summer. Damage to the tree is caused by the 
tunnelling as well as the sapstain and wood-rot fungi which gain 
entry to the tree and eventually kill it. 

(c) Leaf-eating 
Proteodes (defoliating moth). Occasionally large areas of mountain 
beech are found to lose their foliage and appear to be dying. The 
most likely cause of this is the native defolitating moth Proteodes and 
its effect may last several seasons. However, natural biological 
control by native parasites is eventually achieved and the trees once 
more carry a healthy foliage. There is no evidence that Proteodes kills 
trees or so weakens them that they succumb to other insects or 
pathogens. The pupa of the defoliating moth is found in a cocoon of 
leaves spun together with silk. When the adults emerge from these 
pupae in the spring and summer there are spectacular numbers of 
moths in the mountain beech forests. 
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3. 2 Parasitic plants 

(a) Mistletoes 
Two species of mistletoe are paras1t1c on mountain beech -
Elytranthe tetrapetala (red flowers) and E. flavida (yellow flowers). 
Close inspection will show the suckers (haustoria) attached to the 
trunk which enable the plants to draw sap from the beech (figure 
3.3). The plants have green leaves and so are able to manufacture 
some of their own food- hence they are known as hemiparasites. 

mistletoe 

'*
istletoe 

austorium 

Section through xylem of 
· haustorium beech 

Figure 3.3 Mistletoe on Beech 



(b) Orchid 
An unusual parasitic relationship exists between the mountain 
beech (and other forest trees) and an orchid Gastrodia cunninghamii 
(figure 3.4). This orchid has numerous mottled-brown flowers 
spaced along a single, leafless, brownish stem which grows up from 
a large, underground tuber. It grows up to 90cm high yet is often 
overlooked in the summer when it appears because of its dull 
colouring. Its most unusual feature, for a flowering plant, is its 
complete lack of chlorophyll- it cannot manufacture its own food. 
The orchid obtains its food from the mountain beech tree through 
an intermediary-a parasitic fungus the honey agaric Armillaria 
mellea. This fungus is a parasite of the beech tree roots and thus 
obtains its nutrients from its host. The fungus also infects the 
tubers of a Gastrodia plant and so passes on some of the beech tree's 
nutrients to the orchid. 

Orchid flower enlarged 
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3.3 Mutualism 
Mycorrhizal Fungi 
It is thought that -mountain beech depends on fungi which cover 
the fine roots to assist its mineral uptake. These fungi are called 
mycorrhizae ('fungus roots') which form an intimate and mutually 
beneficial symbiotic association with the beech roots. In fact, this 
association may be a major reason why mountain beech can grow in 
difficult habitats as it does and also explain why beech does not 
germinate far beyond the forest margin. An hypothesis, as yet 
unproven to explain this phenomenon, is that the beech will only 
grow with this mycorrhizal fungus present in the soil and that it is 
not found beyond the forest margin. The main fungi which form 
mycorrhizas with forest trees belong to the mushroom and puffball 
groups, the fruiting bodies of which may be seen on the forest floor 
in autumn. 

Research with other plants which are known to have 
mycorrhizal fungi (e.g. Pinus radiata) has shown that they grow 
normally if they are well supplied with essential elements, such as 
phosphorus, even if mycorrhizae are lacking, but grow weakly or 
not at all if they lack mycorrhizae when the essential elements are 
present in limiting quantities. The exact relationship between roots 
and fungi is not known. Apparently the roots excrete sugars, amino 
acids and possibly some other organic substances. It seems as 
though the chief role of the fungi is to convert the minerals in the 
soil, in particular phosphorus, into available forms. 

Section of root 
with mycorrhizal 
fungus 

filament of fungus 

To determine which fungi have a mycorrhizal relationship with a 
particular tree species is a lengthy and often technically difficult 
procedure. The frequent occurrence of fungal fruiting bodies within 
a stand of trees certainly indicates a probable mycorrhizal 
relationship, but before this relationship can be proved the fungus 
must first be isolated in pure culture from the mycorrhizas, 
identified, and then inoculated into the soil near seedling roots to 
test its mycorrhizal-forming ability. Only when the same fungus 
has been re-isolated from these synthesized mycorrhizas can the 
relationship be confirmed. 

Figure 3.5 Pinus radiata 
with mycorrhizal fungus and 
fruiting bodies 

~~·J,. sheath of fungal 
tissue 

penetration of fungus FG:l...,..~f"--C..........._~~ 
between outer cells 

of root 
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3.4 Epiphytes 
Mountain beech provides a habitat for many epiphytes or perching 
plants. Epiphytes are plants which germinate and grow on the 
trunk or branches of the tree. The mountain beech tree provides 
and modifies the habitat of the epiphytes: light is filtered by the 
canopy; moisture is concentrated on the trunk and branches where 
it trickles down after rain; humus accumulates in the bark and forks 
in the trunk; the trunk itself has a drier (northern) and moister 
(southern) side. Lichens, such as old man's beard (Usnea) are 
amongst the most common epiphytes, but club moss (Lycopodium 
billardieri) and shoe string fern (Asplenium flaccidum) are often seen as 
epiphytes. Broadleaf or papauma (GriseUnia littoralis) is frequently 
seen as a seedling germinating in the fork of a beech tree. 

Asplenium flaccidum 
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Beech Forest Profile 

3.5 Other mountain beech forest plants 

(a) Sub-Canopy Trees and Shrubs 
Other trees and shrubs are associated with beech forest. There are 
sub-canopy plants which are not just associated with beech but may 
also be found growing in other forest types. Common species are 
broadleaf or papauma, fuchsia (Fuchsia excorticata), wineberry 
(Aritostelia serrata), cosprosma species, kohuhu (Pittosporum 
tenuifolium), tarata (P. eugenioides), pate (Schefflera digitata), mapou 
(Myrsine australis) and weeping matipo (M. divaricata). Some have an 
obvious role in the forest-such as wineberry and fuchsia which are 
common pioneer species on avalanche paths or erosion scars. For 
others, their role in the beech forest is not so obvious-there 
appears to be no evidence of any mutual dependence between 
mountain beech and other species. In fact, in drier mountain beech 
forests there frequently is no other species. 

(b) Mosses and Ferns 
Both these plant groups are common in numbers, but the number 
of species is lower than would be found in lowland forest. Their 
existence depends on the canopy cover provided by the mountain 
beech which creates a moister, more humid, calmer and shadier 
environment than exists above the canopy. The mountain beech 
also depends on mosses and ferns which have an important role in 
maintaining soil stability in the forest. A.thick moss cover acts as a 
sponge during rainfall as well as protecting the soil from falling rain 
drops and erosion-causing run-off. 



3.6 Lichens 

Mountain beech forest is noted for the large numbers of lichens 
which grow there. Those lichens which are epiphytic on beech 
trunks and branches obtain a place to live from the tree. It is not 
clear what, if anything, the beech tree obtains in return. Every 
lichen is an organism in which a fungus and a colony of algal cells 
form a symbiotic association, one in which the two partners live 
together with mutual advantage. 

It is a complex relationship where the lichen body is quite distinct 
from either symbiont living independently. No fungus possesses 
chlorophyll, so it is dependent on the associated algae which 
produces sufficient organic food for the needs of both, since the 
algae alone possess the necessary chlorophyll. 

3.7 Fungi 

Mountain beech forest contains many saprophytic fungi-plants 
without chlorophyll which obtain their food from dead organic 
material such as fallen leaves, twigs ahd branches. The fungi secrete 
enzymes into the forest detritus, breaking down the material into 
simple soluble compounds which the fungus can absorb through its 
thread-like hyphae. Fungi thrive in the moist environment provided 
by the forest canopy. The beech trees benefit from the fungi because 
they enable the essential nutrients in the dead plant material to be 
re-used by the beech tree. Saprophytic fungi are decomposers with 
the important role of releasing the nutrients from the litter and 
enabling them to be recycled. 

3.8 Vertebrate animals 

(a) Red Deer 
The vertebrate mammal which has had the greatest effect on 
mountain beech forest is the red deer. This introduced herbivore 
caused many changes to the forest and in some areas these changes 
brought about the eventual destruction of the forest cover. Deer 
numbers are now low in beech forest in Canterbury, due mainly to 
the operations of the helicopter deer hunters of the 1970s. 
However, the influence of deer on the forest can still be seen in 
many areas. It is worth noting how red deer affected beech forest 
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when present in high densities and then looking for signs of these 
effects today (refer table 1, page 13). 

(b) Opossums . 
Opossum damage in mountain beech forest is mainly confined to 
the associations of the lower canopy trees, especially where they 
dominate valley bottoms and gullies. Trees such as fuchsia, 
wineberry and five-finger are most preferred by the opossum. Death 
of these trees in the most slip-vulnerable places-the lower valley 
sides and gully heads-accelerates erosion. Fuchsia flowers provide a 
nectar food source for bellbirds in the summer and loss of these trees 
must have a deleterious effect on that bird. Fuchsia would also be 
further harmed by a drop in bellbird numbers because it needs the 
bird to pollinate its flowers. 

(c) Mice, Stoats and Birds 
Research carried out in Craigieburn Forest Park on stoats, by C.M. 
King between 1973-78, found the prey of the animal included birds, 
mice, rabbits, hares, opossums and insects (figure 3.6). 
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TABLE 1: IMPACT OF HIGH DENSITY OF RED DEER ON MOUNTAIN BEECH 
FOREST ECOLOGY (pre-1970) 

STAGE 

1. Browsing of palatable plants 

2. Browsing of less palatable plants 

3. Most forest floor species 

4. Invasion by unpalatables 

IMMEDIATE EFFECT LONG-TERM EFFECT 

Disappearance of palatable species (a) Food sources for native animal 
(broadleaf, stinkwood, mountain five species disappear 
finger) (b) microclimates disrupted, many 

minor plant species occupying 
special niches disappear through 
desiccation. 

