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A N ote t o  t he Te ac her 

Modern Bi ol ogy courses often have a wider 
aim than s imply introduc ing students to the 
el ements of biol ogical science. More and more 
teachers and curricula  des igners are seeking 
to provide a course that enab les students to 
use their biological training to eval uate the 
relationship between man and nature - between 
human systems and natural systems . Thi s 
change of emphasi s  ari ses out of a recogni tion 
that the impact of human systems on nature has 
been badly managed and that thi s  mi smanagement 
has important impl i cations for us al l .  The 
next generation will have to cope with a complex 
of probl ems stemm i ng from i nteractions between 
popul ation, resources and envi ronment .  The 
first step towards copi ng js a c lear under
standi ng of the probl em.  

An understandi ng of the working of natural 
and human systems can best be obtai ned by us i ng 
system analysis techniques . Systems analys i s  
seeks to  develop a package of  basi c  pri nci ples 
that govern the working of both natural and 
human systems . These are then used to analyse 
the structure of systems and to predict their 
performance under different cond iti ons . Students 
using thi s  text wi l l ,  i n  secti on I, be i ntro
duced to the basi c  pri nci ples of a system analysi s  
' l anguage ' . Then i n  section I I ,  they wi l l  apply 
th is  l anguage to the analysi s  of New Zealand eco-

systems, both modlfied and unmodi fi ed .  F i nal ly, 
i n  secti on I I I, they apply the same analyti cal 
techniques to human systems i n  an effort both to 
identify key probl em areas and to expl ore remedial 
strategi es . 

The text has been devel oped with particular 
regard for the 7th Form Bi ol ogy syl l abus . 
Porti ons of Section A and much of Sect i on C of 
the 7th Form Biology syl l abus are wel l covered by 
this text - although i n  a way that may be un
fami l iar to those unfami l iar wi th systems analy
s i s .  However, because the workings of natural 
and human systems do not confine themselves to 
the contents of our 7th Form Biol ogy syl l abus, 
there i s  some ' spi l l over ' of contents i nto areas 
normal ly  associ ated with Geography, Economi cs and 
Computer Sci ence. Thus, to a l i mi ted extent, 
the text i s  mul tid i sc ip l i nary . Teachers i n
vol ved i n  c lassroom testing of the manuscri pt 
have suggested that i t  functions wel l as a se1 f
i nstruction text, with class di scuss ion of 
�uggested activities . 

The use of computer analys i s  i n  the text 
al so deserves some comment. System model l i ng 
real ly comes al ive when combi ned wi th a computer. 
When we asked high school teachers about the 
advisabi l i ty of i nc l uding computer-based exer
ci ses in the text, we got two sorts of answers . 



Those that had never seen or used a microcomputer 
considered i t  unwi se on several grounds . Those 
that had access to the rel evant ' hardware ' ,  or 
had seen m icrocomputers used i n  school s ,  thought 
most schoo l s  woul d  have them wi th in  a few years , 
and that consequently we would be unwi se not to 
i ncl ude some material requiring computer analy-
s i s .  Therefore , we have i ntroduced the use of 
the mi crocomputer as an optional aid to system 
model l i ng . Where school s have the equi pment,  
students are provided wi th suffic ient guidance 
to ' beg i n  at the beg inning ' ,  and to proceed from 
there to some s i mpl e computer mode l l i ng .  Where 
no computer i s  avai l abl e ,  the essential  exerci ses 
can sti l l  be compl eted wi thout such equi pment . 

Fi nal ly, we recogni se that the text offers 
something of a ' voyage of d iscovery' for most 
teachers . The mul tidi sci p l i nary nature of 
modern biol ogy , the potential for computer
assisted teach ing and the unfam i l i ari ty of system 
analys i s  ' l anguage ' combine to produce a text 
that requires a certain amount of courage to use . 
We urge you to do so , however, s ince the text 
has the potential to make a s i gni ficant con
tri bution towards the education of the generation 
of New Zeal anders that might devi se a new and 
more sustai nabl e relationsh ip  between our human 
system and our natural envi ronment . 
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PART ONE : PR INCIPLES AND SYM BOLIC LANGUAGE 

1: Sy stem s and Sym bol s  

The earth is covered with living systems 
that are constantly interacting. Molecules 
interact with each other within cells; cells 
interact within organisms; organisms interact 
within populations; populations interact within 
ecosystems; and ecosystems interact with each 
other within the biosphere. 

He can develop modeLs of these various in
teractions to help us understand better the ways 
in which various 1 1ving systems function. 

The ecosystem 
biological system. 
model to include: 

is one important model of a 
We understand the ecosystem 

- populations of living things (pro
ducers, consumers, decomposers); 

- cyclic flows of nutrients (like C. N.P.); 

- non-cyclic flows of energy; and 

- the physical attributes of the system. 

1.1 A BEECH FOREST SYSTEM MODEL 

As an example of a typical New Zealand eco
system, we have chosen a beech forest. A 
beech forest ecosystem is a system of inter
actions between trees, wildlife, microbes, soil, 
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PROOUCERS: 
&ech trees 

Figure 1 .1 Beech forest ecosystem 

CONSUMERS: 
}--+---toi .wna� 

Microbes 

H •• Isink I usa1 enorgy I -"'-
-

chemical cycles and air. Each of the many 
interactions is accompanied by a flow of energy. 
One useful way of representing the organisation 
of a beech forest ecosystem is to chart the 



flows of energy through the system, using a 
symbolic energy language. We have done this in 
Figure 1 . 1 .  

You can see the flow of sun and rain come 
together and interact with soil nutrients in the 
production process of the beech trees. Energy 
flows from the production of the trees are used 
by the consumer animals and micro-organisms to 
grow and to produce soil nutrients which are then 
recycled to the trees. Used energy from the 
processes and losses or depreciation from the 
storage flow out of the forest system as heat. 
The actual beech forest system has many inflows 
and outflows, such as nutrients coming in with 
the rain and water leaching out through the soil 
(Figure 2 . 1 ) ,  but we have simplified the system 
to introduce the symbols. 

Like any language, the language of system 
modelling needs practice before it can be 
mastered. This is not a difficult task, how
ever, since you have already been introduced to 
the basic elements of our system language. The 
beech forest system model contains seven basic 
symbols from which our models will be built. 

The rectangle formed by the solid lines shows 
the boundary of the ecosystem model. The circle 
of the sun and rain represents the energy inflow 
from outside the system. The lines with arrows 
show the directions of inflows and outflows. 
The symbol shaped 1i ke a bullet represents the 
production process of the trees. The hexagon 
is the symbol for consumption, in this case, by 
animals and microbes. The tank symbol indi
cates storage of soil nutrients within the forest. 
The heat sink is the symbol for the outflow of 
degraded heat energy and depreciation leaving 
the system. 

Remember: 

D means boundary of ecosystem 
model 

means inflows from outside 
the system 

means pathway of energy flow 

means production unit and 
process 

means consumption unit and 
process 

means storage 

means heat sink - degraded 
energy 

Systems and Symbols 2 
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Figure 1 . 2  Beech forest with aetails of production and consumption 

Next, look at this beech forest system in 
more detail with the interactions and storages 
that are part of production and consumption 
(Figure 1.2). In the production process the 
sun and rain interact with the soil nutrients to 
produce biomass of leaves, stems, roots, seeds. 
They feedback into the interaction to use more 
energy of the sun, rain, and soil nutrients. 
Some of the production products are consumed by 
the animals and microbes. There is energy de
graded from the interaction and the storage. 
The flow of energy from the producers interacts 
with the biomass of the consumers to produce 
more consumer bodies which feedback to interact 
with more energy from the producers. Chemical 

3 

wastes, like urea from the interaction process 
of the consumers, recycle to the soil nutrients 
and then to the trees again. Thus, materials 
like nitrogen and phosphorus cycle through the 
system, while degraded energy flows out· from 
interactions and storages. Potential energy 
can be used only once. 

The beech forest has been used as an example 
to introduce the concept of energy flows and the 
use of system symbols. All ecosystems have 
similar patterns of outside energy sources, pro
ducers, consumers, recycling, and degraded 
energy. 



1.2 SYMBOLS AND THE I R  MEAN ING 

Here i s  a summary of the energy l anguage 
symbol s that we have i ntroduced so far ,  together 
with some others that we wi l l  need l ater. 

EnergY Source The ci rc1e indicates a source 
of energy from outside the system under con
sideration. It may be a steadi ly flowing source 
1 ike a ri ver. It may be a 1 a rge source with a 
constant pressure l i ke the pressure of the sea. 
It may be a source that varies , as solar energy 
does from day to night. We can add words to the 
diagram to describe what·kind of energy is being 
consi dered and how i t  i s  delivered. 

Energy Storage Tank ·Th is  symbol i nd i cates a 
storage of some kind of energy within the system. 
The symbol could i ndicate energy stored i n  an 
el evated water tank , in an o i l  tank, soi l 
nutrients, animal bodies , i n  the manufactured 
structures of a bui l d i ng ,  or i n  a l ibrary ( in
format ion).· 

Heat Sink The arrow pointing downward , seem
ingly i nto the ground, symbo l i zes the loss of 
degraded energy - that i s ,  energy which cannot 
do any more work - from the system. The pathway 
of degraded.energy flowing out i ncludes heat 
energy that i s  degraded as a by-product of work 
and a lso  the dispersed energy of depreciation. 

Heat is lost in  f�;ct;on , as  when an auto
·mobi le's tyres ratole over the road. It is 

a l so lO'3t in the process�s of photosynthesis  
and respi ration . In the human body , heat nows 
O"t from the skin  and lur.g s .  

Concentrations of matter are energy storages. 
Energy i s  l ost if the concentrat i on is spread 
apart; this is depreciation. Depreciation of 
animal bodies i s  the loss of energy as they become 
old and l ess abl e.  

Heat sinks are required on all  storage-tank 
symbols and al l i nteraction symbo l s .  

Interaction The poi nted block is used to show 
the interaction of two or more types of energy 
required for a process. In the exampl e  of the 
forest, sunlight interacts with soil  nutrients 
and storage structure in trees to produce more 
tree biomass. 

Production This symbol has one flat end and 
one rounded end. It indi cates the processes, 
interactions , storages, etc. invol ved in pro
ducing high-quality energy from a dil ute Source 
l i ke sunlight. It i s  used for producer systems 
like plants , forests , farms. The symbol can be 
�sed wi thout interior deta i l s  as i n  Fi gure 1.1, 
or with interior deta i l s  as i n  Fi gure 1.2. 

Consumption This symbol is hexagonal in shape 
Wlth used-energy outflowing at the bottom. It 
i ndicates that inputs are consumed and transformed 
into higher qual i ty outputs. Examples are res
piration i n  animal consumers, consumption by 
cities and the transformation of sma l l  cl ouds into 
large, more active clouds. The symbol can be 
used wi thout i nteri or-deta i l s  as i n  Figure 1.1 or 
with interior detai l s  as in Fi gure 1.2 

'loney Transaction The d iamond-shaped symbol 
indicates the flow of money i n  one d irection to 
pay for the flow of energy or energy-contai ning 
materials in the reverse direction. In Fi gure 
10.3 we use the money-transaction symbol to 
indicate money obtained from the sale of fish  and 
nlOney pa i d for the boa ts , 1 abour and nets. 

Switching Actions This symbol turns pathways 
on and off according to controlling pathway, 
e .g .  fire, as in Figure 9.2.  

Systems and Symbols 4 



ACTIVITIES 

1. Prepare a Zist of energy symbols and their 
meanings. 

2. 

5 

Use the energy symboZs to represent a.simpZe 
ecosystem that you have studied. (Does 
your answer differ in any marked way from 
Figure 1.2?) 

Each of you wizz have a sZightZy different 
diagram, but they can aU cbe correct if 
they indude the basic fiOUJs: outside 

energy sources, production, consumption, 
interactions, storages. heat sinks. and 
probabZy outfiOUJ. 

3. On the basis of your knOUJZedge of a beech 
forest, e:r:pZain the system· in more detaiL 
(Notice that· our diagram does not show aZZ 
the detaUs that you may· knOUJ about the 
forest, but it does include the overall 
basic pattern and necessary iZOUJs.) 

4. In what ways does the modeUing Zanguage 
heZp you to see hOUJ ecosystems function? 



2: The Fl ow s  of Energy and Material s thr ough Ec osy stem s 

In exercise 1 you studied a simple  system 
diagram of the beech ecosystem. You have a l so 
used the energy symbol s  to make other diagrams. 
Now l et us add more detai l to the forest system 
model by inc l ud ing the nutrient i nfl ows and out
fl ows , the water infl ows and outfl ows , the oxygen 
and carbon d ioxide cycl es , decomposers , and the 
recyc l i ng of materia l s .  Fol l ow Figure 2 . 1  
careful ly as we add these extra processes . 

2 . 1  A MORE DETA ILED BEECH FOREST SYSTEM MODEL 

F i gure 2 . 1  s hows the understory pl ants 
i ncl uded wi th the beech producers . These are 
mosses , l i chens , l ow shrubs and herbs . They 
use the sun, water, and nutri ents to produce 
p lant matter . They are eaten by the consumers 
and thei r 1 i tter s tays on the forest f1 00'r as 
detritus, to be consumed by the decomposers . 

We have added the water cyc le  to the d iagram. 
Rain i s  shown as  an outs i de energy source .  In
s i de the system we show a storage symbol con
tai ni ng water wh ich  i s  e i ther i n  the soi l or on 
the surface. The water i s  used by the trees 
and pl ants i n  photosynthes i s .  Thei r l eaves 
transpire, whi ch rel eases water vapour to the 
atmosphere . Water a l so l eaves the system as 
runoff· 

Waf'c!:r runoff with nulri@flts 

Figure 2.1 Beech forest with detail s  of inflows and outflows 

wind i s  an outside energy source that bl ows 
carbon d ioxide,  oxygen and water vapour i n  and 
out of the forest. I t  a l so  does other work ,  
such a s  removing the water of transpiration from 
the l eaves , spreading seeds , and bl owing down 
dead tree l imbs . 

carbon dioxide i s  shown i n  a storage symbol .  
The s torage symbol represents both the carbon 
d ioxide bl own i n  by the wind and that produced by 
the resp i ration of consumers . Carbon di oxi de 

The Fl ows of Energy and Materials thr ough Ecosystems 6 



is used by the trees and other plants in photo
synthesis. 

�gen is also brought into the forest by 
wind. It is shown in a storage symbol which 
includes the oxygen produced by the photosynthesis 
of the producers. Oxygen is used by the forest 
consumers in the process of respiration. 

The outside source of nutrients is shown as 
an energy source within the rain. Some nutrients 
enter the forest dissolved in the rain, others 
are added to the soil by the dissolving of vol
canic rock containing phosphorus, especially, and 
other minerals. These processes are all inflows 
to the SQil nutrient store which is available to 
the forest producers. Outflowing from the 
nutrient store are materials leached from the 
topsoil and nutrients dissoved in the water run-
off. 

. 

The decomposer cycle is important in all 
ecosystems. Dead leaves, branches, and other 
litter from the trees and plants fall to the 
forest floor as detritus. Feathers, excreta, 
dead bodies, etc., from the animals are also part 
of the detritus. The decomposers (microbes, 
worms, fungi) recycle these materials into phos
phates, nitrates, potash and other inorganic 
chemicals which flow back into the store of 
nutrients in the soil. 

Over the years this beech forest ecosystem 
has built up a balance - or dynamic equilibrium -
between water inflows and outflows, nutrient 
inflows and outflows; growth, death, decompos
ition, and recycling of trees and other producers; 
and birth, growth, death, decomposition, and 
recycling of consumers. 

7 

2.2 QUANTITATIVE ENERGY FLOW 

It is possible to measupe the quantity of 
energy flowing along the various pathways within 
the ecosystem. Figure 2.2 shows the beech eco
system with energy flow data added. These are 
quantities of joules caolculated for inflows and 
outflows. 

The joules of energy shown in Figure 2 . 2  are 
obtained from the actual flows in grams. Notice 
that the largest numbers are at the left where 
the dilute energies of sun, wind, and rain are 
flowing in. The smallest numbers are at the 
right, there are not many joules in recycling 
nutrients, but they are high quality energy which 
has a much greater effect. This idea of high 
quality energy is one that we will return to 
1 ater. 

The data on Figure 2.2 illustrates two energy 
laws that are fundamental to all systems - both 
natural and man-made. First, the Zaw of con
sepvation of energy. states that all flows into a 
system must be balanced by the stores in, and the 
outflows from. the system. Another way of 
stating the law is that energy can neither be 
created nor destroyed. In physics this is called 
the First Law of Thermodynamics. 

The second energy law important to all 
systems is the Zaw of degradation of energy, or 
the Second Law of Thermodynamics. This states 
that there is a loss of energy from every pro
cess and every storage. This degraded energy is 
energy that cannot do any more work. It appears 
as heat and is therefore shown flowing down the 
"heat sink" in all the diagrams. As you can see 
from the data on Figure 2 . 2 .  the quantity of de-



graded energy i s  l arge when compared to the energy 
that bu i lds s tructure i n  the system. This  i s  not 
wasted energy; i ts outfl ow i s  an i nherent and 
necessary part of all processes , b io logical and 
otherwi se .  

:46,000 
. '., --', 

'� 

4600 

150 

1,400 Beec h trees, 
unders rory plants 

4330,5 

41608 

-__ 105 J/m2 

o 105 �/tn2/'1r 

_---J'T---?�Wa1\;!r runoff .... ith nutrients 
Wah!r runoff .... ith 0 anic malh2r 

Figure 2.2 Beech forest with numerical data on fl ows and storages 

The Flows o f  Energy and Materials through Ecosystems 8 



Beech trees. 
urde<stay planls 

Figure 2 . 3  Diagram of phosphorus cycle - an exampl e of a nutrient 
diagram. The diagram can be placed as an overlay of 
the general diagram that has energy and other fl ows 
in Figure 2 . 1 .  

2.3 THE PHOSPHORUS CYCLE 

An ecosystem is a living system. To sur
vive, it needs a continuing supply of materials. 
These may come from outside inflows, from re
cycling, or, more usually, from both. System 
diagrams can be used to trace the flow of any 
material cycling through the ecosystem. Figure 
2.3 shows the phosphorus cycle as one example. 

The phosphorus cycle has no gaseous phase 
corresponding to the atmospheric phase of the 
nitrogen and carbon cycles. Because of this, 
the phosphorus cycle turns very slowly. In 
addition, most common phosphates are insoluble. 
Consequently, phosphorus is often limiting in 
terrestrial systems. 
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Phosphorus, dissolved in the rain as phos
phates and contained in the rock as particles, 
becomes part of the nutrients in the soil. The 
roots of plants take up water containing soluble 
phosphates from the soil. The phosphate is used 
to produce DNA, RNA, ATP, and other organic com
pounds containing phosphorus. Detritus from 
plants and animals contains organic phosphates 
which are decomposed by soil organisms, including 
phosphatising bacteria which are analagous to the 
nitrifying bacteria of the nitrogen cycle, into 
phosphates and other inorganic nutrients. These 
phosphates again become part of the soil nut
rients. Phosphorus flows out of the system as 
phosphates suspended i.n water that leaches down 
through the soil or flows directly down hills. 



ACTIVITIES 

1. Re-dPaW your answer to Question 2 in 
Section 1 and incZude details of the flow 
of nutrients and water, together with re
cycling processes. How does it compare 
to Figure 2. 17 

2. 

3. 

4. 

Refer to Figure 2. 2 

(aJ Add up the total quantity of energy 
flowing into the beech forest eco
system and the total quantity flowing 
out. 

(bJ Compare the two totals. What law 
does this support? 

Do the data in Figure 2. 2 support the law 
of degradation of energy? Explain your 
answer. 

Calculate the percentage of incoming 
energy that is degraded for each of the 
following sub-systems: 

5. 

(aJ the producers; 

(bJ the consumers; 

(cJ the decomposers. 

Can you explain the differences between 
your answers in Question 4? 

6. If a yield of trees was being taken from 
the forest, trace the effect this would have 
on the flows: producers to detritus and 
to c�umers; detritus to decomposers; 
recychng from decompos'ers and consumers. 

What effect would the smaller amount of 
nutrients recycling have on the production 
growth of trees? What would have to be 
added to regain the balanced steady state? 

? • Make an over lay diagram simi Zar to Figure 
2. 3 for one of the other materials flowing 
through the forest system: nitrogen 
potassium, carbon, oxygen, or water.

' 
How 

does it differ from Figure 2.3? Why? 

The Flows o f  Energy and Materials through Ecosystems 10 



3: T he Food We b of t he Beec h Fore st 

Ffgure 3.1 Plant photosynthesis and respiration 
In exercise 2 flows of energy and materials 

in ecosystems were examined using the beech forest 
as an example. In this exercise we will study 
food webs, again using the beech forest. 

3. 1 PHOTOSYNTHESIS AND RESPIRAT ION BY PRODUCERS 

As you know, plants carry on respiration as 
well as photosynthesis. In figure 3. 1 ,  we show 
the plant involved in both photosynthesis (as a 
producer) and in respiration (as a consumer). The 
leaves perform photosynthesis and all parts of 
the plant perform respiration, as .well as doing 
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such work as support and processing materials from 
the soil. To show photosynthesis and respirat
ion are both part of the production process 
of the plant, a large producer symbol is dra�m 
around them. So Figure 3 . 1 represents the pro
cesses and part of the beech tree. Remember 
that when you come to study Figure 3 . 2  

3 . 2  THE STRUCTURE OF THE FOOD WEB 

The food web of the New Zealand beech forest 
is also shown in Figure 3 . 2  Comparing this 
figure with Figure 2 . 1 ,  you will notice similar 
overall patterns with energy flowing in and out, 
and both energy and materials flowing through 
the component parts of the system. In Figure 
3 . 2  some of the pathways have been left out, like 
the carbon dioxide and the oxygen, so that others 
may be added. In Figure 2 . 1  we were emphasizing 
inflows and outflows; in Figure 3 . 2  we are con
centrating on the flows between the internal com
ponents of the web. Now, follow the symbols and 
flows in Figure 3 . 2  carefully as they are des
cribed. Imagine you are in the forest and are 
able to see and hear all the activity. 

The producers have been divided into the trees 
(mostly beech), the epiphytes growing on the trees 
(lichen, mosses), and understory plants (herbs, 
shrubs). 



Figure 3.2 Beech forest food web. Dashed l ines are exotic 
introduced species that have become a part of 
the ecosystem. 

Wi • wood-eating insects, Li • leaf-eating insects, 
Soil organi sms = animals, microbes, fungi , 
S1 • Soi l insects. Rm • Rats and mice, 
C1 • Carnivorous insects . TC = ferrets, weasel s .  stoats. 

The Food Web of the Beech Forest 12 



The most important consumers in this forest 
are those feeding on the detritus (soil litter -
mostly from the producers). These consumers are 
soi1'anima1s, microbes, and' fungi. The lines 
are drawn more heavily from the sun to the trees, 
and from the trees to the detritus and soil con
sumers, because these are the pathways of greatest 
energy flow in this system. The 'Titter from the 
trees, plants and animals builds up on the forest 
floor. If you pick up the litter you can see 
small animals, fungi and many kinds of soil 
insects. If you look at the, 1 itter under the 
microscope, you may'find many microscopic organ
isms (microbes); these include bacteria, soil 
algae, protozoa, mycorrhiza, and viruses. 

Primary consumers are animals that eat 
plants. These include insects which eat leaves. 
seeds and epiphytes; woody insects which eat 
stems and roots; and deer. opossum and hares, 
which eat understory plants and parts of the 
trees. 

The secondary consumers feed on primary con
sumers. In the beech forest they include soil 
insects and kiwis which consume the soil organ
isms; carnivorous insects which consume the 
other insects; rats and mice; and birds which 
consume insects. As you can see from the flow 
lines, several of these secondary consumers (soil 
insects, rats, mice and birds) are also primary 
consumers, since they eat,seeds as well as 
insects. 

The insects are divided into four cate-
, gories according to their food: woody, leaf, 

soil and carnivorous. There are hundreds of 
species in each category. 
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In Figure 3 . 2  the wastes are shown flowing 
from each consumer into two pathways; one 
directly to the soil nutrients, the other to the 
detritus to be consumed by soil organisms and 
thus converted to soil nutrients. 

Many functions are carried out by birds in 
this forest. They include kea, kaka, parakeets, 
yellow heads, and white heads. There are larger 
birds (the harrier and New Zealand falcon) on the 
edge of the forest. 

Tertiary consumers in this system are the 
ferrets. weasels and stoats. Cullers and 
hunters, who take opossum. deer and a few hares, 
are at the top of the food chain. 

3.3 FEEDBACK CONTROL IN THE FOOD WEB 

Notice the feedback loops of 'control action 
from the leaf insects to the epiphytes, tree 
leaves and understory plants. The term feedback 
control refers to the service that the higher 
consumers do for the lower organisms. An example 
of this feedback control is the relationship 
between bees and flowers. IIhile the bees are 
collecting nectar. they pollinate the flowers. 

Population control is another example of 
feedback control. or service. When one species 
of plant becomes numerous, the population of 
insect which feeds on it also increases. By 
feeding heavily on the plants. the insects 'regul
ate the numbers of that species. As a result, 
the forest maintains greater diversity and a 
better overall production. Such stability is 
necessary for long-term survival. 

These mutualistic relationships of production 



and feedback norma l ly keep the numbers of pl ants 
and insects in a s teady or fl uctuating bal ance -
a s i tuati on that i s  known as "dynami c equi l i 
bri um" . 

3. 4 EXOTI C  ANIMALS 

The storage symbol s w i th dashed l ines are 
exot i c  anima l s ,  those whi ch were not part of the 
beech forest ori g inal ly . Noti ce that there were 
ori gina l ly no tertiary consumers and no deer, 
opossums , rats , or mice.  These introduced 
anima l s  have added d i vers i ty to the beech 
forest,  but they are s ti l l  causing changes i n  
relat ive compos i ti on of pl ant species - some 
s pecies being nearly el i minated because of sel 
ective feed ing .  The opossum and deer feed on 
understory pl ants , opening up the forest and 
a l l owing herbi vorous i nsects to enter and damage 
the beech trees. Because the deer and opossum 
are cons i dered pests , hunting i s  encouraged and 
cu l l ers are paid by the Government to harvest 
them. There i s  conti nuous di scussion as to 
whether the forest i s  being damaged by the exoti c  
anima l s  or whether they have become part of a 
bal anced system. 

ACTIVITIES 

1. Draw a diagram of a food web for another 
ecosystem. How does it differ from 
Figux>e 3.2? 

2. Whiah is the most important subsystem in 
your diagram - the detritus. as in the 
beeah forest. or another? 

3. Desaribe one of the feedbaak aontrol 
aations in your system. 

4. What is the relationship of man to your 
natural system? Indude human inter-
aations in your diagram. 

-

S. Are there any e:x:otias in your system? Are 
they an advantage or disadvantage. in_ 
your opinion? 

6. Disauss the role of exotics and their aon
tro'l in New Zealand. using other examp'les. 
(We will take this up in more detail later.) 

As fuel. energy beaomes less available. 
energy-intensive- control measures 'like 
helicopters will. be less possib'le. 

7. Gather some 'litter from a forest. Place 
a sl1rJ.ll amount in water; 'look at it with 
the naked eye. then under a dissecting 
microscope. and finally under the binoaular 
mWroscope from low to high power. List 
the kinds of organisms you find. There 
is a whole food web in the litter. Make a 
preliminary food web diagram. using the 
knowledge that green organisms are pro
ducers. and that large organisms usual'ly 
feed on sl1rJ.ller ones. 

8. To find evidence of micro-organisms and 
their work. I1rJ.1'k some leaves and 'leave them 
in the forest to see how fast they decompose. 

The Food We b o f  the Beech Forest 14 



4: Tr ophic Level s and t he Qual ity of Energy 

I n  exercise 3 a food web was studied .  I n  
thi s  exercise , we consi der food webs as  chains 
of successive energy transformati ons . 

In order to i nvesti gate energy exchanges 
wi thi n the food web ,  i t  i s  often conveni ent to 
aggregate the web i nto a s i ngl e food cha i n .  The 
food cha in  then can be d ivided i nto troph ic  
l evel s  categori sed by the ki nds of food the 
organisms consume . The food web of the be.ech 
forest i s  aggreqated i n  Figure 4 . 1 .  

4 . 1 A QUANTITAT IVE FOOD CHAIN 

Energy rel ationships between the parts of 
the web can now be seen more eas i ly.  From 
Figure 4 . 1  you · can see that about 4 ,600 x 106 
joules (or 4 , 600 megajoules)  of sunl ight fa l l on 
each square metre of New Zea l and per year. About 
1% of thi s  energy i s  transformed by the forest 
producers into p lant organic matter. In other 
words , about 46 x 106 joules of new trees , 
epi phytes , and other pl ants are produced per 
metre per year.  4 , 595 x 106 joules go down the 
heat sink as necessary energy dissipated during 
the product ion process . The efficiency of thi s  
use of sunl i ght i s ,  therefore , 46/4 ,600, or 1%. 
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Al though that may seem l ow ,  the mature forest i s ,  
i n  fact , one of the most efficient systems in  
transforming energy to  organic matter .  However ,  
most of  the captured energy i s  used by the pro
d ucers in  ma intaining  the i r  complex l i vi ng 
structure. 

The range of effic i encies for photosynthes i s  
in d i fferent plant spec ies i s  between 0. 01-2%. 
These effi ci encies are l ow because sunl i ght i s  
very di l ute , and many success i ve s teps and ex
tensi ve chlorophy l l -contain ing cel l ul ar machinery 
are necessary to concentrate i t  i nto h igher 
qual i ty energy . Si nce pl ants have evo l ved the 
photosyntheti c process over several bi l l i on years , 
i t  may be the most effici ent conversion poss i b l e  
of sunligh t ,  s i nce i t  provi des i ts own apparatus . 
Thi s i dea should be remembered when sun l i ght i s  
consi dered a s  an a l ternati ve energy source for 
human systems . 

At each l evel of our beech forest food cha i n ,  
about 10% of  the energy a va i l ab le  to that l evel i s  
converted to new b iomass .  The other 90% i s  d i s
s i pated down the heat s ink .  Thi s  rat io  a l so 
a ppl i e s  to producers , which consume 90% of thei r 
own producti on duri ng respiration. Thus , the 
4 , 600 megajoul es of sun l i ght that fal l on 1 square 
metre of forest i n  1 year become: 
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Figure 4.1 Beech forest food chain with levels of successive 
energy transformation. Feedbacks of service are 
omitted. 

46 megajoul es of captured energy , of whi ch: 

4 . 6  megajoul es i s  new producer bi omass ,  
which  i s  consumed to become : 

• 46 megajoul es of new primary consumer 
b i omas s ,  whi ch i s  consumed to become : 

. 046 megajoules of new secondary consumer 
biomass , whi ch i s  consumed to become : 

• 0046 megajoul es of  new terti ary consumer 
bi omass . 

Primary 
consulTlEl's 

·46 

10% 
,-----.... 

10% 
r 

·046 

Primary consumers; l eaf insects, wood insects, 
opossum, hares, deer, rats, mice, microbes i 
Secondary consumers: carnivorous insects, birds, 
soi l insects, kiwis, rats, mice; 

·0046 

Tertiary consumerS: ferrets,  weasels, stoats, birds. 

This may be eas i er to v isua l i se i f  we say 
that to produce 1 megajoule of a ferret ( or 
other terti ary consumer) i t  takes 1 ,000 ,000 mega
jou les of sunl i ght • 

( 1 )  1 gram of protein (dry wei ght) = 

2 x 104 joul es • 

Anima l s  are about 20% protein (dry weight ) .  
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4. 2 CARRYING CAPACITY 

We can use this energy quality chain and the 
information in the footnote (1) to make some 
estimates about the carrying capacity of animals. 
For example, how many grams of tertiary consumers 
could be produced by the sunlight falling on one 
square metre of land in one year? 

