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The hyvpothesis was adveanced that comparative interpretation

of multi-temporal photographs ocan be used as a tool

3

in  Environmental Impact Analysis (Eldd.  To teet

it

this

mvpothesies & site, Silwerstroomstrand, approximabel v A4
b : : ¥

il ometres

rarth of Cape Town on the West cosst was chosen.

At analyvsis  of  bthe site was carrisd owt uwsing  asrial

photographs  taken in 1938, 196G, 1968, 1971, 1977, 1981 and

at scales ranging from 137

Development of the site for recreation began in 1972 and in
1976, For  water extraction.  Fre-development photographs,

1968 and 1971, were stereoscopically compared

and the observations were interpreted wsing a systems

S

approach. Fy o the analvsis of  the photographs  and
information on past landuse, the dynamics of the silte were
described with particular attention to the responss of  that

~

gnvironment  to perturbations  such &z fire and removal of

vegetation.

Development tions werse analysed to establish Ay
gimilarity to past perbturbations arnd  on  the bhasis of

similaritiss, predictions of probable Juture re

the site (and hence impacts) were made. -



The predicted impacts were compared withs:

i. the interpretation of ~devel opment photographs

2. dimpacts identified by a multi- disciplinary pansl

Fter @ visit to the site

It was Found that  the major limitation of multi-~-temporal

ial photographs was the

atial reseolution of the sarly

{pra 1970 photographs.  However, the caepabilities of the

tool for—

guantitative and :Fm;"qunni l't1vu data gatherings

promotdrng arn understanding  of spatial  and toesmp o &l

relationships;

moni toring changes

commianicating information and

the faﬁt that it is economical
means that it has o a postive conbtribution to maks  to
Environmental Impact Analysis. It dis  suggested that the
pptimal wuse of the tool of cosparative interprstation of
multi-temporal  asrial photographs is  to combing it with

otiher  tools such  as  site visits and multi-disciplinary

panel .
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Al though  the Ffindings of this study  are based on asrial

photographs and  an essential  part  of

B

stereocscopic viewing, it dis unfortunately pronibitively
srpensive  to  Furndsh gach copy  of  the report with

stereopairs of all the pictwes used. Con

guently  only

Ex
Bed

and masth e Er Ay

Lx

single ocopies of  the sarli

7y
1

r; 1

photographs are included in the report.
- ] b

photographs represent & good  and  worst casdg, for

pictivre is of a good
pictuwre is of poor guality, limited cover and the area on
which this study is fmcuaaumq lies on  the sdge of the
piocture where maximum distortion occuwrs. In spite of these
limitations comparison of  these two photographs  taken

forty-five yearg apart gives the reader a good indication of
Bacause

the changes that have occurred within that time

of  the limited area of the study covered  and  the

distortion the 1287 photographs  have not  been  included in
the guantitative amnalvsis of the site.
Full details of all the asrial photographs used are 03 VER

in Table 4 on page 35, including  the individual sources of

thess photographs.



INTRODUCTION

"The aim of scientific explanation is to establish a general
statement which covers the behaviow of the objects or
events with which the science 1in gquestion is concerned,
thereby enabling a comnmection to be made betweesn separate
krown events and to make reliable predictions of events as

yvet unknown! (Goudie 1981:3).

Based on Goudie's statement above, Environmental Impact
Analysis (hereafter abbreviated to EIA) is a form of
scientific gxplanation for it is va process aimed  at
recognising cause  and effect; where the cause is any action
of & proposed project which has an effect uwpon the

environment. (Fuggle 1983:488)

The usual way in which the scientific analytical method
would  establish cause and effect would be to conduct
edperiments under controlled conditions. But, because of the
complexity of components and interactions that make up even
the simplest natural @nvifcnnmentF it is seldom feasible or
even possible to set up a controlled experiment to
investigate the behaviour of the whole system. Thus this
approach has severe limitations when applied to any complex
system. Methods other than the analytical experiment must
therefore be sought to investigate the behaviow of such

systemns,



Erickson, (1979: 260 describing the current evolutionary
stage of Environmental Impact fAssessment {(a process of which
Environmental Impact Arnalysis is an important part) comments
that "at this time the need of assessment is o
grperimentation wWith different approachess (and)  with
different analytical and inteagrative tools"

This study, therefore, explores the uwse of & series of
agrial  photographs taken at different times over a period of
decades (multi-temporal aerial photographs!  as  a tool for
providing  insights into the process of recognising cauge
and effect within an environment and predicting

environmental impacts within that same environment, :

Multi-temporal aerial photographs provide "frozen models! of
the envirdmnment at different points along a time continuum.
The changes in elensnts of the environment observed through
comparati ve interpretation can be regarded as the
‘eftects’ of previous events. If these effects can be linked
with known perturbations within the site (established by
interviewing previous landowners and managers, esploring
relevant research  and  from interpretation of  asrial
photographs & model can be developed on whiéh to base
predictions of futuwre change. The accuwracy of these
predictions will depend on the similarity in nature of the
past and futuwre perturbations. Even i there is little or rno
similarity it is suggested that the insights into the
dynamics of the area will make a valuable contribution to

the EIA process.