Disappearance of less palatable species (a) (a) and (b) in 1. 
(mountain beech seedlings and (b) Regeneration of beech disrupted. 
saplings) 

Soil bare, compacted, litter washed 
away, no humus "sponge" to hold 
water. 

prickly shield fern, crown fern, 
horopito (or pepper tree) increase 

13 

(a) (a) and (b) in 1. 
(b) water droplets splash on bare mud 
(c) scouring by rivulets - erosion 
(d) run-off carries soil and nutrients 
(e) slips appear, stream-beds choked 

with scree 

(a) Dense growth (especially crown fern) 
prevents regeneration of forest 
trees. 

(b) Disappearance of forest cover, 
becomes scrub vegetation. 

(c) Erosion prone - fewer deep-
- roo ted trees present. 
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Research in Fiordland National Park (Eglinton and Hollyford 
Valleys) as well as at Craigieburn, showed there was an increase in 
mice and stoat numbers following a mast seed year (see figure 3. 7). 
King found that the stoats responded both numerically and 
functionally to increases in mice numbers. 

STOATS --------

Dec Dec 

1974 1975 

_,;._- -,,, 

·· .. ... ; 

' . ', .... ' ·. 
' ', 

' -- ... ___ -

Dec Dec 

1976 1977 

Figure 3. 7 Annual Variation in Mice, Stoats and Birds 

It was previously thought that when mice numbers fell the stoats 
would make a functional response towards birds (i.e. compensate 
for lower mice numbers by eating more birds). However, this has 
not happened. Stoat numbers fall as quickly as mice. Also stoats 
were found to switch to mice in autumn, irrespective of mice 
density. Birds are still at risk however in years of high mice density. 
King found that although there was little change in the number of 
birds eaten per stoat, there were so many stoats present compared to 
a low-mice-density year, that the total number of birds eaten must 
have been higher. 
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Numerical reponse 
Either (a) the predator produces more young 
OR (b) non-resident predators immigrate. 

Functional response 
Either (a) predator's diet comprises proportionately more of a 

certain prey, as that prey increases its density 
OR (b) predator's total intake increases as a result of eating more 

of a certain prey. 

(Both (a) and (b) per unit time) 

Beech Seeds - Mice - Birds - Stoats 

Mast Year 

~ 
High volume 
seed production 

/" ~ 
Population Stable bird 

~:!::~~at populous 
populations More stoats, 

more birds 

~ predatld 
Drop in bird Populations of 
populations below mice and stoats 
original numbers. crash to original 

numbers 



4. THE BEECH HONEY DEW STORY 
4.1 Introduction 

New Zealand beech honey dew is a viscous, sugary substance 
excreted by a soft scale insect (Ultracoelostoma assimile) which 
commonly feeds on the sap of the four species of New Zealand 
beeches. It is common in mountain beech forests in Canterbury, 
frequently appearing in high infestations. The components of the 
beech honey dew story are: 

4. 2 Beech tree 

beech tree (Nothofagus solandri var. cliffortioides) 
sootybeech scale insect (Ultracoelostoma assimife) 
honey dew 
sooty mould 
honey bee 
bellbird, silvereye and insects 

Beech trees absorb sunlight, carbon dioxide, water and minerals and 
produce a sugary sap by photosynthesis. This sap moves through 
the tree in sieve tubes found in phloem tissue which lies close to the 
bark. 

Phloem Sap Composition* 

Dry weight varies between 15-2So/o of total weight 
Ash Content 1-3o/o of dry weight 
pff 7.3-8.6 
Carbohydrates (variety of 
mono & disaccharides) 90o/o of dry weight 
Amino acids, fats, organic 
acids, vitamins small amounts 
Minerals (mainly potassium) very small amounts 

* From Crozier (1978) 
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4.3 Sooty beech scale insect 

The most obvious stage of the life cycle of this scale insect is the 
second-instar female nymph which is responsible for the production 
of honey dew. First-instar nymphs are 'crawlers', tiny insects that 
have emerged from the eggs and dispersed by wind. Adult males 
and females do not feed. The second-instar nymph inserts its long 
proboscis through the bark and parenchymal tissue into a phloem 
sieve tube. It feeds on the sap and exudes excess sap through a long, 
waxy tubule called a 'thread' or whisker. These long threads with 
their drops of honey dew are a sign of scale insect infestation 
(figure 4.1). 

Figure 4.1 Life History Sooty Beech Scale Insect 
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Figure 4.2 Honeydew energy (nutrient) pathway 



4.4 Honey dew 

The scale insect is stationary and has an inefficient digestive system. 
Its energy requirements are thus low and the insect would have 
little effect, if any, on the phloem sap passing through it. The 
composition of the honey dew then could be confidently expected 
to be very similar to the phloem sap. 

4.5 Sooty mould 

Black sooty mould fungi are nourished by the honey dew. Up to six 
species of fungi may live together and form a thick, sooty layer up 
to SOmm thick. This is often presumed to be the reason why the 
name 'black beech' is used. However, this is not correct-it does 
not take long in a beech forest to observe that many trees do not 
have any black sooty mould at all, and may have clear bark or be 
carrying a number of lichens and mosses. 

4.6 Honey bee 

Honey dew is collected by honey bees (Apis mellifera), modified into 
a form of honey and stored in the combs. Nectar honey (collected 
by bees from flowers) and honey dew honey are both essentially 
modified phloem sap. Differences between them are more obvious 
by taste and smell than by chemical analysis. 

Composition of Composition of 
Honey Dew Honey Nectar Honey 

Component o/o Composition Component o/o Composition 

Water 16.00 Water 17.20 
Fructose 31.00 Fructose 38.19 
Glucose 26.08 Glucose 31.28 
Sucrose 0.80 Sucrose 1.31 
Maltose 8.80 Maltose 7.31 
Higher Sugars 4.70 Higher Sugars 1.50 
Undetermined 10.10 Undetermined 3.10 
* From Crozier ( 1978) 
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4. 7 Bellbird, silvereye and insects 

A wide range of native insects including various species of fly, bee, 
wasp, beetle, moth and ant, consume honey dew. Honey dew is 
also an important food source for nectar-feeding birds such as 
bellbirds and silvereye, particularly in the winter months when 
other nectar sources are unavailable. An occasional visitor to the
beech tree in autumn is the elephant weevil (Rhynchodes ursus). This 
insect, which can grow up to 30mm long, is found feeding on 
honey dew. The grub of the elephant weevil bores into dead but 
still sound wood. 
In view of the long association of the scale insect with mountain 
beech, the apparent absence of any specialised and therefore 
dependent honey dew feeder is surprising, and there appears to be 
no selective pressure for specific feeding adaptations. 

4.8 Distribution of scale insects 

Studies have been carried out counting the number of honey dew 
threads at breast height (1.4m) within a fixed grid (size range from 
50 to 250 mm depending on tree trunk diameter). Trends which 
this study identified were: 

(a) Altitude. Density of scale insects reduced with increasing 
altitude. For every 100 metre increase in altitude there was a 
decrease of 100 fewer threads per square metre of bark. Scale insect 
was uncommon above 800 metres altitude. 

(b) Aspect. Density of scale insects higher on north aspect (932/m2) 

compared with south aspect (690/m2). 

(c) Sunlight. Higher density on those trees exposed to higher 
intensity of sunlight for longer periods (e.g. solitary trees, forest 
edge, open ridges, stream banks) than those within the forest 
themselves. 
The study also showed that distribution of scale insect seems to be 
highly localised-some trees have no sooty mould while others, 
which appear equally healthy, have a thick covering. 



5. BEECH FOREST 
STREAM ECOLOGY 

Streams are a conspicuous feature of mountain beech forest. They 
range from small, steep, hillside brooks, usually with extensive 
forest cover, to larger, flatter streams in the tussock grasslands of 
the valley bottoms. The ecology of these two types of streams are 
fundamentally different in many respects. These differences in 
physical conditions and food supply result in different aquatic 
animal communities. Energy flow pathways through these 
fundamentally different ecosystem types are explained in more detail 
in the diagram. 

Notes to accompany diagram (figure 5.1) 

1. Sunlight, tree growth, mountain beech litter, main source of 
food for aquatic insect community. 500/m2/year. 

2. Litter accumulates in pools to provide stable habitat for 
insects. 

3. Animals that feed directly on leaf litter are scarce in New 
Zealand. One large caddis fly does. 

4. Litter is colonised by fungi and bacteria-form a thin film 
over it and contribute to its decay. 

5. Micro-organisms and decay and physical factors such as 
abrasion breaks litter down to fine particles. 

6. Most of the forest stream insects feed on the fine particles of 
beech litter which are still coated with a film of fine micro
organisms. It is this film which contains most of the nutrients. 
(Like a biscuit with marmite spread-the marmite contains 
the valuble nutrients.) 

7. There are many species of predatory larvae in forest streams 
e.g. caddis fly. 
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·8. For most of their life cycle freshwater insects are aquatic larvae 
They emerge as adults to mate and lay eggs. 

9. Soluble organic compounds are released by the litter into the 
stream and much of the material is immediately taken up by 
the micro-organisms. 

10. The stream washes much of the fresh litter downstream. This 
provides an important food source for the more open sections 
downstream. 

11. The open stream system is not shaded by the forest canopy and 
this allows sufficient light through to encourage the growth 
of filamentous and unicellular algae. 

12. As with the upstream ecosystem, most of the animals feed on 
fine particles. However, in general a different assemblage of 
animals is found here. These differences can be attributed to 
three factors: 
(a) different food sources 
(b) wider temperature fluctuations 
(c) slower current speeds 
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Figure 5.1 Beech Forest Stream Ecology 



6. ACTIVITIES 
6. 1 Stratification study 

Introduction: 
All communities can be subdivided into more or less distinct layers 
or strata, both on a vertical and a horizontal plane. Stratification of 
terrestrial communities reflects largely the life forms of plants-the 
characteristic appearance of the vegetation, such as size, branching 
and leaves. -

Materials: 
1. Length of string, 30m long, marked each metre (knots). 
2. Hardboard or clipboard to act as a drawing board. 
3. Foolscap paper with cyclostyled grid on it (2.5cm = 3. 9m). 