Weight of tertiary Energy available for growth 
consumer produced = of tertiary consumers per year x 5 
per m2 per year Energy content of 19 protein 

= . 0046 x 106 x 5 

2 x 104 

= 1.15 g 

This means that the top consumers use the 
production of sun, plants, detritus, insects, 
animals, etc. on one square metre of land in one 
year to make about one gram of biomass. It 
takes a lot of land and sunlight to produce one 
top consumer. If a ferret were the only tertiary 
consumer on an area and it weighed 2 kg, it would 
require 2, 000m2 (2ha) to replace its own weight 
in a year. 

4.3 ENERGY QUALITY 

Because it takes many joules at the left end 
of the chain to make a few joules at the right, 
we regard the energy at the right as being of 
highep quaZity. A gram of ferret took more 
energy to produce than a gram of beech tree; 
therefore, the ferret is higher quality energy. 
The energy quality is lowest at the left and 
rises with each step along the chain. 
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4. 4 ENERGY RELAT IONSHIPS IN A SIMPLE FARM SYSTEM 

Imagine a pioneer sheep farm. The farmer 
grows grass, grazes sheep on the grass and uses 
the sheep as his only food source (he likes 
mutton). The only energy expended in managing 
the system comes from the farmer's labour. The 
food chain for this simple farming system is 
shown in Figure 4.2 (a). 

Notice the way in which the sheep have been 
drawn. The sheep really have two trophic levels 
within their bodies. They graze on the grasses 
which are first digested by microbes in their gut, 
then the microbes and remaining grass are ab
sorbed by the sheep. We would expect the sheep 
to convert about 10% of the energy available to 
them into new biomass, but because of these two 
feeding processes the sheep actually convert 
only about 1% of the energy of the grasses into 
meat and wool. In this pioneer system the 
farmer converts 10% of the energy from the sheep 
into work with which he manages the system. 

In the beech forest example you saw how it 
took 106 Joules of light energy to produce 1 joule 
of ferret. In the simple farming system it takes 
the same quantity of light to produce 1 joule of 
farmer's labour. In other words, the ferret and 
the farmer are about the same level of energy 
quality. Both use the energy of their food chain 
to act as controlling managers of their system. 

Notice the feedback8 in Figure 4. 2 (b) from 
the farmer to the sheep and the pasture, and the 
feedback from the sheep to the pasture. The 
feedback from the farmer represents management 
in the form of breeding, herding, protecting, 
shearing and culling the sheep; and of planting, 



(b) Puturt 

Figure 4 . 2  Food chain of a sheep farm. 

(a) with leve l s  of energy transformation 

(b) with feedbacks of service. 

Figure 4.3 flodern hum ... energy qua l i ty chain. 

·0046 
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Hod .. , human serVlC1!$ 
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ferti l i s ing and protecti ng the pasture . The 
sheep a l so manage the pasture by eating the 
pl ants ; this keeps the grass growth steady and 
prevents most shrub and tree seedl i ngs from be
coming establ i shed . These feedbacks , l i ke those 
of the i nsects in the beech forest , seem to be 
necessary for the survival of al l systems i n  the 
l ong run . 

There are often suggesti ons that much energy 
could  be saved by ski pping the meat i n  the human 
food chain and having people eat only vegetati on . 
When we l ook at the food s i tuati on i n  th i s  world 
of hungry peopl e ,  i t  i s  an appea l i ng proposal .  
There i s  100 times as much energy avai l able in  
the grass as  there i s  i n  the sheep i n  our simple 
farming exampl e .  However , as you can see from 
a l l  food chains , energy i s  concentrated by work 
at each level . To get a bal anced diet by eating 
only pl ants , humans have to do the work of gather
ing and concentrating energy whi ch the animal s 
now do . Growi ng and harvesti ng the cereal s ,  
vegetables ,  and nuts necessary for a heal thy diet 
requires a great deal of energy. The high pri ce 
of a vegetari an diet reflects thi s  h igh energy 
i nput. In  many cul tures ,  however ,  humans may 
eat more meat than they need. 

4 . 5  ENERGY RELATIONSHIPS  I N  A MODERN SOC I ETY 

The i deas of energy qual i ty and energy trans
m iss ion al ong food chai ns are useful for exami ning 
the way i n  which modern soci eties use energy . 
Consider the generation of el ectri c i ty from coa l 
(Figure 4 . 3 ) . Starti ng wi th the same quanti ty 
of l i ght energy as the beech forest and primit i ve 
farm (4 ,600MJ ) ,  we w.ou ld  expect to obta in  about 
2 . 3  MJ of coal , i n  the ful l ness of geol ogi cal 
time . Thi s quanti ty of coal could then be con-
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verted into 0. 6 MJ of electricity (including 
energy for installations and human services). 
During the chain of events leading to the product
fon of this electricity, a great proportion of 
the original energy has been degraded and dis
sipated as heat. Electricity, therefore, is 
high-quality energy. 

Electricity and other types of energy support 
human society (and its machines), which culminates 
fn humans and their educated services. Each 
joule of human service has 100 joules of coal 
energy making it possible. In Figure 4 . 3  about 
.0006 MJ of human work was obtained from 4 , 600 MJ 
of sunlight. Modern human services, therefore, 
represent very high quality energy indeed - many 
trophic levels higher than that of the top carni
vores in the forest; 

ACTIVITIES 

2. What feedbaak aontpoZ se:rviae do deep 
provide in a beeah fo:rest? (Figwoe 3.2) 

2. Disouss the ppoposition that a diet with 
meat is a mope enepgy effiaient wy of 
feeding hUmans than a vegeta:rian diet. 
What does this mean in a wopZd whepe many 
peopZe aPe unde:rnou:rished? 
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3. 

4. 

Conside:ring the th:ree systems int:roduaed 
in this seation: 

Beeah fopest; 

P:rimi Hve sheep fa:rm; and 
Modem society. 

Zist the foZZowing system aomponents in 
o:rdep of enepgy quaZity - fpom ZaJest to 
highest. 

f a:t'TTIeps' ZaboUr> 

sunZight 

aoaZ 

soil. miapobes 

sheep 

feppet 

deep 

modem human Zabou:r 
fa:rmZand g:rass 

beeah Zeaves 

Use the method intpoduaed on page 17 to 
aaZauZate: 

a) . the numbep of g:rams of seaondary aon
swnep aapabZe of being produaed by the 
sunZight faZZing on 1 squa:re met:re of 
Zand in one year>; 

b) the numbep of g:rams of p:riTrrrf>y aonsumep 
ppodUaed by the sunZight faZZing on 
2 squa:re met:re Of Zand in one yeaP; 

a) aompa:re the answeps fop p:ri.lrw>y. 
seaonda:ry. and te:rtiary aonsumep. Is 
the:re a peZationship between the numbeps. 
and if thepe is. aan you give an ex
pZanation fop it? 



5: Pr oducti on and t he Maximum Power Principle 

5.1 P RODUCTI ON 

We had better beg in  by sorting out what we 
mean by the term "production". We cons i der 
production to mean the process by whi ch two or 
more i ngredients are combined to form a new 
quantity of greater val ue . For examp l e ,  soi l 
nutri ents , water ,  carbon dioxide , and sunl ight 
are combi ned to form organi c  matter during photo
synthetic production. Typical ly, i ndustrial 
production i nvol ves the use of energy , l abour,  
capital , and raw materia l s  to form i ndustrial  
products . In Figure 5.1 the production process 
i s  i l l ustrated . rloti ce the pointed interaction 
symbol with its i nfl ows of i ngredients and out
fl ows of products . Whenever th i s symbo 1 i s  
used , it  indi cates that a production process i s  
occuring. 

During a producti on process ,  each i nfl owing 
ingredient carries energy of di fferent type and 
qual ity. Duri ng the productive i nteracti on , 
these energies are transformed -to a new form , and 
some energy i s  degraded to become used energy , 
shown fl owing out thro�gh the "heat s i nk" . 
Energy transformat ions , l i ke those occurring 
during production processes , are referred to as 
work. 

Necessay ingredients 
containing potential 

energy 

Products 

Figure 5 . 1  Production process (r) ,lith two interacting ingredients. 

5.2 GROSS AND NET PRODUCTION 

Confusi on often ari ses over the terms gross 
and net production .  Where there i s  a producti on 
process fol l owed by a consumpti on process - as i n  
photosynthes i s  and respi ration i n  plants - we 
must di sti ngui sh between immedi ate producti on and 
producti on minus the accompanyi ng consumption .  
In Fi gure 5. 2, gross production i s  the actua l rate 
of generati on of products - whi ch i s  the fl ow at 
the poi nt of the i nteraction symbol (5 grams per 
day , i n  thi s  case ) . Net production i s  the 
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production that is actually observed, where pro
duction and some consumption are going on 
simultaneously. In the figure the gross pro
duction rate is 5 grams per day and the consumpt
ion rate is 3 grams per day. What is observed 
is a net production equal to a gross production 
minus the accompanying consumption, or 2 grams 
per day. 

In more complicated systems, such as the 
beech forest, where there are several stages of 
production and consumption there is more than 
one kind of net production. For example, net 
wood production, net litter production etc. Net 
production also depends on the time when it is 
estimated. For example, most plants use up at 
night much of the production they made during the 
day. Their day�time net production is large, 
but their net production including night-time 

I 
I 
I 
I 

I Not production is 2g/d.y , 

I accumulating here 

I Gross production hera is 5� 

Figure 5 . 2  'Gross and net production. 
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consumption is very small. If net production 
'over a year is considered, it is often small or 
even zero. 

5. 3 LIMIT ING FACTORS 

Most production processes are stimulated 
to go faster when the ingredients are available 
in larger quantities. However, a reaction can 
only proceed at a rate which is determined by 
the ingredient that is available in the least 
favourable amount. This ingredient is then 
called a Zimiting factor. For example, since 
light is necessary for photosynthesis, the process 
slows down and stops at night; sunlight is the 
limiting factor which controls the process. 

In Figure 5. 3 ,  increasing the supply of 
nutrients causes light to become limiting. At 

Prulucts 

Figure 5 . 3  The sun, which has a l imited flow,  is the l imiting 
factor in the process of photosynthesis. 



that poi n t ,  conti nued i ncrease of nutri ents wi l l  
not i ncrease producti on .  Thi s i s  an example  of 
an external l imi ti ng factor. I n  Fi gure 5 . 2 ,  
i ncreasi ng l i ght causes the nutrients to become 
l imi ti ng because they get tied up i n  the organic 
matter produced and do not recycl e  fast enough. 
Thi s  is an examp l e  of an internal l imi ti ng factor. 

5.4 THE MAXIMUM POWER PRINCIPLE 

The maximum power pri nci pl e suggests reasons 
why certai n  systems surv i ve and others do not. 
The princi p le  can be stated l i ke thi s :  

When there is competition between systems, 
those systems that survive are those that 
d£velop the largest energy infiows and use 
them most effective Ly to feedback and bring 
in more energy. 

Thi s means maximi S i ng the use of resources both 
from the area and imported from outside .  For 
exampl e ,  consider a farm on · which crops are 
pl anted at the best time i n  rel ation to rai n  and 
sun . The best ferti l i sers are appl ied to make 
the crops grow, and crops are grown that peopl e  
wi l l  buy. Thi s farm wi l l  produce enough fi nan
cial return for the farmer to l i ve wel l , mai nta in  
the soi l , and repeat the process year after year. 
He may even be able to expand h i s  system by 
buying up l ess effi c i ent farm systems . The 
successful farmer ' s  system wi l l  survive and wi l l  
then be copi ed by other farmers . I t  i s  success
ful because it devel oped the l argest energy i n
fl ows and used them i n  such a way as to further 
expand the quanti ty of energy fl owi ng i n .  

I n  economics the maxi mum power pri nci pl e  
appears as the survival  of one company over 
another. In i nternati onal relations i t  i s  the 

survival of one pol i tical group over another , as 
i n  World War I I .  When energy supp l i es are 
steady. maximum power may mean l ess  competi t i on 
and an i ncrease i n  diversi ty and effic iency . 

During times of abundant energy suppl i e s ,  
maximising gr�wth maximi ses power. Thus during 
the early stages of success i on ,  communi ties i n
crease the ir  biomass rapidly. When energy 
resources become l imi ti ng,  deve lop ing effici ency 
through diversity maximi ses useful power. I n  a . 
mature forest system each organ i sm has i ts ni che 
and there i s  very l i ttle competion .  The 
organ isms tend to · have co-operati ve, rather than 
competi tive , rel ationships .  In the mature 
economic system , co-operation i s  aga in  more com
mon than competition. Hopeful ly, therefore , 
when foss i l  fue l s  are l ess ava i l able and countri es 
are running on renewabl e energies , tendencies 
to expand and crowd each other wi l l  be l ess .  
Rel ati ons among nations may then be peaceful . 

The systems that maxi mi se power are those 
that use the ir  energ ies to bui l d  the k i nd of 
s tructures that feed back to bring i n  more 
energ ies .  They are al so the systems that feed 
back to the l arger system of wh i ch they are a 
part. For examp le ,  i n  the l arger system of the 
forest , a tree uses the energy of the sun by 
growi ng l eaves whi ch i ncrease i n  s i ze and number 
to catch more of the sun ' s  energy . Thi s process 
of the tree feeds �ack to support the forest 
system by bui ld ing soi l ,  making a stabl e mi cro
c l imate , recyc l i ng nutri ents , and provid i ng food 
for animal s .  Thus , the tree maxi mises both 
i ts own power and that of the l arger system of 
which i t  i s  a part. Systems which maximi se 
the use of energy avai l abl e to them have means 
to meet al l other shortages and l imi tati ons . 
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ACTIVITIES 

1 .  Put some jars containing pond water in the 
window (do not use tap water because it 
contains chlorine and heavy metals) . To 
each bottle add a pinch of fertiliser of a 
different type and label. If available, 
use some compounds containing phosphate, 
potassium, nitrate, and some manuzoe. 
Leave two bottles as contl'O ls. After 
five - ten days bright green blooms of 
algae will appeal', in some jars more than 
others. E:z:plain this in tems of limiting 
factors: which nutrient was more limiting 
in the original pond water? 

2. Cut the grass on a square metre of Za;,m and 
weigh the clippings . Estimate the time 
of grOlJ1th since the last cutting. Calculate 
the net production pel' day pel' m2• NOIJ1 
suppose that the grass respires at night 

ARF! 
AI?F! ARF! 
ARF! ARF! 
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one gram per mil. What is the gro�s . %}:duation? (Remember grass 1'esp'l-1'es 
ing the daytime also. ) Express yOU!' 

analysis in the fo1'TTl of a diagram. 

3. Which field is using more total energy: a 
paddock without fertiliser 01' one with super
phosphate fertiliser supplied? HOIJ1 does 
fertiliser represent the work of an out
side energy soU!'ce? (Hint: fertiliser 
comes trom islands where birds accumulate 
guano wastes from eating fish out of the 
sU!'Pounding sea . )  

4. As weeds spread over a field, how do they 
maximise pOlJ1e1' so as to ' imp1'ove their 
ability to compete and survive? 

6. What is the limiting factor in yoU!' 0IJJn 
productive effort, whic� at yoU!' age I1rlY • 

include learning effect'l-vely and develop'l-ng 
ways of fitting in with society? 



6: P opulation Gr owth Model s 

All li v i ng thi ngs form systems . Natural 
systems and human systems can respond i n  many 
d i fferent ways , as time passes . 

Some systems i ncrease i n  both numbers and 
complexi ty wi th time . Others remai n  steady ,  and 
st ill others decline. The fate of a system 
depends on the energy supply that i s  susta in ing 
i t  and the way i n  whi ch the components of the 
system are organi sed. We can examine the organ
i sation of a system by preparing a systems d iagram 
of i t .  Such a di agram can also be referred to 
as a modet . Figures 3 . 2  and 4 . 2  are examples of 
system d i agrams or models of li vi ng systems. 

In thi s  exerci se we wi ll i nvestigate models 
for three di fferent systems . I n  each case we 
w ill use the model to develop a graph of the way 
the system might perform through time. 

6 .1  MODEL 1 :  EXPONENTIAL GROWTH 

The firs t  model i s  shown i n  Fi gure 6 . 1. It  
represents a population growing on a source that 
can supply as much energy as i s  needed. As an 
example , thi nk of a population of rabbits growing 
on a hopper of food which  is repleni shed regard
less of how fast i t  i s  eaten.  Follow the flows 
i n  the di agram to see that, as the rabbit  populat-

Jj 
:!; 
I t::::::� ___ ..J TIme:! 

Figure 6 . 1  �lodel 1 :  Growth of a system with a feedback i nter
actioowHh an energy source that mai ntains constant 
pressure. 

i on i ncreases , i t  feeds back to bri ng i n  more 
energy ( by eating more ) to make even more rabbi ts . 
If the system starts wi th a male and female rabbi t  
and they produce four bunni es ,  they pai r  and pro
duce ei ght offspring; then at the same rate of 
increase the next generation wi ll produce 16;  
the next 32 ; the next 64; and so on . As the 
number of rabbits increases , they use more of the 
energy source , and increase even faster. 

You can see that there i s  no limi t to the 
growth of the rabbit population as long as their 
food supply is mai ntained. We wi ll refer 
to thi s as "growth on an energy source wi th 
constant pressure" . As Fi gure 6. 1 shows , the 

Population Gr owth Models 24 



growth curve of a popu l ation under these condi t- · 
10ns l s  exponentia l . Thus , exponential growth 
i s  the result of growth on a constant pressure 
energy source. 

In practice, a constant pressure energy 
source cannot be mai ntai ned i ndefin itely, so that 
perpetual  exponential popul ation growth i s  im
poss ib le .  However, duri ng the early stages of 
population growth ,  when the demand for food i s  
sma l l  (compared to the amount avai lable ) , energy 
may be avai lable at constant pressure and growth 
may be exponenti al . But eventua l ly ,  food would  
become l imi ting and the s i tuation woul d  need to 
be represented by a di fferent model . 

6 . 2  MODEL 2 :  LOGISTIC GROWTH 

Log i stic population growth i s  common i n  
nature. I t  shows how popul ations on a constant
pressure source become so crowded that growth 
l evel s .  A sma l l  population i s  growing on a 
constant-pressure energy source; for examp l e ,  a 
population of yeast i n  a fermenti ng brew. At 
first the growth of the popul at ion i s  expon
ential . Food i s  eas i ly obtai ned , and as the 
population grows i t  feeds back to draw i n  more 
energy. However , as the yeast become crowded , 
the ir  by-products beg i n  to i nterfere wi th cel l u l ar 
function. The i nterference accel erates i n  pro
portion to the number of i nteracti ng cel l s  unti l 
eventual ly the population stops growi ng and the 
numbers remai n constant from then on. 

Thi s  pattern of popul ation growth i s  analysed 
i n  Figure 6 . 2 .  Notice that the model i s  bas ic
a l ly the same as that i n  Fi gure 6 . 1 .  The energy 
supply i s  a constant-pressure source , and the 

popul at i on i s  drawing i n  energy and feed i ng back 
to draw i n  more. Popul ati on growth i s  therefore 
exponential - at first. However, as Fi gure 6 . 2  
shows , the popul ation, by interacti ng wi th i tsel f, 
creates an accel erating energy dra i n  whi ch wi l l  
eventual ly  draw off enough energy to stop popul at
ion growth. Thus ,  the graph shows: exponential  
growth which s l ows and eventual ly  l evel s  off to 
a steady state. 

Another examp l e  of model 2 i s  the g rowth of 
a human population and i ts servi ces i n  a c i ty. 
Growth may i ncrease exponentia l ly unt i l  the crowd
i ng of houses , streets, stores , and cars s tarts to 
i ncrease the negative factors of dirt,  noi se ,  crime 
and pol l ut ion and the cost of deal ing wi th these 
becomes progress i vely greater. The more the 
popul ation bui l ds up,  the greater the drai n  unti l 
the growth of the c i ty l evel s  off. 

Notice that in model 2 ,  the quantity i n  the 
storage symbol has been referred to as , the 
"quanti ty" . We wi 1 1  conti nue to use thi s general 
term for the contents of the store . You shou ld  
remember that, the "quanti ty" may refer to popul 
ation numbers ,  biomass , energy stored or al l of 
these . 

Figure 6.2 Model 2 :  Growth of a system with a constant-pressure 
energy source and a self-i nteraction on the outflow 
drain. 



6 . 3  MODEL 3 :  A RENEWABLE SOURCE CONTROLL ING FLOW 

Ecosystems uti l i se sources such as the sun , 
ra i n ,  wi nd and f lowi ng s treams . These are 
sources that the system cannot control , they are 
contro l l ed-flow renewable sources . In the case 
of Model 2 ,  you saw how an exponential growth 
reached a steady state due to the energy drain  
of sel f-i nteracti ons . A curve of simi l ar shape 
can a l so come about because of energ� shortages . 

Suppose that we have a popul ation sustained 
by an energy source from which there i s  a steady 
flow of energy. (Fi gure 6 . 3. ) The energy flow
ing from the source i s  beyond the control of the 
popu lat i on - for exampl e ,  the sun sh in ing on a 
forest. There is nothing that the trees can .do 
to i ncrease or decrease the energy flowing to 
them. Some of the l i ght energy i s  used by the 
trees ; some of i t  passes out of the system. 

When the forest is new, l i ght energy wi l l  
not be l imi ti ng .  Thus , the growth of the trees 
wil l be rapi d ,  and some of the surpl us l i ght 
energy passes by unused . As the forest grows , 
however , the trees use more and more energy , and 

1 
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Time 

Fi gure 6 . 3  Model 3 :  Growth of a system in  which a feedback uses 
a control l ed··flow energy Source. 

l ess  and l ess escapes unused. Eventua l l y ,  l i ght 
becomes l imiting .  Growth s l ows and stops . The 
forest becomes a bal ance between growi ng and 
decomposing.  Once aga i n  the curve grows and 
then levels  - but thi s  time due to a source wi th a 
control l ed flow .  

Another exampl e of growth o n  a contro l l ed
fl ow source is the bui ld ing of hydro-electri c 
power pl ants a l ong the ri ver. New power p l ants 
can be bui l t  unti l a l l  the energy i n  the mountain 
water flow i s  bei ng used . Once this  point i s  
reached, new power pl ants cannot increase the 
energy obtai ned from the mov ing water. 

These sources are often cal l ed renewable  be
cause they flow conti nuous ly and are not used up .  
This i s  in  contrast to  non-renewable sources l i ke 
coal and o i l which are bei ng used up.  The earth 
wi l l  eventua l ly make more, but m i l l i ons of years 
are requi red . 

ACTIVITIES 

1. Find different examples for each model .  

2. Is oxygen a constant-pressure source or a 
controZZed-flow source: for the birds in 
the air over New Zealand, for fish in a 
pond wi th algae? E::r:p lain your answers. 

3. Notice that in none of the graphs does the 
quantity start at zero; each storage 
starts with a quantity in it.  Why is 
this so? E::r:pZain, using the rabbit. modeZ 
(Figure 6. 1) as an e�Ample. 
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7: M odel s of Ec osy stem s 

In exerci se 6 we i ntroduced three model s 
that are useful i n  understandi ng population 
growth .  Now we wi l l  l ook at three other model s 
for growth i n  systems that are l imi ted by energy 
sources. These mode l s  are more typi cal of eco
systems . 

7 . 1  MODEL 4 :  GROWTH I N  A SIMPLE STORAGE TANK 

The fourth model i s  one of a storage tank 
with an i nfl ow from· an energy source and an out
fl ow. As an exampl e ,  th ink  of an empty water 
tank wi th a steady fl ow of water coming i n  and a 
d ra in  through which water i s  escapi ng . As the 
water fl ows i n ,  the tank wi l l  fi l l  up.  As i t  
fi l l s ,  water wi l l  be pushed out faster. Event
ual ly,  water wi l l  be fl owi ng i n  and out at the 
same rate and the water l evel wi l l  stay the same. 
This s i tuation i s  represented i n  Figure 7 . 1 (a } .  
The graph shows the change i n  quanti ty of the 
water as  i t  i ncreases qui ckly ,  then more s l owly, 
and final ly reaches a steady state - a posi ti on 
of dynamic  equi l ibrium. 

Suppose ' that the tank was ful l at the start 
i nstead of empty .  What would happen then? As 
Figure 7 . 1 ( b }  shows , i f  you start with the tank 
ful l , the l evel wi l l  decrease unti l the same 
steady state i s  reached . ' What would happen i f  
the water i nflow i s  turned off? As Figure 7 . 1 (c }  

shows , the level i n  the tank decreases qui ckly at 
first, and then more s lowly , because as the amount 
of water becomes l ess i ts pressure on the dra i n  
becomes l ess .  

An  example  in  nature i s  a stream flowing 
steadi ly into a pond that a lso  has a stream fl ow
i ng out of i t .  When the stream first starts 
flowi ng ,  the pond fi l l s  up to a l evel where the 
f low i nto the pond equals the flow out (F i gure 
7 . 1 ( a ) } .  Fi gure 7 . 1 ( b }  i l l ustrates the s i tuat i on 
of the pond after a l arge rainfal l .  The quantity 
of water stored i n  the pond i s  high (because of 
the rai n )  but soon comes down to the same l evel as 
,before. If the i nfl ow stream is suddenly 
d iverted , the water i n  the pond wi l l  drai n away 
until there i s  none l eft , as i s  shown i n  Fi gure 
7 . 1 (c ) . 

Another exampl e  i s  the bui l d  up of l i tter on 
th� fl oor of a forest as the l eaves fal l .  They 
bU1 1 d  up a l ayer whi ch conti nues to grow unti l 
the rate of l oss from decomposi tion equa l s  the 
rate of gain from l eaf fal l ( F igure 7 . 1 ( a ) } .  
If a sudden gale dumps a l oad of l eaves on the 
ground , the change i n  l i tter quanti ty woul d  l ook 
l i ke Fi gure 7 . 1 ( b } . In some forests the l eaves 
�top fal l i ng in the winter; the p i l e  of l eaves 
1 n  the forest woul d  then decrease as shown i n  
Figure 7 . 1 ( c ) . 
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Model 4 :  Growth, steady state , and dec l i ne of a system 
or-one storage tank and an energy source with a s teady 
flow. 

(e) Start with storage tank empty. 

(b) Start wi th ful l tank. 
(c ) Start wi th st.ady stilte , thon cut off energy source. 
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Figure 7 . 2  tlod.<D 5 :  Growth of a system with a non-renewable 
enel'9Y source. 

7 . 2  MODEL 5: GROWTH ON A NON-RENEWABLE SOURCE 

Some systems depend on resources drawn from 
a non-renewable source ,  for examp l e ,  a popu l at ion 
of beetles growi ng on the energy ava i l a bl e  from 
a decaying l og (Figure 7 . 2 ) .  At first,  when the 
popu lation is smal l ,  there i s  ampl e  energy and 
growth i s  exponenti al .  Later , as the l og beg i ns 
to d i sappear ,  growth s lows . As the l og con
tinues to get smal ler ,  the number of beet les 
decreases unti l there i s  no more l og - and no 
more beetles. On the graph , the sol id  l i ne ,  Q ,  
represents popul ati on numbers . The dotted l i ne ,  
N ,  represents the energy rema in ing i n  the l og at 
any g iven time . 

Some other examples  of thi s pattern of 
growth are a mosqui to population growi ng i n  a 
temporary pond , and a gol d mining town growing 
on a depos it  of gol d  and then dec l i n i ng i nto a 
ghost town when the gold i s  gone . 
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7 . 3  MOOEL 6 :  GROWTH ON  TWO SOURCES 

Our s ixth model has two sources , one renew
able  and one non-renewabl e (Figure 7 . 3 ) .  They 
both interact with feedbacks from the quanti ty 
so that it  grows us i ng both sources . As the non
renewabl e source runs out, growth dec l i nes unti l 
i t  reaches a steady state using  j ust the renew
abl e source. This model i s  formed by the 
addition of models 5 (F i gure 7 . 2 )  and 3 ( Figure 
6 . 3 )  . 

An exampl e i s  a popul at ion of fish l i vi ng in  
a pond which has been ferti l i sed. The two energy 
sources are the renewabl e · sol ar energy coming i nto 
the pond , and the non-renewable energy avai l able 
i n  the extra growth that has been produced by the 
ferti l i ser. The fish popul ation wi l l  grow ·ex
ponential ly unti l  the non-renewabl e energy i s  
exhausted , and then decl ine to a l evel that can 
be Supported by the unferti l i sed food cha i n  i n  
the pond .  

Another example of a system that may perform 
i n  thi s  way i s  the economic system created by 
human societies such as ours . Our economic 
systems have been growi ng on non-renewabl e fuel s 
such as petrol eum and on renewabl e Sources such 
as sun , rai n ,  and wi nd . These renewable sources 
support natural l andscapes and oceans as wel l 
as agricul ture , forestry ,  and hydro-el ectric 
power. As the non-renewabl e fuel s are used up ,  
our economic systems may dec l i ne and settle i nto 
a steady state us i ng only renewable energies.  
Because thi s  model has important impl i cations for 
our future worl d ,  we wi l l  return to i t  at a l ater 
stage . 
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Figure 7 . 3  Model 6 :  Growth of • system wi th two energy source s ,  
one a storage-l imited source and the other a flow
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ACTIVITIES 

1 .  Set up a "model" of Mode?; 4 (Figure 7. 1 (a)) 
in the sink at home and graph its perform
ance . 

a) Put an aluminium miLk-bottLe cap into 
the pLug-hoLe of the sink. Punch a 
smaLL hole in the milk-bottLe cap. 

b) Turn on the cold tap and adjust it so 
that water fZows into the sink a little 
faster than it is fZowing out. 

c) Record the depth of the water in the 
sink at regular time intervals (say 
evexy 30 s )  by p�aing a ruLer in the 
water. 

d) Continue taking recordings untiL either 
your system reaches a steadY state or 
it becomes clear that it is not going 
to. Either way, stop before your 
family faces the prospect of drowning! 

e) Graph water level (Y-axis) against 
time and conclude whether or not you 
suaceeded in produaing a "model" of 
model 4 .  

2 .  Perform a similar experiment. This time, 
your aim is to duplicate the system 
ilLustrated in Figure 7. 1 (b) . Graph your 
data and write a brief exp�tion of how 
you set up your "sink mode l". 

3. Design a "sink model " experiment that would 
iZlustrate Model 6, using only the following 
equipment: 

- sink, mi lk-bottle cap and ruler (as 
for the previous experiment); 

4. 

- buaket, length of p�stic tubing. 

The Forrester computer modeL of the world 
human-support system makes the following 
prediction: 

1975 �ooo 

'" 
" 

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

2025 2050 2075 2125 
y .... 

Figure 7 . 4  Forrester model . 

a. Describe in words the popu�tion fUture 
of the human species that is predicted 
by this modeL.  

b. Which of the six models that you have 
studied so far does this projection most 
resembZe? 

c. Describe some of the likely energy 
resources that would be used by the human 
population in the year 2100. 
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List the energy souraes avai�ble to human 
systems. Mark eaah as to whether it is 
aonstant-pressure. renewable with aontrolled 
flow. or non-renewable. Be sure to inalude 
natural energies as weZZ as fuels. 

Find a new e:::ample for eaah of the three 
new models. 

. 

Prepare the eleatriaal airauit shown in 
Figure 7 . .5 (b) using wires. a soZar phota
aell. an eZeatriaal storage tank (aapaaitor) , 
a variable resistor, and a meter that reads 
eleatriaal storage. This eZeatriaal 
airauit is an example of the modeZ in 
Figure 7. 1 .  See if you aan reproduae the 
aurves of growth on the meter by turning 
lights on and off, as shown in Figure 7 . .5 (a) . 

El.c1n:al tank 
.. (caP.oem.-I 

T O-OS t.rads 

3w� L. __________ ��,�� __ � ______________ � _ Grourd ."ire 

(b) 

6: 1  
Switch off 

Time 
(e) 

Figure 7 . 5  Suggested activity for an anal ogy with electri c i ty ;  
single tank being charged by a source. 

( a )  Energy di agram. 

(b) Electrical wiring (electrical symbols and terms 
are used ) .  

ie) Meter readings over time. Use battery or solar 
cel l .  