The hypothesis advanced i that the comparative
interpretation of multi~tempora aerial photographs is  a

viable tool for use in Environmental Impact Analysis.

As Talkenberg (1982:6) has indicated, holistic studies are
too  wide-ranging to lend themselves to the strict scientific
approach of hypothesis, test and conclusion. However this
study  attempts to evaluate on an objective gqualititative

basis, the hypothesis stated above.

THE AFFROACH TO THE STUDY

In the knowledge that major infrastructuwral changes had
taken place in 1972 at the chosen site, Silwerstroomstrand,

a series of panchromatic black and white aerial photographs

taken between 1938 and 19872 were acquired.

The study was then approached in three phases:
In the tirst phase, photographs taken prior to  the
infrastructuwral  development, namely in March 1938, December
1960, Aprdd 19268  and 'Dec@mber 1971, Wer g @y amined
stereoscopically. Fhotographic cover from the different
years was compared and  changes noted. The photographs were
interpreted using a systems approach, paying particul ar
attention to the observed changes.  Fossible causes for the
charnges were sought in:

1 Natural processess occurring at the site

2 Human actions within the boundaries of the area or its

surroundings.
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The proposed actions of the infrastructural devel opment
projects  commencing in 1972, were examined and grouped
according to gimilarity or dissimilarity with past
perturbations. Predictions of the impacts likely to result

from project actions comparable with past perturbations were

it

made on the basi

4]
i

s of the postulated cause and effect links

H

derived from the comparative interpretation of the aerial

photographs.

In the second phase, post-development photographs, taken in
March 1977, April 19681 and March 1983, were examined,
compared  and changes noted. The predictions of impacts from
the first phase were evaluated against the interpretation of
the post-development photographs. This evaluation acted as
an internal check on the validity of the predictions made in

the first phase.

Im  the fhird phase the cuwrrent impacts at the chosen site
were  ddentified and rated by a group of experts who
undertook a field visit to the study site. The results of
this exercise were compared with the impacts. predicted from

the first phase.

The study is presented in two parts.

Fart Une, encompassing Chapters 1, 2 and 3, gives background
intormation o the concepts used and reviews the
literatwe. Fart Two describes the site  and the methods

wsed, sets  out and evaluates the results and finally, draws

conclusions.



FART  ONE  ~  BACKGROUND

CHAFTER ONE

ENVIRONMENTAL IMFACT ANALYSIS

The inter-relatedness of all the facets -~ physical,
biclogical and social -~ of any environment means that ro

powerful external action can be expscted to have only ane
consequence which is confined to the facet at which it was
primarily directed. The action is bhound to affect other

facets as well. "Our old-fashioned common sense has not bad

to face such situations before and is not well adapted to

doing so. We nesd nowadays to be able to think not just

about simple processes but about complexs sevstems”

{(Waddington 1977 & xii). It is in response to this need and
the increasing pressuwres of expanding world population on
finite natwal resources that Environmental Impact Analysis

(IR and Environmental Impact Assessment, of which broader

field EIA is a part, have come into being.

Environmental Impact Assessment received considerable
impetus with the passing into law ot the National

Envirmnﬁentai Folicy Act (NEF#&) in the United States of
America on 1 January 1970, This fAct required that an
evaluation be undertaken of the pu*emtial environmental
impacts of all projects, laws and actions proposed by
Federal agencies. M@thodmimgies and technigues were rapidly

developed. to meet the new legal reguiremesnts and research
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and  experimentation burgeoned. Nezin terminol ogy also
proliferated with resulting confusion. Fuggle (1983:488) has
claritied the definition of the various terms and has
indicated the relationship of one term to  another.
environmental impact analysis has been described as "a
P Ocess cmﬂtainéd in  environmental impact assessment b3y
which the environmental effects of a project are analysed".
environmental impact assessment is  "the administrative
process by which the environmental impact of a project is

determinsd".