Method: 

1. Choose two trees about 30m apart and tie string to these 
trees. 

2. 

3. 

f 

Standing back from one end of string, look squarely at first 
canopy tree and draw its trunk on your profile diagram. 
Establish its height by standing one person at base of tree and 
estimating how many times higher the tree is than the person. 
Try to estimate how far the canopy spreads along the line. 
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4. Now draw in next canopy tree; then when you have finished 
all the canopy trees, fill in the sub-canopy species that occur 
under and between them. Do not forget to draw in lianes and 
epiphytes. 

5. Take light-meter reading just outside the bush, then inside but 
not under the sub-canopy trees, and finally a reading under a 
sub-canopy tree. Record these readings below. 

Canopy Subcanopy Outside 

l Light reading 

Using results: 
1. Name the species in your profile diagram and enter them in a 

table made up like the one below. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Species Layer 

Which species would you classify as the dominant canopy 
plant? 
What immediate effect would removal of all the understorey 
and ground plants have on the community? 
What effect would slicing off the canopy have? (Assume no 
other damage). 
Are there any canopy species present in the sub-canopy? What 
relative maturity do they show? 
Which three environmental features others than light 
intensity are influenced by the presence of the canopy? 
What, if any foreign species have been introduced by man? 
What effect have they had? 
Write a paragraph describing the relationship between the 
various stratification layers, light intensity, number of species 
and growth form. 



6.2 Zonation study (alpine) 

Introduction: 

In many parts of New Zealand the upper limit of the forest or bush 
is a conspicuous feature of the mountain landscape. This line, which 
marks the lower level of the alpine zone is usually sharp, regular and 
strikingly horizontal when seen from a distance. The altitude at 
which the line is found varies, and reflects the reduction in 
temperatures with increasing altitude, plus distance from the coast 
at a particular latitude. The upper limit of the alpine zone is at the 
summer snowline-the level at which snow thaws during most 
summers. This line varies with topographical effects, especially 
steepness and direction of slope. 

Altitudinal zonation patterns: 

Choose a situation where you have a clear view of mountainside 
which shows the general alpine zonation pattern outline above. 
1. Draw a diagram of what you see. 
2. Label a) lower tree-line 

b) upper tree-line 
c) upper alpine-zone line 

3. Use a map to estimate altitude for each level. Indicate also 
scree slopes, streams, obvious plateaus, snow cover etc. 

N.B. What might affect the lower tree-line? 

Alpine zone study: 

Use t~e following information to assist you to prepare a 
vegetatwnal zone chart as you climb up through the alpine zone. 

A. Low alpine vegetation types 

1. Mixed snow tussock-scrub (Large herbs, flax, celmisias, 
spear grass, tall alpine shrubs). 

2. Snow tussock-herbfield (large herbs, celmisias, gentians, 
Anisotome etc.). 

3. Herbfield (large and medium herbs, snow tussock sparse). 
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4. Snow tussock grassland. Narrow-leaved snow tussock, 
Chionochloa rigida predominates. 

5. Bogs, sedges, rushes, ferns, cushion plants. 

B. High alpine vegetation types 

1. Fell-field-little soil, stable rocks, raoulias, hebes, cushion 
speargrass. 

2. Scree. Surface layer of 10-20cm stones that will run. Plants 
very specialised-roots buried in stable soil below. Taproots 
and rhizomes. 

3. Cushion vegetation, dwarfed, tundra-like. 
4. Snowbank vegetation. Snow-patch grass. 

Preparation of Chart: 

1. Name the various vegetational zones you pass through. 
2. Beside each, list at least 5 species of plant that are dominant in 

that area. 
3. List also the approximate range of altitudes within that zone. 

e.g. 1,000-1,500m. 
4. Record the air temperature, 1m above the ground. Compared 

with temperature on the ground. 

Using Results: 

1. 
A. 
B. 

c 

D. 
E. 

Effect of climate on Vegetation-Type 
Why does temperature affect the growth of alpine vegetation? 
W?at other environmental factors affect plant growth, in 
alp1ne areas? 
What shape/ structure do plants have in the high alpine zone? 

a. on open slopes 
b. in crevices 
Why are large herbs not found in the high alpine zone? 
Extension: In 1(b) you listed environmental factors; think 

about these and list the major physiological 
problems the plants face because of these factors. 



2. Adaptations 
Plants are adapted to cope with problems in the alpine area. 

A. List xeromorphic adaptations typical of alpine plants. 

B. Choose 3 species of alpine plants, at least 1 from the highest 
and 1 from the lowest alpine zone. List these, draw a simple 
diagram of each and describe the xeromorphic adaptations you 
observe. 

3. General 
A. Give a definition of zonation 
B. Give an example of zonation occurring as a result of an 

environmental factor other than altitude. 

6.3 Zonation study (Tree trunk) 

Introduction: 

Zonation is the name given to a horizontal pattern in the 
distribution of populations within a community. While it is usually 
thought of as occurring on a large scale (e.g. due to altitude on a 
mountain side), it may also occur on a very small scale. A good 
example of this may be seen in the distribution of the mosses and 
lichens which grow on a tree trunk. In this investigation you will 
use a simple sampling technique to investigate this on the trunk of a 
beech tree. 

Procedure: 

1. Choose a tree with a thick trunk (at least 2m in circumference) 
and at least 3 different species of moss and lichen growing on its 
trunk. 

2. Identify each species with a letter and fill in a table with a brief 
description, clearly showing the difference between each 
species. 

3. Place a string horizontally around the trunk at chest height. Put 
the knot facing north as a reference point. 

4. Work your way around the tree placing the mark on the 
middle of the top edge of the sampling frame at the following 
points on the string estimating the percentage of the areas of 
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the sampling frame covered by each species. Record this figure 
in the appropriate place on a table. POINTS: north; north east; 
east; south east; south; south \Vest; west; north west. 

5. Graph the results for each species with the site (N. N.E. etc.) 
on the x-axis and the percentage cover on the y-axis. 

Discussion: 

1. Do the species show zonation? 
2. Do the distribution patterns overlap? ...... .. 
3. What factors vary around the trunk? ...... .. 
4. Complete the table for three species with different 

distributions. 

SPECIES DESCRIPTION OF HABITAT 

5. What factor is the most important 1n determining the 
distribution pattern in this community? 

6.4 Sooty beech scale insect food web study 

In traduction: 

You may have noticed that on some of the beech trees there is a 
black dusty substance on the trunk. This is due to a complex 
interaction between organisms living on the tree. 

PART A: To be done out in the field 

1. Find a patch of black fungus with plenty of drops of honeydew 
on it. Run the back of your hand over this to wipe off the 
droplets. Lick the honeydew off your hand. Briefly describe the 
taste. 



2. Sit still and watch which insects are around the blackened tree. 
Choose a tree which: 

has sun on the infected part 
plenty of honeydew drops 
and obviously has plenty of insects on it 

i) Record the different species of insect on the fungus or 
around it. 

Look carefully at the bees on the fungus. One of them in fact may 
be a harmless HOVERFLY. They MIMIC a bee. Although a fly 
they have the shape, coloration and behaviour of a bee. 

i) How does it help them to mimic a bee? 
ii) How can you tell a hoverfly from a bee? 

iii) Record details of numbers and behaviour of any hoverfly 
bee mimics you see. 

3. Name some birds which are (or might be) feeding off the 
honeydew. 

4. Name some birds which are (or might be) feeding off the insects 
around the honeydew. 

~...---E ---1-----l __ 
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5. Consider some of the factors controlling the scale insect 
population. 

( i) What abiotic (physical) factors might control 
numbers on this site? (Be specific and think of how 
each stage in the life cycle will be affected.) 

(ii) a) What biotic factors might control numbers at this 
site? (Be specific, quote names of actual species.) 

b) Explain what controls would act on which stage of 
of the scale insect's life cycle (biotic controls). 

6. How does the black fungus get its food? 

7. How might the fungus spread from one tree to another? 

8. Give examples for the following relationships (from beech scale 
food web). 

Species Species Species 
harmed unaffected benefitting 

Parasitistn 

Predation 

Commensalism 
1---· -

* Antibiosis 

- Think of species that do not seem to have much 
competition for good food sources. 

9. How do the activities of the scale insect help fungi attack the 
tree? 



6.5 Sootybeech scale insect survey 

Introduction: 

You will have noticed that not all mountain beech trees have 
infestations of the sootybeech scale insect. You are going to conduct 
a survey of part of the forest to try and determine: 

(a) Any pattern in distribution of scale insect 
(b) Any environmental conditions which appear to favour the 
scale insect. 

Method: 

1. You will sarnple trees setting a line transect through an area of 
forest. At a predetermined spacing (say each 50 metres) you will 
lay down a 'form-less quadrat', i.e. select the nearest 10 trees to 
the station on the transect which are greater than SOmm 
diameter at breast height. 

2. Using a grid (sides 125 x 125mm) score the number of scale 
insects on the north and south aspects of each tree by counting 
the threads. 

Number of thread 
per grid Score 

0 0 
1-5 1 
6-10 2 

11-20 3 
21-30 4 

-30 5 
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3. At each station record the following: 

0 1 2 3 

Slope flat gentle steep but very steep 
walkable climbing 

scrambling 

Soil none very thin moderate deep -
+50% rocks 10-SOo/o few rocks 

rocks visible 

! 

Aspect N, NW, W, SW, S~ SE, E, NE 

Altitude measurement or estimate 

Results: 

Your results table should look something like this: 

Scale Insect 
Station Density Slope Soil Aspect Altitude -~ 

N s 
1 
2 

etc 

Analyse results to determine if any pattern of distribution of the 
scale insect is apparent. 