8 :  Simul ating Quantitative Model s 

8 . 1 FLOW CHART FOR EXERCI SE 8 

I n  thi s exerc i se we wi l l  i ntroduce you to 
the technique of s imu l at ing (or running ) quanti
tat ive model s of systems . The exact techni que 
that you empl oy wi l l  depend on whether or not 
you have a computer avai l ab le .  To find out 
wh ich  secti ons you should comp lete , and i n  wh ich 
order , consult the flow chart. Work through 
the readi ngs and acti vities out l i ned i n  the fl ow 
chart unti l you reach the END . 

8 . 2  I NTRODUCT I ON 

The energy l anguage diagrams that you have 
been worki ng with are a usefu l way of vi sual i s i ng 
the way systems respond . So far, we have i ntro
duced s ix  model s  of systems with di fferent types 
of energy sources and storages . We have been 
able to sketch semi -quant itati ve graphs of the 
way each system wi l l  respond through ti me.  Our 
energy l anguage becomes much more powerful , how
ever , when quantitati ve ca l culations can be made 
to show the way systems respond. 

The energy l anguage diagrams that we have 
al ready used are mathematical  statements .  With 
them, we have been u s i ng symboZs to represent 
quantities and reZationships . They become 

)---""---tI GaTO SIMULATION Willi A 
MICRO.COMPUTER 1----. 

Read A MORE COMPLEX 
SIMULATION 

Comp\eh! ACTIVITIES 
5,7 8,9,10 

Flow chart for exercise 8 

YES 

GOTO A MORE COMPlEX 
SIMULATION 

Complete ACTIVITIES 
67,8, 9 10 

END 

NO 
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quanti tati ve statements s imply by noting the 
amount i n  each storage symbo l and the flow-rate 
on each pathway . I f we do thi s ,  we have a 
language that i s  very cl ose to the language under-
stood by computers . I f  you have access to a 
computer, and if  you can l earn to use i t , you may 
be abl e to work the exerci ses i n  this section by 
computer s imul ati on .  I f  you haven ' t , don ' t  
worry, you can do j ust as wel l  (for the present ) 
with a technique that we cal l " hand s imulation" .  

8 . 3  CO-EFF I C I ENTS FOR S IMPLE PATHWAYS 

To represent q uant itati vely what i s  happening 
to a model at any one time, numbers are s imply 
wri tten on the diagram. Fl ow rates are wri tten 
on the pathway l i nes and storage quanti ties are 
.written i n  the storage symbo l s ,  l i ke thi s :  

Imagi ne a s i nk  contai ni ng 20 L of water. The 
pl ug l eaks so that 10% of the remaining water 
fl ows out each hour. Duri ng the first hour the 
s ink  wil l l ose 2 L of water. Our quanti tati ve 
energy l anguage d i agram for the system l ooks l i ke 
thi s :  

Storage 
containing 20L 

2L/h } PathwClf with a 
r flow rate of 2L/hr 

Figure 8. 1 Tank model showing storage and outflow path. 

Thi s  d iagram i s  a quantitative descri pti on of 
the system at the start of the first hour. How
ever , at the start of the second hour thi ngs are 
di fferent. The quantity of water l eft i n  the 
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s i nk i s  now 18 L and the rate of outfl ow i s  10% 
of that , or 1 . 8  L/hr. Obvi ous ly, the fi rst 
quantitati ve model wi l l  no l onger do. Drawing 
a new q uantitat i ve model for the system at each 
i nstant i n  time cou l d  become a l i ttl e ti resome . 
We can do two thi ngs to sol ve this probl em. 

- Fi rst, we can represent the quanti ty of 
water in the storage by Q (and understand that Q 
wi l l  change with time ) ;  

- Second , we can descri be the outfl ow wi th a 
pathway co-efficient , cal l ed k, that i nd i cates the 
fraction of the remai ni ng water that l ea ks out 
each hour. Our pathway co-effi ci ent i s  10% or 
0. 1 .  

Noti ce that:  
Outflow = pathway co-effi ci ent x amount l eft i n  

storage 
= k x Q 

and: 

Pathway co-effi cient = decimal fracti on of s torage 
flowi ng out per unit time. 

Our quantitati ve model for the l eak i ng s i nk 
now l ooks l i ke thi s :  

Figure 8 . 2  Tank model showing pathway co-efficient. 



And al l we need do to bri ng i t  to l i fe i s  to 
add data . 

8 . 4  HAND S IMULAT ION 

Let ' s  add some data and bring our quanti tati ve 
model to l i fe .  I n  our di scussion so  far we have 
taken Q = 20 L and k = O. l/h ,  so  we wi l l  conti nue 
to use these figures . For the fi rst hour: 

Outfl ow = kQ 
= 0. 1/h x 20 L  
= 2 L/h ( 2  l i tres per hour )  

and , 
remai ning storage = ori g inal  storage - outfl ow 

= 20 L - 2 L 
= 18 L 

or, putti ng i t  i n  computer l anguage, 
New Q = O l d  Q - k x O l d  Q 

For the second hour: 

Outfl ow = kQ 
= O . l/h x 18 L 
= 1 . 8  L/h ( 1 .8  l i tres per hour)  

and , 
remain ing storage = ori g i nal  �torage 

( i  . e .  New Q )  ( i  . e .  O l d  Q )  

= 18 L 1 .  8 L 
= 16 . 2  L 

- outflow 
( i  . e. 

k x O ld  Q )  

We have compl eted these cal culati ons for the 
first five l eaking hours . Here ' s  the resul t :  

Tab le  8 . 1  

Time (s i nce start ) Quanti ty Outflow, 
i n  hours i n  l i tres 

0 20 2 
1 18 1 . 8  
2 1 6 . 20 1 . 62 
3 14 . 58 1 . 46 
4 1 3 . 12 1 . 31 
5 1 1 . 8 1  1 . 18 

As you can see, we now have some quanti
tative statements about how thi s system i s  
respondi ng . 

8 . 5  COMPUTER S IMULATION 

Mi cro-computers ma ke ca l culati ons l i ke those 
i n  Tabl e 8 . 1  easy , and pl ot the resu l t i ng graphs . 
(As wel l as bei ng a val uabl e sci enti fic tool , 
computers are a l ot of fun . ) The computer has 
a tel evi s i on-l i ke d i spl ay uni t and a typewri ter
l i ke keyboard. You communi cate w i th the computer 
through the keyboard and the computer communi cates 
with you through the screen . The set of numbered 
instructi ons that you provide for the computer i s  
cal l ed a program . When a program i s  typed i nto 
a computer, the i nstructi ons appear on the 
screen - just 1 i ke typing on paper wi,th a type
wri ter, and when the ENTER button i s  pushed , they 
a l so enter the computer ' s work ing  memory . After 
the typing i n  of the program i s  comp l eted , the 
i nstruction RUN causes the whol e  set of i nstruct
i ons to be executed . The resu lts  can appear 
either as a tabl e ,  as i n  Tabl e 8 . 1 ,  or as a 
graph , as i n  Fi gure 8 . 3 .  When the computer i s  
turned off, the storage i n  the worki ng memory i s  
l ost. However , i f  you want to save the program 
or the resul ts , you can i nstruct the computer to 
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shift the information ver�ati m  to a memory tape 
or disk  wh ich can be f i l ed away . 

Let ' s  examine the cal cul ations that were 
made to form Table  8 . 1 .  The process was one of 
repeati ng a series of step-by-step sUbtractions 
of i ncrements from the storage . The process of 
making repeated cal cul ati ons l i ke th i s  i s  cal l ed 
iteration. Iterations can al so be descri bed 
using a type of equation cal l ed a difference 
equation. For exampl e ,  the process in  Fi gures 
8 . 1  and 8 . 2  could  be stated i n  words , as 
fol l ows : 

The Quantity at the next ti me i nterval 
(Qt+1 ) i s  the Quantity at thi s time i nterval (Qt ) 
mi nus the outfl ow  ( k  times Qt ) .  

Thi s i s  written as a di fference equation :  
Qt+ 1 = Qt - kQt 

The di fferent ways of instructing computers 
are cal led computer l anguages , and for di fferent 
computers di fferent l anguages are requi red . 
Many of the new mi cro-computers use one of the 
simpl est l anguages , cal l ed " Basic" . The command 
words used i n  Bas ic  are some sel ected common 
Engl i sh  words . The Bas ic  commands needed to 
s imul ate the model are g iven in Table 8 .2 .  

Our program for s imul ati ng the model in  Fig
ure 8 . 1 i s  set out in Table 8 . 3 .  (Our computer 
i s  a Compucol or· - and if  yours i s  a di fferent 
make , it  may requ i re sl ightly di fferent in
structions . ) Here ' s  how we developed the pro
gram. Each i nstruction begins with a statement 
number. Statements are numbered , 10 ,  20 , 30 , 
etc . , i n  case we wi sh to add more i nstructions 
l ater ,  say between instruction 10 and instruction 
20. The computer wi 1 1  execute the i nstru"cti ons 
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Table 8 . 2  

Some i nstructions i n  Bas ic  language to 
whi ch mi cro-computers respond 

Command 

L IST 

RUN 

GO TO 

I F  

PRINT 

END 
= 

+ 

* 

/ 
< 

What i t  does 

Lists the program i n  the working 
memory . 

Runs the program, work i ng through the 
i nstruction in numeri cal order. 

Goes to a des ignated i nstruction 
number and performs it next . 

Provides a condition for doing some
thing  such as going to another des
i gnated l i ne (e . g .  I F  t i s  l es s  than 
20, GO TO • . •  ) 

Shows on the screen the numerica l  
val ue of  the quantiti es that you 
l i st after the PRINT command . 

Stops running the program. 

Sets a quantity equal to what i s  
specifi ed .  

Adds the next quantity .  
Subtracts the next quantity .  
Multi pl ies the next quantity 
Divides by the next quantity 
Less than.  



i n  the order of thei r numbers - even i f  they are 
typed out of numeri cal order. 

Fi rst .  we tel l  the computer the s i zes of 
the quanti t i es i t  wi l l  be working wi th at the 
start. Thus we have ( i n  Table 8 . 3 ) : 

10 Q = 20 
20 K = . 1  

30 T = 0 

(quant ity i n  storage = 20 ) .  

( pathway coeffi ci ent = . 1 ) .  
(time = 0 ) .  

Then we tel l the computer to pri nt these 
numbers : 

40 PRINT T .  Q .  K*Q 

Next we tel l  the computer what to do wi th 
these numbers : 

50 Q = Q - K*Q 

wh ich  means . "new Q (Qt+ l ) i s  equal to o l d  Q ( Qt ) 
mi nus K mul t i pl i ed by o l d  Q (Qt ) " .  ( Note : 
* means mul t i ply - to avo id  confus ion about 
what x means . ) 

Hav i ng done that .  the computer i s  tol d to 
advance time by one uni t :  

60 T = T + 1 

and then . i f  T i s  less than 20 . i t  i s  tol d  to 
repeat i nstruct i ons 40 ,  50 and 60: 

70 I F  T < 20 GO TO 40 

Our fa i thful computer repeats the cal cul ations 
for each new t ime i nterval , pr i nts out the 
resu l ts and advances the t ime unti l i t  gets to 

T = 20. At that poi nt .  when i t  gets to i n
struction 70 i t  does not go back to 40 . but 
qoes i nstead to 80 . wh i ch says : 

80 END 

The who l e  sequence of cal cul a t i ons takes a 
few second s ;  the resul ts are neatly l i sted on 
the screen i n  tabul ar  form. Beats hand
s imul ati ng. doesn ' t  i t? 

Tabl e 8.3 

Program i n  Bas i c  for rough s imul ati on# 
of model i n  F ig .  8 . 1 

10 Q = 20 
20 K = . 1  
30 T = 0 
40 PRINT T .  Q .  K*Q 
50 Q = Q - K*Q 
60 T = T + 1 
70 I F  T < 20 GO TO 40 
80 END 

# When ready to s imu l ate , type RUN . 
o i s  the l etter O .  
o i s  a zero. 
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To obta i n  a graph i nstead of a tabl e of · 
resul ts , we can substitute the PRINT i nstruction 
in 40 by a PLOT i nstructi on .  P lot i nstru�t l ons 
vary from one type of computer to another. 1 1 ) 
The pl ot statement tel l s  the computer to p lot a 
graph of success ive pOints wi th T on the hori 
zontal axi s and Q on the vertical axi s .  We 
obta i ned F i gure 8 . 3  by g iv i ng the computer this 
i nstruction .  

As you probably know, there is  much more to 
computer programmi ng even i n  s impl e Bas i c ,  but 
you al ready have enough to s imul ate the models 
in  exerc i ses 6 and 7 in an approximate manner. 

�0 r--------------------------' \ • 

\ • 

15 \ • 

\, 
'\ • 

Q 1 0  

5 

O L-_____ �I ____ � ____ � ____ � 
o 5 10 15 20 

TI M E  
Figure 8 . 3  Simulation o f  model in Fi gure 8 . 1 .  
( 1 )  On the Compucol or, i nstruction 40 woul d  

be : 
40 PLOT 2 ,T ,  Q ,  255. 
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8 . 6  A MORE COMPLEX S IMULAT ION 

If you were abl e to work through the sim
ulation of the l eaking s ink wi thout too much 
d iffi cu lty ,  you are ready for a mOre compl ex 
model , Fi gure 8 . 4 '  

Plant production 

Figure 8 . 4  Ecosystem di agram. 

Animal consumptio 

I t  represents an ecosystem - any ecosystem. 
The model i nd i cates that sunl i ght fal l i ng on 
the producers i s  captured during photosyn
thes i s  and stored i n  p lant organic matter unti l 
i t  i s  consumed by ani ma l s .  Now l et ' s  add some 
data . Sunl i ght vari es during the year ,  and 
typ ica l ly mi ght provide the fol l owi ng quanti t ies 
of energy: 

Year Season Sunl i ght 
( Joules/m2/day) 

1 Wi nter 5 , 000 x 103 

Spri ng 10 ,000 x 103 

Surrmer 15 ,000 x 103 

Autumn 10 ,000 x 103 

I f  the pl ants capture and store a steady 
0 . 1% of the avai l abl e l ight energy ( k1 = . 00 1 )  
and i f  anima l s  consume a steady 20% of the energy 
i n  store i n  plant ti ssues ( k2 = 0 . 2 ) , then a 
quantitati ve model l ooks l i ke F i g ure 8 . 5 .  



Year 

Figure 8 . 5  Ecosystem d iagram with pathway co-efficients.  

And a hand s imul ati on of the systems res
ponse woul d beg i n  l i ke thi s :  (We begi n our hand 
simu l at i on wi th Q = 0. 1 .  To s impl i fy writ ing ,  
the numbers i n  the tabl e are t housands of joules 
- and we are working  to two s i gni fi cant fi gures ) .  

Season 

Table 8.4 

Hand simulation o f  Oi�gram in Figure 8 . 5  

Sunlight 
S x l03J/m2/ 

day 

Plant Animal 
production consumption 
P - .001 , S  C " . 2  , (old Q)  

Quantity of 
plant matter 

(new Q )  
(old Q ) ' P - C  

1 Start . 1  

Wi nter 1 5,000 

Spring 2 10.000 

Sumner 3 
etc. 

5 

10 

• 2 , . 1 - .02 . 1 ' 5 - .02 - 5. 1  

. 2  x 5 . 1  • 1 .0 5 • 10 - 1 • 14 

You now know enough to compl ete the s im
ul ation of thi s  model yoursel f. Choose your 
weapon - hand or computer - and go to i t! Refer 
back to the flow chart for the correct acti v i ty. 

8 . 7  DISCUSSION 

Your graph of the quanti ty shoul d show 
growth and then steady s tate l i ke Model 3 
(Fi gure 6 . 3 ) .  The sun i s  a steady renewab le  
source with a control l ed fl ow . Consequently,  
the producti on of pl ant matter i ncreases rapidly 
at fi rst ,  but s i nce animal consumpti on i s  a 
steady percentage of the avai l abl e pl ant matter , 
the consumers start to i ncrease faster unt i l 
production and consumpti on i s  a s teady percent
age of the ava i l abl e plant matter, the consumers 
start to i ncrease faster unti l production and 
consumption are about equa l . The growth i s  not 
smooth because of the up and down vari ation of · 
the sunl i ght. The peak of pl ant growth i s  
l ater than the peak of sunl i ght because there i s  
a l ag i n  bui l di ng up storage . 

An example of this k i nd of growth i s  eco
l ogi cal success i on .  Rapid pl ant growth on an  
open fi eld changes to sl ower net growth of  s hrubs 
and then trees , to a steady state c l imax forest ,  
where trees and other producers are i n  bal ance 
wi th cons umers . 

ACTIVITIES 

1 .  Copy Tab Ze 8. 1 and extend i t  to time = 20h . 

2. Prepa:r'e a graph of Q (Y-a:cisJ against time 
for the Zeaking sink. 

3. Write a program in Basic (that is compatibZe 
with the micro-computer you have avaiZabZeJ 
to simuZate the modeZ in Figure 8. 1 

4. RUN yOUI' program and from the output 
prepa:r'e a graph of Q (Y-a:cisJ against time 
for the Zeaking sink. 
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5. Continue the hand simulation in Table 8. 4 
until. you have data for 5 years ' growth. 

6.  Prepare and run a program to simulate the 
model in Figure 8. 5.  Graph the results. 
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)-_�NO::.-_ PROCEED 

YES 

READ ON 

The computer program for mode Z 8 .  5 is basic
ally similar to that for model 8. 1 .  There is. 
however. one catch to it. 

(a) Begin by setting the starting value 
(Q = 0 . 1 )  and the season (or loop) 
counter (N = 1 ) .  

(b) Then comes the catch. You must inst:ruct 
the computer to take a series of dif
ferent values for S (sunlight) .  which 
varies in the regular series: 5. 000; 
10. 000; 1 5. 000; 10. 000 etc. The 
fol lowing series of statements will do 
the job: 

: K = N - INT{N/4) * 4 + 1 

: IF K = 1 S = 10.000 

: IF K = 2 S =  5. 000 

: IF K = :5 S =  10. 000 

: IF K = 4 S = 15. 000 

(c) The rest is easy . Give the in
structions for the calculations to 
be performed. i . e. P = . 001 " S; 
C = . 2  * Q; Q = Q + P-C. Then 
provide a PRINT statement (you will 
probably UXlnt to know what is happen
ing to : N. S. p. (and Q) . 

Next. advance the season counter by 
one. include a conditional branch 
(IF N < 2# GO TO wherever). and END 
the program. 

CongratuZations. you have just become 
a system modeZ Zer. 

7.  Copy the Figta'e 8. 6 and graph the system 's 
response and the avaiZahle sunlight on these 
axes . Then use the graph to answer the 
remaining questions . 

8.  The graph indicates the response of this 
system. Which of the six models that you 
have studied so far is this response most 
like? Explain why . 

9.  We are not going to ask you to continue the 
hand simulation up until year twenty. but 
if we did. what might the completed graph 
Zook like? 

10. Name an ecological process that you have 
studied that is il.Zustrated by the graph. 
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Figure 8 . 6  Graph for plotting the simulation 

of P-R system. 

Year 

Start 
1 

2 

3 

4 

5 

Season 

Winter 

Spring 
Su_r 

Autumn 

1 
2 

3 

4 

5 
6 

7 

8 

9 
10 
11  
12 

13 

14 

15 
16 

17 

18 

19 
20 

Table 8.2 - compl eted 

Hand Simulation of Diagram i n  Figure 8.4  

Sunl i ght 
S x 103J/m2/ 

day 

5,000 
10,000 

15,000 

10,000 

5,000 
10 ,000 
15 ,000 
10,000 

5 ,000 
10,000 
15,000 
10,000 

5,000 
10,000 

15 ,000 
10,000 

5,000 
10,000 

15,000 
10,000 

Plant 
production 

P = .001 x S 

5 
10 

15 

10 

5 
10 
15 
10 

5 
10 

15 
10 

5 
10 

15 
10 

5 
10 

15 
10 

Animal 
consumption 

C .. . 2 x Old Q 

. 2 x . l =  . 02 

. 2 x 5 . 1 = 1 . 0  

. 2  x 14 = 2.8 

.2 x 26 = 5 . 2  

. 2  x 3 1  = 6 .2  

. 2  x 30 = 6 .0  

. 2  x 34 = 6.8 

.2  x 42 = 8.4  

. 2  x 4'4 = 8.8 

.2  x 40 = 8 . 0  

. 2  x 42 = 8 .4  

. 2  x 49  = 9.8 

. 2  x 49 = 9.8 

.2  x 44 = 8 .8  

. 2  x 45  = 9.0  

.2  x 51  =10.2 

.2 x 51 =10.2 

. 2  x 46 = 9 . 2  

. 2  x 47 = 9.4  

. 2  x 53 -10. 6 

Quanti ty of 
plant matter 

(New Q) • 
(Old Q )  + P - C 

. 1  = 5 - .02 = 5 . 1  
5 + 10-1 = 14 

14 + 15-3 = 26 
26 x 10-5 = 31 

31 + 5-6 = 30 
30 + 10-6 = 34 
34 + 15-7 = 42 
42 + 10-8 = 44 

44 + 5-9 = 40 
40 + 10-8 = 42 
42 + 15-8 = 49 

49 + 10-10 = 49 

49 + 5-10 = 44 
44 + 10-9 = 45 

45 + 15-9 = 51  
51 + 10-10 = 51 

51 + 5-10 = 46 
46 + 10-9 = 47 
47 + 15-9 = 53 
53 + 10- 11 = 52 
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9: O sc illat ing Sy stem s 

Many bio l og ica l  systems undergo a period of 
natural g rowth , after which they l evel out i nto 
a more-or-l ess steady state. Succession i s  an 
example of thi s pattern of growth .  There are 
other - systems , however , that behave i n  a different 
way. Instead of l evel l i ng out , they develop 
repeating osci l l ations. In  the l ong run, this 
is a kind of  steady state , but at any one time 
or p l ace ,  quanti ties may be chang i ng rapidly. 
So many phenomena i n  both natural and human 
systems have osci l l ati ons , that the osci l l at ing 
system may turn out to be more typi cal than the 
steady state system. 

9 . 1  PREDATOR-PREY OSCILLATIONS 

F igure 9 . 1 shows a system with two compon
ents , each dependent on the other. It i s  a 
producer-consumer system. At first, both 
popul ations tend to grow exponentia l ly ,  but as 
the first popu l at ion becomes abundant, the con
sumer popu lat ion accel erates i ts growth s o  fast 
that the first popul ati on i s  pul l ed back to a 
l ow l evel aga i n. Then , with l ess to eat , the 
consumers decl i ne i n  numbers ,  whereupon the pro
ducers i ncrease, and the cycle  repeats. The 
pattern i n  time i s  g i ven i n  F igure 9. 1 (b ) . 
Osci l l ati ng patterns l i ke this  a re observed i n  
i sol ated s imple  ecosystems both i n  the l ab-
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(a) 

p 

� 

l� ____________________________ � Time 
( b) 

Figure 9 . 1  A producer·consumer system which o,ci l l ates. 

(a )  Energy diagram. 

(b)  Simulation .  



oratory and sometimes in  the wi l d .  The osc i l 
lat ion of grass and l emmings ( smal l mammal s )  i n  
the Arctic  i s  an example from the wi l d .  Where 
th i s  model i s  used for systems cons i st ing of two 
i nteracting an imal popul ations , i t  i s  sometimes 
cal l ed the predator-prey model . 

Some sci entists  bel i eve that anima l s  i ntro
duced i nto New Zeal and show osc i l lat ions of thi s  
ki nd. For examp l e ,  opossums may eat a l l  the 
pal atable vegetat i on unti l the ir  food supply 
i s  so l ow that popul ation numbers decl i ne .  
Another exampl e ,  observed i n  Canada, which  could  
devel op here , i nvol ves conifers and defol i ating 
i nsects that burst i nto epidem ic  growth and then 
d i e  back as the conifers become defol iated .  In  
this  cas e ,  where the pattern has been repeat i ng 
for a l ong time ,  the osci l l at ion i s  not neces
sari ly harmful to the cl imax forest , s i nce 
rhythmic defol i at i on may hel p mainta i n  seedl i ngs 
and subcanopy components of the ecosystem. 

Growth of grassl and for several years , fol 
l owed by extens ive fire that recycl es nutri ents , 
i s  a characteri st ic  pattern in  many parts of the 
worl d .  I t  may have been important i n  the drier 
areas of New Zeal and in the past and may become 
important in  the future. The heavy use of these 
l ands for graz i ng has substi tuted farm anima l s  for 
fi re as an al ternati ve consumer. There may even 
be osci l l ations i n  the growth of grass and pop
ul ations of sheep on open ranges . 

Human populati on growth has a l so been subject 
to osci l l ations, The patterns of di sease epi
demics al ternating with human popul at ion growth 
i s  a fami l i ar one i n  world  h i story, a pattern 
mod ified in recent years by pub l i c  hea l th and 
med ic i ne .  

The model i n  F i gure 9 . 1 i s  a standard one 
used i n  ecol ogy textbooks to hel p  expl ai n pop
ulat ion osc i l l ation.  However, the model does 
not s how c l early the mutual ist ic  effects of 
consumer feedback i n  hel p ing the producer , such 
as the recycl i ng shown i n  Fi gure 9 . 2 .  

9 . 2  COMPUTER SIMULATION OF AN OSC ILLATING MODEL 

Fi gure 9 . 2  i s  a model for a typi cal osci l 
l at ing system with recycl i ng i ncl uded. In  th i s  
case , the model describes consumpti on by .fi re 
or perhaps i nsect epidemic ,  or even the action 

. of a farmer i n  cutting a pasture for hay after 
growth · has reached a high l evel . Thi s model i s  
an i nteresting one to s imul ate by computer . The 
computer program i s  given i n  Table 9 . 1  and des
cri bed i n  a fl ow chart in F igure 9 . 4 .  You don ' t  
have to be a computer-user to fol l ow th i s  model 
tnrough . 

Th i s  i s  how the model works : with constant 
envi ronmental condit ions , pl ant growth i s  i n  pro
portion to the ava i l able nutri ents ( N )  such as 
phosphorus .  Pathway F ( F  for fi re ) does not 
operate until the quantity of grass ( Q )  reaches a 
threshold val ue ,  cal l ed G1 . When i t  does equal 
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Figure 9 . 2  Grass-fire model .  Q .  quant i ty of grass per m2 ; 
F .  consumption by the fire ;  G1 . threshold amount 
of grass to turn f ire oni  N,  nutrients in  soi l i  
N6. total nutrients in  soil  and in  grass (N+P*Q) ;  

z 
011 
a 

p. proportion of grass that i s  nutrients ; E .  energy 
sources; N*E . rate of production of grass; 
K2 . percentage of grass that is respired and de
preciates in one yeari T I time in years ; If  
Q > G1 F turns on. 

TIme 
Figure 9 .3  Results of simulation of Figure 9 . 2 . 
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or exceed Gl , the pathway F consumes grass 
rap i dly.  When the rap id  consumpti on process 
stops , the grass can regrow. 

The results of the s imulation are g i ven i n  
Figure 9 . 3 .  I f  you have access to a computer, 
try i t  yoursel f. 

Table 9.1 
Program i n  Basic  

10 G1 = 18000 

20 N0 = 25 

30 Q = 1000 

40 E = 150 

50 K2 • 0 . 03 

60 F 16000 

70 P = M01 

80 IF Q > G1 THEN Q = Q - F : N = N0 

gil PRINT T .  N .  Q (NEEDED FOR PRINTING) 

1011 PLOT 29. 17. 2 .  T .  N*2. 255 (NEEDED FOR PLOTTING) 

1 10 PLOT 29.  18.  2 .  T. Q/300 •. 255 

120 Q = Q + N*E - K2*Q 

130 N = Nil - P*Q 

1411 T = T + 3 

150 IF T < 127 THEN 70 

1611 END 

Select ei ther plot or print statements. not both. The p lot 
statements are for a Compucolor microcomputer. Each computer 
uses sl ightly di fferent c0l11nands. 



yes 11 0)(;1 :>4------..., 

yes 

Figure 9 . �  Fl c"j chart for ,i",llation o f  Fi gure 9 . 2 . 

ACTIVITIES 

1 .  

2. 

3. 

recentZy. 
seeds. 

ExpZain how the foZZowing prooesses may 
osoiZZate simiZarLy to the prey-predator 
of fire modeZs: 

meohanioaZ oZook 
hunger 
inventory in a store 
earthquakes 
disease epidemio 
Ufe of a singZe tree 

. oZover and grass grubs 

(a) If you have acoess to a c�mput�r, type 
in the program for an osc�ZZat�ng 
system, and then use it to determine 
the effect of increasing and decreasing 
the primary energy source (E) . How do 
these ohanges affeot the frequency of 
osoiZZation? 

(b) What is the effeot of restricting the 
totaZ amount of nutrients (Np) ?  

H� do these changes affect the 
frequency of osoiZZation? 
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PART TWO : NATURAL SYSTEMS 

10: The Ocean 

Three-quarters of the earth ' s  surface i s  
ocean; the ecosystems of  the sea. The ocean 
system i s  espec ial ly important to New Zeal and 
s ince none of our land i s  far from the ocean 
and much of our protei n  food comes from it .  

10. 1  TURBULENCE IN OCEAN SYSTEMS 

Figure 10. 1 i s  a diagram of an ocean eco
system. The organ i sation of the ecosystem has 
the same basic pattern as other systems that we 
have cons idered , with outside sources , pro
ducers , and consumers .  However, i n  the ocean 
system , turbu lence i s  of special  importance 
s ince i t  provides for both vertical and hori
zontal di stributi on of nutrients and gases . 
Turbulence i s  a c ircul ar moti on of the water 
caused by wi nd .  Tides and various currents 
a l so keep the water constantly stirring .  These 
energies are shown in  the system diagram as a 
kinetic energy storage in  the ocean system. 

Notice . i n the diagram the flows from the 
turbu lence to phytopl ankton and zooplankton. 
Turbulence keeps the plankton i n  motion,  hel p ing 
supply their  needs and bri ng i ng to the surface 
those that s ink .  Phytopl ankton are the pro
ducers of the ocean system : di atoms , di no
flagel l ates and other mi croscopic a lgae. Zoo-
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plankton are suspended animals  most of wh ich 
feed on the phytoplankton: they incl ude many 
types of organi sms from microscopic protozoa to 
fi sh eggs .  

The ocean system d iagram a l so i l l ustrates 
the way i n  which c i rcul ation functions i n  the 
provision of nutrients. Materials l ost from 
the ocean food web s i nk into deep water before 
decomposi ng .  Upwel l i ng sea water returns these 
l ost nutrients to the surface where they stim
ulate the growth of phytopl ankton , and hence the 
whol e food cha in .  Such areas of upwel l i ng 
water provide rich fi shing grounds - such as 
those off the coast of Kai koura i n  the South 
Is land , and northwest of Auckl and. 

10. 2 FISH Y IELDS 

It i s  sometimes suggested that if  people 
harvested the sea more efficiently, it would pro
duce much more food. This i s  exaggerated . Most 
of the open oceans have very few nutrients and 
sparse food webs . High ferti l i ty i s  found i n  
upwel l i ng zones and on the conti nental shel ves 
where detritus consumers on the shal l ow bottoms 
are the beginning of diverse food cha ins .  

The tonnage of marine fish caught around the 



�plankton 

Sinking Detritus �-----"'-1 
DEEP WATER 

Figure 10. 1 Open sea ecosystem diagram. 
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worl d  showed a sharp r i se i n  harvest from 1 900 
to 1 970 , after whi ch i t  decl i ned aga i n ,  i n
d i cati ng that harvesting may have gone beyond 
the maximum susta i nabl e yie l d .  ( Fi gure 10 . 2 )  
Mechan i cal trawl i ng dev i ces bring up so many fish  
that the stocks of some spec ies  have become ser
i ous ly  depl eted. When fue l s  become so hard to 
get that the l arge s h i ps are no l onger economi cal , 
f ish  stocks may rise  agai n .  

Every renewabl e system wh ich suppl i es energy 
needs contro l l i ng and recycl i ng feedbacks if i t  
i s  to survive. As seen i n  F i gure 10. 3 , humans 
have been taking y iel d from the oceans , but have 
not been putti ng much back to replenish the 
system. However , even under the best  management , 
the oceans cannot sol ve the food probl ems of our 
over-populated wor ld .  