A number of authors have pointed out that because EIA
concerns  itself with complex systems and their even more
complex interactions, it ha; limited predictive power.
Considering only the biological aspects of the environment,
Moss (1976:84)  states that "in  perhaps more than 997 of
species, the detailed significance (of those species within
their ecosystem) .iﬁ completely unknown, simply because the
ﬁyatem is  too complex for ouwr  present abilitiess to
investigate it. Hence ouwr abilities to predict the future of

current ecosystems are very limited".

Add  to this the fact that interactions occur betweesn owr
social and physical environments and that we simply do not
know what &ll these relationships and interactions = =
(Erickson 197%:14), and the result is & further dimension of
complexity. Confronted with this considerable challenge EIA
faces & basic problem - whether to proceed more in the

direction of aralysis or more in  the direction of

integration (Erickson 1979:89).



Thers arg many indications of & move in the direction of
int@gra#ionn Gutkind (1986:1) describes a general trend away
from an  over emphasis on the purely analytical approach
toward synthesis and wnitary ideas. However he indicates
that both analysis and synthesis are needed and should be

applied to every problem on egual terms.

GomparatiVE interpretation of aerial photographs is a
potential tool for both analytical and integrative insights.
The integrative potential lies not only in the spatial
dimension it presents oF in the use as an interdisciplinary
tool, (see fuller discussion in Chapter 2) but also in its
wnigue ability to encompass the dimension of time through
compari son o f mul ti~temporal aesrial photographs of a

particular area.

"The conquest of the air enables mankind for the first time
in its history to experience  (Lhe) interaction (of man and
natuwre shaping the face of the sarth) inm all its innumerable
ramifications. A new scale in time and space has Eean added

to ow mental and material eguipment” (Gutkind 193é6:21).

Orie of the responses to dealing with the problem of
complesity has been to draw heavily on the insights of past
@HRpErience. Moss (197462870 comments that the only
predictions that can be made about ecosystemns are broad ones
based on previous eexperlienceé. Against  this background
comparative interpretation of aerial photographs may have a

urigue contribution to make to EIA.



CHAFTER TWO

AERTAL PHOTOGRAFHY

Whenever there is no physical contact between an object and
a sensor the process of remote sensing occurs. The simplest
form of remote sensing is merely looking at  an pbj@ctn
Basic to the process is that some form of energy must be
reflected by, or transmitted from, an ocbject to & sensor.
ferial  photography is  bat  o;ne  small section in the broad

topic of Remote Sensing.

Information can be derived from &Il parts of the
electro-magnetic spectrum, with each wavelength furnishing
different data. Im this study only information from  the
vimible portion of the spectrum has been considered. Whilst
this represents & small fraction of the total range of
wavelengths of radiation that can be remotely sensed it is
the portion that is most easily captured in a permanent form

as a panchromatic black and white photograph.

The greater the distance between object an sansor the more
information that is generally included in & scene, but the
amaller the scale of the resulting image. A sensor on the
platform  provided by an aircraft observing the ground
normal ly depicts a view of smaller scale and greater
regional perspective than a sensor on the ground, whilst a
spacecratt—borne sensor gives information at an even smaller
scale and with a broader perspective than the aircraft-borne

SEMNSOFr .
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. LGe.of _aerial photography for this s

Many human activies create change on a measurable scale and
add mnew compmnentﬁA to edisting natural processes. fE &
result rew inferactimng are generated wﬁich result  in
environmental effects and potentially in  environmental
impacts. To understand  environmental impacts it is necessary
to detect, and where possible measure, changes that Dccuﬁ in
the environment. Multi—temporal photographs lend themselves
to detection of a wide range of change and hence offer a

means of detecting environmental impacts.

0f the varicus types of seqguential remote sensing imagery
that are available aerial photography was chosen because it
provides the most retrospective view of the South African
ernvironment. Aerial photography began on a regular basis in
South Africa in the 193207s, at & point  in the development of
the country when many of the major envirommental changes of
taday had  not  yet manifested themselves., The early
photograpbs can thus often provide baseline data against
which to  measuwrese  subseqguent change. As  all  the early
photographs were panchromatic black and white this was the

imagery chosen for this study.

e The I

i
P
m
iT
i
G

araphy

i
i
I

The analytical approach  that has characterised the
scientific method has been responsible for many of the
insights  and achievements of science and technology.