6.6 Five-n1inute bird counts 
These can be used to compare the density and rarity of birds in 
different localities e.g. bush margin/interior; flat terrace/steep 
hillside, stream valley I ridge top. 

The number of species seen or heard over a five minute period is 
recorded. 

Suitable for groups of 2 or 3 people. Each group should be at such 
a distance that they are not recording the same bird (700m is 
sufficient). 

Five-minute 

J bird counts 

Date: 

Observor 
'---· 

Counts 

1 2 3 4 5 6 7 8 9 10 

Temp 0°C 

Time --
Sun 

-
Wind 

Other Noise 

Precipitation 
1--· 

~ ~ l% ~ [% ~~ 1% I% 1% 
1--

Species Total 

Remarks: J 
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6. 7 Freshwater stream study 

Introduction: 

Animals and plants are adapted in order to obtain resources from 
the environment in which they live. Comparison of the occurrence 
and abundance of certain species in similar habitats enables us to 
determine what features are best ·suited for life in particular 
environments. 

Profile of stream: 

Prepare a profile of a cross-section of the stream where both fast and 
slow flow are present. 

1. Choose the area, then 
2. BEFORE entering the stream carefully observe the area and 

note (on your record sheet) any fish, surface insects, floating 
plants etc., which will be disturbed when you enter the stream. 

Materials: 
1. Measuring line, marked at 1m intervals. 
2. Thermometer. 
3. Record Sheets (2) 

Method: 

Stretch a tneasuring line, marked at 1m intervals, across the stream. 
Stand downstream from your line, to avoid disturbing organisms 
present, and use the marked tape intervals to assist in drawing a 
profile on to your profile record sheet. Show positions of large 
rocks and measure depth of water to help draw profile. Indicate 
nature of substratum at each interval. 

Recording physical features: 

Keep downstream of tape. Record following features in appropriate 
areas under profile drawing. 

1. Temperature-degrees celcius . 
2. Stream velocity-measure time for a stick to pass over a given 

distance. 



3. Turbidity-( clear + , cloudy + + , dense + + + ) 
4. 02 content-estimate +, + +, or + + + (most). 
5. Plant life-state percentage cover of slime, algae etc. Note 

presence of decaying (or fresh) leaf litter. 
N .B. if time-repeat measurements in a stationary water area 
(don't worry about a profile though). 

Recording organisms present: 

In the profile area, not necessarily exactly on the line. 
1. Fast flow area. Find 10 similar sized stones. Lift them up (hold 

a container downstream to catch animals dislodged). Note 
number and type of animal under or on each stone. Return 
stones to original position. Record total number of each species 
on Occurrence and Abundance record sheet. Use key to 
Invertebrates to identify animals. 

2. In slow-flow area, repeat above procedure. 

N .B. if time-repeat in a stationary area. 

Microscope work: 
Collect a small sample of water from the three areas, fast, slow and 
stationary. Use a microscope to compare presence and abundance of 
microscopic organisms. 

Using results: 

1. Draw a bar graph for a comparison of the number of species in 
each area. 

2. a) Which species is most abundant in the faster flowing areas? 
b) What special adaptations does it have? 
c) Draw a diagram of the organism, labelling the adaptations. 
d) Construct a food web, including this species. 

3 a) Which species is most abundant in slow flowing areas? 
b) What special adaptations does it have? 
c) Draw a diagram of the organism, labelling these 

adaptations. 
d) Construct a food web for the slow flow area, including this 

species. 
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4. a) Is there any species which survives equally well in both 
areas? 

b) Why do you think it can? 

5. a) Which areas has the greatest total number of individuals? 
b) Why do you think this is so? 

6. Choose one organism not already covered in questions 2 and 3. 
a) Describe how it is adapated to its environment. 
b) Draw a diagram of its life-history. 
c) At which stages in its life-history is it most vulnerable to 

predators? 

6.8 Field Study Techniques* 

Quadrats: 

Quadrats sample the study area at several sites using plots of 
standard size. The assumption is then made that the sample plots 
give a reliable picture of the vegetation over the whole study area. 
This is true if you have used the right shape and size of quadrat, and 
the right number and arrangement of quadrats. Vocabulary: 
quadrat and plot can be used interchangeably. 

Equipment: 
Measuring tape 
I den tifica ti on 

guide 
Basal area tapes 

Team Roles: 

Metre rules 
Record sheets (Quadrats) 
Quadrat frames 

Compass 
Pegs 
Hoops 
Cord 

Locater-locates the quadrat site, according to study method used 
Installers-install the quadrat at the site 
Identifier-identifies the plants 
Recorder-records the data 

*from Blake 



Procedure: 

1. The quadrat is located according to the study method being 
used. Refer to notes on arrangements of quadrats, so the locater 
can position the quadrat at the site. The installers then install 
the quadrat, following these guidelines: 

a. For rectangular quadrats, used in tall vegetation; keep the lines 
close to the ground e.g. go under logs if possible. Make the 
lines straight, by sighting on an installer sent out ahead. 
Construct right-angled corners, using a 3-4-5 triangle. (The 
right-angle is between the 3 and 4 side). 

b. In low vegetation use circles. These can be scribed out from a 
central point, using a line as radius. Place markers on the edge 
of the circle for your boundaries. Smaller circles can be formed 
by placing hoops at the site. 

2. Set a rule for inclusion of plants on the quadrat boundary e.g. 
include only plants whose rooted base lies more than halfway 
inside the boundary. Data are collected by the identifier 
working from ground level up, so that lower vegetation is 
sampled before it is trampled. The recorder notes down data as 
the identifier calls them out. 

Frequency-record if the species is present - use a tick to 
indicate presence. Count-record the number of each species in 
each quadrat. Use a tally mark for each plant, and total these. 
Cover-measure diameters, and convert to area later, giving 
cover. For herbs and shrubs, diameter can be measured directly. 
For tall shrubs and trees, use the downward project of the 
crown on the ground (the diameter of its shadow if the sun 
were directly overhead). For trees you can also take the 
diameter at breast height. For a simpler method of 
recording .cover, record plant's size belonging to one of these 
groups: 
A) seedlings-less than 1.3m high 
B) saplings-over 1.3m high, dbh less than SOmm 
C) pole-over 1.3m high, dbh 50-150mm 
D) tree-dbh over 150mm 
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right- angled 
corner 

scribing out a circle 

sight on person sent 
out ahead 



3. Use the Quadrat Record Sheet 1, if you are only taking 
measurements of frequency and/ or count. Use the Quadrat 
Record sheet ~' for cover. If you rule off at the end of each 
quadrat frequency and count can also be calculated from the 
cover data. 

4. Draw a brief profile diagram of the area, and note down any 
features. Record your location and quadrat details on the record 
sheet. 

Quadrat sheet (1) 
FREQUENCY /COUNT - species present in each quadrat 

Plant Species Quadrat Number 
1 2 3 4 5 

Miro t/ II 
----------------------------------------------------------------------------

Fern t/ II t/ II 
Rata t/ I 
Lancewood t/ Ill 
Use a tick for frequency, and a tally mark for count. 

Quadrat sheet (2) 

Q Plant Species 
No 

1 Miro 

Fern 

Rata 

2 Lancewood 

Fern 

COVER- diameter/area of each plant* 

Plant Number 
diam 1 area diam2 area diam3 area diam4 area diam5 area 

240mm 130mm 

30mm SOmm 

30mm 

100mm 60mm 120mm 

40mm 30mm 

Rule off at the end of each quadrat, and fill in the quadrat number. 

With the quadrats ruled off, it can be seen from sheet (2) that quadrat 1 had 2 miros, 2 ferns and 1 rata; and 
quadrat 2 had 3 lancewoods, 2 ferns. This frequency/count data agrees with sheet (1). 

* Use letters A-D if simpler method of recording plant size is used. 
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Calculations : 

1. Summarise your field data before you begin calculations. Work 
out the total areas you sampled with your quadrats. Quadrat 
size you should have noted on the bottom of your record sheet, 
and your records will also indicate the number of quadrats you 
sampled. 

1.1 Total area sampled = quadrat size X number of quadrats 
Summarise the rest of your data in a table, giving, for each 
species: the number of quadrats the species occurred in, the 
total number of individuals, and the total area covered by the 
species. 

If you used record sheet ( 1), you will be able to see from the 
columns the number of quadrats each species occurred in. You 
will have to count up the total number of individuals. Area you 
did not measure, so you will not have any area data, nor will 
you do the cover calculations. If you used record sheet(2), 
firstly work out the diameter to area conversions, on the sheet 
in the column provided. Assume a circular area. 

1.2 Area ~ 1r(radius )2 

Then total the area for each species. Count up the total number 
of individuals for each species, and the number of quadrats each 
species occurred in. 
At the bottom of your table, total up all the plants sampled. 

2. Using your table, the following calculations can be made. 

FREQUENCY= 

RELATIVE 
FREQUENCY 

number of plots in which 
spee1es occurs 

total number of quadrats 

frequency of a species 

total frequency of all species 

X 100 

X 100 
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ABUNDANCE =number of plan~s of a certain 
species 

X 100 
total number of plants 

DENSITY number of plants of a certain 
species 

total area sampled 

RELATIVE density of a species X 100 
DENSITY = total density for all species 

COVER 
total area covered by a species 

total area sampled 

RELATIVE cover for a species X 100 
COVER= total cover for all species 

Calculation The data from field studies can be used to calculate 
many factors of importance in ecological studies. 

Frequency -- the o/o of the samples occupied by a given species; 
using your presence/ absence frequency recordings. 

number of samples in which 
FREQUENCY = species occurs 

total number of samples 
X 100 

In general the higher the frequency, the more important the plant is 
in the community. A better idea of the importance of a species can 
be obtained by comparing the frequency of occurence of that 
species, with the frequency of occurence of all species present. This 
is relative frequency. 