Fi gure J O . 2  
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c: 
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1950 1960 1970 
Growth i n  world fish catch, 1 960-77. 

? �bac�:,eeded 
. .... , \ 

\ 
, 

1980 

Figure 10. 3 Fish yield  from the sea with no feedback of people to the fish  syotem. 
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Phytoptanklm 

F igure 1 0 . 4  Whale and tuna food web showing the special  rol e of cUI·rents. 

10. 3 WHALES AND WHAL I NG 

Many of the sma l l  numbers of whal es that now 
survi've i n  our oceans depend , as they a lways have ,  
upon l arge zoopl ankton l i ke kri l l ,  for food 
(Figure 10. 4 ) .  Norma l ly ,  we would  expect that 
the energy pass ing through a food cha i n  woul d  
requ i re several i ntermedi ate s teps i n  order to 
pass from organi sms as smal l as kri l l  to organi sms 
as large as .whal es . Eco l og ica l ly ,  the function 
of those intermed iate organi sms wou ld  be to con
centrate the energy ava i l able i n  the food cha in .  
Whal es have been abl e to do  wi thout the midd l e
men by l earn ing to harvest a sma l l  number of 
rather special  ocean areas where currents hel p  
kri l l  concentrate i n  l arge, t ight masses . Thus , 
the ocean currents perform the same eco log i cal 
function as first or second order consumers . 
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ACTIVITIES 

1 .  The next time you visit Cook Strait, notice 
the sweUs and waves; these are driven by 
winds far away. Notice the convergence 
streaks where debris floats in lines. These 
convergence streaks are lines in the water 
where large perpendicular eddies meet 
bringing together everything floating

' 
in 

the area. 

2.  Go to your nearest fishing port. When the 
fishermen bring in their eateh, make a 
diversity eount. Count 1, 000 fish keeping 
a reeord of the number of different kinds. 
This number is called a diversity index. 
A eount of about 30 different speeies in 
1, 000 means the system has a high diversity; 
six per 1, 000 is a low diversity. 

Then go to the beach and eount the number 
of species in 1, 000 sea shells . These 
represent a sample of the molluscs at the 
bottom of the sea. What is its diversity 
index? 

Compare the diversity of the open sea with 
the sea bottom. Discuss why they are the 
same or different. 

Later we will do diversity counts on other 
systems. 

3. What kinds of services do you think people 
can feedback to the oceans to bring the fish 
yields back? 

4. Draw a diagram of another fish food web. 
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Be sure to include the physical energies 
like winds and currents . 



11: Pond and Stream 

Because of i ts abundant rai nfal l ,  New Zeal and 
has many freshwater ecosystems i n  ponds and 
streams . However ,  the geographical i sol ation has 
l imi ted the number of larger anima l s  and pl ants 
that have been abl e to immi grate or evolve  i n  our 
freshwaters . New Zeal and is nearly 2000 km from 
Austral i a ,  which  i s  the nearest l and mass .  

1 1 . 1  PONDS 

The most numerous ponds are smal l farm ponds 
excavated in pasture and used for watering stock . 
They are shal l ow and may become dry over the 
summer months . In parts of the South Is l and , 
kettle-hole ponds are common .  These are formed 
in  depress ions i n  mounds of gl acial debri s .  Even 
though di fferent ponds vary i n  water l evel s ,  
nutrients and temperature , they have the same 
bas i c  eco log i cal  pattern which i s  i l l ustrated i n  
Figure 1 1 . 1 ( a )  and ( b ) . 

Most ponds are shal l ow enough so that l i ght 
penetrates to the bottom. There are three groups 
of producers : phytopZankton, macrophytes ( l arge 
l eafy pl ants ) wi th thei r periphyton ( a l gae 
attached to the l eaves and stems ) ,  and benthic 
(bottom ) al gae . .  A lthough there i s  usual ly no 
s tream i nput, the run-off from the surroundi ng 
pasture bri ngs d i ssol ved organ ic  matter , detri tus 

and nutri ents . 

The carbon dioxide needed for photosynthes i s  
comes into the water from the a i r ,  from decompos
ing organ ic  matter, and from bi carbonates l eached 
from rocks.  Where l imestones are dra ined,  b i 
carbonates and cal c ium are h i g h  and the ponds are 
said to have hard water. · However, most waters 
in New Zeal and are di l ute and said to be soft 
water. 

Fol l ow the food web flows and you wi l l  see 
that there are many microscopi c  and sma l l  creatures 
i n  the pond feeding on the pl ants and a l gae.  How
ever,  there are no animal s l arger than frogs ,  
whi ch are , i n  fact ,  the top carni vores . Fi sh 
rarely l i ve in  these ponds because they often dry 
up for part of each year .  Popul ations of other 
organi sms such as eggs of zooplankton , seeds of 
pl ants , spores of al gae and mi cro-organi sms , 
and flying i nsect adu l ts are carried i n  and out by 
the wind. 

1 1 . 2  EUTROPH I C  AND OL IGOTROPH I C  WATERS 

Waters with h igh nutrient l evel s are ca l l ed 
eutrophic. Others , l ow i n  nutri ents are cal l ed 
oZigotrophic. Eutrophic water has more l i fe but 
devel ops extreme oxygen condi tions . 
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(a )  

Macrop")7es & 
periphytcn 

Figure 1 1 . 1  Pond ecosystem; deta i l <  of the food web are shown . 
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(a) Energy diagram. 

Zooplankton: Daphnia , copepods and rotifers. 
Herbi vorous invertebrates : i nsect l arvae, caddisfly, CULex, sna i l s .  
Benthic detritivores and grazers : ostracods ,  worms , chi ronomid larvae , musse ls .  
Predators: insects,  mites , flatworms . frogs .  



The maximum amount of any gas that can d i s 
sol ve i n  water ( the saturation l evel ) depends on 
temperature . For exampl e ,  freshwater saturated 
wi th oxygen at 2 10C ( 70°F )  contai ns 8 ppm ( parts 
per mi l l i on )  of oxygen . When the temperature 
i ncreases , the amount of di ssol ved oxygen that 
can be hel d  i n  the water decreases caus i ng the 
surpl us  to d i ffuse out of the water. If the 
temperature decreases the saturati on potenti a l  
o f  the water i ncreases . 

During a sunny day i n  eutrophi c  water , there 
i s  rap id  photosynthes i s .  Consequently ,  both 
oxygen and organ i c  matter bui l d  up qui ckly. The 
amount of oxygen may rise to 30 or 40 ppm - some 
of which d iffuses out of the system, but most i s  
used i n  pl ant and animal  respi rat ion .  Mi crobes , 
decompos i ng detri us , and di s sol ved organi c  

(b) 

� 
Bottom 
al .. 

J �  IP 

� a;> "V 
Plankton 
alga� 

Plankton Frogs and 
animals ta::lpolQs. 

( b )  Pend; location of the main organism� of the food web. I llustrator Kathryn Gregson 
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F igure 11 . 2  Changes i n  oxygen , organi c  matter9 and nutrients i n  
a n  o l i gotrophic (sol i d  l ines ) and a eutrophi c  pond (dashed 1 i nes ) through day and n ight .  D.ta for 
oxygen variation from D ppm to 30ppm. 

matter use up most of the oxygen produced during 
the day , bri ng i ng the oxygen l evel down to 1 or 
2 ppm by the end of the n ight.  

You can fol l ow the changes in the graphs i n  
Figure 1 1. 2 .  The variations i n  an ol i gotrophic 
pond are l es s  drasti c s i nce there are fewer 
nutrients to stimul ate photosynthesi s .  Because 
the second day was c loudy wi th l ess  sunshi ne 
fal l i ng on the pond , the photosynthesi s was 1 ess , 
causi ng l ess oxygen and organic matter to be 
produced u s i ng fewer nutri ents . Both animal s 
and pl ants respire a l l  day and n i ght, us i ng 
oxygen and organic matter to produce nutri ents . 

I n  eutrophic ponds , many f i sh ,  especi al ly 
sports fi sh  l i ke the introduced brown and rai nbow 
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trout , cannot survive the l ow oxygen l evel s .  
Water fowl , l i ke ducks , come to eutrophi c  ponds 
to feed on the rich biota . Some euthrophi c 
waters have natural ly high nutrient l evel s ,  but 
in New Zeal and a very common source of high nut
rient l evel s i s  the run-off wh i ch carries farm 
ferti l i ser , stock waste , i ndustrial  waste , or 
highway debri s .  

Ol igotrophic  waters wi th l ow nutrient l eve l s  
have l ess total l i fe .  Cl ear l akes wi th few al gae 
and bottom plants do not have the great vari ati�n 
i n  di ssol ved oxygen, and so are usua l ly  good habl tats 
for sports fi sh .  F i shermen , take note . 

1 1 . 3  MOUNTA IN  STREAMS 

A diagram of a mountain stream i s  shown i n  
Fi gure 1 1 . 3 .  I n  this system turbul ence and 
rocks are very important .  Geological upl ift 
forms mountai ns from whi ch rocks fal l  and are 
worked i nto the streams . The rocks interact 
with the flowing water from the stream bed and 
i ts banks . The force of rushing water breaks 
rocks down steadi ly ,  eventua l ly  i nto f ine 
sediment. 

Anima l s  and plants are adapted so  that they 
can ei ther wi thstand or avoid  turbul ence.  Thus , 
the pri nci pal producers are a l gae whi ch grow i n  
a s l  ime on the surface of the rocks . I nsect 
larvae l i ve under the stream rocks for protecti on 
from predators and from the turbul ence . The 
rocks and banks channel the fl owi ng water w ith 
i ts turbu 1&nce , carbon di oxide , oxygen ,  and 
nutri ents , transporting materi a l s  downstream. 
Carbon d ioxide , oxygen, and nutri ents fl ow i n  
with the water, become part of the s tream water , 
are used by the organ i sms , then flow on down
stream. 



Figure 1 1 . 3  Diagram o f  a mountain stream. 
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The food web starts wi th the a l gae on the 
rocks ; mountai n streams are too swift and rocky 
for many rooted pl ants . Nutri ents are absorbed 
by a l gae for photosynthes i s  and are a l so used 
d i rectly by the mi crobes . Most mounta in  streams 
are d ist inctly ol i gotrophi c ,  but they can be 
eutrophic  if  they recei ve enough nutrients . 
Organi c  matter from the l and i s  .an important 
source of stream detri tus . Some of i t  i s  de
composed by the mi crobes , and some fl ows on 
downstream. The organic matter that fl ows 
downstream i s  cal l ed drift. Organ ic matter from 
the l and i s  espec i a l ly important i n  forest areas ,  
where l eaves and insects , such a s  beetl es , butter
fl i es and moths , fal l  i nto the stream. Pop
ulations get back upstream by havi ng flying 
stages i n  their  l i fe cyc les . 

Freshwater stream i nsects spend most of the i r  
l i ves i n  the water as l arvae i n  many d i fferent 
devel opment stage s .  When mayfl i es ,  for example , 
mature , they fly i n  a l arge swarm over the water. 
After mat ing , the females  ovi posit  the eggs i n  
the water ;  and i n  two or  three days the adul ts , 
who do not eat,  d ie .  The trout ri se to the sur
face to feed on mature nymphs , emerging adul ts 
and ovipos i ting or spent females . Insect l arvae 
feed on the organi c sl ime of detri tus and mi
crobes , and may in turn be fed on by l arge carn i
vorous l arvae .  
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Bul l ies and other smal l fi sh  rema i n  i n  smal l ,  
calm secti ons of the stream; they l i ve on 
mi crobes and i nsect l arvae. The trout, which  
are smal l si nce they use  the mountain s treams 
as nurseri e's before migrat i ng to ri vers , a l so 
feed on insect larvae . Trout i ncl ude both i n
di genous mountai n  trout and i ntroduced rai nbow 
and brown trout . Eel s l i ve near the bottom of 
the stream , eating sma l l  fish and competi ng wi th 
the trout for insect l arvae .  

Eel s  reproduce i n  the sea and return to the 
freshwater streams when about 1m l ong .  Sa lmon , 
whi ch have been i ntroduced i n  many streams , 
travel i n  the reverse di rect ion . They reproduce 
among the gravel s  of mounta i n  s treams . Thei r 
young then move to the sea where they l i ve out 
their l i ves before returni ng to the i r  s tream for 
reproducti on . 

Bl ue ducks occasional ly feed on fl oati ng or
ganic matter and i nsect l arvae . They are becomi ng 
scarce , perhaps because of competition for food 
wi th the i ntroduced trout.  

When waters reach the l owl ands the i r  vel o
c i ty decreases and sediments are deposi ted . A 
fl ood p l a i n  deve lops which  can grow \�etl and pl ants . 



ACTIVITIES 

1 .  Compare a generaZ fresh water system 
(Figure 11 . 1) bJith a generaZ Zand system 
(Figure 3. 2) .  Which components are the 
same, lJhich different? ExpZain. 

2 .  Draw a diagram of a pond or stream that you 
are familiar with. HOUJ does it differ 
from the diagrams in this exercise? 

3. Consider a eutrophic pond or stream near 
you. Where are the. extra nutrients coming 
from? If it is poUuted, what measures 
couZd you suggest to reduce the poZZution? 

4.  With a WinkZer kit or oxygen probe, take 
oxygen measurements. Groups of students can 
be assigned different parts of the invest-. ... . -z.ga,,-z.ons . 

(a) Measure the dissoZved oxygen in the same 
pond or stream at reguZar intervaZs over a 
24-hour period. Then make a graph showing 
the variation of dissoZved oxygen with 
time. ExpZain the results. 

(b) Measure the dissolved oxygen in several 
ponds and streams. Explain the differences 
in resuZts. 

S. Trout. eels and saZmon aU have a Ufe 
cycZe that involves living in one environ
ment and reproducing 7:n another. This 
seems to be such a con�on pattern amongst 
mountain-st.r>eam fish that it must serve 
some cZear biolcgicaZ purpose. Suggest 
bJhat that purpose might be . 
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12: The Estuary 

12 . 1  ESTUARINE SYSTEMS 
An estuary i s  the area a long the sea coast 

where a river joins the sea . It i s  thus an area 
where freshwater and sal twater mi x .  Estuaries 
are often edged wi th wetlands : marshes wi th sal t
tol erant grasses or swamps wi th mangrove trees 
standi ng i n  water much of the time . The special 
inputs to the estuarine system are the fresh
waters of the river mixed with the sal twaters of 
the ocean.  Because of these infl ovls the estuary 
i s  often rich in energy, nutri ents and has l arge 
numbers of pl ants and animal s .  

The outside energy sources of tidal i nfl ow 
and the ri ver are shown in Fi gure 12 . 1 .  The 
kinetic energy (motion ) of the water in the 
estuary ; s  created by tides fl owing in and out, 
the ri ver fl ow,  and wi nd. This ki netic energy 
increases production by keeping the nutrients 
stirred among the phytopl ankton , sea weeds ,  and 
marsh grasses . Food i s  moved to animal s ;  zoo
plankton are a l so moved wi th their food , the 
phytoplankton. 

Estuaries have a burst of productivi ty i n  
spring and a h igh growth rate i n  summer . Many 
anima l s found i n  coastal waters , l i ke shrimp and 
flounder, migrate back out to sea l ater i n  the 
year. Others , l i ke mul let ,  migrate out to breed 
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offshore, but the l arvae return to the estuary 
where the young grow up. Sti l l  others , l i ke 
salmon , breed in headwater streams and have 
young that pass through the estuary on their way 
to the sea, often growing rapi dly during their 
time in the estuary. Because the l arvae of 
many marine species grow up in the estuary ,  i t  
i s  often referred to as  a nursery. I t  i s  not 
where breed ing and hatching occur but a pl ace for 
rapid early growth . 

The marsh i s  an area around the estuary 
whose s i ze depends on the sl ope of the l and . 
Because of the ti des , i ts bottom i s  under water 
part of the day. Many burrowi ng invertebrates 
l i ve in the marsh mUd. The marsh i s  a protected 
area for l arvae and sma l l  fi sh whi ch come in  and 
out with the tides . 

Notice i n  the food web of Figure 12 . 1  
that the mul let consume plant matter and detritus. 
Some bottom invertebrates l i ke clams , cockles , 
oysters and mussel s ,  are fi l ter feeders , consumi ng 
bits of organi c matter s uspended in the water. 
Others , l i ke worms , digest the organ ic matter i n  
the ooze of  sediment, detritus and microbes.  

Sma l l  fi sh, shrimp and crabs consume zoo
pl ankton and bottom i nvertebrates . Fl ounder and 



Figure 12. 1 Energy d iagram of an estuary. P=phytoplankton; Z=zoopl ankton ; 
Bottom i nvertebrates=cockl e s ,  mussel s ,  c l ams , worms;  
Sma l l  fish=sma l l  fish,  shrimp , crabs ; 
Large fish-barracuda , kahawa i ;  
Oyster catcher=oyster catcher, wading birds.  
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Figure 12 .2  Ecosystem of oyster reefs. 

pufferfish are bottom fi sh whi ch feed on shrimp ,  
crabs and bottom i nvertebrates . Large fi s h ,  
which sometimes come i nto the estuary, i ncl ude. 
kahawai and barracuda;  they feed on sma l l er fi sh 
and mol l usc s .  

Many s pec i es Of b irds  are a part of the 
estuary ecosystem, fl y ing i n  and out .  The 
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Salini variations 
Roturn of shell 

oyster-catcher and gul l feed on animal s i n  the 
estuarine mud and on the beach at l ow tide. 
Wading bi rds l i ke herons ,  feed in  the marshes , 
and diving b irds l i ke the gal l i nu le  and cormorant , 
feed in  the water. 

Constant variati ons i n  saZinity are a stress 
on estuarine organi sms .  They must al l have 
s peci al adaptati ons to survive sal i n i ti es from 
o ppt (parts per .  thousand ) sal t i n  the fresh 
water from the ri ver , to 36 ppt sal t i n  the salt  
water of the i ncoming tiges , and changing sa l -



in ities i n  between .  Because energy i s  used for 
specia l  adpatations rather than for divers ity ,  
there are very few species i n  an  estuary. But 
s ince the ferti l i ty of the area i s  high ,  there 
i s  high productivity i n  the few species present. 
When there are large numbers of a few species , 
they are easy prey for other organ isms . You 
wi l l  often see estuaries where the mud fl ats are 
covered w ith cockles and oyster-catchers eating 
them. 

12 .2 OYSTER REEFS 

Estuarine oysters (sometimes cal l ed rock 
oysters ) grow the i r  own ci ties . Oysters attach 
to each other, bui l di ng up large mounds of shel l .  
As bottom oysters di e,  larvae attach to ol d 
shel l s ,  i ncreasing the s i ze of  the reef . As the 
mounds bui ld up ,  the oysters have better access 
to currents which bring food and carry away 
wastes . I ndustries that harvest oysters usua l ly 
put the she l l s  back ,  i n  order to ma i nta i n  the 
s i ze of the reefs . Thi s  i s  one part of the fi sh
i ng i ndustry that feeds back to the natural 
system. 

The same i nf lows are shown i n  Fi gure 12 . 2  
a s  i n  Fi gure 12 . 1 , but wi th d i fferent detai l .  
Noti ce i n  F igure 12 . 2  the ti des and ri vers cause 
currents and bri ng in i norganic  nutri ents and 
organi c  matter . The i nteraction of the currents 
and the organic matter produces a fl ow of food 
to the adult  oysters . The adul t  oysters make 
the s hel l reef, which i s  used by the l a rvae to 
produce adu lt  oysters on the reef .  The oyster 
popul ations are kept down by dri l l s ,  di sease and 
harvesting . Dri l l s  are snai l s  that dri l l  
through the she l l  of the oyster , eat i ng the i n
s ides . Dri l l s  i ncrease i n  numbers when the 

sal i n i ty of the reef i s  fai rly constant ,  as when 
the ri ver i s  l ow .  When the fresh water fl ow 
causes great vari ati on i n  sal i n i ty ,  dri l l  
numbers are reduced. 

12 . 3  AQUACULTURE 

In  the Marl borough Sounds near Nel son , 
oysters are cul tivated on ropes ti ed to wooden 
rafts fl oati ng i n  the water ( F igure 12 . 3 ) . The 
h igh ferti l i ty of the estuary i s  an exampl e  of 
competi tion for the use of resources .  The 
estuary al ready has both recreational use (with 
pl easure boats and sports fishing ) and oyster 
cu l ture .  There i s  a new proposal for a l ogging 
enterpri se , under whi ch l ogs wi l l  be brought down 
the ri vers into the estuary. This has caused 
concern for the poss ib le  pol l ution of the water 
wi th wood particles and wood chemical s ,  s i nce 
sugars from freshly-cut trees grow l arge popu
l ations of sl ime bacteria .  

Goods &. Io'Ork 

FcOflomy 

Fi gure 12 . 3  Oyster aquaculture. 
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ACTIVITIES 

1.  If possibZe, take a fieZd trip to an 
estuary . CoZZect as much information as 
you can about it. 
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Divide into groups to investigate: 

(a) OUtside sources : sun, wind, tide, 
rivers, poZZution. 

(b) Producers : aZgae, seaweed - Zook for 
patches of seaweed. 

(c) Marsh: is there a marsh? If there is, 
how big an area, what kinds of pZants, 
animaZs; if not, what is at the edge? 

(d) Bottom organisms : at Zow tide dig in 
the mud; Zook for oyster mounds . 

(e) Fish: ZOOk' and ask any peopZe around 
what they catch. 

(f) Birds: be quiet and watoh - fieZd 
gZasses and a bird identification book 
are heZpfuZ . 

' )' IUA.l' A,WA�I lH> ME EAT lHE WTlE CRI§lV :: (HIPI AND LiCK 111£ mr 
fROM �" FI>H A>JI),HIi>; 

PAItR., . 

2. 

3. 

4. 

Put aU the infoI'l11(J.tion together. With some 
assistance from your teacher, dzoaw a diagram 
of your estuary on the bZackboard. How does 
·it compare to Figure 12. 1 ?  Ea:pZain the 
differences. 

If you cannot take a fieZd trip, taZk to 
someone who knows about your nearest est�d, 
then prepare a diagram of it, or find a 
description of an estuary in a�ook and az.aw 
it. What necessary parts of the system 
did your source Zeave out? Be sure to 
incZude them. How does your diagram com
pare to Figure 12. 1 ?  

How wouZd you decide what human activities 
wouZd be best for an estuary Zike the Marl
borough Sounds? Prepare an outline manage-
ment. pZan for your chosen area. How might 
you get your ideas considered? 

List the seafoods you eat. Which 
of them spend some time of their Ufe in an 
estuary ? 



13: Lowland Podocarp Rain Forest 

Imagine yoursel f standi ng i n  a l owland rai n  
forest on the West Coast .  Just i n  case you have 
never been there , thi s  i s  the sort of thing that 
you woul d be experienci ng: 

i t  is probably ra i ning or dri ppi ng ;  
your feet are wet from standing i n  the l ayers 
of wet l i tter and soft moss ;  
th€re are many l arge trees with huge 
buttress- l i ke exposed roots , a l l  covered 
wi th mosses ; 
i t  i s  dark and when you l ook up you see a 
canopy of deep green leaves with only a 
few specks of l i ght shi ning through ; 
you can hear several di fferent types of 
bi rd song ; and 
you fi nd i t  hard to wal k  because of the 
many fal l en l ogs . 

Thi s  i s  an ecosystem wi th high species 
di vers i ty because of a favourable combi nation of a 
number of energy sources. Notice i n  Fi gure 13 . 1  
that the mountai ns cause the moisture i n  the 
winds from the movi ng air masses to fal l as rai n .  
There i s  al so regular sunshi ne al l year, and 
enough dry a i r  from wi nds bl owi ng down the moun-

tains to carry away the water vapour from trans
pi ration of the trees . 

13. 1  PRODUCERS 

The great di vers i ty can been seen i n  the 
numbers of canopy speci es - podoaarps and broad
Zeaved trees, a l l  covered wi th a green bl anket of 
epi phytes . Many trees have l a rge broad bases , 
cal led buttresses, and extens i ve roots whi ch cover 
a wide area i n  the top soi l .  These adaptations 
give trees the extra support needed to stay erect 
i n  soft , wet earth. The understory and forest 
fl oor have a great variety of species too . This 
diversi ty means that with a number of species 
each usi ng a smal l part of the energy, most of 
the avai lable energy i s  captured and becomes a 
part of the system; hence, the forest i s  dark 
because almost a l l  the l i ght i s  being absorbed by 
the many layers of l eaves . 

The canopy trees take, a l ong time to grow . 
They have hi gh-qual i ty wood that has consi derabl e 
val ue. Consequently, most New Zealand rai n  
forests have been l umbered at one time or another. 
There i s  now much' controversy about how much of 
the remaining 5% of largely untouched forest 
should be preserved . Si nce nat ive trees grow 
wi thout management and rebui l d  valuable wood and 
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Canopy trees 

Forest floor 

Figure 1 3 . 1  lowland podocarp ra i n  forest. 
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Figure 1 3 . 2  Li tter and soil  subsystem of lowland podocarp ra i n  forest.  

soi l ,  most  b iol ogi sts bel i eve that more nat i ve 
forests need to be restored and preserved . When 
external sources of phosphate are used up , nati ve 
forests may be the only method avai l ab le  to 
future generations .for rebui l di ng soi l s  depl eted 
by i ntens ive agri cul tural use . 

1 3 . 2  CONSUMERS 

Di fferent i nsects feed on di fferent parts 
of each k ind of tree and pl ant . I nsects are 
adapted to the rol e of eati ng back anythi ng i n  
excess .  I n  a d i verse forest , even i f  one ki nd 
of tree succumbs to di sease or an i nsect i n
festation ,  the ecosystem i s  not destroyed .  There 
i s  a bal ance of consumers and producers ; i f  any 

plant i ncreases to exces s ,  i ts consumer i nsects 
or d isease organi sms wi l l  i ncrease unt i l  the 
s pec ies i s  aga i n  in stabl e  balance wi th the 
other spec ies .  Si nce most i nsects and d i seases 
are speci fic to certa i n  s pec ies , thei r numbers 
a lso  decrease when the pl ant spec ies i s  back to 
no nna 1 dens i ty • 

Berry and seed-eating b i rds , l i ke the nat ive 
p igeon, the kaka , and sma l l  parakeets feed on the 
trees and shrubs . Tu i s ,  bel l b i rds and waxeyes 
consume the nectar i n  the fl owers . B irds such 
as tomt i ts ,  ri fl emen , and b l ackbi rds feed on 
i nsects i n  the vegetation and i n  the l i tter on 
the forest fl oor . 

The bi rds regulate i nsect di vers i ty and hel p  
d istri bute seeds . The bri ght-col oured fl eshy 
parts of podocarp frui t i ng twi gs encourage di s
persa 1 by bi rds .  

Deer browse on the l ow plants , whi l e  opossums 
l i ve mostly i n  the trees feedi ng on twi gs and 
shoots . Stoats and owl s prey on the bi rds . 
There i s  an exchange of b i rds , stoats and deer i n  
and out o f  the system , excesses i n  one area re
populating l ow-dens i ty areas e l sewhere. The owl 
i s  the only nati ve top carni vore.  Deer , opossums 
and s toats are exotic s ,  havi ng been i ntroduced 
from overseas . Some i ntroduced s peci es have 
become a part of the balanced forest system , pro
vi ding thei r numbers are control l ed by cul l i ng 
and hunti ng. 

13 . 3  THE DECOMPOSER SUB-SYSTEM 

The sub-system of the l i tter and soi l i s  
shown i n  Fi gure 13 . 2 .  As the l i tter from the 
trees and pl ants bui lds up , the fungi and mi crobes 
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decompose i t ,  produc i ng carbon d i oxide and 
nutri ents . The carbon d ioxide interacts wi th 
water to produce ac i d .  which breaks down the 
underly ing rock i nto soi l part i c l es and nutri ents . 
The so i l  part i c l es form the bas i s  of the so i l  
wh i ch supports the l i tter and the tree roots . 

MYaorrhizaZ fungi which coat the roots of 
the trees have a symbioti c rel ati onsh i p  wi th the 
roots . Fungal hyphae extend from each root i nto 
the s oi l .  The water and nutri ents they absorb 
aid  the growth of the tree . In return , the 
fungus obta i ns photosyntheti c products from the 
cel l s  i n  the tree roots . 

The di vers i ty of  the rai n  forest system 
extends to earthworms . The largest spec i es - a 
native earthworm which  can grow to 2 metres i n  
l ength - i s ,  found a t  a depth of more than 2 
metres . Earthworms are important i n  breaking 
up the soi l . As they i ngest soil parti c les , 
l i tter , and mi crobes , they make passages whi ch 
a l l ow excess so i l  water to dra i n  away. 

A great di vers i ty of arthropods feed on the 
microbes and roots and are consumed by b i rds .  
Kiwis are nocturnal consumers of earthworms and 
other i nvertebrates that they can probe wi th 
the ir  l ong bi l l s .  
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13 .4  KAURI FORESTS 
Kauri forests are a special  vari ety of nati ve 

forest found i n  warmer cl imates of North land.  
They have a high d ivers ity of trees , but there i s  
a top overstory l evel provided by o l d  and gi ant 
kauri s that form a canopy 50 metres above the 
ground . The trees are between 200 and 2000 
years ol d ,  and some have trunks up to 6 metres in  
di ameter. The trees hel p  mai ntain thei r 
structure by secreting a gum that plugs any 
wounds i n  l imbs or roots . The d ivers i ty of l i fe 
supported by the g i ant trees and by fa l l en l ogs 
is very l arge .  Kauri forests resembl e  some 
tropi cal  rain forests i n  the ir  di vers i ty and 
variety of structure at many l evel s ,  except the 
l eaves are sma l l er and tougher , bei ng adapted to 
dri er air .  

Because the kauri s spread out thei r crown to 
form a l arge photosyntheti c  area per trunk .  the i r  
i nd iv idual tree growth rate i s  rapi d .  Forest 
pl antati ons of kauri trees are bei ng cul ti vated 
because the wood i s  high qual i ty and the growth 
rate i s  comparatively good . A high di vers i ty 
kauri forest with many ages and h i gh di vers i ty 
of other trees shoul d not be confused with a 
kauri pl antation . The fi rst has great val ue 
for aesthetic use , sel f-renewal , tour i sm ,  gene 
pool storage , and rebu i l di ng of the wi l d  sector 
of the economy. The pl antation i s  for cutti ng 
and wood products . Both uses of the kauri are 
important. 



ACTIVITIES 

1. Visi t  your nearest lowland forest. Count 
the numbers of different species of trees .  
Remerribering that 20 species per thousand 
individuals is high diversity and 6 per 
thousand is low, what kind of diversity do 
you find? Do the same count in a p lanted 
exotiC! forest and in any other available 
forests. How do their diversities compare? 
Explain the variation. 

If there is n� convenient native forest, 
take diversity counts in any forests, -
compare them, and disauss the variations 
in diversity and their reasons. Can you 
see any advantages in the more diverse 
forests? 

2.  Compare the leaf area index of the forests 
you visit. Look up ana count the number 

of leaves directly between you and the sun, 
then look down and count the number of 
leaves between you and the soil. Add these. 
The more diverse forest wil l  have the highest 
leaf area index: 5 - 8 indicates high 
diversity, 1 - 2 low diversity. Do these 
results agree with your results from 
Question 1?  

3 .  Compare the lowland rain forest diagram 
(Figure 1 3 . 1 )  with the beech forest (Figure 
3 . 2) .  Compare the quantity and kinds of 
producers, then compare the soil components, 
and finally the consumers . What outside 
energies account for the differenaes? 
(Note - they are not all shown on both 
diagrams. )  

4.  Do you think these native forests should be 
replanted, lumbered, or preserved? Defend 
your answer. 

y . " " �: 
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14 : Exotic Forest Plantation Systems 

Much of New Zea l and was ori g i na l ly  covered 
with several kinds of forest ecosystems - beech , 
kauri and r imu-mata i .  Most of these forests have 
now d isappeared - e ither burned or cut for timber . 
These native forests produce val uabl e wood, but 
they grow very s l owly, taki ng between 100 and 
300 years to mature . Early thi s century i t  was 
d i scovered that stands of exoti c ( or i ntroduced ) 
timber s pec i es grow much more rapi dly. Pl antat
i ons can be harvested i n  24 years , producing wood 
usefu l for paper, construct i on ,  and export. The 
product i v i ty and growth of i ntroduced spec ies 
often i ncreases dramati cal ly i n  the new area , 
because they have been separated from thei r 
natural control s of d i sease , i nsects , predators 
and competi tors. 