Mevertheless, a narrow focus on & single aspect of a problemn
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has not, on its own, proved a satisfactory means  of
approaching environmental problems. The interrelatedness of
the components of a single system = rainfall and
vegetation as components of the ecosyvstem, and the
interrelationship between different systems &.. physical
and social systems, requires the addition of & broader
integrative view to complement the analytical approach
(Gutkind 1953621). Buch an holistic approach which aggregates
the results of analysis, seeks for patterns and interprets

them within the context of a broad systemn, is the goal of

o

=eonlogists and environmentalists.

The synoptic view offered by an airborne platform is a major
contributor to the holistic nature of aerial photographs
(Gutkind 1956:1. Weisser 1979570). Thi s i because
patternings - and interfaces are more readily apparent
(Edwards 1272:1020), and becawse it is often easier to
appreciate the significance of system components from the
wider perspective lent by distance. For example stream
valleys may appear as relatively insignificant irregular
depressions  between rolling bhills when viewed from the
ground but their structure and function, and hence  their
gignificance within the landscape, readily become apparent
on oan asrial  photograph. Furthermore, the range of
information that can be collected from serial photographs

promotes an holistic approach. An example of this is that

frrchaeonlogy, the epitome of an integrative  disciplines, is
increasingly wsing them to gather information about the

distribution of resouwces and other environmental properties
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(Ebert 198B0:1). @A measwe of the growing importance of
agrial photographs in this context is the appearance in 1977

gf oA jownal entitled Asrial Archaslogy.

It is because agrial photography is an holistic tool that it
opens a broader view on the relations between various large
scale natwal phenomena (Schanda 19786310, In addition to
the spatial perspective offered, & sequence of images of the
SAME  area at different times offers a temporal perspective
which is an important ingredient in the holistic viewpoint.
The slow steady incremental changes which insidiously
escape  detection on the ground are wnambiguously evident on
sequential aerial photographs of the same area. Repstitive
observation gives an overview of earth dynamics previously

gifficult or impossible to obtain.

The broad spatial and temporal  perspectives aof asrial
photographs make them an  eminently holistic tool which
should have a wvaluable contribution to make to any attempt
to understand the dymnamics of the environment.

P

L.3 perial photography and environmental impact studies.
Pfppendix A gives a review of the uwse of asrial photography
irm South Africa. From this review, it is apparent that in
the past decads a considerable body of information has been
established from research involving air photos.

Althouwgh  there is & clearly iddentifiable trend towards

greater wse of aerial photographs in monitoring studies,



G
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there is no eviderce from the research proposals for 1284
and the ressarch register of the Natiomal Frogrammes for
Remote Sensing that any attention is as yet being focussed
on  ressarch into the contribution of Remote Sensing to
Environmental Impact Studies in South &rica. This 1dis in
contrast to the gituation internationally where an
indication of this trend is shown in & recent issue, March
1981, of the journal "Remote Bensing of the Environment" in
which an advertisment appeared f+or a book on "Remote Sensing

and L.and Use Flanning and Environmertal Impact Assessment.”

Multi~temporal studies have fuwnished valuable intormation
on  the dynamics of processss operating in the area
photographed. Mot only is information available on  the
processes operating but it is also possible to deducs the
rates of change at which they operate. The information
that is being accumul ated about changes in  the environment
being incuced by  human activities has an  important
contribution to make to planning  and management as well as
to case studiess of how the South African environment has
mhanged. Overall the insights afforded by the use of
agrial photographs are providing environmental perspectives

that would not otherwise be available.



CHAFTER

COMFARATIVE INTERFRETATION AND

Image interpretation is  "the

ard classifying the Earth's sur

characteristics using remoteal y

1981:80) . The way in which

the theoretical constructs of the

which the data are being

interpret vegetation guite differentl

The environmentalist

approach problem solving with

disciplines. Thus the theoretical

gnvironmentalist would interpret data

theoretical base to unify the

contributing disciplines. The

for achieving this. (1971: 1)

Chorley

e identitied at all scales

of complexity... reality is a

Indeed, it may be thalt such a view 0
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L Byvstems and _the Bystems Approach

The formal definition of & system is - "a set of objects
together with relationships between the objects and hetwesen
their attributes."The definition fails to give the slightest
hint that the system itself is relative to the viewpoint of
some observer. The idea of selt is very common in mathematics,
but contrary to the impression of precision it gives, it is

e of the undefined_pri

rige mitives in most theories" {(Meinberg

1975:463) . In essence, a system is & way of looking at the

world. The consequence of this is that "Oytems are thoroughly
man—made...When we include a given relation in a system, or
omit it, we may do well or illi but such an inclusion oreates
e truth, and such omission indicates no falsity. The
justification for one’s procedure, in this respect, is purely
pragmaticy it depends upon the relevance of what is included
or omitted to the purposes which the system 18 dLJ]gn@d to

satisfy. (Lewis and Langford, quoted in Weinberg 1975:61)