RELATIVE 
FREQUENCY 

frequency of a· species 

total frequency of all species 
X 100 



Abundance- The abundance of a species compares the number of 
plants of that species with the total number of plants of all species in 
the study area. _ 

number of plants of a certain 
ABUNDANCE species 

X 100 
total number of all plants 

Although a plant may have a high abundance value, this does not 
necessarily mean that the plant is widely distributed through the 
study area. Thus abundance is not always an indicator of the 
importance of a plant in the community. Use your count data to 
calculate abundance. 

Density - the number of plants of a certain species per unit area. 
Use your data from counting the plants. Density is closely related 
to abundance, but is more useful in estimating the importance of a 
species. 

DENSITY 
number of plants of a certain 

spec1es 

total area sampled 

A better idea of the importance of a species can be obtained by 
calculating the relative density. 

RELATIVE 
DENSITY = 

density of a species 

total density for all species 
X 100 

Cover- where vegetation consists of trees and smaller plants such 
as grasses, the above calculations may suggest that the more 
numerous grasses are more important than the trees. A factor which 
compensates for this is cover - the proportion of the total area 
covered by a species. 

total area covered by a species 

total area sampled 
COVER= 

Relative cover gives a better indication than the absolute value of 
cover. 
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RELATIVE 
COVER= 

cover for a species 

total cover for all species 

Notes on obtaining cover measurements are given. 

X100 

Importance Value - This is the sum of relative frequency, 
relative density, and relative cover, and gives a good overall 
estimate of the importance of a species. 

6.9 Fungi and Lichen Study* 

What do fungi do for a forest? 

Fungi are plants that lack chlorophyll so they are unable to 
manufacture their own food by photosynthesis. Instead they are 
saphrophytic-they obtain their food from dead (usually) organic 
material. Fungi feed by secreting enzymes from the hyphae into the 
substrate (forest detritus-dead leaves, twigs, logs etc ... )breaking 
the organic material down into small soluble compounds which are 
absorbed into the hyphae as food. This process requires a moist 
environment. 
Saprophytes then, are the decomposers in the forest ecosystem. 
They decompose the litter in the forest floor and allow the nutrients 
tied up in that litter to be recycled. While most fungi are 
saprophytic some are parasitic (i.e. live on living material). 

Fungus hunting 

Most fungi are fragile. Take care to leave them undisturbed so 
others can see them. There is no need to pick the fungi for this 
investigation. 

Instructions: 

1. There are 15 sections to this units the first 11 of which must be 
completed within the forest. 

2. You will need a pencil, worksheet, clipboard and a metric rule. 

3. DO NOT DAMAGE THE FUNGI. 

*from Lincoln High School 



4. It will pay you to look around for a while before you start in 
order to becOine fan1iliar with the fungi available. 

ONE: Get to know a fungus 
You're looking at a fruiting body-where will the spores be? Try 
to imagine the main (vegetative) part of the fungus, the mycelium 
made up of hyphae hidden in the substrate (the stuff the fungus 
grows in). If you're looking at a gilled fungus look closely at the 
gills, cap and stalk. If it is a puffball try to find the apical pore. If it 
is a bracket fungus look for the many pores underneath. 

TWO: As you hunt make a list of the places you find 
fungi growing. 

Sections Three to Eight: Prepare a comparative description of 
two different fungi. 

THREE: Draw the shape of each of the two fungi. Try to 
label as many parts as you can. 

N .B.- their colour( s) 

FOUR: What size is each fungus? 

Fungus 1 Fungus 2 

Height mm m 

Width (at 
widest point) mm m 

a) Are these large or small in comparison with other fungi? 

Fungus 1 

Fungus 2 
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b) What are the advantages of a large fruiting body? 

c) What are the advantages of a small fruiting body? 

FIVE: Description of each fungus 

Texture 

Grows alone 
or in group 

Odour 

Fungus 1 Fungus2 

SIX: What type of substrate does each grow on? (Put 
letter in space). 

a) dead leaves and humus 
b) dead wood 
c) living wood 
d) other (describe) 

Fungus 1 

Fungus 2 

SEVEN: Environmental conditions of the substratum 

Fungus 1 Fungus 2 

Dry, damp or wet 

In bright light or shaded 

Cold, cool, warn1 or hot 

What conditions might hinder the growth and fruiting of fungi? 



EIGHT: Position in forest (Put letter in space). 

A. Substratum on forest floor 

B. Substratum on· material above ground level 

C. Substratrum on material above eye level 

Fungus 1 

Fungus 2 

NINE: Find a fungus which shows signs that living 
anirnals are (or have been) using it. 

a. Describe the signs 

b. What has the animal done to affect the fungus in this particular 
w~? . 

c. Has the animal been beneficial, harmful or neutral in its effects 
on the fungus? 

TEN: Parasitic fungi 

Look for a parasitic fungus (e.g. one growing on the side of a tree) 

a. Is it similar in appearance to any of the saprophytic fungi you 
have seen? 

b. Does it appear to have a harmful effect on the host? 

ELEVEN: Find a lichen 

a. Describe its habitat 
b. List three other places you might find lichens 

1. 2. 3. 
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A lichen is part fungus and part alga and is an. example of a 
symbiotic relationship. It is a pioneer of exposed sites and will in 
time, alter the site enough to allow other, less hardy organisms to 
colonise it. 

c. What is the fungi's role in the symbiosis? 

d. What is the alga's role in the symbiosis? 

TWELVE: Fungal nutrition (fill in the gaps) 

A fungus extracts nutrients directly from its----
---------------- Enzymes are released from 
---------- cells which break down the material which 
is then-------- into the mycelium. Fungi which break 
down the forest litter are called ------------ or 

THIRTEEN: Death of a fungus 

When a fungus dies it will eventually return essential minerals to 
the soil to be reused by green plants. 

List 4 animals which may eat edible fungi. 

1. 3. 

2. 4. 

FOURTEEN: Summary 

Briefly summarise the similarities and differences between the two 
fungi you looked at in sections 3 to 8 in the spaces below. 

PART TWO: Applying your knowledge: DEAD AND 
DYING WOOD 

1. Look at the forest around you-

a) Have any of the branches on the large beech trees been 
damaged? YES/NO 



2. 

b) Estimate the o/o that have been damaged 

c) List three possible causes of this damage 

(i) ----------------
(ii) ----------------

(iii) ------------------

a) What normally protects a tree from fungal attack? 

b) Write a sentence explaining how fungi decay wood. 

c) What part of the fungus is actually visible outside the 
timber? 

3. a) What is required to occur before a fungus can attack a 

4. 

living tree? 
b) How does the damage in (1) above help the fungi to 

attack the trees? 
c) How can insects help fungi attack a living tree? 

a) LOOK AT six fallen logs. Make an estimate of how 
long since the log fell by using the information at the 
end of this paragraph. Write it in the space provided 
along with a reason for your estimate. 

Estimated 
Log time fallen Reason for estimate 

1 

2 

3 

4 

5 

6 

Information: 1. Bacteria grow after about three weeks and the 
log becomes soft. 
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2. After about six weeks fungi form 

3. Animals live in the log after nine weeks and 
lichens may also grow at this time. 

4. b) List three factors affecting the time it takes for a log to 
disappear and explain how each factor operates. 

5. a) Shade in and label the following parts on a x-section of a 
tree trunk. e.g. 

Bark Phloem Cambium Sapwood 

Heartwood 

centre outside 

b) Label the living parts on the diagram 

6. One log will be pulled apart for the group to look at. 
a) Write a sentence explaining why it is important that we 

only pull one log apart. 



b) List the insects and other aniamls found in the log.State 
which part of its life cycle each represents. 

Name of Insect Stage of life cycle 

c) Make a sketch of the log. On it show
i. where each type of animal was found 

ii. regions where wood is completely decayed 
regions where wood is partially decayed 
regions where wood is not decayed 

iii. areas where there was evidence of fungal and/ or 
microbial attack. 

d) From the pattern you can see in (c) above, write three 
sentences explaining the sequence of events during the 
decay of a fallen log. 

7. a) Find a rotting log with seedlings growing on it. Draw a 
sketch showing this, clearly indicating the pattern of 
seedling distribution. 

b) Write a sentence explaining why seedlings often grow on a 
rotting log. 

8. The total BIOMASS of a forest includes both the living and the 
dead wood. 
a) What does the word BIOMASS mean? 
b) Look about and make an estimate of the o/o of the total 

BIOMASS represented by dead and decaying material. 
c) List with reasons, three changes that would occur if all the 

dead material was removed and not allowed to remain on 
the forest floor. 
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6.10 Variation Study 

Trees like the beech which is the dominant species in this forest are 
ANGIOSPERMS. 

- What is the special reproductive feature which characterises 
this type of plant? 

Look around. Do all the beech trees you can see look identical? 
YES/NO - Why is this? 

- Variation within a species is partly due to age, the individual 
environment of each tree and their genetic makeup. What do you 
think are primary causes of the variation among the trees you are 
looking at? 

In order that there can be some consistency when trees ar~ 
measured, foresters use a measurement called d.b.h. to measure the 
diameter of tree-trunks. This is the diameter at breast height above 
the ground (about 1.2-l.Sm) Why do they choose this height? 

Randomly choose five trees of different sizes and estimate -

a. d.b.h. 
b. height 
c. their age (make an educated guess) 
d. the relative position of leaves on the tree 

Tree d.bh. height age leaves 

1 

2 

3 

4 

5 



Trees of similar sizes may show wide variation of age while those of 
similar age may vary in size. 

a) Write a sentence saying why this occurs. 
b) Li~t four features which may cause this. 

1. 

11. 

111. 

iv. 

Look at a beech sapling(about 2-3m tall). 
a) Are all the leaves the same size? YES/NO 
b) Carefully sketch a typical leaf. Label it fully. 