One of the fastest growi ng exotics in New 
Zea land i s  Monterey P i ne ,  or Pinus radiata. 
Rad iata p i ne grows rapid ly under New Zea l and 
cond i t i ons (much faster than i n  i ts native 
Cal i forn ia  where i t  has a d ifferent rol e ) ,  pro
duces a l arge vol ume of usabl e wood, and i s  
adaptabl e  to the c l i mat i c . variations i n  New 
Zeal and .  Radi ata i s  exported mostly as l ogs , 
boards , and wood pu lp to Austra l i a ,  the Pacific  
I s lands , and Japan . 

The d ivers i ty of organi sms i n  a natural 
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forest prov ides the management necessary to ma in
ta i n  production ,  as we saw i n  the ra i n  forest 
system ( Fi gure 1 3 . 1 ) .  I n  a pl anted monocul ture , 
l i ke the p i ne pl antation , where d ivers i ty i s  
minimi sed i n  order to i ncrease the production of 
materi al useful to man , humans must take over 
the rol e  of management . 

14 . 1  MANAGEMENT OF EXOT IC  FORESTS 

Management invol ves coping with pests and 
di seases .  Monocul tures , l i ke the forest 
pl antati on , are suscept ib le  to di sease and i nsect 
destruction.  When an epi demic gets started , i t  
can spread eas i ly and devastate the whol e forest. 
Potential ly devastat i ng pests of radi ata forests 
incl ude caterp i l l ars that cause severe defoliat
ion , i nsect larvae that feed on roots , and the 
l arge wood wasp  (Sirex noctiZio ) which i s  a para
s i te on the trunk and branches . Consequently , 
management requ ires heavy appl i cations of pest i 
cides.  Deer and opossums are widely di stri buted 
through p ine pl antati ons , feedi ng on l eaves , 
branches , bark and twi gs of the trees . They are 
contro l l ed by cul l i ng and hunting .  

Management may a l so i nvol ve the appl ication 
of ferti l i sers .  Wi th fewer natura l microbi al 
consumers in the system , recyc l i ng is reduced . 
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Waxy and resi nous substances i n  the fal l en needl es 
and branches appear to s l ow down the rate at which 

L.. ______________________ -± ___________________ decomposer fungi and bacter i a  cause the i r  decay. 
Since about half of the wood i s  taken off and not 
recycl ed at a l l , and s i nce the natural processes 

Figure 14. 1 Pi�<8 radiata forest p l antation. 
of rai n  and weatheri ng of rocks restore soi l 
nutri ents s l owly ,  fert i l i ser has to be appl i ed to 
grow another crop.  Pestic ides and fert i l i sers 
are sometimes sprayed from a ircraft. 

Management may 'al so i nvol ve the use of herbi
c ides to ki l l  the natural vegetation before seed
l i ngs are pl anted . Thi s keeps the vegetation 
down so that the young seedl ings may become est-
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ab l i shed wi thout competi tion from other spec ies .  
The man-managed Pinus system i s  shown in  Figure 
14 . 1 .  Management techn i ques that use pesti c ides , �erb ic �des , ferti l i �ers , and ai rcraft are energy
l nten s l ve and sometlmes destructi ve .  For examp l e ,  
there i s  concern i n  New Zea l and at present about 
the poss i bi l i ty that 2 , 4 ,5-T herbicide , whi ch has 
been used in forest management ,  may cause bi rth 
defects i n  humans . 

To avoid these probl ems , biol ogical ways to 
control pests and repleni sh nutri ents are being 
researched . For exampl e ,  l upins , whi ch are 
ni trogen-fixers , can be pl anted before seedl ings 
are put i n .  Si nce l upin seeds wi l l  survive i n  
the soi l during forest growth , the ni trogen
fixing pl ants may reappear after the forest i s  
harvested. Thus they become a permanent , useful 
part of the system. Nursery-grown seedl ings , 
al ready inocul ated wi th mycorrh izae , can be 
pl anted . The mycorrhizal fungi increase the 
seedl ings ' capacity to absorb nutrients from the 
soi l , thus further reducing the need for ferti l 
i sers . To reduce the need for herbicides , trees 
can be pl anted very cl ose together. The close 
pl anting shades out competing pl ants and at the 
same time al l ows the weaker di sease-prone and 
pest-prone pl ants to be thi nned out l ater. 

Exot�c trees may not be so wel l  adapted to natura l d l sasters as the nati ve trees . For exam�l e , . in  the h i gh winds of August,  1 975 , many exot lc  p l ne trees on the Canterbury Plain were bl own down . 

Because of the fast rich production of these 
forests , radi ata p i ne plantations have been the 
bas i s  of a very successful i ndustry based on en
vi ronmental energ ies .  The price of the timber 
pays for the goods and services needed for thi s 
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system, l eaving a money profi t .  The val ue of 
New Zeal and ' s  exported forest products i n  1 977  
was $220 mi l l ion .  

There are, however , several questions for 
the future. One i s  whether the soi l  i s  bei ng 
depl eted so that successi ve planti ngs wi l l  be l ess 
and l es s  product i ve .  Another i s  whether the 
fantastic growth of these exotic trees wi l l  con
ti nue as l ocal pests become better adapted to 
them. Another i s  whether pri ces can rema i n  l ow 
as fue l s  for machi nery ,  hel i copters , pest ic ides , 
and phosphorus become s carce and expens ive .  

1 4 . 2  NATIVE AND EXOT IC  FORESTS COMPARED 

A compari son between a nati ve forest and an 
exotic  plantation forest i s  shown in Fi gure 14 . 2 .  
Not ice that the nati ve , sel f-ma inta i ni ng forest 
has five t imes more gross photosynthes i s  
(510 .x 103 jou l es/m2/day) , than the exoti c  forest 
( 100 x 103 joul es/m2/day, but l ess  than hal f the 
net yieZd. I n  the nati ve forest a lmost a l l the 
production goes i nto various k inds of work that 
favour gross product ion,  such as d i vers i ty and 
recycl i ng .  Al l the nutri ents needed are ob
tai ned by microbial act i on on the l i tter. Pl ant
i ng i s  done by natural reseed i ng .  Di vers i ty of 
trees and other organi sms protects aga i nst epi
demics of d i sease ,  i nsects , or overpopulation of 
any one species .  Except for protection ,  nati ve 
forest management costs a lmost nothi ng .  There
fore, the yi elds are very h igh i n  terms of money 
spent , but l onger periods are requ i red for re
growth after cutti ng. 

As Fi gure 14. 2 shows , the plantat ion forest 
needs management ' s  input of ferti l i ser, pl anti ng , 
cutti ng and other work:  a total of about 
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Figure 1 4 . 2  Comparison between sel f-mai nta i n i ng and yield forests 

( a )  Sel f-ma i ntain ing  native forest. Respiration processes 
bu i l t  soi l ,  d ivers i ty ,  anima l s ,  microbes , control , 
storage, recycl ing .  

( b )  Exotic forest p l antation.  

22 x 103 jou l es/m2/day , i nvestment. I n  return 
for th i s  i nvestment , the managed forest produces 
about 42 X 103 joul es/m2/day . Thus twi ce as much 
energy i s  produced from the system than has to be 
put i n  from the economy. Th i s  ca l cul ati on i s  a 
way of showi ng that p i ne pl antati ons are a good 
contri bution to the economy. S ince ca lcu lat ions 
are done on an energy bas i s  they w i l l  sti l l  be 
val i d  as pri ces vary and as fossi l fuel s become 
scarce , providi ng phosphate does not become short 
or costly . 
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14 . 3  THE FUTURE OF FORESTRY 

Forested l and compri ses 6 . 8  M ha (or 26% ) 
of New Zea l and ' s  total l and area.  6 . 2  M ha (or 
9�% )  of th i s  is cl assed as i nd i genous ( forests 
1 1 ke the beech and l owl and ra in  forest wh ich we 
have studied ) .  The majority of th i s  i ndi genous 
forest is on steep , broken and often erodabl e 
country \�here protect i on forest must be maintai ned , 
and where access for l ogging i s  a lmost imposs i b l e  
anyway . Only 1 .  05  /� ha  ( 1 7%) of  the native 
forests - nearly a l l  l owl and forests - are con
s idered to be ava i l ab le  for any y ie l d .  

New �eal and ' s . l owland forests have al ready 
been heav1 1y expl o 1 ted , and there i s  cons iderable 
concern about the rate and manner of exp lo itation 
of the rema inder. At present ,  about 10% of our 
:emaining stands of l owl and forest i s  protected 
1 n  reserves . Of the rest , about ha l f  has al 
r:ady been l ogged . Our present use of native 
t1mbers far e�c:eds the sustainable sUPply , - so 
th�t the rema 1n l ng unl ogged l owl and forest i s  
belng stead i l y  el imi nated . 

Sustai ned yie ld  management techniques invol ve 
"sel ecti ve l ogging" , the removal of only sma l l  
numbers of sel ected mature trees , thus ensuring 
that the forest always rema ins in  i ts cl imax 
stage . However, removing cut timber from mature 
forests wi thout damaging other components of the 
:orest system . i s  very d ifficu l t .  In addition ,  
l t  seems poss 1b le  that even very sel ecti ve l ogging 
of forests can seriously d isturb the habi tat of 
nati �e bi rds , some of wh ich are al ready endangered 
s�ecles .  Another problem i s  that sel ecti ve l og
� l ng �sual ly t�kes the best trees , l eaving the 
l nferlor genetl c stock for seed production. 
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To l i ve up to the forestry pri ncip l e  of 
cutting no more basal area (cross-secti on of wood 
at the base of the tree ) of trees than i s  bei ng 
p lanted , we bel i eve that a morator i um shou l d  be 
placed on native tree l ogging unti l forests wi th 
trees of equal basal area are pl anted . 

In 1 978 there were about 0 . 74 M ha of  pro
ducti ve exot i c  forests . Rad iata p ine i s  the 
domi nant species ( about 82%) with Douglas  fi r 
accounting for most of the rest .  Forestry 
research suggests that another 1 . 7  M ha woul d  be 
s u i table  for exot ic  production .  Th i s  area i s  
currently unused cutover nati ve forest  and mar
g inal  farmland on hi l l  country .  In these areas 
forestry may be more profi tabl e than agriculture. 

Large areas of New Zeal and have now been 
cl eared of nati ve forests for more than 100 years . 
They thus have no easy access to seeds , mi crobes 
and other organisms that are requi red to regener: 
ate the forest. When l ands are not i n  use for 
agricul ture or pl antation forestry ,  they cou l d  be 
generating val uable native forests and soi l s .  We 
be l i eve that sma l l  nati ve forest plots shou l d  be 
establ i shed al l over New Zea l and so that the 
seed ing for automatic reafforestati on i s  widely 
avai l able.  



ACTIVITIES 

1. Take a field tPip to a radiata pine 
p lantation. Sample the diversity by 
counting numbers of species and by 
obtaining the leaf area index. (Refer 
to exercise 1 3  for methods . )  H� 
does it compare to the diversity of 
other forests? 

2.  Investigate other exotic forests, such as 
Douglas fir 01' Pinus contorta. HOUJ do 
they compare to radiata pine ? 

3. Make an energy diagram of the food web of 
the radiata pine system. HOUJ does it 

4 .  

5. 

compare with the beech forest web (Figure 
3. 2) and the lOwland rain forest (Figure 
13 • .1 )  ? How do you account for the 
differences? 

What proportion of New Zealand 's land do 
you think should be used for forest 
plantation, native forest, and agriculture? 
On what basis should this be decided? 

Decide from the data on Figure 14. 2 which 
system has the most gross production and 
which the most net production. What are 
the advantages of each? (Refer back to 
exercise 5 for a discussion of gross and 
net production. )  
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15: Sheep Production Systems 

Much of New Zeal and ' s  economy depends on the 
product i on of sheep from a pasture agricul tura l 
system. I n  this exampl e of an economic agro
ecosystem, solar energy i s  transformed i nto yields 
of wool and meat . 

15 . 1 SHEEP SYSTEM PROCESSES 

Fol l ow the sheep system process i n  Figure 
15 . 1 .  Phosphorus comes i n  from the ra i n  and from 
weatheri ng of the rocks , as wel l  as from ferti l 
i ser. Nitrogen (N2 ) i s  shown being brought i n  by 
the wind and fixed i nto ni trates by cl over. Grass 
grub i s  an exampl e of natural control of divers i ty. 
If  the growth of cl over i ncreases in excess , the 
reproduct ion of grass grubs i s  stimul ated , which 
then i ncreases thei r rate of destruction of 
cl over. Wi th l ess  cl over, space i s  avai l abl e 
for the regrowth of ryegrass , keepi ng the bal ance 
stabl e .  

I n  l ate autumn , ewes and rams ( i n  the pro
port i on of 50 to 200 ewes per ram) are put i nto 
encl osures for mating .  Lambs are born i n  the 
early s pring .  Not ice the two processes in  the 
d iagram of the ewes ;  the two i nteractions re
present metabol i sm and reproduction.  
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In the h i gh country the sheep graze on i n
d i genous tussock grassl and which i s  not as pro
ductive as the exoti c  ryegrass and cl over, but 
requ i res  l ess  management. However, i n  these 
areas , because of the winter cold and snow ,  much 
suppl ementary feeding  i s  necessary. 

At the right of the d iagram are the fl ows 
to and from the economy.  Inputs of equ i pment , 
ferti l is er ,  pesti cides , selenium etc . are pai d 
for by the money obta ined from sal es of wool and 
meat . You can see the money from the sal e of 
wool , the sale of meat , and government subs id ies 
goi ng i nto the farmer ' s  money storage. Sub
s id ies keep the farmer ' s  costs and i ncome from 
fl uctuating wi th severe market changes .  

New Zea l and currently produces 80% of  the 
sheep meat entering world markets . Lamb i s  sold 
to the Uni ted Ki ngdom , special ly-s l aughtered l amb 
to I ran , and hog get to Japan and the Uni ted 
States . The total va l ue of exported sheep pro
ducts was over $900 mi l l ion i n  1 977.  The finan
cial  return from the sale  of sheep products i s  
used to pay for ferti l i ser and human and mechan i 
cal work,  wi th which the sheep economic agroeco
system i s  managed . 



Figure 1 5 . 1  Sheep pastoral system. 

Main 
.coroomy 
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1 5 . 2  MANAGEMENT STRATEGIES 

Effecti ve management of pasture land i s  
required t o  produce the greatest wei ght of 
hea l thy sheep i n  the shortest time . Two 
particul ar l i miti ng factors requi re careful 
management : 

- the nutrient l evel s of many New Zeal and 
soi l s  are l ow ,  especi al ly  ni trate and 
phosphate l evel s :  and 

- grass does not grow at the same rate 
throughout the year, hence the carry
ing capaci ty of the pasture vari es 
seasona l ly. 

Addi ti onal phosphate i s  provided by apply
ing  s uperphosphate fert i l i ser wh ich i s  manufact
ured from rock phosphate imported from Nauru and 
Austra l i a .  Ni trogen l evel s are suppl emented 
by growing ni trogen-fixing cl over with the pasture 
gras s .  In some areas the trace e lements cobal t  
and se leni um must a l so be provided to avoid 
nutri ti onal di seases of stock.  

On l owl and farms the seasonal pattern of 
grass growth l ooks l i ke that in Fi gure 1 5 . 2 .  Low 
temperatures reduce the growth of gt'ass i n  wi nter, 
and l ac k  of ra i n  l i mits producti on in summer. 
However , farmers are able to mai ntai n hi gher 
stocking rates than wi nter grass production woul d  
normal ly al l ow by cropping some of  the surpl us 
grass producti on from the spring and autumn peaks,  
turn ing it i nto hay and feed ing it out in wi nter -
and i n  some areas i n  summer too. Some areas are 
i rri gated i n  summer. Such management practices 
as aeria l  topdress i ng with ferti l i sers and hay
making are highly mechani zed , and therefore 
requi re an i nvestment of fossi l fuel energy . 
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Figure 15.2 Seasonal pattern of grass and sheep production.  

El ectric i ty i s  used for charging fences . 

As the cost of foss i l  fuel energy i ncreases , 
some New Zeal and farmers ·are finding that it  i s  
more economi c to empl oy a l ow-energy management 
strategy. This i nvol ves doi ng away with hay
making a lmost entirely and carrying only as many 
sheep as can be supported by the natural carrying 
capaci ty of the pasture .  Soi l  nutri ent l evels 
and wi nter feed l evel s  are moni tored very care
ful ly ,  so that the sheep recei ve a subs i stence
l evel d i et i n  winter - no more, and no l es s .  The 
yield from such management strateg ies i s  l ower , 
but the i nvestment i n  production i s  a l so  l ower,  so 
that the financia l  return i s  the same or better 
than that from the more usual h igh-energy manage
ment strategy. The i nvestment of human l abour, 
however , i s  considerably hi gher. 

As fuel supp l i es conti nue to decrease,  the 
use of. machi nes may become even ·1 ess and the use 
of human l abour greater. How wi l l  th i s  happen 
here in New Zea l and? Wi l l  farmers h ire much more 
l abour to take the p lace of mach i nes? Wi l l  
el ectri c power repl ace some fuel -based machi nes? 



Wi l l  the l arge h o l d i ngs be d i v i ded i nto smal l 
farms to accommodate more peop l e ?  Wil l there be 
a system of share-cropping where a smal l farmer 
rai ses sheep on a farm bel onging to the owner , 
gives part of his production i n  payment for the 
use of the l and - with perhaps a provi so that in 
time he can pay enough this way to own the l and? 
Or , since forest management is l ess i ntensi ve 
than stock or crops and therefore requires l ess 
energy i nput , wi l l  farming become more di ver
si fi ed , wi th one farm contai ning some sheep 
pasture , some forest , and some l and i n  crops? 

ACTIVITIES 

1.  Make an energy diagram of another agri
cultural system, such as crops, beef 
aattle, dairy cows, wine grapes, or fruit 
orchards . Be sure to include all inputs 
from the economy. Find real figures for 
the energy flows and money if you can. 

2. 

3. 

4. 

How does government subsidy to the farms 
affect the price of their products charged 
to poor people and to foreign countries 
buying the products? 

Dig up, dry, and weigh one square metre of 
pasture grass . Count the number of sheep 
on a measured area, either by using an 
aerial photograph of sheep on pasture, or 
by �ki� a trip into sheep country, perhaps 
estunat�ng the area by the kilometre counter 
on the car. One sheep weighs about 50 kg. 
How many kg of grass are required to support 
1 kg of sheep? 

If you were a sheep farmer, how would you 
aut down on your fuel energy inputs? What 
do you think will b e  the future of sheep 
farming in the lower energy world - one of 
the possibilities suggested in this exercise 
or another ? E:x;p lain. 
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16: Tussock Grasslands 

Much of New Zeal and ' s  mountai n  areas are 
covered wi th tussock grassl and .  Tussoaks are 
hi ghly adapted grasses which grow i n  a cl ump . 
Indi vidual l eaves may each l i ve two or three 
years , and a total pl ant may l i ve between one 
and two hundred years . The tussocks are a tawny 
col our because dead l eaves rema in  upright around 
the green l eaves and shoot s .  

16 . 1  THE ECOLOGICAL ROLE OF TUSSOCK 

Tussocks have a cri tical ecol ogi cal rol e  i n  
thei r system because they catch and reta i n  the 
l oess ( b lowi ng sed iments ) whi ch mai nta ins the 
production of the f i el ds .  Tal l snow t�s socks 
project above the wi nter snow and provide food 
for s heep when al l other grasses are covered . In  
the ferti l i sed and managed h i gh country pastures , 
the tussocks are surrounded by swards (cl ose 
growth)  of shorter i ndigenous and someti mes exoti c 
grasses which  have been i nduced by grazing.  

In  F i gure 16 . 1 ,  the tussocks and other 
grasses recei ve water from rai n  and me l t i ng snow. 
Some of the water comes from storage i n  gl aciers . 

I n  Fi gure 16 . 2 ,  fol l ow the fl ow of rocks 
brought i nto the stream by the rushing water. 
The conversi on of rocks to sediment i s  done by 
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Figure 1 6 . 1  Rocky streams and basins subsystem of tussock 
grassland mountain region. 

the power of the stream water cracki ng the rocks 
aga i nst  each other. The shape of the bas i n  i s  
a l so  formed by the water and rocks . Where strong 
w inds  bl ow ,  fines ( fi ne sediments ) are carried 
i nto the hi l l s  where they are caught by the 
tussock grasses . Rocks and sed iments are swept 
downstream by the water. 

Nutri ents enter the mounta i n  soi l s  i n  ra i n  
and a l so  i n  l oess bl own u p  from the rocky streams 
by the wi nd as i s  shown i n  Figure 16 . 1 . U l t imate 
ferti l i ty depends upon l evel s  of phosphorus and 
sul phur . Some phosphorus and sul phur enter the 
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Fi gure 1 6 . 2  Tussock grassl and mountai n  region ecosystem. 
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mountai n  system i n  rai n ,  more enter from the 
breakdown of rocks i n  the soi l , but most from the 
l oess .  In managed mountai n tussock grassl ands , 
the greatest gain i s  from appl i ed ferti l i ser .  
Ni trogen is  al so an important nutri ent , but not 
1 �miti ng . . w�en phosphorus 1 eve 1 s are adequate , 
nl trogen-fl x lng pl ants , such as nati ve broom and 
matagouri , can provi de enough ni trogen . 

Bi rds a re a part of the system, eati ng and 
spread i ng seeds of the grasses . The bui l d-up 
of ferti l ity i n  these fragi l e  soi l s  i s  s l ow and 
can easi ly be destroyetl . Fi re and over-
grazi ng by rabbits and sheep contribute to l oss 
of ferti l i ty by l eaving the ground bare . 
Nutri ents are then washed through .the soi l , 
through the porous rocky substrate underneath and 
i nto the ground water one to two hundred feet 
bel ow the surface . Many New Zeal and h i gh 
country areas have suffered from these events . 

16 . 2  MANAGEMENT OF TUSSOCK-GRASSLANDS 
Under current management practices where 

capi tal i s  ava i l able ,  ferti l i ser i s  added to the 
l and , to produce a thicker grass cover. The 
g'rass i s  then intens i vely grazed for a short time 
so that recycl i ng of the sheep wastes ma inta ins 
the improved nutri ent status of the soi l .  The 
continuing high nutrient l evel keeps the ground 
covered wi th vegetation, and the vegetation 
reduces l eaching .  

At l east part of  New Zealand' s mountai n  
tussock grassl and area has enough rai nfa l l  to 
support forest ecosystems . There i s  evidence 
that part of it was covered wi th forests several 
hundred years ago , some with beech and some wi th 
mi xed podocarps . When forest trees are pl anted 
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on these areas ,  they show rapi d  growth .  Thus , 
i t  may be pos s i bl e  to return some tussock grass
l and to forest ecosystem , i f  i t  proves to be 
both eco log ical ly and fi nanci a l ly des i rable to 
do so . 

Histori cal ly ,  human settl ements have ex
ploi ted mounta in  l ands for the production of 
sheep . More recently , dams have been bui l t  to 
transfer the energy of the torrential streams 
into electricity. Thi s  l atter use of mountain 
areas converts the stream ' s  energy i nto gentle 
fl ows whi ch no l onger bounce rocks i nto each 
other - somethi ng that i s  necessary to provide 
the fi ne sediments for soi 1 devel opment . -However,  
there is  a l arge net energy in hydro-el ectri c 
pl ants . As we wi l l  see i n  exerc i se 20,  thi s  
means that much more energy i s  yiel ded a s  el ect
ri city than i s  invested i n  the goods and services 
used to bui l d  the hydro-el ectric instal l ation . 

Controversy sti l l  exi sts about a number of 
i ssues rel ated to the management of New Zeal and ' s  
frag i l e  tussock grass land ecosystems . Among 
them are : 

- the degree of  over-grazi ng of unfert i l i sed 
l ands ; 

- the l ong-range effect of dams on generati ons 
of fi ne sediments ; 

- the best ways to use el ectri city to increase 
the economy of agri cul ture ; 

- the possi bi l i ty of  us ing pl anted nati ve 
vegetation as a soi l -bui l di ng a l ternati ve; 
and 

- the abi l i ty of exotic  forests to grow and 
seed themsel ves i n  the l ow-nutri ent areas .  



ACTIVITIES 

1 .  Visi t a tussoek grassZand area 01' find a 
pietza>e of one . Compare yOUI' area to the 
diagram in FigUI'e 16. 1. DrC1JJ! a diagram of 
yOUI' area, adding 01' subtraeting organisms 
01' proeesses as neeessary . 

2 .  DrC1JJ! a food web diagram of this system. 

3. Compare this sheep system with the lowland 
one in FigUI'e 15. 1 .  How do they differ -
eonsider grasses, nutrients, water, and 
management ? 

4 .  As fossil fueZ fertilisers beeome harder to 
get, what kind of management will be possible 
for the tussoek grass land farmer? 

5. DisC!Uss one of the eontroversies in the last 
paragraph. CoZZeet more faets, then suggest 
some possible solutions to the problem. 
Those in the elass who ehoose the same 
p1'ObZem. ean prepare a eombined report to be 
presented to the rest of the elass . 
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17: Early New Zealand Maori Culture 

You have l earned i n  many courses about the 
early settl ements of Maoris in New Zeal and . 
Figure 17 . 1 i s  a way of l ooki ng at the cul ture as 
a' system. The Polynes ian system , as i t  became 
adapted to New Zea land, devel oped agri cul ture to 
produce the pri nci pal carbohydrate source (root 
crops suc h  as kumara ) wi th the protein  bei ng 
suppl i ed from fi s h ,  she l l fi sh  and bi rds. The 
di str i bution of popul ati on i n  tri bal groups was 
determi ned by terr itorial war s truggl es .  Wood 
carv i ngs , bi rd feathers , greenstone ceremonia l  
war impl ements , and wooden canoe-ships were 
symbol s  and impl ements used to rei nforce the 
feedback of control and domi nion over the land
scape. 

As shown in the d i agram , the resources of 
the env ironment converged to the human cul ture at 
the top. The Maori s managed the l and , as shown 
by the switch i nd icat i ng vari ous a l ternatives.  
They burned or cut some forests , turni ng some l and 
into wet marshes to grow fl ax or farm pl ots to 
grow root crops . Some of the l and was l eft to 
return to forest through normal succession _ 

grasses and herbs , shrubs l i ke Manuka , then trees .  
Kauri trees were cut and crafted i nto beautiful 
l ong boats used for travel and fi shing ,  covered 
with carv i ngs which had rel i g i ous or cul tura l 
s igni fi cance. Trees were a l so  cut for huts and 
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Figure 17 . 1  Early New Zealand Maori cul ture. 

meeting houses. 

Any group of peopl e  needs i nternal organi s
ati on to keep co-operative rel ati onships going . 
Products contri buting to the qual i ty of the cu l 
ture i ncl uded the weaving of cl othes from flax, 
u s i ng sharks ' teeth for cutti ng tool s ,  crafting 
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greenstone i nto weapons and axes . and creating 
ornaments from paua shel l s .  The hi erarchy of 
l eadershi p was recogn i sed by the qual i ty of the 
symbo l s .  Maori s of rank had specia l  carved 
ti ki s .  greenstone amulets . and capes made of moa 
feathers .  Relat ionsh i ps between tri bes were a 
combi nat ion of ' trade and war. 

At the t ime of the Polynes ian d i scovery of 
New Zealand . the top of the ecol ogical  food cha i n  
was occup i  ed by b i  rds. There �Iere f 1  i ghtl ess 
b irds l i ke the kiwi s and moas of forests and 
grass land s .  and the bl ue ducks and wad ing bi rds of 
the streams . �luch energy . accumul ated over l ong 
periods of t ime . was ava i l ab le  i n  the h igh qual i ty 
woods of kauri . kahi katea . and beech.  Simi l arly .  
the geologica l  l andscape provi ded sources of  h igh
qual i ty energy - vol canoes and hot spri ngs 
together w i th some forms of rock such as green
stone . These were joi ned to the cul ture of the 
Maori by the symbol i sm of mythol ogy. 

In exercise  5 ,  we i ntroduced the pri nci pl e of 
the feedback provi ded by the h i gher qual i ty con
sumer to susta in  the pattern of bas i c  producti v i ty 
i n  the system. Exampl es were gi ven of farmers 
ferti l i s i ng the i r  crops and seed-eat ing bi rds 
spread i ng seeds . In a simi l ar way , the pattern 
of man and nature emerg i ng here may have invol ved 
human actions wi th a cul tural bas i s  resul t i ng in  
stabi l i ty for the human consumer. The consumer, 
in return , may have performed special work for 
the envi ronment - work that requi red i ntel l i gence , 
abi l i ty to travel , and pers i stence over l ong 
peri ods of t ime .  Devel opi ng d ivers i ty through 
cl eari ng , patch-burni ng ,  spread i ng seeds and 
sh i ft i ng agri cul ture are exampl es of Polynes ian 
roles i n  organ i z i ng the l andscape . 

The princi ples i nvol ved i n  the rel at i onsh i p  
between modern man and nature are bas i ca l ly 
s imi l ar .  Men and women return servi ces to the 
l andscape in order to ma inta i n  product i v i ty .  
divers i ty .  stabi l i ty and a pattern o f  l ong
range surv i val . 

ACTIVITIES 

1 .  Add other detai�s that you know to Figure 
17 . 1 .  Be sure you put in the feedback 
f�aws. 

2. lJivide the class into groups, each s tudying 
and making a diagram of a pre-industriaL 
society; for exampLe, earLy European 
settLement in Ne!U ZeaLand, PoLynesian 
IsLands at the time the Maoris Left, 
engLand in the 1 700 's, or earLy U.S. 
settLements . 

3.  Discuss boundary tensions between countries 
because of energy changes.  Do you think 
war is a Legitimate way of recognizing 
these changes ? Can you think of other 
ways - perhaps incLuding energy anaLysis by 
an international body like the United 
Nations? 
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PART THREE : NEW ZEALAND'S HUMAN SYSTEM 

18 : Energy and Economics 

Each and every one of us i s  bound together 
by being part of the earth ' s  b io logical system. 
This system i s  the product of mil l i ons of years 
of biol ogica l  evol ution. At the same time we 
are a l so l i nked together as part of an economic 
system which is the product of cul tural evol uti on . 
The clrcul ation of money through human bus i ness , 
i nteracti ng wi th resources from the envi ronment , 
constitutes the economic system. Diagrams hel p 
us to understand economic systems , and the way 
energy makes them poss ib l e .  In  diagrammi ng 
economi c systems , we must i nc l ude another 
quanti ty , money. 

18.1  PRINCIPLES OF ECONOMIC  SYSTEMS 

The fi rst basic  principl e of economic systems 
is  that money and energy flow i n  opposite di rect
ions .  Consider the exampl e  in  Figure 18 . 1 .  
Farmers produce wheat and meat and sel l them to 
peopl e in  town . Energy ( i n  the form of meat and 
gra i n )  flows from farm to town. Money (possi bly 
in the form of a cheque ) goes from town to farm. 
Later, the farmer can pay off h is  debt for trac
tors and buy some ferti l i ser. Energy ( i n  the 
form of machi nery and ferti l i ser) goes from town 
to farm , and money fl ows the oppos i te way. 

F i gure 18 . 1  analyses these exchanges : the 
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F igure 18. 1 Energy and money flow in opposite di rections. 

farm i s  drawn as a producer ; the city as  a con
sumer. The fl ows of energy are represented by 
sol id  l i nes,  and the fl ows of money by dashed 
l i nes .  The sma l l  diamond symbol l i nking the 
flow l i nes for money and energy ' i nd icates that a 
transact ion has taken p l ace. As you would  ex
pect, considerable energy i s  degraded to heat as 
a resu l t  of the processes associ ated with these 
transactions.  