The systems approach dis  an aid to thinking. it is & much
needed aid when thinking holistically about comnplex systems.
It is sigmifirﬁnt that much of the Systems literature cites
gnvironmental problems as  an  example of an area where the
conventional analysis that "& causes b, b then causes o, then
c causes d', i guite inadequate (Waddington 1977:xi. Dury

19810,

Lilienteld (1978:10) points to one of the powerful attributes
of the systems approach when he comments "What is relevant to
the development of systems theory is the ‘“organizing”

property of contextualism. The world of Kperience is seen



as & chaons of potentialities that spring into a meaningful
form only  under an organizing context. Farts are meaningless
when detached from a whole; more than that, they are not only

meaningless but often simply unperceived or unperceiveable.”

Odum (gquoted by Erickson  197%:88) points to new insights
resulting from the use of a systems approach when he says

that science shouwld not only be reductionist in the sense of

seeking to understand phenomena by detailed study of smaller

and smaller components, but also synthetic and heolistic in

zEnse of

ﬁ
x
o
i

seeking to wnderstand larger components  as

i

functional wholes. Odum also indicates that an important

consequaence of hierarchical organization iy thalt as
comnponents are combined to produce larger functional wholes

new properties emerge that were either not present o not

evident at lower levels.

The systems approacﬁ is certainly not without its critics.
Lilienteld s view (1978:24%) is that the system is, like the
experiment, an arbitrary way of organizing a small aspect of
phenomena; at best it is an  analogy with which one can
perform no operations. He states that systems theoriste have
shown  an  ecumenical bent, claiming significance for their
work  beyvond the limits of any one specific discipline.

{ilienfeld 1978: 1539 .

Whatever its limitations, the syslems approach aoffers
sufficient insights to be used in this study as &

theoretical basis Ffor interpretation of data extracted from

aerial photographs.
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Z.de Comparative interpretation_and chanae.

The specific concern of environmentalists i

i

the change
induced within an environment and whether this change will
remain  within the range which can be accomodated by that
particul &ar - environment. Comparative interpretation of
successive aerial photographs of an area is particularly well
suited to the detection of change and is  thus of use to

srnvironmental ists.

Change is an alteration in state or guality. Within any
environment there is change which may be due to cyclical
variations —diwnal, seasonal, successional 4 erosi ornal
tectonic. Thus any environment fluctuates within certain

limits as part of its normal  functioning. Materials and

energy flow through the system interacting with the proce
of that system. When human actions remove material or energy,
or introduce material or energy of a different nature or of a
different order to that which is the norm in an environment,
changes occuw  if  the system is uwunable to accomodate the
alteration. Some of these changes will manifest themselves

vigibhly and can be captured on aerial photographs.

Comparative interpretation adds a time dimension to the
picture that it builds of an area. In the case where the

L

earliest cover is decades before the present it is unlikely

+

‘hat any other sowce can furnish  this  invaluable data. From
this time dimension an idea of the dynamics of the site can

be obtalned.
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Howsver  in compafing“&mrial photographs there are souwrces of
change that are edtrinsic to the enviromnment which is
remotely sensed, for example: scale of photograph, film type,
time of day and season of data capture, type of photographic
paper, distortion due to position of the featuwre relative to
the principal point of the photograph. It is important to
appreciate the presence of these extrinsic changes so that
variations due to extrinsic factors can be screened out as

far as possible when using comparative interpretation.

For those involved with EIA, and thus seeking cause and

effect relationships, compairative interpretation of
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FART  TWO - THE S5TUDY
CHAFTER FOUR

THE S5TUDY AREA

The selegction of the study site was based on the following

criterias

i The existence of impact inducing activities wupon
the site.

ii The availability of adequate aesrial cover h@#aré and
after the onset of the impact inducing activities.

i1i Relative isolation from influences exerted by impact
inducing activities other than those occwring on
the site.

iv Accessibility for field visits.

o2 Natural featuwres of the site chosen.