6.11 Forest Ecosystem Study 

Many people looking at a forest get the impression that it is a 
relatively static system. There is a feeling of peace and quiet, the 
main sounds being the call of the birds, the trickling of a creek or 
the rushing of a stream. However, a forest is a dynamic system with 
organisms feeding, competing and mating. It is a very intricate 
system with a web of many inter-connecting links; if you alter one 
link it sets up reverberations in the whole system. In this study we 
shall see some of the changes man has caused in New Zealand forest 
and endeavour to see the effect of these changes on the forest 
system. 

Ecosystem is short for'ecological system'. For a forest this includes 
the plants and animals, the physical environment and the exchanges 
of energies and materials that take place within the system. 

1. The Powerhouse of the Forest System: 

Look upwards and you will see a mass of foliage of the tall trees. 
Look around you at the leaves of the smaller trees, shrubs and tree 
ferns. 
Look down at the ground layer ferns. 
All the green leaves of the forest capture the sun's radiant energy. 
The leaves are of many different shapes and sizes. 
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Can you Explain Why?: 

a) The tall tree's leaves are generally smaller than the small tree's 
leaves? 

b) The tall tree's leaves are mainly near the tips of the highest 
branches while the small trees leaves may be all over the plant. 

c) The fern leaves are held mainly horizontal to the ground? 

d) The fern leaves are usually softer and wetter to feel than the tall 
tree leaves? 

e) A light meter gave these light intensity readings: 
above tall trees 6000 light units 
below small trees 250 light units 
below ferns 20 light units 

(Does this explain why it is difficult to take a photo in the 
bush?) 

2. Continuation of the Forest: 

Look a little more closely and you may be able to see that trees and 
shrubs have flowers. These are often inconspicuous, but produce 
fruits that ensure continuity of the species from one generation to 
another. 

Look for trees of the same species: 

a) What is the name of the species you choose? 

b) How many trees of this species can you find? 

c) Do they all look identical in vigour, form and colour? 
Variation in a species is partly due to different age, environment 
and genetic constitution. 

d) Which do you think has caused the variation you can see in 
your species. 

3. The waste recyclers: 

Stoop down and you will see on the soil surface a layer of leaf litter, 
sometimes over a mat of partly decompose_d leaves. Below this is a 
layer of darkish, granular soil rich in humus. These three layers are a 
zone of great activity. If you could look at the material through a 



microscope you would see a seething mass of microscopic plants and 
animals. Many of these are concerned with breaking down the 
organic matter o( the leaf litter, and feeding upon each other, to 
release the nutrients for use by the trees and the other plants. This is 
another powerhouse of the forest; if the leaf and branch litter did 
not break down in these soils, the trees would soon run out of 
nutrients. 

a) Which seasons would have the greatest and least activity of soil 
micro-organisms. Why? 

b) What effect would burning have on soil micro-organisms? 

4. The animals-seen and unseen: 

New Zealand forest evolved over millions of years in the absence of 
men and other mammals. Man and the animals he brought with 
him have not only changed the appearance of much forest; they 
have also harmed the native animals-the birds. 

The bush in the gardens has become the home of three forest
dwelling birds: 

New Zealand pigeon (Hemiphaga novaeseelandiae) 
fantail (Rhipidura Juliginosa) 
grey warbler (Gerygone igata) 

a) What does this bush provide them with? 

b) What predators would these birds have? 

c) Other introduced animals, although not preying on native birds 
can affect them by the harmful effect they have on the bush. 
Can you name some? How do they harm the bush? 

Animal Effect on bush 

1. 

2. 

3. 

4. 
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5. Water and Forest: 

Outside of winter months, most of the water received by mountain 
beech forest comes in the form of rain. Here is a list of observations 
from the bush concerning water, some of which you can see· and 
feel yourself. Can you explain each observation? 

-Observation 

Driving rain outside 
the bush, heavy drops 
felt inside. 

Algae growing on tree 
trunks. 

Humus and soil always wet 
and spongy. 

Air humidity higher inside 
the bush than outside. 

Streams becoming murky 
after heavy rain. 

Explanation 

Although most forest processes are in cycles, the forest is not a 
closed system. Both water and nutrients move within the system as 
trees grow and incorporate' matter in their stems, as leaves fall and 
decay, as animals browse on plants and nutrients return to the soil. 
However, both water and nutrients are continually entering the 
system and leaving it. Water comes in as rain and leaves in the 
drainage systems or by evaporation. Nutrients come into the forest 
in the rainfall as well as in the dust and minute aerosol particles. 
Some of these nutrients leave the forest in the water seeping 
through the soil to the streams and rivers, in gases escaping from 
the soil and in timber taken out by man. The balance between 
nutrient income and loss affects the soil fertility and ultimately the 
growth and diversity of the vegetation. 

6. Stability and change: 

You may now appreciate something of the forest ecosystem, its 
energy, vastness and complexity. Unless greatly disturbed by man, 



the forest is an enduring system capable of withstanding attacks by 
insects and disease and the extremes of climate. 

Its stability is based on the forest's ability to adapt and change to 
meet varied situations. 

The problem we face with mountain beech forest is that we do not 
know the long-term effects some drastic short-term man-made 
changes will have. 

Here are some changes man has caused in our native forests. What 
long-term consequences to the forest ecosystem do you think these 
changes will have? 

Man-made change 

1. Removal of all mature seed
bearing timber trees. (e.g. 
totora, rimu, kahikatea) 

2. Light penetration· to forest 
floor through canopy 
destruction by opossum. 

3. Extinction of many native 
birds: 
* insectivores (e.g. robin) 
* nectar-eaters (e.g. tui) 

seed and berry eaters 
(e.g. parakeets) 

4. Removal through deer 
browsing of seedlings of 
canopy trees. 

5. Spread of densely foliaged 
unpalatable ground-layer 
plants. 

6. Depletion of ground-layer 
plants on steep slopes 

Long-term consequence 
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7. MOUNTAIN BEECH FO.REST 
STUDY SITES 

7.1 Craigie burn Forest Park 
Distance from Christchurch: 110 km, off SH 73 

Accommodation: Lodges 

1. Broken River Ski Club - 3 lodges in the Cave Stream Valley, 
Craigieburn Range. Sleep 69 people total. Con.tact: The 
Secretary, Broken River Ski Club, PO Box 2718 Christchurch. 

2. Craigieburn Valley Ski Club and Hamilton Peak Club-Several 
lodges and a number of huts located in Craigie burn Valley. 
Sleep 130 people total. Contact: The Secretary, Craigieburn 
Valley Ski Club, PO Box 2152 Christchurch. 

3. Canterbury Winter Sports Club-2 lodges located adjacent to 
the Forest Park. Contact: The Secretary, Canterbury Winter 
Sports Club, PO Box 1893 Christchurch. 

4. Flock Hill Lodge. Contact: Flock Hill Station, Private Bag, 
Christchurch; telephone: 781 Springfield. 

Accommodation: Huts 

Free public accommodation is provided at 10 forest park huts of 
varying standards. The huts sleep between 3 and 20 people. They 
are intended for overnight use and cannot be booked. 

Resource personnel: 

The Forest Ranger 
Craigieburn Forest Park 
Private Bag 
Christchurch 
Telephone: Springfield 790 

Information Officer 
Protection Forestry Division 
Forest Research Institute 
PO Box 31011 
Christchurch 
Telephone: 517-099 



Educational/Recreational activities: Ecological 

The following can be carried out in or near the forest-

Stratification Plant/ Animal identification 
Zonation Beech forest ecology 
Soil litter studies Bird studies 
Freshwater stream studies Beech scale insect ecology 

Applied Science 
Mountain land erosion and revegetation research 
Geological and geomorphological studies 
Climatological studies 

Outdoor pursuits: 
Forest Walks 
Tramping 
Caving 
Rockclimbing and abseiling 

Publications: 

Canoeing (Lake Pearson) 
Skiing 
Photography 
Hunting 

Birds of Craigieburn Forest Park, NZFS Brochure 
Craigieburn Forest Park Walks, NZFS Brochure 
Craigieburn Forest Park Map Guide (in preparation) 
NZMS 1, sheets S58, S65, S66 
Hut Creek nature walk, N .Z.F .S. brochure 
Mountain Land Revegetation booklet (F.R.I., N.Z.F.S.) 

Craigieburn Forest Park: HUT CREEK NATURE WALK 

Teachers, please note 

spend some time in the visitors centre 
read Mountain Land Revegetation booklet (FRI) 
collect Hut Creek Walk brochure from visitors centre 
information about each station on the walk is found in the 
booklet and is not generally repeated on this sheet-these 
are exercises for the students to aid their interpretation. 
allow one to one and a half hours for the walk. 
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1. View across Hut Creek 
Can you recognise the native mountain beech trees and the 
introduced or exotic trees? In what ways is their appearance 
different? 

Colour 
Size 
Shape 

Native Beech 

2 & 3. Mountain beech forest 

Exotic 

You will see between these two stations the natural growth 
cycle <.'1f the mountain beech. Draw and sketch and make notes 
about each stage. 

Seedling Sapling Pole 
Dead tree 

Mature tree open canopy 

Look for the mistletoe-it is a parasite on the beech. What does the 
mistletoe take from the beech? 



4. Introduced species 
Many introduced trees suffer snow damage here at Craigieburn, 
but not in their native European or North American habitats. 
New Zealand snow is said to be wetter-how could this cause 
the problem? 

Mycorrhizal fungi and pine trees-both benefit. This is called 
mutualism or symbiosis. How does each benefit? 
Mycorrhizal fungus: ______________ _ 
Pine tree: ___________________ _ 

5. Key to species 
An interesting species to view from here is the clump of alder 
downslope from the ponderosa pine. Alder is useful as a 
primary coJoniser on bare slopes-can _you see what it does to 
bare slopes? 