Another bas i c  princi pl e  of economic systems 
i s  that money pays for human work - and not for 
nature ' s  work (natural resources ) .  When you fi l l  
the car with petrol , you pay the service station 
attendant for the service.  When the service 
station owner buys more petrol , he pays the re
finery for the refi n ing and di stribut i on .  The 
refi nery pays OPEC (Organ isation of Petrol eum 
Exporti ng Countri es ) for the expl orati on , dri l l 
i ng and extraction of the petrol eum. But no-
one pays the earth for manufacturi ng the petrol eum 



Fi gure 18.2 Money pays for work to bring fuel to users . 

- no-one throws money down the oi l wel l .  Con
sequently. i n  Fi gure 18 . 2 .  we s how energy and 
money fl owi ng i n  opposite di rections . except that 
no money flows i nto the ground to repl ace the 
oi l .  Money pays for human work. not for natural 
resources . 

18. 2 THE NATIONAL ENERGY-DOLLAR RATIO 

Si nce the energy fl ow drives the money fl ow 
through economic  systems . i t  shou l d  be poss i bl e  
t o  estimate the energy required to c ircul ate one 
dol l ar,  by d i vi d i ng the total dol l ar fl ow by total 
energy use. As shown i n  Figure 18 . 3 .  i n  1 977 . 
1 3 . 2  b i l l ion dol l ars c ircul ated through the New 
Zeal and economy. whi l e  1882 petajou1 es of (coal 
equival ent) energy was used and degraded to heat. 
The rat i o  of these two fl ows was 14J megajouZes 
(14J x l06J) peX' one doZ-"laI'. 

Thi s energy-dol l ar rati o  i s  very hel pful for 

reveal i ng the energy that i s  bei ng spent to 
support human economic acti vi ty. Suppose a per
son makes and spends $6 . 000 a year . Mul t i plyi ng 
6 .000 by 143 x 106 joul es . we find that 858 x 109 
joul es of energy i s  d i s s i pated each year i n  
support of that person . S i nce hi s personal 
budget for food energy i s  probably only about 
4 x 109J (2500 Ca lories x 365 days ) .  the d i ffer
ence represents work by farm mach i nes . power 
plants . i ndustry. and a l so  the natural energ i es 
of sun .  rai n .  wi nd . and even geol ogical upl i ft. 

Sun 
rain 

898J 

Exported 
1 728J 

J xl0 15 of coal equivalents (CEl 
$ . 109 

Fi gure 18. 3  Energy fl Ol' and money c i rculation i n  !lew Zealand. 
Energy-dol lar  rat io  is  Jll.lL.-:'.§.'!.L- ln�1...-'U.oI8J = 143 x I06J/$1 

$13 . 2  x 109 
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18 .3  COAL EQUIVALENTS 

When we are consideri ng the abi l i ty of d i f
ferent energy forms to contribute to the economy, 
we must take i nto account the energy quaZity of 
each form. One way to do thi s is to repl ace 
each energy source , i n  our thinking, by the amount 
of coal that woul d be necessary to do the same 
work. Thi s i s  referred to as the coaZ equivaZ
ents (CEl of that energy source. As Figure 18.4 
shows , i t  takes about 2000 jou l es of sunl i ght, 
acti ng through pl ants and geo l ogi cal action,  to 
produce one joul e of coa l ; and one jou l e  of coa l 
can be used to produce � jou l e  of el ectri ci ty. 
These ratios can be used to convert sunl i ght and 
electri c i ty to coal equ iva lent s :  the coal equi
val ent  of 2000 jou l es of sunl i ght i s  1 jou le ;  . 
the coal equ ivalent of 1 joule of el ectric i ty i s  
4 jou l es .  An easy way to ta l k  about the seri es 
i s  to refer to energies as l ow qual ity on the 
l eft and h i gh qua l i ty on the ri ght , s i nce we 
arrange our diagrams i n  thi s way. 

A system that i s  efficient uses high qual i ty 
energy for purposes where the effect i s  l arge , 
s i nce the solar energy requi red to develop the 
high qua l i ty energy was l arge . High qual i ty energy 
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Figure 18.4 Energy qua l i ty cha i n ,  used to calculate coal 
equi valents. 
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i s  usua l ly used where i t  can be an ampLifier of 
l ower qual i ty energy . For examp l e ,  electri c ity i s  
used on farms to control and fac i l i tate human work 
� but not as a source of l i ght, i n  p l ace of sun
l i ght ,  to drive photosynthes i s .  

I n  F igure 18 . 3  the total energies o f  sun and 
fuel are expressed i n  coal equival ents (CE l . The 
joul es of sun and rai n fa l l i ng on a l l  of New 
Zea land averages 27 12 x 1015 J-CE per year , which 
you see wri tten on the fl ow from the sun and rai n .  
The coal equi val ents (CEl  of total fue l s  and 
phosphorus are 898 J .  

18 . 4  ENERGY AND INFLATION 

The i dea of the energy-dol l ar rat io  also  
enabl es us  to exp la i n  i nfl ati on .  This  i s  how it  
works : the buying power of the dol l ar i s  the 
amount of goods and services you can buy with i t .  
The energy·dol 1 ar rati o  expresses this buyi ng 
power. In 1 977 one dol lar purchased 143 mega-
jou l es (CEl of goods and services . Now l ook at 
F igures 18 . 1  and 18 . 3  and imag i ne what wi l l  happen 
i f  the energy fl owi ng i nto the economy decreases. 
Obviously, there wi l l  be l ess  energy fl owi ng for 
the same number of do l l ars : the energy-dol l ar 
rat io  has changed . One dol l ar i s  "worth" 
l ess energy and, therefore, buys l ess . The 
loss of buying power of money i s  cal l ed infLation. 

Of course,  i t  i s  a l so  pos s i b le  to change the 
energy-dol l ar  ratio by changi ng the number of 
dol lars circu lating . Peopl e  and governments 
tend to borrow money, which i ncreases the number 
of dol lars ci rculating , wi thout i ncreaSi ng the 
quantity of energy flOWing .  Th is  i ncreases the 
rate of i nfl ation further. I n  the l ate 1970 ' s  
New Zeal and experi enced both a decrease i n  the 
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F igure 1 8 . 5. The economi c web. Sol i d  l i nes are energy flows; dashed l ines are money fl ows . 
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amount of fuel used and an i ncrease i n  the money 
fl ow - and an i ncrease i n  i nfl ation.  

18 . 5  THE ECONOMI C  WEB 

The economy forms a web whi ch converges to 
the h igh qual i ty sector , just as an ecosystem 
forms a web which converges on the top consumers . 
In figure 18. 5 we have d iv ided the economy into 
nine sectors , wi th energies flowing towards the 
highest qual i ty sectors , whi ch are government and 
households .  Now fol l ow the fl ows : the renewable 
natural energies fl ow into four production sect
ors - fisheri es , agri cul ture , forestry, and 
envi ronmental tourism and recreation . Internal 
fue ls  ( l i ke coal and gas ) and raw materials ( l i ke 
sands , gravel , l imestone , and i ron) are i ncl uded 
in  a storage symbol becuase they are non
renewable ( renewed only by very l ong term geolog
ical processes ) .  These , with imported fue ls  
( l i ke oi l ) and raw materi a l s  ( l i ke ferti l i sers , 
pl asti cs , and chemi cal s )  are used in  the indust
rial sector to manufacture i tems l i ke mach inery, 
appl i ances , and c lothes . The fuel i ndustry in
cl udes el ectri c power whi ch i s  about 2/3 hydro
el ectri c and 1/3 thermal using coal , o i l  and gas . 
Most imported petrol eum i s  refined into petrol 
to be used for automobi l e  transportation in  the 
househol d sector. Production of goods by a l l  
sectors i s  di stri buted through the commercial 
sector to the households .  The government con-
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trol s the other sectors through l aws and regulat
ions, as wel l as by g iv ing  servi ces l i ke pol i ce, 
health , welfare , education,  transportati on,  and 
subsidi es . 

The amount of money wh ich fl ows a long with 
each energy pathway within the economy , except 
towards government , i s  determi ned by the price. 
For exampl e ,  people go to a hot spring for a day ' s  
outi ng : the sol i d  l i ne from the envi ronmental 
sector to the people has an accompanying dashed 
money l i ne flowing in the opposite di rection 
representi ng the fee paid .  

The money fl ow through the government sector 
i s  more compl i cated . F l ows from the government 
are determined through pol i ti cal mechani sms rather 
than by pri ce . Taxes are col l ected from most of 
the sectors i nto the money storage, and are then 
d i stri buted as servi ces . The fl ows of money do 
not fol l ow the goods and servi ces s ince the 
amount of government money from each sector does 
not rel ate di rectly to the amount of government 
servi ce to that sector. When peop le  (through 
the ir  pol i t i cians ) want to stimulate some part of 
the economy, the government suppl i es servi ces . 
For examp le ,  subs id ies g iven to agri cul ture are 
s hown i n  the d iagram as the dashed l i ne fl owi ng 
from the government sector to agri cultur� .  I n  
the househo l d  and agricul ture sectors , the ser
vices by the government are of greater va l ue  than 
the taxes col l ected . 



ACTIVITIES 

Using Figure 18. 3: 

1. What is the ratio of money to fuel energy 
in the NelJ Zealand economy ? Suppose a 
sheep fa:t'l1ler has to buy $500 worth Of 
electria fencing. How much fuel energies 
have been spent for the fenae in work across 
the Whole eaonomy ? 

2. How aouZd you decrease inflation if you 
aannot ahange the rate of energy flow? 

3.  

4 .  

Can you think of specifia government 
policies which wouzd do this? 

How could you inarease energy flow by 
changing energy sources ?  In what specific 
ways might this be done ? 

CaZaulate the ratio of money flow to energy 
flow in N. Z .  if there were no inflowing 
energy from fuel resources. How UJOuzd 
this affect the standard of living? 
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19 : Energy Sources and their Net Energy 

Early human societies . l i ke the Maor i s .  were 
rel ati vely l ow energy users . They l i ved wi thin 
modified eco logica l  systems and were supported by 
the steady energy flows of a ir .  ocean . and sun . 
Modern cul tures are much more i ntens i ve i n  the ir  
use  of energy. We have bui l t  many special  
systems for tapping the energy s torages and re
newable fl ows of the earth and di vert ing them from 
thei r former ways of maintaining l i fe to new ways 
that i ncrease the energy ava i l ab le  to human 
soci etie s .  

19 . 1  NEW ZEALAND ' S  CURRENT ENERGY RESOURCES 

The energy resources currently being used by 
New Zeal and society are shown i n  Figure 19 . 1 .  
Fi gure 1 9 . 2 { a )  i s  a more deta i l ed analys i s  of 
the fuel and el ectr ic  energy i n  i ndustri al and 
urban uses .  F igure 1 9 . 2 { b )  i s  an  energy di agram 
with the numbers i n  PJ ' s  on the storages and 
fl ows . ( PJ stands for petajoul e .  1015 joul es . )  
Noti ce how much energy has to be di spersed into 
heat for each process . Oi l i s  imported ; hydro
el ectric and geothermal are renewabl e ;  gas and 
coal are storages within  the country. 

Modern societies have devel oped l arge in
dustrial acti v it ies for obta ining .  process i ng .  
and using energy - coal , oi l ,  the sun ( through 
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Figure 19. 1 Energy flows to New Zea land. See F igure 1 9 . 2  for 
deta i l  on i ndustrial and urban energy subsystem i n  
the square. 

agricul ture and forestry ) .  wind s .  water, vol can ic  
heat ,  nuc lear energy. and many other forms . 
Because al l these energy systems require the use 
of energy to get energy, we must  be sure that we 
understand how much energy we are spending i n  
order to  obtain new energy . I t  i s  pos s i b l e  to 
spend more energy developing an energy source 
than i t  wi l l  ever repay . When we cons i der the 
decl in ing reserves of foss i l  fuel s .  the question 
of which energy sources are capab le  of producing 
net energy i s  v ita l .  
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Figure 1 9 . 2  Energy flows in the i ndustrial and urban sectors of New Zealand i n  1976. 

(a ) F l ow graph: width of pathway indi cates s i ze of flow. The term l osses i s  mi s l eadir.g; energy is not lost 
but goes into heat as a necessary cost of upgrading the qual i ty of energy (Mini ster of Energy. May 1978 ) .  

TRANSPORT 
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(b )  

19 . 2  THE NET ENERGY OF SOURCES 

The tenn "net energy" of a source refers to 
the energy yielded over and beyond al l the energy 
i nvested to obta i n  and process i t .  Fi gure 19 . 3  
i s  a s impl e  net energy d iagram. I t  shows that , 
based on a 30-year  l i fe ,  a gas fi eld (poss ibly 
l i ke the Maui fiel d )  produci ng 385 CE petajoul es 
of energy per year ,  with a feedback of 9 . 5  CE 
petajoul es per year ,  has a net energy of 376 peta
joules per year. The 9 . 5  CE petajoules of work 
by the main  economy i ncl ude the energy used for 
pl anni ng , d i scovery of the fie l d ,  bui ld ings , 
equi pment , human l abour and s ki l l s ,  maintenance 
etc . 
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(b) Energy di agram with flows of PJ per year. (PJ = lOIS J ) .  
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Figure 19. 3 Diagram of net energy i nvolved i n  uti l i z i ng a gas 
reserve wh ich  has a cap i tal  cost of $30 m i l l ion 
�pread over 30 years and an equal cost for operation 
each year. Net energy ratio = 39/ 1 .  

Noti ce that in  comparing feedback and yield 
energy , i t  i s  necessary to use two of the i deas 
i ntroduced i n  exercise 18. These are : coal 
equivalents - to ensure that we compare energies 
of the same qual i ty ,  al l a re expressed as coal 
equi val ents ; and the energy-do llar ratio - to 
reveal the energy uti l i zed by the economy i n  
devel opi ng the feedback . 

A useful way to compare the net energies of 
d i fferent sources i s  to express them as a net 
energy yield ratio. Thi s  i s  the ratio of 
energy yiel ded to the energy i nvested . The net 
energy yie ld  ratio of the gas field in Ffgure 
1 9 . 3  i s  385PJ/yr to 9 . 5PJ/yr or 4 1  to 1 ,  wh i ch 
i s  a very favourabl e rati o .  The net energy yiel d 
of thi s  gas can be used by the economy i n  manu
facturing processes to produce goods ;  i t  can be 
transformed i nto 1 i qu id  fuel for cars ; or i t  
can be used i n  heaters to keep peopl e warm so 
that they can work to produce other goods and 
services .  

Oil 
in ground in 
Saudi Arabia 

Foss i l  fuel s - gas , oi l and coal - are al l 
good net energy-yiel ders ; consequently,  they 
have been the bas i s  of the worl d ' s  i ndustri al 
growth during the twenti eth century. However, 
in  most areas of the worl d natural gas suppl i es 
are running out. In New Zeal and the Maui and 
the sma l l  Kapuni gas f ie lds are estimated to have 
recoverable reserves of natural gas , condensate , 
and 1 i qui fied petrol eum gas whi ch wi l l  l ast at 
least another 15 - 20 years . New Zeal and ' s  
most important use for natural gas may be to re
pl ace i ncreas ingly expensive imported o i l . 

1 9 . 3  IMPORTED O IL  AS A N ET ENERGY SOURCE 

Consi der the yield of energy from buying 
Middl e East oi l ,  shown in Fi gure 1 9 . 4 .  I n  1 979 1 
barrel of oi l from Saudi Arabia cost $23 .  I f  $ 1  
represents 143 megajou1es in  coal equ i va lents ( the 
energy-dol l ar ratio ) , then paying $23 for 1 barrel 
of o i l  i s  equi val ent to send ing 3 . 2  x 109CE joul es 
of our energy to Saudi Arabia in  exchange for i t .  
Si nce a barrel b f  o i l  contains about 9 . 6  x 109CE 
joules , the yield ratio is 9 . 6  x 109 d iv ided by 

;:--r--'---I----, I �23 
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I I ,1 barTel sells for 3 ..... _ - - -
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Figure 1 9 . 4  D�agram of net energy of buying o i l  from Saudi Arabia i n  1 979. Y,eld ratlo was 3 to 1 (9 . 6 x 109/ 3 . 2  x 1 09 ) .  
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3 . 2  x 109 or about 3 to 1 .  I n  1 974 , when , the 
price of a barrel of oi l was $10 ,  the net energy 
rati o  was 6 to 1 .  Even though the net energy 
ratio of oi l has decreased drasti cal ly, we wi l l  
see that many other sources currently ava i l ab le  
have a rat io  of  l ess than 3 to 1 .  Consequently, 
despi te r i s i ng prices , oi l continues to be a 
sought-after fuel . Before the tremendous ri se 
i n  pri ces i n  1 97 3  and 1 977 , there was such a 
h igh  return from oi l for energy i nvested (40 to 
1 )  that a l l  the worl d became dependent on thi s  
fuel . Wi th the reduction of the net energy 
avai l ab l e  from o i l , many i ndustria l  countr i es 
are d i vers i fying by us ing more coal . 

As the o i l  becomes harder to get - deeper in 
the earth in  the Mi ddl e East , the U . S . S . R .  and the 
U . S . A . , or farther out to sea as in the North Sea 
and the Gul f of Mexico - i ts net energy ratio 
becomes l ess . No o i l  has been found in New 
Zea l and , al though there i s  continued expl orati on . 
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1 9 . 4  COAL AS A NET ENERGY SOURCE 

I t  i s  not hard to understand ' why coal i s  be
coming an attracti ve al ternati ve to o i l . F igure 
19 . 5  i s  a net energy di agram of New Zea 1 a�d coal . 
The yie ld  per year i s  2 , 368 , 909 tons , or 
79 . 3  x 1015 J ,  the net energy yi e ld  rat io  at the 
mi ne is 29 to 1 .  However , the coal must sti l l  
be transported to the consumer .  The add it ional 
energy i nvestment invol ved in transportation 
1 0wers . th� rat� o to about 1 2  to 1 .  As you can 
see th1S  1 S  st1 1 1  a great deal h igher than pur
chased oi 1 ,  at 3 to 1 .  In parts of the wor1 d 
l i ke N . Z . , U . S . A . , Canada and U . K . where h igh

' 

energy yie ld  ratios are avai l abl e ,  i ndustries and 
households are s�li tching from o i l  to coal . I n  
New Zeal and the i ndi cated reserve of  avai l abl e 
coal i s  about 1 2 . 5  x 103 PJ , enough to l ast  about 
1?0 years at the present rate of use. However ,  
S l nce other sources are becoming l ess  avai l abl e 
the use of coal can be expected to i ncrease 
depl eting the reserve faster. 
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Figure 19. 5 Diagram of net energy of coal mining and transport i n  New 
Zealand. Net energy yield rat i os : a t  mines 29/ 1 '  transported 
in New Zeal and 12/1/ 
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With foss i l  fuel s bei ng used up , the worl d  
i s  l ooking for al ternative energy sources . I n  
the next exercise , we wi l l  examine some of these 
to see whether they have positive net energies , 
and how the i r  y i el d ratios compare with foss i l  
fuel energy sources c urrently ava i l abl e. 

ACTIVITIES 

1.  Col leat piatures from magazines that 
i llustrate the proaessing of gas, oil, 
and aoalJ preferably in New Zealand. 
Explain the signifiaanae of eaah piature 
to the total system of this energy 
sourae. 

2 .  What will the net energy of imported oil 
be if the priae is $30/barre l? 
(Figure 1 9 . 4 ) . At what priae will 
imported oil have suah a low net energy 
that New Zealand should not buy it? 

3 .  As imported petrol fast beaomes unavail
ableJ disauss what you think will happen 
to transportation by aar . Consider both 
the possibility of petrol being produaed 
from gasJ aoalJ or other materials 
temporarilYJ and the possibility of none 
of these alternate proaesses yielding net 
energy. 

4.  If refining takes 10%  of the fue l  energy 
to transform raw petroleum to petrol, 
diesel fue lJ e tc . ,  what ahange in net 
energy would result? 
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20: Alternative Energy Sources 

As fossi l fue l s  become scarce , peopl e  are 
l ooking for other energy sources to run the i r  
h ighly industri a l i zed world �conomies . Some 
poss ib i l i ties are :  hydro-el ectric energy from 
mountai n  water fl ows , geothermal energy from 
hot earth cl ose to vol canoes , t idal energy, 
wave energy, wi nd , forest b iomas s ,  pl ant b iomass , 
sol ar photo-el ectri c cel l s ,  thermal eng i nes 
runn i ng on ocean temperature d i fferences , 
nuclear fi ss ion , breeder reactors and nuclear 
fus i on .  We wi l l  di scuss these sources from 
the point  of v iew of the i r  net energ ies - s i nce , 
i f  a source does not have a h i gh yie l d  ratio ,  
greater than competing sources , i t  may not be 
worth developing as a primary energy source . 
See exerc i se 19 for a di scus s i on of the import
ance of net energy, i f  you have not al ready done 
so. 

20. 1 HYORO-ELECTRICITY 

New Z�a l and i s  in a very advantageous 
pos i ti on because the combinati on of mounta ins 
with rai n  and snow can be used to produce hydro
el ectric power. Taking the Benmore Power 
Stat ion i n  the Upper Wa i taki Bas i n  as an exampl e 
(Fi gure 20. 1 ) ,  the yield  rat i o  for hydro
e l ectric  power produced i n  1 979  i s  9 to 1 at the 
dam. Transmi tti ng the electri city l ong d i s-
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Fi gure 20.1  Net energy
-

diagram of hydro-el ectric production 
from the Beomore Dam in the Upper Wai taki  Basin. 

(a) Diagram with data on the flows 

(b)  Data in coal equival ents showing net energy 
yield  ratios.  



tances d i ss i pates some of the energy, and thi s 
reduces the yiel d ratio  somewhat , but i t  i s  
sti l l  l arge. Simil ar rati os have been obtai ned 
from other hydro-el ectri c power stat ions . I n  
1 977 68% of  New Zea l and ' s  el ectri city (a  total 
of 52 PJ ) was hydro-el ectri c .  The potentia l  
for the devel opment of  further hydro-electri c 
sources i n  New Zea l and has been estimated to be 
105 PJ per year ,  a lmost twi ce as much as i s  
being used now. However , development of va l l eys 
for hydro-el ectric power takes energy and l and 
away from other uses , so that the energy trans
formed i s  not a l l  ga i n .  

20. 2 GEOTHERMAL ENERGY 

In 1 977 geothermal steam at Wa i rakei Power 
Station generated 5 . 5% (or 4 . 19 PJ ) of the 
country ' s  total el ectri c ity .  A rough estimate 
of the total el ectrical energy avai lable  from 
geothermal resources i s  40 PJ per year. Geo
thermal energy ( s team and hot water) a l so  pro
vides some heat for homes and i ndustry. However, 
tapp ing geothermal steam draws it away from 
natural springs and can cause l oss of touri st  
attracti ons . 

Smal l natural temperature di fferences are 
used i n  many of the earth ' s  processes , l i ke pro
duction of  wi nd from di fferenti al heati ng of the 
earth and atmosphere . Tapp ing the heat of the 
earth for man ' s  i ndustri al processes has been 
economical ly successful only i n  the vicini ty of 
vol canoes ( i n  New Zeal and , Cal i fornia and 
Icel and ) ,  where temperatures are h igh and the 
net energy l arge . The amount of energy that 
can be obtai ned from heat sources i s  proportiona l 
to the temperature d i fference between the source 
and the envi ronment. As shown i n  Fi gure 20. 2 ,  

the vol canic heat .i n the earth changes ground
water i nto steam which  is tapped to run an 
el ectrical generator. In the area of volcan ic  
heat ,  tne  net energy rati o  i s  about 13 to 1 .  
Transmi ss ion of the geothermal el ectrici ty 
decreases the rat i o  somewhat ,  but i t  i s  sti l l  
favourable.  

20. 3 WIND ENERGY 

Wind i s  another natural renewable  energy 
source that has been used for some purposes i n  
New Zea l and .  Windmi l l s  can gri nd gra i n ,  pump 
water, and generate el ectric i ty .  A strong 
steady wi nd wou l d  have a yield  rati o  for maki ng 
el ectri city of more than 1 ,  but ,  as you see i n  
Fi gure 20. 3 ,  l ight wind of 16 kph used i n  a wind 
electric generator does not have a favourabl e 
yield rat io .  It  yields only 1 unit of energy 
for an energy i nvestment of 3 . 5  un its .  Such 
winds are not a good pri mary s ource. 

Many areas of  New Zeal and have high winds , 
by worl d standards , especi al ly Cook Stra i t ,  the 
Raka ia  Gorge (west of Chri stchurch ) and el evated 

Re Oa of wafe:r 
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Fi gure 20 .2  Geothermal electrical process .  Net energy ratio of a c�se 
analysed in Cal i forn ia  was 13 to 1 .  
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areas of i nl and Otago . However, they are very 
variabl e and wou l d  s upply i rregular output . 
Hydro-e l ectric energy i s  a h igher net energy and 
stead i er .  Smal l wi ndmi l l s may be used to pump 
water for stock-wateri ng or i rri gat ion i n  many 
areas , a s  i n  the past .  Simp le  wi ndmi l l s  and 
sa i l boats , i f  bui l t  from l ow energy materia l s ,  
d o  y ie ld  net energy. 

20.4 SOLAR ENERGY THROUGH BIOMAS$ 

. Many peopl e hope the sun may be a sol ution 
tor energy shortages . B i omass i s  the organi c  
ma'tter produced by pl ants · i n photosynthetic pro
ducti o n ,  such as wood , l eaves ,  grass ,  vegetables , 
etc . In exerc i se 21  we show that native forests 
have a l arge net energy y ie l d  rati o ( 320/ 1 ) , be
cause they requi re so l i tt le  work from the eco
nomy.. Production of exoti c wood i n  New Zeal and 
pl antations has only a smal l net energy yie ld  
ratio (about · 2/ 1 )  depend ing on  the energy re
qui red i n  ferti l i ser ( Fi gure 14 . 2 ) .  Producti on 
of bu l ky agri cul tural products such as fodder 
beets has a net energy yie ld  ratio of about 1 . 3 ,  
to 1 .  The net energy of biomass depends on how 
i ntensive ly i t  i s  managed. 

By process i ng these organ ic  materi a l s  fur
ther , i t  i s  pos s i bl e  to manufacture methanol and 
ethanol , on whi c h  automobi l es can be run .  After 
add i ng the extra good s ,  servi ces , equi pment , 
fuel s ,  and el ectric i ty requ i rements for thi s 
manufacture, the y ie ld  rati os are l ess than one . 
Thi s means that fuel s can be made from agri cul
tural and forestry producti on ,  but the processes 
woul d have to be subsidi sed by the rest of the 
economy. At present ,  more fuel can be obtai ned 
per uni t  of energy used i n  the process from coal , 

9'7 

B 

WindmiU, e ui ment, rr,ainlQnance: 

Gocds t service 54-9 
,.r 

,.' 

,--'"--, 1 $440por year 

Wrrdmill & I, 
eIKtric generator 1--.... ---:.-:,< ;'2.� 

'--_.---_...J Elochicity 15·4 

M3in 
«anomy 

Main 

economy 

Figure 20. 3  Energy flo"s for windmi l l ,  recel v l ng 16  k i l ometre per 
hour wi nd, driving an el ectric generator. 

( a J  Energy diagram 
(bJ  Summary with energy flows generating 1 , 200 k i lo-

watt hours of e l ectric i ty .  Numbers are 
GJ (g i gajou1es :  1 GJ • 109 JJ of coal equ i va l ents . 

Maui gas or fore i gn purchase .  Later, when 
these sources are unava i l able,  fuel s made from 
the organi c produce may be the only way . How
ever, there may be strong demands on the s ame 
l and to produce food , cl oth i ng ,  hou s i ng ,  and 
household fuel s ,  a s  wel l as petrol . 



20. 5  L IGNITE 

Very s ubstantia l  reserves of l i gn i te are 
found i n  Southl and . L i gn i te i s  former peat from 
swamps that i s  partly processed towards coal 
formati on .  Its energy i s  i ntermediate i n  con-
centration between wood and coal . It has to 
be natural ly dri ed to y iel d net energy, such as 
drying i n  summer wi nds and sunl i ght.  However, 
many deposi ts are under val uabl e l ands that now 
yie l d  i n  other ways , such as agri cul ture . Al so 
some of the energy gai ned may have to go back 
i nto restori ng l and after s tri p-mi n i ng the 
1i gni te . 

20 . 6  D IRECT SOLAR TECHNOLOGI ES 

Much di scussed are the potential i t ies  for 
use of the sun through sol ar technol ogy , which  
i ncl udes sol ar heating panel s and sol ar el ectri c 
cel l s .  However, the sun ' s  energy i s  so di l ute 
that the energy requi red for gl ass , pl astics , 
pi pes , wi res , and equi pment to concentrate i t  
i s  four times i ts yie ld .  Solar  water heaters , 
as consumer technol ogy ,  use l ess  energy than 
el ectri c heaters , so that they are a way of 
saving energy even though they use more than 
they yi e l d .  The best use of the sun may be i n  
s impl e net energy yiel d ing forestry and agr i 
cul ture . 

The princ i ple  emerging from this  di scussion 
i s  that di l ute energy sources that require much 
i nvested energy are not good sources . Thus , 
other projects bei ng experimented with that use 
di l ute energies , l i ke the smal l heat d i fferences 
i n  the ocean ,  may a l so prove to have· uncompetit i ve 
energy yie ld  rat i os .  

Harnes s i ng ti des requi res dammi ng estuari es , 

whi ch reduces many of the ir  exi st ing va l ues for 
fi sheries , navi gation,  and waste di sposal . Tide 
l evel s in New Zeal and are l ess than in those 
areas where t ides have been dammed successful ly 
for hydro-electri c i ty. 

Wave energy coming ashore in New Zeal and i s  
l arge i n  total quantity ,  and i t  does much da i ly 
work forming beaches and maki ng sediment from 
rock.  However ,  i t  i s  hard to use because i t  i s  
spread out along a great l ength o f  coastl i ne .  

20. 7  NUCLEAR ENERGY 

Nuclear energy, unl i ke solar energy , i s  too 
concentrated and too hot , to use wi thout cool ing .  
Much of  the excess heat energy must be di spersed 
to cool the process down to temperatures that wi l l  
not mel t  the machi nery. The nucl ear power pl ants 
currently producing el ectri c ity in  many parts of 
the worl d have a yiel d ratio of about 3 to 1 .  
Howev.er, thi s rati 0 does not i ncl ude the feedback 
energy from the economy necessary to deal wi th 
seri ous acci dents or radioactive waste di sposal . 
Consequently , very few new pl ants· are now being 
constructed . 

Apparently the breeder reactors have too much 
energy required i n  fuel recovery and comp l ex 
safety measures to be pos i t i ve net energy pro
ducers . Fusi on processes are much hotter than 
f iss ion reactors , so that the energy to control 
and use the fifty mi l l i on degrees of a fus i on pro
cess may be too great to be a pos i t i ve net energy. 

20 .8 THE NET ENERGY OF ALTERNATIVE SOURCES 

A s ummary of net energies of vari ous sources 
i s  shown i n  Fi gure 20 . 4. Sources range from 
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Fi gure 20 .4 Net energy of sources. 
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Type of Energy 

Sunl ight 

Plant production 

Wood 

Coal 

Oil 

Electricity 

Table 2 0 . 1  

Energy Equival ents 

Joules of heat to 
make one coa 1 

equivalent joule 

2,000 
5 
2 
1 
0.7 
0.25 

Coal equival ent joules 
(CE-J) per heat joule 

0. 0005 
0.2 
0.5 
1 
1 . 5  
4 

Energy/dollar ratio, 1977 143 x 106 joules/S! 



ACTIVITIES 

1 .  Try to list the energy sources in exercises 
1 9  and 20 in the order of their net 
energies. 

2. 

3. 

4. 

Which fossil fue Z will run out first i:n 
New Zealand? What wiU be the consequences 
of this? 

Discuss the reasons why New Zealand has 
decided not to build nuclear power plants . 
Do you agree? 