The site chosen was 5ilwerstroomstrand, located at 18 21
Fast and 3% 2é&  South on the farm Buffels Rivier. The
location and boundaries of the study area are indicated on

Figure 1.
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The boundaries were selected to i

of the two major development

water extraction. The whole dune

chtain a more complelte understand

this

within Yyt e,

i pgrraphy

The study area 1is part of a

Tertiary to Recent marine and ago

rocks of the Malmesbury series.

series ouwtocrop along  the coast
inlets {(Bredenkamp 198%:3-4).

of limestone provide relief in

197Zs11) . To the north of the

"dune

triangul ar plume”" and 1
coastline to the south.

Glimat

The average annual rainfall is 3
mainly during the winter mon
1982y, A detailed monthly record o
Electricity depot from October

given in Appendix RB. Summers are h

southerly winds whilst during win

prevail with speeds noticeably
(Fuggle 1974 3 350,

Vegetation

The vegetation Fforms part of

Strandveld. Moll calls this form W

activities,

Slates

Dunes and occasional
the coastal plain

site

rnoclude representative areas

recreation  and

plume was also included to

inog of the processes acting
coastal Jlowland in which
lian sands are underlain by

af  the Malmesbury

giving rise to bays and

outcrops

(Callaghan

there 1s an edstensive
inear dunes parallel the
EEO - 400 mm and  ocouws
the (W Duckitt pers. commn.
f rainfall at the Atlantis
1974 to December 19B3 is
Dt with strong prevailing

ter months northerly winds

1ower tharn the summer winds

Acocks Veld type 4,

est Coast Strandveld and
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describes it as open to closed (40-90%) canopy cover,
wsually high and rarely tall communities, with a mixture of
broad-1 eated, mvwrgreeh deciduous and succulent elements.
The understorey has a perennial graminoild component, as well
as & large annual component, consisting of annual herbs,
including sudcuwlents and geophytes ((Moll in press). There
are noticeable wvariations within the area such as  the

riverine vegetation and the limestone outcrop communities.

Hunting.

The Ffynbos region in which the study site ocours has been
inhabited for hundreds of millennia before the present,
(Deacon 19683 @+ 183 with the early inhabitants using the
environment as hunter-gatherers. Two thousand years ago
pastoralist Fhoisan tribes emigrated From the north and
followed & pattern of seasonal migration through the area.
Although they uwsed fire to improve the graszing for their
sheep and cattle, Avery (1981:6%) states that the impact of
indigenous people Was rnowhere near that which the
gstablishment and subsequent expansion of permanent European

settlements initiated thereatter.

Middens left by the early inhabitants have besen discovered
in the durnes. The University of Cape Town Archaeclogy Field
Club, working inm the Bilwerstroomstrand area in 1978,
ohserved that neoticeably high dunes often contained shell
middens and suggested that the middens might stabilise the

duries (Tim Robey personal communication 1983).
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(Al dinformation  on landuse under settled farming has come
from Mr. Wilfred Duckitt, who farmed the area from 1946 to

1944) .

The =arliest record of settled European agricultwe dates
back to the mid eighteen hundreds when THockie" Duchkitt
ghtained the farm, Ruffels Rivier. The area has Dheen used
primarily  for  grazing of sheep and cattle. Managemént
practices have involved regular patch burning "to keep the

veld young all the time" and "dragging (pulling a six metre
rail  behind a tractor) to enable cattle to utilise the

vegetation which was otherwise too dense for grazing.

To encourage vegetation growth on the dunes and the growth
af  "buffelsgras", a favouwrite grazing grass of stock, a

canal, parallel to the shore and north of the river mouth,

was dug betwesn 1948 and 1956 . (This is marked as “Bilver

Stream’ on  the map, Figure 1). Marram grass, Annophila
argnaria, was planted on the northern part of the dunes in
the 1930%s, Concurrent with the digging of the canal, four
rows of marran were planted across the path of the
prevailing southerly winds at the southern, end of the dune
plume to further aid growth of vegetation on the dunes. (One

of the rows is clearly visible on the 1960 and 1968 aerial

Between 1962 and 19464 the unstabilised dunes were fenced to
exclude stock which it was appreciated would impeds plant
growth. The rest of the farm was also fenced into camps to

better control stock and grazing.
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Mo reliable records of visitor numbers are available prior

v

to 1982. From February 1982, however, an individual entiry
charge has been levied and it is possible to obtain  an

indication of visitor numbers from that time.

Table 1 gives a monthly breakdown of visitor numbers  and
when plotted, the bDroad pattern, shown in Figure 2, is of
summer usage with peaks at the Easter and Christmas hoeliday

periods.