Look for the native scrub species near the track. What 
adaptations suit them to this environment? 
Adaptations 1. -----------------

2. --------~----------
3. -------------------------------

6. Lodgepole pine stand 
This tree (lodgepole pine or contorta) is now a serious 'weed' 
tree in many areas. What evidence can you see for that (also 
look to the area of lodgepole pine on the other side of the 
valley-refer key for station 5)? 

7. Native beech stand 
Beech seedlings do not app~ar to commence growing until a 
break in the canopy forms. What does this tell you about their 
germination and growth? 

8. The watercycle 
How do trees control the volume of water flowing in the 
creek? 
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9. Regeneration 
Compare the lodgepole and beech seed. Does this explain their 
different patterns of dispersal? 

lodgepole beech 

seed: 

dispersal: 

10. Mountain pine stand 
Look at the stony nature of the ground. It is not surprising to 
find they are deficient · in some minerals plants require for 
growth-what evidence can you see for this? 

11. Bare subsoil areas 
Removal of plant cover places the exposed soil at risk. Explain 
why. 

12. Other research trials 
Look for Lyndon Hill-once covered in mountain beech, now 
erosion scarred. List the steps in events for this change. 

1. 
2. 
3. 
4. 

13. Soil treatment trials 
Legumes have an important role to play in revegetation. What 
is it? 

14. Lone beech tree 
Can you work out three food chains based on the beech tree? 
1. 
2. 
3. 



15. Cattlestop 
The return of the natives-what microclimate conditions do 
these lodgepole pine trees create for the young beech trees? 

16. Road back to carpark 
Look for the following on the road back: 

a) Legumes stabilising road cutting. How do they do this? 
b) Stand of mountain pine (uphill side of road). All of these trees 

were planted at the same time-note the differences between 
trees and compare the soil profiles at edges and centre of stand. 

c) Iron 'pans' in soil. Sign of impeded soil drainage. Does this 
affect the plants? How? 

d) Charcoal in soil. What is this from? 
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7.2 Ashley Forest 
Distance from Christchurch: 11 km north of Rangiora and 40 
km from Christchurch 

Accommodation-

Resource personnel: 
The Officer in Charge 
Ashley Forest 
New Zealand Forest Service 
Private Bag 
Rangiora 
Telephone: Rangiora 8015 

Educational/Recreational activities: Ecological 
The following can be carried out in or near the forest
Stratification 
Zonation 
Soil litter studies 
Freshwater stream studies 
Plant/ Animal identification 
Beech forest ecology 
Bird studies 
Beech scale insect ecology 

Educational/Recreational activities: Applied science 
Geological and geomorphological studies 
Climatological studies 

Outdoor pursuits: 
Camping 
Orienteering 
Forest walks 
Car rallying 

Publications: 

Scrambling 
Hunting 
Photography 

NZMS 1, .sheets.S67, S68/69 



7.3 Lake Sumner Forest Park 
Distance from Christchurch: 105 kmg, off SH 7 

Accommodation: Lodges 
1. Boyle River Outdoor Education Centre. Located at Boyle 

River near Lewis Pass Road--SO beds. 
Contact: Resident Teacher, Boyle River Outdoor Education 
Centre, Private Bag, Christchurch. Telephone: Hanmer 
Springs 7041 Evenings (residence) Hanrner Springs 7082. 

2. Hope-Kiwi Lodge-24 beds (NZFS). 

Accommodation: Huts 
Free public accommodation is provided at 33 huts and bivouacs of 
varying standards. The huts sleep between 2 and 30 people. They 
are intended for overnight use and cannot be booked. 

Resource personnel: 

The Officer in Charge 
Lake Sumner Forest Park 
New Zealand Forest Service 
PO Box 214 
Hanmer Springs 
Telephone: 7218 Hanmer Springs 

Educational/Recreational activities: Ecological 
The following can be carried out in or near the forest-
Stratification 
Zonation 
Soil litter studies 
Freshwater stream studies· 
Plant/ Animal identification 
Beech forest ecology 
Bird studies 

Educational/Recreational activities: Applied science 
Geological and geomorphological studies 
Climatological studies 
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Outdoor pursuits: 
Tramping 
Climbing 
Camping 
Fishing 
Hunting 
Photography 

Publications: 
A Guide to Lake Sumner Forest Park-NZFS Map Guide 
Lake Sumner Forest Park-NZFS Booklet 
Lake Sumner Recreational Hunting Area-NZFS Brochure 
Taramakau, Hurunui and Hope River Tramping Routes NZMS 
283 
Forest Wildlife-Government Bookshop 
Hunting Guide-Gvvernment Bookshop 
NZMS 1, sheets S46, S47, S52, SS3, SS4, S58, S60. 



7.4 Hanmer Forest Park 
Distance from Christchurch: 135 km, off SH 7. 

Accommodation: 
Hanmer Forest Park Trust Camp. Sleep 108 people in 50, 2 and 3 
berth cabins. 
Contact: Caretaker, Hanmer Forest Park Trust Camp, Jollies Pass 
Road, 
Telephone: Hanmer Spring 7202. 

Resource personnel: 
The Officer in Charge 
Hanmer Forest Park 
New Zealand Forest Service 
PO Box 214 
Hanmer Springs 
Telephone: Hanmer Springs 7218 

Educational/Recreational activities: Ecological 
Stratification 
Zonation 
Soil litter studies 
Freshwater stream studies 
Plant/ Animal identification 
Beech forest ecology 
Bird studies 
Beech scale insect ecology 

Educational/Recreational activities: Applied science 
Geological and geomorphological studies 
Climatological studies 

Outdoor pursuits: 
Forest Walks 
Tramping 
Forest drive 
Hunting . 
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Fishing (Clarence, Waiau and Acheron Rivers and Lake 
Tennyson) 
Photography 
Thermal Pools (Hospital grounds) 
Skiing (Am uri Ski -field) 
Pony trekking 
Trail riding 
Camping 
Orienteering 
Car rallying 

Publications: 
Hanmer Forest Park Walks-NZFS 
Hanmer Forest Park-NZFS Handbook 
The Hanmer Forest Walks-L.W. McCaskill and J.H. Johns 
Hanmer Springs 1883-1933-50 years of progress-Hanmer 
Springs Golden Jubilee Celebrations Committee 
The Amuri-A County History-W.J. Gardner. 
NZMS 1, sheets S4 7, S54. 



7.5 Oxford Forest 
Distance from Christchurch: 56 km, via Oxford 

Accommodation: 
1. Black Hill Hut-6 bunks, 6 mattresses. 
2. Townshend Hut-8 bunks. 

State Forest hut accommodation is free. Huts are intended for 
overnight use and cannot be booked. 

3. Xavier Lodge-located Less Valley near Cunningham Stream. 
Sleeps 20. Contact: Xavier College, 122 Barbadoes Street, 
Christchurch 1, Telephone: 69-426. 

Resource personnel: 
The Officer in Charge 
Oxford Forest 
New Zealand Forest Service 
Ashley Forest 
Private 
Rangiora 
Telephone: Rangiora 8015. 

Educational/Recreational activities: Ecological 
The following can be carried out in or near the forest
Stratification 
Zonation 
Soil litter studies 
Freshwater stream studies 
Plant/ Animal identification 
Beech forest ecology 
Bird studies 
Beech scale insect ecology 

Educational/Recreational activities: Applied science 
Geological and geomorphological studies 
Climatological studies 
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Outdoor Pursuits: 
Camping 
Tramping 
Forest Walks 
Hunting 
Photography 

Publications: 
Oxford Forest-NZFS Brochure 
Oxford Recreational Hunting Area-NZFS Brochure 
Beyond the Waimakariri; a Regional History, D.N. Hawkins 
Oxford, The First Hundred Years-O.A. Gillespie 
NZMS 1, sheets S66, S67, S74, S75 



7.6 Mt. Hutt Forest 
Distance from Christchurch: 104 km, off SH 72 

Accommodation: 
1. Seventh Day Adventist Lodge. Sleeps 142 in two dorms -

located on the forest periphery, near Pudding Hill stream. 
Contact: Camp Manager, Telephone Methven 28-599 or 
Youth Director, Seventh Day Adventist Church, telephone 
Christchurch 62-899. Postal address: PO Box 25085 
Christchurch 

2. Pudding Hill Recreational Park - located on a high country 
farm adjacent to Mt. Hutt. Accommodation in chalets, 
capacity for large or small groups. Contact: Pudding Hill 
Recreational Park, No. 2 R.D., Rakaia, telephone: Methven 
28-416 or 28-417. 

Resource Personnel: 
The District Ranger 
New Zealand Forest Service 
PO Box 4 
Geraldine 
Telephone: Geraldine 38-456 

Educational/Recreational Activities: Ecological 
The following can be carried out in or near the forest
Stratification 
Zonation 
Soil litter studies 
Freshwater stream studies 
Plant/ Animal identification 
Beech forest ecology 
Bird studies 

Educational/Recreational activities: Applied science 
Geological and geomorphological studies 
Climatological studies 
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Outdoor pursuits: 
Forest walks 
Skiing (Mt. Hutt) 
Photography 
Botany 
Tramping 
Hunting 

Publication: 
Mt. Hutt Forest - NZFS brochure (available 1985) 
NZMS 1, sheets S73, S74, S81, S82. 



7. 7 Mt. Thomas Forest 
Distance from Christchurch: 60 km (reached either through 
Rangiora and Lob urn or Oxford and the Ashley Gorge) 

Accommodation: 
1. Glentui Youth Camp-located next to Glentui River. Sleeps 

125 in rooms. Contact: Camp Manager, telephone 
Christchurch 68-716 (PO Box 887) 

2. Pinchgut Hut (NZFS). Sleeps 10. Accommodation free. The 
hut is intended for overnight use and cannot be booked. 

3. Xavier Lodge-located Lees Valley near Cunningham Stream. 
Sleeps 20. Contact: Xavier College, 122 Barbadoes Street, 
Christchurch 1, telephone 69-426. 