List three fossiZ-fuel energies, five 
energy sources directly based on the sun, 
one source within the earth, and one 
source which used the atom. Which of 
these are good net energy yielders now? 

5. 

6. 

7. 

Why do solar technology devices have a 
poor yield ratio? What are proven ways of 
supporting human beings on solar energy ? 

The net energy calculation of hydro
e lectricity does not have the loss of 
produotivity due to damming and diverting 
land and water uses . How oould you 
evaluate this? (Hint: what area, other 
sources of energy, and money are no longer 
flowing, and what is their coal equivalent 
flow per year? Tab le 20. 1 ) .  

Make a oollection of pictures and articles 
about alternative energy sources. (A group 
of students could work together on each 
source - and give a report to the c lass . )  
Evaluate the articles: do the data from 
different articles agree? the conclusions? 
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21: Environmental Evaluation 

Envi ronmental energ ies , l i ke sun , wind,  
rai n ,  and geol ogi cal upl i ft are at work every 
day,  contri buting val ue and devel opi ng the assets 
of the l and . , Natural systems use these environ
mental energies to bui l d  the l andscape wi th i ts 
form, sediments and rocks. Over l ong peri ods 
of time, a natural selection has created associ
ations of l i vi ng and non-l i vi ng thi ngs that use 
these ava i l able  environmental energies i n  the 
most producti ve manner. For example  water 
i nteracts wi th plants , anima l s ,  and rock to bui l d  
soi l s ;  snow and i ce i nteract wi th upl i fted rock 
to produce sediment; wi nd i nteracts with pl ants 
and water to draw i n  nutrients by the pul l of 
transpirat ion ;  and a l l  these i nteract to  devel op 
the d i vers i ty and stabi l i ty of natural systems , 
which we regard as havi ng aestheti c beauty .  In  
asses s i ng the val ue of  natural systems , we often 
d i sregard the amount of work that has been i n
vested by envi ronmenta l energies . We shou ld  not 
di sregard these i nvestments ,  however , s i nce 
taking them i nto accdunt makes sure we use the 
products of environme¥ta1 work i n  a way that 
recogni zes thei r va 1 u�' to the economy, somethi ng 
that prices rarely do .;:';" ' 

,-.po.""" 

21 . 1 EVALUATING KAURI FORESTS 

Consi der the example  of our few rema i n i ng 
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stands of Kauri forest , whi ch contai n  trees rang
i ng from 200 to 1200 years o ld .  The stored work 
represented by these assets can be calcul ated by 
mul ti plyi ng the yearly fl ows of envi ronmenta l 
energy i nto the Kauri system by the number of 
years necessary to form mature Kauri trees . Some 
of these energ ies are d i l ute, l i ke sunl i ght ,  and 
others are more concentrated , l i ke the rai n .  Con
sequently , we convert a l l  i nf1 0wi ng en�rgi es i nto 
energies of the same qual i ty ,  by express i ng them 
i n  coal equi va lents . As Fi gure 2 1 . 1  shows , the 
solar work a l one entering a Kauri system i s  
64 x 109 CE J per hectare per year.  Usi ng the 
energy-dol l ar rat io ,  you can see that the dol l ar 
val ue of that i nput of envi ronmental energy i s  

64 x 109 CE joul es/hectare/year 
143 x 106 CE j oul es/dol l ar 

= $450 per hectare/year 

If a Kauri forest i s  200 years ol d ,  its accumu
l ated work i n  soi l , structure , d i vers ity ,  trees , 
genetic organizati on , etc. i s  the annual val uat
i on cal cul ated above , t imes 200 years - or 
$90, 000 per hectare . Many Kauri forests are 
much o lder than 200 years .  A 1000 year o ld  
forest would ,  have accumulated solar work to  the 
va l ue of $450 ,000 per hectare . 



When natural resources are uti l ised, the 
money obta i ned from their use i s  not pai d  to 
nature i n  return for the envi ronmental energies 
i nvested , but to the human deve lopers . If  a 200 
year o ld  Kauri forest i s  harvested for wood , the 
cost of cutt i ng i s  around $300 per hectare -
whi ch i s  a very smal l proporti on of the val ue of 
the i nvested natural energi es . As Tab l e  2 1 . 1 
shows , the net energy ratio  i s  correspondi ngly 
hi gh at 320 to 1 .  Thi s  i ndi cates that from a 
money i nvestment po i nt of view, the harvesti ng 
of Kauri forest i s  a barga in .  . Sma 1 1  wonder that 
the early European settl ers i n  New Zealand di s
posed of most of the Kauri forests i n  a very 
s hort time .  

2 1 . 2  THE VALUE O F  NATIVE FORESTS 

The eco log ica l  pattern of l i vi ng organi sms 
i n  native forests requi red thousands of years to 
devel op i ts organ ization of rel ationships (s i nce 
the i ce age 9 , 000 years ago ) ,  so the val ue of 
the l ast remnants i s  many times that estimated 
above . The rema i n i ng h igh d i vers i ty nati ve 
forests are now so rare that they have great 
aestheti c va l ue as touri st attracti ons .  More 
important st i l l , the rema i n i ng forest stands re
present i rrepl aceabl e  gene poo l s  and l i fe asso
ciati ons that are essenti a l  for the re-establ i sh
ment of native forests on now fa l l ow l ands . We 
must a l so remember that there i s  a mi nimum s i ze 
for a forest system bel ow wh i ch the stable mai n
tenance of the l arger species (whi ch do important 
work i n  the system ) becomes doubtful . 

Future generat i ons of New Zeal anders may wel l 
pl ace a higher va l ue on nati ve forests than does 
the present generation.  The very l east that we 
can do, therefore, i s  to ensure that adequate 

Flgu,·. 21 . 1  
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Productive >lork i n  one hectare. Dol l a rs spent for goods and 
services in use of envi ronmenttll values (conti nual production 
and stored va l ue )  do not reflect the very l arge energy contri 
buted by nature ' s  work. Stored energy i s  

(64 x 109 CEJ/ha/y r ) ( 200 years ) � 12 ,800 x 109 CEJ 

stabl e geneti c reserves are mai nta i ned, and that 
these are suffi ciently l arge and s uffic i ently d i s
persed to ensure thei r s urvi va l - despi te poss i bl e  
future ecol ogi cal di sasters , l i ke fi res and 
serious d rought. Once such reserves are 
estab l i shed , nati ve trees should be harvested on 
a cont i nui ng yield bas i s  only - which means that 
the amount of timber cut each year i s  no more 
than the amount of growth each year .  Nat ive 
forests wi l l  thereby provi de an economi c acti vity 
with the same h i gh net energy rati o ,  not just 
for one generat i on of New Zealanders , but for. 
a l l  generations i nto the foreseeable future . 

2 1 . 3  ECONOMIC  DEVELOPMENT 

In general , the most fi nanc ia l ly reward i ng 
l and-use acti v i ty i s  that wh i ch taps i nto the 
l argest store of free envi ronmental energy. When 
New Zeal and forests and soi l s  were r ich and 
v i rgin ,  they conta i ned l arge quanti t ies of free 
envi ronmental work . Consequently,  the uti l i sat
ion of the resources provi ded early settlers wi th 
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than the amount of growth each year .  Nat ive 
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with the same h i gh net energy rati o ,  not just 
for one generat i on of New Zealanders , but for. 
a l l  generations i nto the foreseeable future . 

2 1 . 3  ECONOMIC  DEVELOPMENT 

In general , the most fi nanc ia l ly reward i ng 
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a seri es of h igh net-energy i nvestments (a l though 
they d i d  not recogni ze them as such ) and , whi l e  
these resources l asted , the economy prospered . 
Now, many ( al though not a l l ) of these l and-use 
acti vi ties are becomi ng l ess profi tab l e ,  as the 
store of envi ronmenta l energy contai ned wi th in  
our natural systems becomes run down . We have 
a l ready d i s cussed the way i n  wh i ch our h i gh net
energy nati ve forests have been harvested to the 
poi nt of exti nct ion i n  some cases.  

Another exampl e  of th i s  pattern of events 
can be found i n  high country farmi ng . New 
Zeal and ' s  high country soi l s  are very frag i l e .  
They contain rel atively l ow nutrient l evel s  -
whi ch i s  to say that they contain rather l ow 
stores of envi ronmental energy. At fi rst , the 
productivity of high country farms was good . 
The stores of envi ronmental energies avai l able in  
these soi l s  ran down very qui ckly ,  however , to 
the point that high country farms are now of 
margi nal profitabi l i ty. Many high country 
farmers have al ready returned thei r l and to 
forestry or to natural tussock grassl ands . The 
l ong- l i ved tussocks have some of the properties 
of trees in hol ding soi l , nutri ents and water and 
in adaptations to the severe cl imate . 
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Table 21.1  

Steps in Calculating Net Energy of Native Forest 

Date given: 64 x 109 CE·J/ha/yr of sunlight. rain. wind. falls on N.Z. 
$300/ha to cut forest trees. 

One h�ctare of native forest. average 200 years old. 

143 CE·J/$ is the energy/$ ratio. 

How the calculations are made: 

Yield is the environmental energies: 64 x 109 CE-J/hil/yr 

Feedback: the only cost 1s  for cutti ng. the forest takes 

care of itself. 

$·cost of 'cutting: S300/ha 

Cutting work 'n CE: 

200 years (average tree age) 

• 1l.50/ha/rr 

(ll. 50/ha/yr) (143 x 106 CE/S) • 0 . 2  x 109 CE/ha/yr 

Accumulated stored value� 

(200 yr,) (64 x 109 CE yield) 

143 x 106 CE/S 
Net energy E Yield E 64 x 109 320 

feedback 0 . 2  x 109 1 



21 . 4  THE PROFITABIL ITY OF· LAND-USE I NVESTMENTS 

We can determi ne i n a rough way �Ihether an 
i nvestment i n  a l and-use acti v i ty i s  l i kely to 
be prof itabl e .  This  i s  done by calculating the 
rati o  of natural energ ies harvested to i nvested 
money for the particul ar project bei ng contem
pl ated , and comparing th is  rat i o  with the nati onal 
average. In New Zeal and , the nat i onal average i s  
about 205 x 106 CE  J of  environmental energy har
vested per one dol l ar of purchased fuels ,  goods 
and services. A proposal that i nvol ves harvest
i ng l ess envi ronmental energy .per i nvested dol l ar 
than thi s nati ona l average rati o  would  be obta i n
ing  too l i ttl e envi ronmental support , and there
fore woul d be unl i kely to be profi table .  I n  
add iti on , such a proposa l  makes too much economic 
activity re lative to natural l ife support , wi th 
r i s k  of pol l uti on and other harmful envi ronmental 
impacts . A proposal that woul d  gain a greater 
amount of envi ronmental energy per i nvested dol l ar 
would probably g ive a good economi c return . Thu s ,  
the concepts of  envi ronmental val ue can guide us 
in the making of economic as wel l as envi ronmental 
deci s ions . 

Economic deve l opment i s  attracted to areas 
where t here are st i l l  free envi ronmental energ ies 
and unused fuel resources.  However, if  systems 

become too crowded and overdevel oped,  shortages 
of envi ronmental support and negati ve effects 
l i ke pol l ution and cri me cause the economy to com
pete badly and deteriorate . You can see how 
this works when you thi nk of  the overcrowdi ng i n  
some parts of the worl d ' s  c it ies (New York, 
Gl asgow, London ) . 

I f  you were consi dering i nvest ing i n  a part 
of New Zeal and, you wou ld  probably choose an 
.act ivi ty made competi ti ve because of natura l re
sources . For examp l e ,  a competi t ive area mi ght 
be near fuel resources , with c l ean water , or open 
space. Si nce New Zealand has untapped resources 
of coa l , gas and hydro-el ectric  power and i s  
rel atively uncrowded , i nvestors from more crowded 
countries are coming here wi th proposal s for 
economi c devel opment . 

21 . 5 I NTERNAL OR EXTERNAL USE 

Val uabl e p�oducts from the external environ
ment l i ke nat ive woods and agr icul tura l products , 
because they hafe net energy , contri bute more to 
the economy than they take from' i t. This assumes 
the product i s  used within  the country" But , i f  
sold a broad at the regul ar price ,  i t  sends val ue 
away; th is  stimul ates other economies but hurts 
the l ocal economy. See exercise  24 . 
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ACTIVITIES 

1 .  Consider Figure 21. 1 and TabZe 21. 1; the 
figures there are for trees of 200 years old. 
CalcuZate the foUowing assuming that the 
trees were an average of 1200 years: yieZd 
per year, cutting oost in doUars per year, 
feedbaok in CE per year, vaZue in dolZars 
for 1200 years, and the net energy. 

2 .  CompLete a simiLar set of oaLouLations for � heotare of exotio forest. They are out 
�n 24 years, and the totaL feedbaok oost is 
$1392, 

.
wh�oh includes pZanting, fertiLiser, 

and �h�nn��, as we�l 
.
as cutting. Begin by 

draw�ng a dwgram sun�Zar to Figure 21 . 1, 
putt�ng the data on it. Then oaLouLate: 
yield per year, feedbaok oost in dollars per 
year, feedbaok in CE per year, value in 
doLLars for 24 years, net energy. 

3.  From the answers to the last two questions, 
estimate the re Lative oontributions of 
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4. 

s. 

native and exotio forests. Why, then, are 
exotio forests planted? Would you favou:t' 
a programme to save and replant native 
forests on vacant Zand? What proportion of 
native and exotio forests wouLd be best for 
this country if the eoonomy were a self
suffioient one (not based on exports) ?  

If you oan find some simiZar data for another 
endangered environment, caloulate its oon
tribution and net energy in the same way. 
If possible, distribute your disooveries to 
help deoisions ooncerning the area. 

If 9000 years and 10, 000 ha were required 
to deve lop the organisation of a forest eoo
system, how much soZar energy was required? 
How many ooal equivalents? If there is only 
one traot of suoh forest left, what is its 
replaoement energy requirement? Using an 
energy/doLlar ratio, estimate the dolZar 
equiValent of the work. 



22: Using a Model to Simulate the Future 

Our current human system runs on a mixture 
of renewable resources ( l i ke sun l i ght and wood ) 
and non-renewable resources ( l i ke petrol eum and 
copper ) . Our economic system uses these re
sources and converts them to material s that have 
fi nanc ia l  va l ue ,  cal l ed assets . 

22 . 1  THE NEW ZEALAND MODEL 

We have devel oped a s impl e  model (Fi gure 
22. 1 )  that relates supp l i es of renewabl e and non
renewable energy avai l ab l e  to New Zealand , to the 
quanti ty of assets ava i lab le  to our human soci ety . 
Start ing with New Zea l and data for 1 977 - fuel 
reserves , rate of use , rate of natural energy i n
put , and depreciati on - we wi l l  ca l cul ate and 
p l ot the changes i n  dol l ars of assets i n  ten year 
i nterva l s  of the who l e  economy. By runn ing thi s  
model i nto the future , we have a bas i s  for maki ng 
some predicti ons about what the future hol ds for 
our economi c system. From i nspecti ng the diagram, 
what do you predict wi l l  be the shape of the graph? 

I f  you have access to a computer, we suggest 
that you use Fi gure 22 . 1  and Table 22 . 1  to develop 
and run your own program. , Refer back to pro-
cedures i n  exerc ise 8 .  I f  you do not have a 
computer ava i l abl e ,  Table 22 . 1  i s  set up for a 
hand-simulation .  Whether or not you use a comput-

Starting vallJeS! 
R = 130 
F� 180 F 
� = '4 Fuel 
k2' ' 5  

Q >300 

_ $x l09,hOyrs 
o $ x109 

Figure 22 . 1  Model for simul ation.  Flows and storages are energy 
expressed as dol lars of va l ue generated. Time is i n  
ten yoar i nterva l s .  

er, you wi l l  need to know what the vari ous 
quantities in the model are : 

Q 

R 

F 

i s  the dol l ar-va l ue of the assets avai l 
abl e to New Zeal and ' s  soci ety. 
i s  the steady flow of renewab le  energi es , 
i n  dol l ars . 
i s  the dol l ar-val ue of the non-renewabl e 
energy i n  storage. 

K2Q i s  the dol l ar-val ue of the depreci at ion 
of assets i n  storage. 
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Al l quantities have been converted to 109 dol l ars 
for storages . and 109 dol lars per ten years for 
flows . 

Wri te the statements for the operations that 
must be carri ed out ( i . e .  F = F - K1*F ) ;  

22 . 2  RUNNI NG THE MODEL I NTO THE FUTURE 
Incl ude a PRINT or PLOT statement for T and Q ;  

Advance the time ( i . e .  T = T + 10 ) ; 
Some advi ce for computer programmers : 

Set the start i ng va l ues for each of the 
quant it ies ;  

Incl ude a statement to repeat the cal cul ation 
( i . e .  IF T< 150 GO TO 100 ) ;  

Some advi ce for hand-si mul ators : 
Set time at the start to 0 ( i . e .  T = 0 ) ;  

Table 22 . 1  

Data for Model in Figure 22. 1  

Time Renewable Production Fuel 
sources from fuel 

(Tl (R) (KIF) (F) 
T = T + 10 .K1 = .4 F = F - KIF 

180 

Depreciation Stored economic value 

(K2Q) (Assets , Q) 
K2 = . 5 Q = Q + R + KIF - K2Q 

300 0-1977 
10-1987 

20-1997 

30-2007 
40-2017 
50-2027 
60-2037 

70-2047 

80-2057 
90-2067 

100-2077 
!l0-2087 

120-2097 

130-2107 

130 
130 . 4  x 180 = 72 180 - 7 2  = 108 . 5  x 300 = 150 300 + 130 + 72 - 150 = 352 
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Copy Table 22 . 1 ;  

The cal cu l at ions that you must 
perform are shown at the head of 
each col umn ; 

Work across ,  comp let ing each l i ne 
before starti ng the next ; 

The first l i ne has been completed , 
as an examp le .  



ACTIVITIES 

1 .  Continue the hand simulation until you have 
data for 1 30 years. Use cal.culators if 
avaiLabLe. 

2. D:rulJ a graph putting time on the :r;-=is and 
changes in assets on the y-=is . Then use 
the graph to answer the remaining questions. 

3. Does the shape of the graph agree with your 
prediction? Which of the model.s in exer
cises 6 and 7 does i t  resembl.e? 

4 .  Consider this as a predictive model. of New 
ZeaZand 's future. What proportion 'of the 
highest assets are those of the steady 
state? (i. e. by how much wiZZ peopZe have 
to aut their standard of Ziving (energy per 
person) when we are Ziving onZy on the re
newabZe resources?) 

What proportion of this year 's assets are 
the steady state assets, i. e .  by how much 
wil.l. the standard of Ziving drop? 

5.  What wiU b e  the approximate date of the 
peak of growth? When wiU the economy hit 
a s teady s tate? 

6. Do you think that this mini-modeZ correctZy 
predicts the economic future of New Zealand? 
If you think i t  does, might it aZso predict 
the economic future of the worZd? 

7. 

8. 

This modeZ assumes no major new energy 

sources become avai tab Ze . If new non
renewabZe sources became avaiLab�e, how 

wouLd the curve be affected? H� hlould t�Q 
curve be affected if new renewab Ze sources 
were deveZoped? 

To obtain detaiZed data on a two-year basis 
for the next thirty years, change the vaZues 
for caZauZation . to :  

R = 26 

F = 180 

Xl = . 08 

X2 = . 1  

Q = 300 

This wiZZ give you data more predictive of 
the near future. Draw a graph in the same 
way. (This wiZZ differ from the originaZ 
graph because of the way the caZculations 
are made . )  
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9. 

YeaP 

Assume that the population of NeJJJ Zealand 
aontinues to inarease.  Calaulate the 
assets availab le per person at 20-year 
intervals during your antiaipated lifetime. 

(aJ Copy and aompZete the tab le be low. 

(bJ Write a paragraph desaribing ahanges 
in your Zifestyle that you would 
antiaipate. should your analysis of 
this issue prove to be substantially 
a01Teat. 

Population 
projeation 
x 106 people 

Total. assets* 
$ x. 109 

Assets per 
person 

1977 3. 1 

199'1 3. 8 

201'1 4 . 0 

203'1 4. 1 

205'1 4 . 2  

*See Table  22 . 3  
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Table 2 2 . 2  

Computer Program for Model i n  Figure 22 . 1  

Statements Explanation 

1� Q • 3�� ) These give initial  

2� Kl = .4 ) cond i t i ons and co-

3� K2 = . 5  ) efficient values 

4� R = 13� ) from the diagram. 

5� F = 18� ) 
1�0 PRINT T ,  F ,  Q Omit If plotting 

l l� PLOT 29, 18 

12� PLOT 2, T/ l . 2 ,  F/5, 255) Omit if printing 

130 PLOT 29, 23 ) 
14� PLOT 2 ,  T/l . 2 ,  Q/3, 255) 

15� DT = -Kl*F ) These calculate 

160 DQ = R + Kl*F - K2*Q ) the changes 

170 F = F + OF ) These calculate F 

180 I F  F< 0 THEN F = 0 ) ar.d Q for the next 

190 Q = Q + DQ ) . time Interval . 

200 IF Q < 0  THEN Q = 0 ) 
210 T = T + 10 

220 IF T( 150 GO TO 1�0 

3�0 END 

The program is specifically written for a 
Compucolor micro-computer, but the "Basic" 1 s  
similar for other computers. 

In the plot routine time is d i vided by 1 . 2  so as 
to space 150 years evenly over the Compucolor 
screen which is 127 points wide. Simi l arly F 
and Q are scaled to fit the screen. 



lime B. KIF 

Kl • •  4 

0-1977 300 
10-1987 130 .4 x 180 • 72 
20-1997 130 .4 x 108 • 43 
30-2007 130 .4 x 65 • 26 
40-2017 130 .4 x 39 • 16 
5q-2027 130 .4 x 23 = 9 
60-2037 130 .4 x 14 - 6 
70-2047 130 .4 x 8 • 3 
80-2057 130 .4 x 5 • 2 
90-2067 130 .4 x 3 • ·1 

100-2077 130 . 4  x 2 • 1 
110-2087 130 .4 x 1 • 0 
120-2097 130 .4 x 1 • 0 
130-2107 130 .4 x 1 • 0 

Table 22.3 

Com2l eted Calculations for rable 22. 1 

[ o F - KIF K2Q & • Q + R + KIF - K2Q 

K2 • •  5 

180 300 
180 - 72 • 108 .5 x 300 • 150 300 + 130 + 72 - 150 • 352 
108 - 43 • 65 .5  x 352 • 176 352 + 130 + 43 - 176 • 349 
65 - 26 • 39 .5 x 349 • 175 349· + 130 + 26 - 175 • 330 
39 - 16 • 23 .5 x 330 • 165 330 + 130 + 16 - 165 = 311 
23 - 9 • 14 . 5  x 311 • 156 311 + 130 + 9 - 156 = 294 
14 - 6 = 8 . 5  x 294 • 147 294 + 130 + 6 - 147 • 283 
8 - 3 • 5 .5  x 283 • 142 283 + 130 + 3 - 142 = 274 
5 - 2 ., 3 . 5  x 174 • 137 274 + 130 + 2 - 137 = 269 
3 - 1 • 2 . 5  x 269 • 135 269 + 130 + 1 - 135 • 265 
2 - 1 • 1 . 5  x 265 • 133 265 + 130 + 1 - 133 • 263 
1 - o • 1 . 5  x 263 = 132 263 + 130 + 0 - 132 - 261 
1 - o • 1 . 5  x 261 • 131 261 + 130 + o - 131 = 260 
1 - o • 1 .5  x 260 • 130 260 + 130 + o - 130 • 260 
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23: The New Zealand System 

Peopl e who enjoy j i g-saw puzzl es wi l l  
probably l i ke th i s  section ,  because we are going 
to put one together. I n  previous sections we 
have i ntroduced the vari ous components of the 
New Zealand system. Now we wi l l  a ssembl e these 
to form a model of New Zeal and as a system. 
Thi s  aggregated model wi l l  a l l ow us to make some 
comments about the current s tate of the econo� 
and to extend our di scus s i on of how New Zeal and 
m i ght devel op i n  the future . 

23 . 1  THE F IRST OVERV I EW MODEL 

The fi rst overview model i s  Fi gure 23 . 1 .  
Al l the fl ows i n  New Zeal and have been combi ned , 
or aggregated i nto three sectors : the natural 
environmental resources of l and ,  mounta i n s ,  
waters , and vegetation ,  i ncl uding coal and gas 
reserves ; the yield systems of agricul ture , 
f isheri e s ,  and forestry; and the human sector 
wi th i ts urban , i ndustri al , and commercia l  
components . Outs i de energy sources have been 
combined i nto renewable sun , ra i n ,  wi nd , and 
geo log i cal upl i ft ;  non-renewable imported 
fuel s ;  and imported goods and servi ces . Figure 
23 . 1  al so shows the energy flowing out of New 
Zeal and i n  exports and waste heat .  

The envi ronment is  used by the human sector 
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to provide clean a i r ,  l and , water, sunshine ,  wind 
to blow away smoke from i ndustry ,  ri vers to 
carry away wastes ,  geothermal power, and hydro
el ectri c ity. Because there i s  a lmost no feed
back of servi ce from the human sector to the 
natural envi ronment , i ts production i s  gradual ly 
bei ng run down . For examp l e ,  hydro-el ectric 
power dams di vert the energy of swi ft flowing 
ri vers away from the producti on of sediments 
(whi ch bui l d  soi l s )  to the production of el ectri 
c ity. Consequently ,  soi l -bu i l d i ng is reduced . 
Resources such as coal and gas are al so mi ned 
from the env i ronment with no repl acement . 

The producti on yi e l d  from agri cul ture , for
estry ,  and fi sheries i s  consumed by the ci t ies . 
There are i nfl ows to the y ie ld  sector from the 
envi ronment ( l and, soi l ,  and nutri ents ) and from 
the human sector ( ferti l i ser, pesti cides , and 
l abour) . 

An exampl e  of fl ows from the envi ronment to 
the yield sector i s  phosphorus wh i ch i s  a cri t ica l  
nutri ent el ement needed for agricul ture . I t  i s  
now added as  ferti l i ser made i n  the human i n
dustrial  sector from imported phosphate rock .  
The phosphate rock was concentrated from the sea 
by fi sh-eating b i rds , i n  nesti ng colon ies ,  re
l easing wastes ( guano ) .  When phosphate rock 



becomes unava i l able or too expensive ,  agricul ture 
wi l l  have to depend on the natural phosphate
concentrati ng processes , l i ke those of nat i ve 
forests which  s l owly concentrate phosphorus from 
ra i n  and weathering of - rocks . Land can be 
al l owed to go into nati ve forests to renew the 
soi l nutri ents , be rotated to agri cul ture or 
y ie ld  forestry ,  and then back to native forest 
when soi l s  aga i n  become depleted . Thi s  wi l l  be 
l i ke the s h i fting agri cul ture of pre-i ndustri al 
ti mes . However,  at present , there is enough 
phosphate rock for at l east another 10 - 20 
years at present rates of use .  

In  Fi gure 23 . 1  we have a l so added the money 
fl ows . I n  F igure 18 . 5  we showed how money fl ows 
to a1J the sectors i n  the economy, but i n  Figure 
23 . 1  we show only the bas i c  outl i ne of the money 
fl ows across the borders between one sector and 
another. Money i s  shown comi ng i n  a s  payment 
for exports , c i rcu.1 at i ng through the eC9nomy, and 
going out to pay for i mported fuel s and goods . 
Noti ce that s l i ghtly more money i s  spent for 
imports than i s  recei ved from exports . Thi s i s  
said to be a poor bal ance of payments . The 
resul ting defi cit i ncreases i nf l ation ,  whether it  
i s  paid by borrowi ng or by deva l u i ng the dol l ar .  

Enlvironmental 
sector 

Yield 
s�ctor 

Figure 23. 1 New Zealand money flows of imports exports and 
GNP ( 1 977 ) .  

• 
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When you compare the total money c i rcul ating 
wi thin the economy ( the Gross Nati onal Product 
or GNP ) with i nternational trade , you see that 
internati onal trade i s  more than 25% of New Zea
l and ' s  economic acti v i ty .  Thi s proporti on i s  
l arger than for most devel oped countries .  I n  
the u . s . A . , for examp le ,  the correspondi ng fi gure 
i s  around 10% . A fi gure of 25% i s  more typi cal 
of the economic systems of Thi rd Worl d countrie s .  

23 . 2  THE SECOND OVERV I EW MODEL 

In F igure 23 . 3 ,  fl ows of energy ( i n  coal 
equi val ents per year )  have been written on the 
pathways to answer other questions about the New 
Zeal and economy. For example , how much of the 
economy i s  based on "non-renewable energy sources? 
Renewable sources are sun , rai n ,  wind , upl i ft ,  
t ides , waves etc . , and hydro-el ectric pl ants that 
get the ir  power from the mounta ins ,  glaciers , and 
ra in - 2712 CE-PJ per year .  The non-renewab le  
energy sources are the internal sources of  gas 
and coal , and the imported fue l s  and phosphate -
a total of 898 PJ per year. At present,  there
fore , more than one�thi rd of the economy runs on 
non-renewabl e energies . As non-renewable sources 
become used up , the New Zeal and economy may de
crease down to a steady state supported by the 
energy ava i l ab le  from renewable sources al one , as 
you have a l ready di scovered in Exercise 22 . How
ever , s ince New Zea l and has the potential for a 
cons iderab le  expans ion of  our present hydro and 
geothermal el ectri c i ty generation,  we wi l l  be 
able to have a h i gher standard of l i ving than 
those nations wi thout vol canoes , mountains , 
oceans and good rai nfal l s .  
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23 . 3  ENERGY RELATIONSH I PS IN  I NTERNATIONAL TRADE 

What are the energy rel ationships i n  i nter
nati onal trade? The i mports of fuel s and phos
phate , thei r transport, goods and services per 
year ,  total 101 1 CE-PJ ; the coal equi val ents of 
exports i s  2014 PJ . Commodi ties  l i ke meat ,  dai ry 
products , wool , h i des , fru its , vegetables , and 
wood products use .more energy in the ir  devel op
ment than is represented by money rece i ved . They 
conta i n  the work of many d i rect envi ronmental in
puts . By using them at  home , their net energy 
could  stimul ate the New Zeal and economy . By 
doing more process i ng and then exporti ng manu
factured goods , fewer goods and servi ces woul d 
need to be imported . Our exported raw wool now 
stimul ates i ndustries i n  Japan and Engl and , which 
sel l fi ni shed wool goods to .u s .  The more we make 
jerseys , carpets , and other f in i shed goods here , 
the more our economy wi l l  be stimul ated . 

23 . 4  THE AGGREGATED MODEL 

Fi nal ly l et ' s  put i t  a l l  together.  Fi gure 
23 . 3  i s  a more deta i l ed diagram of the New 
Zeal and system. The various component parts that 
we have i ntroduced separately are aggregated i n  
thi s diagram. The renewabl e outside energy 
sources are shown comi ng from the acti on of solar 
energy i n  dri vi ng the atmosphere" and oceans .  The 
total renewable energ ies i ncl ude 948 PJ-CE fal l i ng 
d i rectly on New Zeal and and 1764 PJ-CE of  sun
l i ght elsewhere. The outs ide energy sources 
i ncl ude tide, waves , and fi sh  whi ch f l ow i nto 
the fi shi ng i ndustry .  Phosphate and other raw 
materia l s  are shown bei ng imported . Peop l e  come 
i n  and out carryi ng dol l ars wi th them. The human 
sector shows the producti on and feedback of its  
many parts . 



Environml!ntal 
secmr 

Yir.1!d 
sl!ctor 

2014 

' 1015 JJyr as CE 
(1015 J 'PJ )  

F igure 23 .2  New Zealand enorgy fl ows i n  coal equivalent joules.  
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ACTIVITIES 

1 .  List in detaiL and discuss ti.Jo of the 
foU.o�ng fLows : (FiguI'e 23. 2) 

2 .  