MONTH ADLULTS

note 1

CHILDREN CAMFERS
note 2 note &

TOTAL VIS-DAYS

February 82 1365
March 82 1527

611 2

April 82 2150 &S0 1424
May 82 477 123 26
June 82 1187 184 =g

July 82 635 4é

fAugust 82 22 156 46
September 832 1310 E72 &8 1730
October B2 2057 479 2536

10
2152

098

2240
4611
8604

761
1478
2348

Z01l
8241
140350

Movember 92
Decembher 82
January 83

TOTALS 2 HEEE 76T HF5H 41166

AR o R 2 R

MOMNTH ADULTS CHILDREN CAMFERS TOTAL. VIS-DAYS

February 83 1140 ”0” 13242
March 83 1707 42 14 ZQéL
April 8% IBE1 1126 08 SEE5
May 83 464 102 Sb66

June 832 206 25 A
July 83 227 0 257

—g9 7 b

Tl 1351

August g3

September B3

Uctober 83
November 83
December &3
January 84

1870 17383

18%6 554
4870 1970
4164 4724

g

1508
10934

46468
2444

TOTALS

21857 10242

8304 40407

note 1 An
note 2 & Ychild”

note 3 "Campers”

vigitor-days

Lo 2k

"adult"”

WERSTROOMSTRAND Y

is anyone over the

iz anyone between the ages of
as number

are calculated
(VIS-DAYS)

of twelve.
twelve and five.
of people x 2 to give

age

JISITOR NUMBERS Feb.g2 - Jan.84
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A perennial  natural spring is one of the featuwres of the
site. Whilst initially, the intention had been to pipe water
+or the Atlantis development From the Berg Flver,
investigation of the spring revealed that the area was
underlain by an - aguifer with considerable potential for
water gxtraction. The use of the undeﬁground store of water
was therefore initiated to provide water for the planned

Atlantis complex.

Conseguently a second focus of development was initiated.

The Silw@rstrﬁmmstrand aquifer is 52,58 kme  in  extent and
gstimated to contain 71x10® w7 of water {(Bredenkamp
1982: 182 . This aguifer is orie of three units comprising the
Atlantis agquifer system which in turn forms pert of thes vast
primary aguifer which stretches from the Feninsula to the

Olifants river. (Bee Figuwrse 3.3

The existence of the aguiter 1is due to the presence of
extensive deposits of  pordus  and perpeable sediments
underlain by the virtually impermeable rocks  of  the
Mal mesbury series. The sffect of this combination is that
raintall passes through the sediments to be trapped at the
interface with the Malmesbury shales Jforming a vast

underground dam .

By 1976 the infrastructure needed for the removal of water
was complete. The height of an existing weir below the

Y

natural sSpring WaS raised slightly. A treatment
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plant consisting of sand Filters, chlorination and pH
adjustment facilities was built, as  well as a reservoir,
pipeline and pumps (M- Gordon Stewart of Liebenberg and
Stander Consulting Engineers; persomnal communication 1983,
From 1976 to 1978 water was removed from the spring only. In
1972 thiree boreholes were brought into production, followed
by two more in 1980 and a further twe in 1983, The location
pf the structures and the first Ffive boreholes is shown on
Figure 4. fAs the seven boreholes produce more water than can
he transported by the pipeline to the reservoirs at Fella,
which dis 18 km to the East of Silwerstroomstrand, the
further threese boreholes on the site are uwsed in & standby

capacity only.

Initially the water from Silwerstroometrand was adeguate for

both the industrial and’ residential needs of Atlantis.

However, by 1280 demand had exceeded supply and development

of the other two wnits of the Atlantis system, the Witzand

and Wesflew uwnits, was initiated. The 1Duatimﬁ of these
units is shown on Figure 3. By 1987 Silwerstroomstrand was
providing water for residential needs only and it is
@etimated that this unit will continue to be able to supply

the domestic water reguirements wntil SUMMer 1985
(Bredenkamp 1%82).

Takle 2 indicates the amount of water removed from

Silwerstroomstrand from September 1976 to December 1983,

Téble % gives the Annual water extraction from the whole

Atlantis aguifer system for the same period.