Resource personnel: 
The Officer in Charge 
Mt. Thomas Forest 
New Zealand Forest 
Private Bag 
Rangiora 
Telephone: Loburn 564 

Educational/Recreational activities: Ecological 
The following can be carried out in or near the forest
Stratification 
Zonation 
Soil litter studies 
Freshwater stream studies 
Plant/ Animal identification 
Beech forest ecology 
Bird studies 
Beech scale insect ecology 

Educational/Recreational activities: Applied science 
Geological and geomorphological studies. 
Climatological studies 
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Outdoor Pursuits: 
Forest walks. 
Tramping 
Hunting 
Photography 

Publications: 
Mt. Thomas Forest-NZFS Brochure 
NZMS 1, sheet S6 7 



7.8 Alford Forest 
Distance from Christchurch: 113 km off SH 72 

Accommodation: 
Presbyterian-Methodist Bible Class Camp, Stavely, telephone 
Spring burn 848. 

Resource personnel: 
The Officer in Charge 
Alford Forest 
New Zealand Forest Service 
PO Box 4 
Geraldine 
Telephone: 38-456 

Educational/Recreational activities: Ecological 
The following can be carried out in or near the forest
Stratification 
Zonation 
Soil litter studies 
Freshwater stream studies 
Plant/ Animal identification 
Beech forest ecology 
Bird studies 
Beech scale insect ecology 

Educational/Recreational activities: Applied science 
Geological and geomorphological studies Climatological studies 

Outdoor pursuits: 
Forest walks 
Photography 
Hunting 

Publications: 
NZMS 1,sheet S81 

Tramping 
Ice Skating: beside Bowyers Stream 
Curling: beside Bowyers Stream 
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Sharp lin Fails Nature Walk 

Station 1: Swing bridge (Car Park side) 

You are about to enter a scenic reserve. All the plants and animals in 
a scenic reserve are protected-this means they must not be 
damaged or removed. Before you cross the bridge, look around 
you, then look over at the other side of Bowyers Stream-inside the 
scenic reserve. Can you explain why the two areas look different? 
Do you think we need scenic res·erves in New Zealand? 

Station 2: Swing bridge (Scenic Reserve side) 

Bowyers Stream has a catchment area of native beech forest and 
alpine tussocks. The water is always dear-unless there has been a 
recent heavy rainfall. The natural state of the catchment helps to 
keep this water in a pure state and this is an important reason why 
this forest and tussock vegetation must never be changed. Can you 
think of others? 

Station 3: Fern bank 

This attractive fern-called crown fern, can sometimes be a 
problem. In some ares of beech forest it shows that deer were 
formerly (or may still be) a problem. Deer eat other native plants 
but will not eat crown fern (it is said to be unpalatable). This then 
increases and grows very densely-so dense in fact that is stops 
seedlings of beech trees regenerating. It is too thick for them to 
grow through. What then may happen when the mature beech 
trees die? 

Station 4: Large boulder near clearing 

This moss-covered boulder shows how plants can naturally grow 
on bare areas in a beech forest. The first plants to arrive on the bare 
rock surface would have been LICHENS-small, flat plants which 
can grow on almost any surface. The lichen is called the 
PRIMARY COLONISER. The next plants to arrive would have 
been MOSSES-and the thick carpet of moss is still obvious here. 
The lichens and mosses provide a seed bed for the next 
plants-FERNS and NATIVE GRASSES. Finally seedlings of trees 



Station 4: Large boulder near clearing 

This moss-covered boulder shows how plants can naturally grow 
on bare areas in a beech forest. The first plants to arrive on the bare 
rock surface would have been LICHENS-small, flat plants which 
can grow on almost any surface. The lichen is called the 
PRIMARY COLONISER. The next plants to arrive would have 
been MOSSES-and the thick carpet of moss is still obvious here. 
The lichens and mosses provide a seed bed for the next 
plants-FERNS and NATIVE GRASSES. Finally seedlings of trees 
and shrubs germinate in the seed bed-look for the BEECH TREE 
growing on the boulder. 

Station 5: Beech tree roots 

This maze of roots absorbs water and minerals for the beech tree. 
This tree, called mountain beech, is the dominant tree in this forest. 
Like all green plants it converts the water and minerals it absorbs 
and carbon dioxide from the air into sugars and starch using the 
energy of the sun. This is called PHOTOSYNTHESIS. The beech 
tree turns the sugar it makes into many products. How many can 
you add to this list: leaves, sap, ....... . 

Station 6: Beech trees 

Notice the young beech seedlings and saplings growing here. Their 
growth has been "triggered" by a break in the canopy and light 
reaching the forest floor. This starts the beech seedlings growing 
after staying less than 10cm high for many years. Over the stream 
you can see "pole" beech-an older stage. 
Compare the number of seedlings, saplings and mature trees in a 
small area. Can you explain why the numbers decrease as the size 
increases? 

Station 7: Gorge and rock pools 

This gorge, the deep pools and the round boulders of the stream 
have all been formed by WATER EROSION. The cool shady area 
formed is an ideal place for ferns-which can be seen lining the 
steep banks of the stream. This special living place for the ferns is 
called its HABITAT. Can you think of other habitats in the beech 
forest? 
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Station 8: Climb up the ridge 

Many species of trees and shrubs live in a beech forest. As you climb 
up this part of the track, look for these trees. 
pate-8-10 large leaves from one point 
puka (or broadleaf)-leathery, bright green, round leaf whauwhau 
(or fivefinger)-3-5 leaves from one point 
putaputaweta (or marble leaf)-smallleaf, jagged edge,marble-like 
konini (or fuchsia)-thin leaves, purplish beneath 
mako-mako (or wineberry)-jagged edge, thin, roundish, red 
branches 
rata-bright green oval shaped leaves-on left hand side of track 
near the top of the ridge 

Station 9: Ridge top-listening post 

Have a well-earned rest. As you wait here be quiet and look and 
listen for other members of the beech forest-THE BIRDS. Native 
birds which live in this forest are: (see how many you see or hear 
during your walk) 

bellbird 
fantail 
grey warbler 
bush pigeon 

tomtit 
rifleman 
brown creeper 

Station 10: High level track along ridge 

Rata is a common canopy plant on this section of the track. In 
Canterbury rata occurs in disturbed forest areas. This forest has 
been disturbed naturally and also by man. 
Two climatic phenomena damage this forest. 
Can you name them? 

Station 11: The honey dew story 

Look closely at the trunk of a beech tree and you will find it 
is covered in a black substance. If you look even more closely you 
will see fine hairs hanging down with maybe a drop of a liquid at 
the end. The black substance is a FUNGUS called BLACK 
SOOTY MOULD. It grows on the sweet liquid a small scale insect 



sucks out of the beech tree. The fine hair is attached to the anus of 
the insect and excess liquid (called honey dew) drops out of the end 
of this hair. The insect is called the HONEY DEW SCALE 
INSECT. Many -animals of the beech forest feed off the honey 
dew-you may see a colourful butterfly or a bellbird collecting 
some. Honey bees also collect the honey dew and make a delicious 
honey from it. If you are lucky you may see a fantail or a rifleman 
catching insects near a beech tree. How does the honey dew scale 
insect help these birds find their food? 

Station 12: End of boardwalk 
Notice the few scattered mature and dead beech trees. It is not hard 
to imagine that those living beech trees may soon die. Look around 
for sign of regenerating young beech trees. There are none-the 
crown ferns prevents the light reaching the soil and stops the beech 
seedlings' growth. 
Do you think these beech trees are important in holding the soil on 
this slope? 
What will hold the soil whey they die? 

Station 13: First bend 
On the right of the track just before this bend are two small pokaka 
trees and two immature lancewoods. After the bend are other 
lancewoods and pokakas, this time on the left of the track. As a 
young tree, pokaka and lancewood have differently shaped leaves to 
their adult form. These are young trees. 
Why do these trees have differently-shaped leaves? Your 
explanation may be as good as the experts. 

Station 14: Lookout 
Look through the trees to the plains. The early settlers relied on the 
forest for timber. What do we rely on the forest for nowadays? Can 
you find more pokakas and lancewoods nearby? 

Station 15: Fuchsia archway (at start of boardwalk) 

Common trees here are wineberry and fuchsia. These two trees 
commonly grow on newly-exposed soils formed by slips and are 
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known as colonising plants. Slips are common in this area of forest. 
What causes the soil to slip away? 

Station 16: Boardwalk 

A forest has many different plants growing in the lower layers. This 
can be seen on this part of the track if you look closely at the ferns. 
There are at least eight different species of ferns growing here. 
Why are ferns so common in this part of the forest? 

Station 17: Descending track 

Notice the variety of trees here-and notice too there are no beech 
trees to be seen. Trees which can be seen here include coprosmas, 
broadleaf, kohuhu, tarata (lemonwood), horopito (pepper tree), 
mapou. 
Can you suggest why there are no beech trees growing here? 

Station 18: Goldsmith rapids 

Bowyers Stream tumbles over the rhyolite bulders which make up 
these rapids. The stream also actively erodes the ridge on the 
opposite bank. Tinstone Creek joins Bowyers Stream here. Look 
for the tunnel through which Tinstone Creek once flowed. Notice 
the faults on the bluff opposite separating the solid from the 
shattered rock which erodes rapidly. The Sharp lin Falls are 10 to 15 
minutes upstream and can be reached by boulder-hopping. This 
should not be attempted if the stream is running high or the 
boulders are slippery due to rain or ice. 

Station 19: River track 
As you return via the river track, look for fallen logs beside the 
path. These also are an important part of a forest-they provide 
food and shelter for many animals; as they decompose they return 
nutrients back to the soil to be reused by the living trees. Nothing 
is wasted in a mature beech forest-providing man does not 
interfere. 



Summary 

The beech forest makes its own food: 

feeds the native insects and birds 
keeps the water clean 
holds the soil in place 
heals itself after erosion 
spreads onto new bare ground 

Can you think of reasons why it should be protected? 
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