3. 
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a .  environmentaL sector to the human 
sector, 

b .  environmentaL sector to the yieLd 
sector, 

c .  hwnan sector to the yieLd sector, 
d. yieLd sector to the human sector, . 
e .  feedbacks from the human sector which 

couLd heLp keep the environmentaL 
sector from deteriorating, 

f. feedbacks necessary from the yieLd 
sector to keep the environmentaL 
sector from deteriorating. 

Find an article in a newspaper or magazine 
containing suggestions about the New 
Zealand economy . Discuss it in re lation 
to the analysis in this exercise: that 
money and energy should be used to promote 
more internal technological development and 
fewer exports of primary unprocessed pro
ducts. Explain why you agree or disagree 
with the suggestions in the article. 

Explain how the import-export deficit in
creases inflation. (Remember inflation i8 
caused by an increase in amount of money 
fLowing per unit of energy fLowing. ) 

4. 

5. 

How do native forests renew the soiL ?  (Refer 
to exercises on forests, especiaL Ly 13 and 
14. ) What nutrients are invoLved? 

Consider the human sector in Figure 23. 2. 
Pick ti.Jo of the parts and show how they 
interact and feedback to each other. 

6. Discuss the fo HMng controversiaL state
ment. Do you agree or disagree? exp Lain. 

Government support in the form of guaranteed 
prices and subsidies on equipment and fertil
isers, are given to the productive yield 
sector of the economy . These subsidies, 
which come from general taxes, make it pos
sible for farmers to sell their products at 
prices lower than they could without the sub
sidies . More of the vaLue developed from 
environmental work on the farms goes abroad 
with Less received in return. If the sub
sidies 'were decreased, we might not be able 
to export so much meat and wool .  This would 
be a disadvantage to the farmers in the short 
run, but it might encourage them to diversify 
into products that are saleable without 
subsidies, and New Zealand industries to 
process more farm products before export .  



Sun 
else"where: 

in �he 
biosphe:re ..... __ 

__ 109 $/yr 
-101SJ/yr 
as coal equivalents 

F igure 23.3 New Zealand wi th dol l ar and energy flows. 

U .. d erergy 

Exports 
2186 

Units in human sector are :  Ind . com= i ndustry and commerce 
T-Transportation,  B-Bu i l d ings ,  P-People ,  
Ed-Educational Institutions , Govt=Government . 
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24 : The Future Revisited :  New Zealand's Carrying Capacity 

By now you understand wel l  the way i n  which 
l i vi ng th i ngs are tota l ly  dependent upon the 
energy sources ava i l abl e to them. You a l so 
understand that human systems are no exception to 
this rul e .  When a popul ation ' s  demand for energy 
exceeds the ava i l ab le  supply, i t  first decimates 
the storages i n  its food cha i n ,  and then i ts num
bers crash.  If  the speci es is  to survive,  
mechanisms must develop somewhere in the system 
to keep the popul ation from exceedi ng i ts re
sources . The average s i ze of a population that 
can be supported over l ong periods of time i s ,  
therefore ,  determi ned by the envi ronmental 
resources avai labl e and the stabi l i ty with which 
they are transformed. The s i ze of a population 
that can be supported on an area ' s  energy sources 
at a g i ven standard of energy per person i s  
ca l l ed the carrying capacity of that area . 

At present, New Zea l and has a population of 
a l i ttl e over 3 mi l l i on peopl e .  Some peopl e ,  
extrapol at ing past trends , pred ict i t  wi l l  r ise  to 
4 mi l l i on by the year 2000-2020, and that i t  may 
stabi l i se at between 4 and 5 mi l l i on by, perhaps , 
2040. �an New Zeal and support that many peopl e? 
Just what is the carrying capaci ty of New Zea l and? 
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Table 24. 1  

Energy per person i n  different countries 

country 

New Zealand 

United States 

United Kingdom 

Japan 

India 

World 

Population Sunl ight, fue l s ,  and 
. (mil l i ons ) electricity used per 

person per year* 

x 1015CE-J 

3. 1 375 

240.0 522 

56 . 0  210 

114.0 209 

626 . 0  31 

4 , 100. 0 98 

*Fue l s ,  e l ectricity and solar energy are each 

expressed in coal equival ents embodied i n  their 

flows. This does not i ncl ude a l l  of the energies 

such as rai n ,  wind, waves, etc. 



24. 1 ENERGY AND HUMAN POPULATIONS 

Human populations demand more from their 
environment than j us t  suffi ci ent energy for bas ic  
s ustenance.  We turn any addi ti onal energy that 
i s  ava i l ab l e  i nto a higher standard of Ziving. 
The standard of l i vi ng of a human populat i on can 
be measured by i ts per capita energy consumption. 
As Tabl e 24 . 1  shows , the deve loped countri es ( i n
cl uding New Zeal and ) use about ten times as much 
energy per person (per year) as does India .  The 
carrying capaci ty of New Zeal and depends on two 
factors: fi rs t ,  the amount of energy avai l able 
i n  the future ,  and second the popul ation which 
devel ops to di vide up that energy; in other 
words ,  the · per capita energy consumption. Let ' s  
exami ne the first of  these two factors . 

24. 2 NEW ZEALAND ' S  CURRENT ENERGY BUDGET 

New Zea l and ' s  current energy budget i s  
outl ined i n  Table 24 . 2 .  I t  incl udes renewable 
envi ronmental energies ( l i ke sun,  ra i n ,  etc . ) 
fl owing i n ;  non-renewable foss i l  fuel s ( both 
indi genous and imported)  fl owi ng in ;  imported 
materia l s  ( l i ke phosphate rock and fini shed pro
ducts ) flowing i n ;  and exported products fl owing 
out . The energy fl owing out must be subtracted 
from the energy flowing i n  to reveal the total 
quanti ty of energy ava i l ab le  to our society. 
Estimates for these various infl ows and outfl ows 
are shown. The numbers represent the embodied 
energy of these gOOds . Embodi ed energy i s  the 
energy requi red to deve lop or concentrate a pro
duct . For examp l e ,  a p i ece of exported furn i 
ture carried wi th i t  a share of the envi ronmental 
energies that were used by the growing forest , the 
energy requi red to harvest and transport the wood , 
and so on.  

Noti ce the very high embod ied energy of New 
Zealand ' s  exported sheep products .  I n  1 977 
New Zeal and exported sheep products and timber 
wi th an embodied energy content of 1728 peta
joul es , for whi ch we recei ved $ 1 , 100M. In the 
same ·year , we imported $513M worth of petrol eum 
fuel s ,  wi th an embodi ed energy of only 261 peta
joul es . From . an energy pOi nt of v iew ,  th i s  i s  
a great l os s .  

Because our trade i s  based on dol l ar va l ues 
and not on embod1ed energy val ues , we are sendi ng 
more val ue abroad than we are recei vi ng i n  return. 

Jab1e 24.2 

Energy Balance Sheet for Now 

Renewab 1 e  envi ronmenta 1 energi es +) I ndi rect 2496 

) Hydro-electri c i ty 200 

) Geothermal electricity 16 

Natural gas 30 

Coal and l ignite 38 

Imported fuel 261 

Imported phosphate 494 

Net exported energy ,1930 

Total available for use 1605 

* Units are coal equivalent petajoules per year, 1 977 data. 

+ Envi ronmental energies not only i nc l ude di rect sunlight but the 
work of the sunlight over the ,oceans contributing to New Zealand 
more ra i n ,  wind, waves, and geo l og i cal upl ift work than is the 
average for other countri es.  
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With our current �attern of exports and imports , 
our total energy l nfl ow i s  3535 petajoules per 
year ;  our total outfl ow i s  1 930 petajoules per 
year ;  so that our net ava i l abl e energy i s  1605 
petajoul es per year .  If New Zeal and were to 
revi se i ts terms of trade wi th the rest  of the 
worl d ,  stop exporting so many raw products l i ke 
sheep , timber and coal , and stop importing 
fi n i shed products (make our own ) ,  the resu l t  woul d 
be many add i t i onal petajoules  of energy ava i l able 
to the New Zeal and system each year .  I n  the 
fol l owing energy bal ance sheets for the future , we �ave �ssu�ed that New Zeal and does , i n  fact ,  go 
l n  th l S  d l rection .  

24. 3 AN ENERGY BUDGET FOR THE YEAR 2000 

Meanwhi l e , > l et ' s  return to our basi c  
question - how many people can our l i kely future 
energy resources support? An energy budget for 
now i s  g i ven i n  Tab l e  24 . 2 .  Next consi der the 
si tuation that may exi st i n  your l i fetime ,  when 
the avai l ab l e  petrol eum, phosphate , and natural 
gas are bei ng used . An energy balance sheet for 
New Zea land i n  the year 2000 might l ook l i ke 
thi s (Tabl e 24 . 3 ) .  

Not ice that hydro-el ectri c generation has 
doub l ed ,  that geothermal el ectri c generation has 
i n creased 2\ t imes , and that the amount of fuel 
i mported has dropped s ubstantial ly .  However, 
the most s i gnificant change i nvol ves the drop ,  to 
about hal f ,  i n  the amount of embod i ed energy bei ng 
exported . New Zealand , we have assumed , i s  
becomi ng more se lf-sufficient. 

I ncreases i n  hydro-el ectri c power are made 
at the expense of l osses i n  i nd irect envi ronmental 
energy because l ands are d i verted from agricu l ture 
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and l i fe support . I f  the present l arge energies 
embod i ed i n  export bal ance from New Zeal and are 
reduced , then the overa l l  energy i n  use i s  hi gher. 
In other words , there i s  economi c growth and the 
carrying capacity wi l l  have i ncreased . If our 
standard of l i ving  does not i ncrease ,  New Zealand 
coul d support 60% more peopl e than at present . 
Al ternati vely ,  i f  our population does not i n
crease, the present number of peop le  cou l d  have a 
standard of l i vi ng up to 60% hi gher than today ' s  
(Tabl e 24 . 4 ) . However , i f ,  as  seems l i kely ,  our 
popul ation i ncreases to around 4M by the year 
2000 , the avai lable  energy may a l l ow a �tandard of 
l i vi ng around 25% hi gher than the current l evel . 

Table 24.3 

Poss ible Energy Balance for Year 2000 

Renewable environmental energies ) Indirect 2282 

Natural gas 

Coal and l i gnite 

Imported fuels 

Imported phosphate 

Net exported energy 

Total used 

) Hydro-electri c i ty 400 
) Geotherma l -electri c i ty 30 

200 

300 

50 

400 

-1000 

2662 



Time 

Present 

2000 

2100 

Table 24 . 4  

Energy pcr person in N . Z .  i n  Future Scenarios 

Present population 

109CE-J/person 

� = 518 
3 . 1M 

2662PJ 
= 858 

3 . 1M 

2312PJ 
= 746 

3 . 1M 

Rising population' 

109CE· J/person 

2662PJ 
• 666 

4M 

2312PJ 
• 514 

4 . 5M  

* Based on population prediction. 

Table 24 . 5  

Possible Energy Balance for Year 2100 

1015CE J/yr 

Renewable envi ronmental energies ) Indirect 2182 

) �dro-electricity 500 

) Geothermal electricity 30 

Natural gas 20 

Coal and l i gnite 20 

Imported fuels 10 

Imported phosphate 50 

Net exported energy -500 

Tota 1 used 2312 

24 . 4  AN ENERGY BUDGET FOR THE YEAR 2100 

Nex t ,  l et ' s  l ook a head to around the year 
2100 - when much of the non-renewa b l e  energ i e s  
wi l l  have been used up b o t h  i n  New Zea l and and 
throughout most of the worl d .  (Tabl e  24 . 5 ) New 
Zeal and i s  then muc h  more sel f-suff i c i en t .  Con
s i derably fewer exports are necessary to buy 
essential  needs . The total energy ava i l ab l e  
i s  l ower than i n  2000 but h i gher than a t  present.  
Consequent l y ,  the carry i ng capac i ty may be up to 
44% hi gher than now. I f  our popul ation has 
stab i l i sed by then at a round 4 . Sm ,  the ava i l ab l e  
energy per capi ta i s  a l mo s t  the same a s  i t  i s  
today. Our standard o f  l i vi n g  may be s i mi l a r  
to that today , except that by then we may wel l  
have l earned to "do more wi th l ess " .  I n  a l ow 
energy worl d ·, New Zeal and may wel l  be a most 
favoured nati on . The nature o f  l i fe , howeve r ,  
wi l l  b e  very d i ffere n t ,  a s  we expl ore i n  the 
next exerci se .  
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ACTIVITIES 

1 .  Estimate how much Zand is necessary for your 
personaZ carrying capacity (area of New 
ZeaZand, 269' :J; 103 km2; popuZation, 
3. 1 :J; 106) .  

2 .  �at is the carrying capacity of sheep on 
paddocks that are receiving purchased inputs 
from the economy? �t is the carrying 
capacity without receiving inputs from the 
economy? (Hint: find out from an agricul
turist what tMir stocking rate is with 
fertiZiser and without fertiZiser. ) 

3. 
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�t happened to the introduced rabbits at 
the turn of the century when they were most 
abundant in New ZeaZand? �t does this 
teZZ  you about carrying capacity? �t is 
their situation now? 

4. Based on Figure 24. 1, what percentage of the 
uBefuZ work derived from flows Of energy in 
New ZeaZand wouZd be stopped if imports of 
phosphorus were cut off? 

5 .  ' Considering the data on energy per person 
in TabZe 24 . 1, in which direction do you 
think migration is most likely? 

6. Discuss the idea Of equaZity of people in 
the world cormrunity and the pres'ent pattern 

7 .  

of energy flow. How do your conclusions 
reZate to New ZeaZand? 

In considering internationaZ trade, expZain 
the difference between baZance of payments 
of money and the energy flows they pay for. 



25: Epilogue : the Lower Energy World 

Our current human systems are running on 
mass ive i nputs of non-renewabl e energies . Worl d 
popu lations have been growing excess i vely compared 
to ava i l ab l e  resources , with many countries ex
peri enc ing a l ow standard of l i vi ng .  

We know that the non-renewable fuel s that 
susta i n  our current systems must eventual ly run 
out, a l though the exact fuel reserves rema ini ng 
and the t imi ng of thei r depl etion i s  unc lear .  
And when they do run out , we must either support 
a l arge human popul ation wi th the much sma l l er 
quanti t i es of energy l i kely to be ava i l abl e from 
renewabl e sources , or popul ati ons must decrease ,  
perhaps catastrophi cal ly .  Thus , we face a 
tPansition from our current hi gh-energy , hi gh
growth worl d with unequal d i v i s i on of resources 
between soci eti es , to a l ow-energy , steady state 
world  of more equal soci eti es , supported by re
newable resources a l one . 

2 5 . 1  TRANSITION SCENARIOS 

In New Zealand th i s  may mean a hi gher stand
ard of l i ving  (energy per person) than i n  many 
countri es , because of the rich renewable resources 
of sun , rai n ,  and mountains - combined wi th l ow 
population .  How mi ght thi s transi tion come 
about? There are several poss ib le  ways . Figure 

25 . 1  i l l ustrates these poss i bi l i ties .  

In  the fi rst scenario ( Fi gure 25 . 1 ( a ) }  there 
; s  rap i d ,  unl imited use of the rema i n i ng non
renewabl e resources . We drive our cars as fast 
and as far as we can , cut al l the remain ing  
forests , and degrade our soi l s  by excess i ve pro
duction.  Consequently, there mi ght be a short
l i ved boom, fol l owed by a very pai nful period of 
di sruption , whi l e  the human system re-organi ses , 
based on renewable resources , and a steady state 
i s  eventua l ly establ i s hed . 

In the second scenario  ( Fi g i re 25 . 1 ( b ) }  we 
imagi ne that some new , unl imi ted energy source 
becomes ava i l abl e .  Armed wi th this unl imi ted 
energy source , we conti nue worl d growth wi th 
further extraction, consumption,  and pol l ut ion ,  
unti l the whol e b iosphere and human survi val 
mi ght be threatened . Fortunately ,  there seems 
l i ttle chance of a high net-energy-rati o ,  u�
l imi ted energy source being deve l oped .  

I n  scenario three (F i gure 25 . 1c )  energ i es 
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go into transit ion acti vities that make Sense 
for the future , such as developi ng renewable
resource , l ow-energy technolog ies . This  scenario 
produces perhaps a smal l amount of  further growth ,  
fol l owed by a s l ow decl ine to a steady state . 
The steady state may invol ve osci l l ations . There 
are several poss ib le  pathways , each depending on 
the degree of l imi tation of consumtpion of non
renewable resources ,  and the speed wi th which 
renewabl e techno logies are devel oped.  

So , two of the three scenarios that we have 
presented result  i n  a transition to a steady 
s tate human system - one poss ibly more comfortably 
than the other. The second scenari o, however, 
presents us wi th grave dangers . 

Let ' s  assume that we succeed i n  maki ng a safe 
trans it ion to a steady s tate soci ety. What wi l l  
i t  be 1 i ke? 

25. 2 CHARACTERIST ICS OF THE STEADY STATE SOC I ETY 

The structure of a system running only on 
envi ronmental energies i s  shown in Fi gure 25 . 2 .  
The energy fl ows are steady. I f  no add it ional 
money i s  created , the energy-dol l ar ratio wou ld  
remai n  constant ,  and there would  be no  inflation .  
As we have l ess fuel and l ess steel , transportat
ion may change - fewer pl anes may fly ;  some roads 
may not be repa i red ; trains may be used more , 
s i nce they can use ava i l able el ectri c i ty ;  more 
sai l i ng shi ps may appear instead of fuel -burn ing 
ships . 

Figure 25. 1 Al ternative New Zealand futures 

(a )  Continued boom and bust on  present enel'gy scurces 

(b )  Unl imi ted growth 

( c )  Patterns that make gradual transi tions. 



In  business there may be l ess competition and 
more co-operation .  In a mature natural ecosystem 
there i s  very l i ttle competition; each organ i"sm 
has its ni che . This may a l so be true in a mature 
steady state human soci ety. There may be l ess 
adveptising because it i s  energy-intens i ve and 
less necessary wi th fewer new types of goods to 
sel l .  Money wi l l  sti l l  need to be borrowed for 
replacement ,  but i n  a no-gpowth economy there may 
no l onger be profi ts from l arge new investments . 
With no new net growth , money may not make much 
money; the ri ch may not automati cal ly get richer. 
There may be more pride in efficiency and per
formance . Goods may be bu i l t  to last rather than 
with a pl anned obsol escence . So , we may have 
fewer ,  more durable goods . As fuel s get scarce , 
there may be fewer machi nes and more peopl e work
ing . Th i s  may hel p sol ve the employment probl em.  
Peopl e  are al ready changing their l i fe-styles to 
i ncl ude maki ng the i r  own bread , crafting furn i 
ture , and growi ng the ir  own vegetabl es . 

A steady state means no net growth . In  a 
forest at steady state ,  when a tree fal l s ,  new 
ones take i ts pl ace . In a steady state economy ,  
when a steel mi l l  becomes obsol ete , i t  i s  re
novated or cl osed down and a new one bui l t ;  the 
output of steel rema i ns the same. 

I n  human soci ety perhaps the bi ggest change 
in go i ng to a steady state may be in attitude -
from " bi gger i s  better" to " smal l i s  beauti ful " ,  
or "moderate i s  modern" .  Change may no l onger 
be a goa l , but pri de i n  doi ng the best poss ib le .  
Thi s i nvol ves a s ignifi cant change i n  peopl e ' s  
atti tudes , becau se our soc iety has been bu i l t  on 
val ues of progress and growth. 

Genera l ly ,  a l ower-energy soci ety wi l l  pe-

use and recycle .  There may be l ess rubbi sh  
thrown away , fewer j unked cars. A wi ndmi l l  made 
of old machi ne parts and i ngenu ity may pump water 
at l ow cost ,  whereas a new one wou ld  not provide 
net energy. MiniatuPization takes l ess  h igh  
qual i ty materi al energy whi l e  st i l l using h i gh 
qual i ty technol ogy - smal l calculators , computers , 
radi os , cars .  There may be l ess  choice i n  a l l  
areas - consumer goods , jobs , vacations . 

Construction may change from the bui l di ng 
of l arge houses and new devel opments to bui l ding  
sma l l  houses ,' and repai ring and remodel l i ng o l d  
ones . Al ready buy ing a new house i s  impos s i b l e  
for most young working coupl es ; they rent , bu i l d  a 
house wi th the i r  own l abour. or buy an o l d  house . 
House pl anning "  i s  &hanging to take advantage of 
the natural energies of trees , sun , and wind . 
Deci duous trees can be pl anted on the north to 
shade the house i n  the summer; in  winter when 
the sun i s  needed for warmth , the trees shed the i r  

Figure 25.2  

NaIM! 
fu""tord 
grassland 

Wask! 

AgriC\Jlture 
and fDn!st 
plantations 

Economy run on rene\'Iab 1 e sources. 
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l eaves . Insulation can save energy, and heat 
pumps use l ess  el ectri c i ty than e lectri c res i st
ance heaters . Lawns may be turned i nto gardens 
or tree pl ots , wi th more nati ve and fewer energy
intens i ve exoti cs .  Large projects l i ke hydro
el ectric  dams wi l l  be postponed;  the Mini stry of 
Works may spend more time on repai r of roads than 
i n  new constructi on . 

The power of government may become more 
l ocal , l ess  central . Large centra l i sed govern
men� ta�es much energy for transportat ion ,  com
mun l catlon, and co-ord i nat ion - an exampl e i s  
the tremendous amount of governmental paper 
work. The l ower-energy government may spend 
l ess on regul ations and subs i d i e s '  the budget 
i s  l i kely to be bal anced . Taxes

'
may be l ess , 

and �ore of them used for l ocal projects . Wel fare 
serVl ces may be provided by vol untary care - l ess  
government money requi red . There may not be the 
�nergy for government i nspecti ons of school s ,  for 
1 nstance , so 1 oca 1 'schoo 1 boards may have greater 
autonomy . 

Agricu�ture. i n  some areas , i s  al ready be
coming l ess  energy- i ntens i ve and more l and- and 
l abour- i nten s i ve .  Farmers , espec ia l ly  those wi th 
sma l l  farms , are u s i ng fewer pestic ides , fert i l 
i sers , and mach i nes ; they are expanding the use 
of l and and peopl e .  The trend is toward organ i c  
graden i ng with more emphas i s  on recycl i ng �nd 
composti ng .  Loca� production of wool c lothes 
may i ncrease , as i mported synthetic fi bres become 
harder to get and more expens i ve .  

Forestry may change from the growi ng of very 
l arge ,  energy- i ntens i ve ,  exoti c-tree pl antati ons 
to sel f-seeding areas with a d i vers i ty of spec ies , 
which are harvested i n  rotation.  Management may 
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use more l abour and fewer hel icopters,  l arge 
trucks , fert i l i sers , and pesti c i des .  With ex
pansi on of the use of l and for l ow-energy agricu l 
ture and forestry , there ' may not be much l and 
ava i l able for producti on of al cohol s for trans
porta ti on . 

Those concerned about the environment can 
rel ax the i r  worry about po��ution i n  the l ong-run 
future . Most po l l ut i on i s  caused by concentrated 
burni ng of foss i l  fuel s i n  cars and i ndustry or 
thei r use as chemi cal s .  These wi l l  decrease as 
the fuel s decrease , and popul ation concentrati ons 
wi l l  d i sperse. Techno logical anti -pol l ut ion 
devices may be used l es s ,  and natural recycl i ng 
may i ncrease. 

With fewer nati onal regul ati ons , l ocal schooZs 
may become more i nd iv idual . Programmes may be 
pl anned to fi t l ocal needs , i nvol v ing the teaching 
of sk i l l s  needed by l ocal industry or farming .  
Universities may become smal l er with more emphas i s  
on teachi ng and l ess on research.  They may have 
the respons i bi l i ty of storing the speci a l  know
l edge developed i n  the l ast century. There may 
be l ess exchange between countri es of  knowl edge 
staff and students . 

' 

Society i n  l ower-energy times may become more 
stabl e with sma l l er uni ts of government, l ess 
movi ng around , and more �oca� contro�. The trend 
may be that rel i gi on and soc ia l  customs wi l l  
decide va�ues rather than l aws . As peopl e know 
more of the ir  neighbours , there may be l es s  crime 
and more caring.  These changes are eas i er i n  
the towns than i n  the c it ies .  Peopl e are al ready 
movi ng out of the c i ties and suburbs . Those l eft 
i n  the ci t ies may become soc ia l  uni ts , and may 
even start farmi ng the vacant l ots .  



A growth soci ety needed an expand ing  populat
ion, but now' popul ation growth i s  s l owing i n  
devel oped countri es .  Women are al ready changing 
from a compl etely chi l d-home ori entati on to work 
i n  the money economy . One of the fasci nating 
questions is the future of the famiZy. Recently , 
with much energy and greater opportuni ties for 
women to have jobs and fewer ch i l dren , the fami ly 
seems to have become l ess stabl e .  Soon there 
may be less energy for moving and new jobs , but 
women wi l l  probably sti l l  have few chi ldren and 
be i n  the work force. W i l l  fami l i es become ex
tended - wi th parents ; one or two chi ldren,  and 
several non-rel ated members - l i vi ng i n  a smal l 
house i n  the country wi th several members working 
i n  a nei ghbouri ng i ndustry? Or wi l l  some other 
pattern evo lve? 

The l i ves of individuaZs wi l l  be affected by 
all  these changes . With l ess pressure for pro
gress , there may be better mental heal th. As 
technol ogical jobs decrease , pri de i n  work may 
increase.  Handcrafted goods may become popu l ar ;  
more time may be spent on  gardenfng for se1 f
suffi ciency .  

25 .3  MAKING THE TRANS ITION EASI ER 

Al though the steady state l ooks l i ke a happy 
time, the trans i tion may be d i fficu l t  and d i s 
rupti ve . The b i ggest probl em i s  to  exp la i n  to 
people what i s  happen ing and why their  way of l i fe 
i s  changi ng so drastica l ly ,  so  they can plan  and 
not be apprehens ive.  Educati on shou l d  be es
pecia l ly important now, to help peopl e understand 
what to expect and why .  If total energy goes 
down faster than populati ons decrease ,  and energy 
per person decreases , peopl e  may have to accept 
ei ther l ower sa l aries or higher unempl oyment. 

In the transi t ion , before people move out of 
the ci ti e s ,  pol l ut ion from the burning of coal 
may i ncrease. I f , the worl d ' s  extensi ve coal 
reserves are ful ly used to repl ace petrol eum , car
bon dioxide l evel s i n  the atmosphere may become a 
seri ous probl em.  However ,  coal smoke when it i s  
di spensed from houses i n  rural areas ,  may add 
needed nutrients l i ke sul phur to the l and . There 
wi l l  be pressure to turn wi l derness and forests 
i nto agri cul tural l and wi thout ferti l i sation , 
causing overgrazi ng and depl etion of soi l s .  If 
thi s becomes the pattern , the future wou l d  become 
l i ke the first graph i n  Fi gure 25 . 1 instead of 
the thi rd .  Socia l  d i srupti ons increase in un
certain  times ; crime , mental di stress ,  viol ence 
may al l become worse , before they decrease as 
peopl e settl e i nto smal l stable communi ties . 

You can th i nk of many ways to ease thi s 
trans i ti on from our h igh-energy growth soc i ety 
to the l ower-energy steady state . Here are 
several suggesti ons :  

Exp lai n  to fri ends and parents about the 
poss ib le  future . 
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P l an your education to l earn al l you can 
about how the world functi ons , and al so be
come sk i l l ed i n  several specif ic  areas .  
P l an for your future empl oyment - perhaps 
one job to f i t  i n  to the economy as i t  
seems now, and fl exi bi l i ty for the trans i t
i on and your pos s i bl e  l ower-energy job .  
People may have two pl aces of work - the 
c ity and at home on the farm. 
Deci de what i s  rea l ly important to you . 
Consider working to obta i n  l and .  

P l an your l i fe-sty le  to fit the possi b le  
futures . 
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ACTIVITIES 

1 .  Try a week of a diet with smaU amounts of 
protein (i. e. %kg high quality meat) and 
no packaged foods. Think of other ways to 
experience the 'lower-energy worU and try 
them. 

2. The steady state can be defined as a system 
in which energy inflows equal. energy out
flows. Give exampLes from the physical. 
wortd, ecosystems, and earty human societies . 
What are the inftows and outfLows in each 
=mpte ? 

3.  What do you think the tower-energy steady 
state witt be Like for you? What wi'll. you 
miss most from your present life ? What 
'least? 

4. What sort of retraining shouU be given to 
New Zealanders to prepare them for the 
lower-energy life ? How should formal. 
schooling be changed. 

5. Collect pictures of l.�energy and high
energy activities, and make a co LLage of 
each. Be prepared to use them to expLain 
your ideas about the changes to the class . 
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EPIPHYTES 1 1  
ESTUARINE systems 57-60 
EUTROPHY 50, 52, 53 
EXOTIC animals 14 
EXPONENTIAL growth 24, 25 

FARMING, high country 103 
FARMING, sheep 1 7 ,  18 , 73-76 
FEEDBACK control 13, 17-18 
FERTILISERS 67-69, 75, 77, 79 
FOOD chain 1 7 ,  18, 45 · 
FOOD web I I ,  1 2 ,  55,  57-59 
FOREST, beech 1 - 3 ,  6-9, 11-14 
FOREST S ,  exoti c 67-71 
FORESTS, Kauri 65 , ' 101-102 
FORESTS , native 62-65, 69-71, 101-102 
FUEL 97 

GOVERNMENT 125 
HERBICIDES 68-69 
HUMAN population 25 
HUMAN systems 122-126 
HYDRO-electricity 79, 95-96 

INFLATION 85, 87 
INTERNATIONAL trade 1 1 3  
INVESTMENTS, l and-use 104 
IRRIGATION 75 
ITERATION 35 

LIGNITE 98 
LIMITING factors 21 , 22 
LDGISTIC growth 25 
LUPINS 69 

MANAGEMENT 67-69, 75-76, 79 
MAORI cul ture 81-82 
MARLBOROUGH sounds 60 
MARSH 57 
MAXIMUM power principle 22 
MODEL, economic 106, 107 
MODEL , N , Z ,  system· 111- 114 
MODEL, predator-prey 41, 42 
MODEL, quantitative 32-38 
MODEL, rabbit popul ation 24, 25 
MODEL, world system 106, 107 
MODEL, yeast population 25 
MODELLING of systems 1-3,  6, 24-26 
MODERN soci ety 18, 19 
MONEY flows 83-85 , 87 , 112,  114 
MONOCULTURE 67 

NATURAL selection 101 
NET energy 89-90, 92-98 
NET energy yield ratio 92 , 102, 103 
NEW Zealand 106-107, I l l - l i S ,  117-120, 

122-123 
NITROGEN levels 75 
NUTRIENT cycle 6, 7 

OCEAN systems 45-48 
OIL 92, 93 
OLIGOTROPHY 50, 53 
OSCILLATING systems 41-43 
OXYGEN cycl e  7 
OYSTERS 60 

PATHWAY co-efficient 33 
PESTICIDES 67-69 
PESTS 67 
PHOSPHATE 75 
PHOSPHORUS 77, I l l ,  112 
PHOSPHORUS cycle 9 
PHOTOSYNTHESIS 6 ,  7 ,  1 1 ,  15 
PINE, monterey 67 
PINE, radiata 67-69 
POLLUTION 125 
PONDS 50-53 
POPULATION 117-118 
POPULATION growth mode l s  24-26 
PRODUCERS 3, 6, 1 5 ,  41 , 50, 62-64 
PRODUCTION, gross 20, 21 
PRODUCTION, net 20, 21 

RAIN forest 62-65 
RECYCLING 3, 6, 7 
RESPIRATION 1 1  
SAL INITY 59 
SELECTIVE l ogging 7 1  
STEADY state worl d 122-126 
STREAM, mountain 53, 54-55 
SUCCESSION 41 

THERMODYNAMICS, first law 7 
THERMODYNAMICS, second l aw 7 
TRACE e l ements 7 5  
TRANSITION 122 , 123,  126 
TURBULENCE 45 
TUSSOCK GRASSLANDS 77-79 
WAIRAKEI power station 96 
WATER cycl e  6 
WETLANDS 57 
WMALES 48 
WOOD wasp 67 