The effect of the water extraction is monitored by the'

Direcfmrate of Water Affairs of the Department of the



1976 1977 [ 1978 1979 1980 1981 1982 1983 TOTAL
Spring 99 878 428 212 699 796 619 604 709 505 863 842 466 970 318 418 4 206 225
629757 ¢ 82 096 100 333 89 692 228 702 141 054 641 877
G29794 138 711 163 488 | 221 251 346 876 339 872 1 210 198
G30865 118 211 131 423 | 182 666 230 891 195 495 858 686
G30991 30 666 100 511 210 300 71 520 412 997
G30999 41 965| 188 495 152 456 205 443 588 359
G32952 182 594 182 594
G32954 278 673 278 673
Total 99 878 428 212 699 796 958 622 |1 177 380|1 646 457{1636 195 1 733 069 8 379 609

TABLE 5 : ANNUAL WATER EXTRACTION_ IN M3 FROM THE SILWERSTROOMSTRAND UNIT OF THE ATLANTIS AQUIFER

note 1-G29757 to G32954 refer to the individual production boreholes

1976 1977 1978 1979 1980 1981 1982 1983 TOTAL

99 878 428 212 699 796 993 849] 1 275 322 1 783 693 | 2 433 435 | 2 945 546 10 659 731

TABLE 3:

3

ANNUAL WATER EXTRACTION IN M~ FROM THE TOTAL ATLANTIS AQUIFER

113
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Environmant. A network of 81 observation boreholes is
distributed throughout the Atlantis system. Although there
has been little change in the overall pattern of the water
table, water extraction is certainly resulting in a drop in
the level of the water table. Maximum drop heas been of the
order of Sm and predictably this has occurred where pumping
takes place. Figuwe 3 shows the drop in water table from

April 1978 to March 1782.

‘q' 4 E} "

The site satisfied the criteria specified at the beginning
of Chapter 4 in that:

1 Two majior types of development occuwrred From the

mid 1970°s -~ recreation with formal amenities and

extraction of above and under-—ground water.

& Fre-development asrial photographs had been taken
in 1938, 1940, 1968 and 1271, Fost-development
photographs fi-om 1977, 1981 and 1983 WEr &
available.

A Up to 19272 the Silwerstroomstrand area had remained
relatively isolated from impact inducing activities
other than farming. This was because undeveloped
land still existed in nearby wban areas. By 1972
the pressure on these areas was such that other
foci of development had to be sought.

4 The site was accessible in terms of distance from

Cape Town and the responsible local authority, the
Divisional Council, readily gave permission for

visits to the area.
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CHAFTER 3
METHODS

The data for the study were obtained from three sources
fierial photographs
Interviesws

A site visit by experts

prime souwce of aesrial photographs is

the bHurveys and Mapping Branch of the Department of
Community Development, Mowbray, Cape. Further cover is
frequaently available from sources such as  the local

administrative authority, universities, state departments,
research bodies o consulting englineers assoclated with any

projects undertaken at the site.

Im the case of Lilwerstroomstrand, cover was available from
the Surveys and Mapping Branch as well as the Data Rank of

the local authority, The Divisional Council of the Cape, The

Fisheries Development Corporation, Viskor, &
guasi—government body responsible for  the planning  of

harbour facilities, and The Institute for Remote Bensing and
‘motogramnetry at the University of Cape Town . For reasons
discussed in Chapter 2: only panchromatic black and white

cover was selected, consequently the colow and infra red

cover held by the University of Cape Town was not used.
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fs the site lies on the coast, the asrial photographs are
classitied and permission for their uvee had to be obtained

from the Defence Force.

Job Strip Number Scale Date Time “uur*
{approx. )

126 60 10528/9
126 60 1OB2E/ 4
454 23 BOIL/T
619 11 340/ 1
5 1085~9
18 2523-5
786 & 407
= P4G~5

23 000 03/193B 10h3ES Trigl
20 000 0X/1938 1OhE0 Trig
Ih 000 12/1960 10ORES Trig
A6 00D 0471968 11h47 Trig
QOO0 1171771 O9h12 D CC
QOO 1271971 16hE0 DCeC
QOO OE/1977 1iRZE0 Trig
OO0 04/1981 12h25 DCC
4 ?6J~9 Q00 0471981 12h3E0 D CC
871 46 L& Q00 0E/1%83 135hES Vigks

-
o

3

w

{52

3z @3 83 33 ag =z @3 3s 30

—
an
—

¢ v
o 00

I o= Burvey and Mapping Branch, Department of Community
Development
2 = Viskor photos available through source 1.

_TABLE 4__DETAILS OF AE - EHOTOGRAEHE USED

Orthophotos 3318CE 8 BUFFELSRIVIER and EI18CE 7 BDHRI&%'ﬂ
WE 6 m%ed to produce a base map. The control points chosen are

oy

shiown in Figure Q.

ilitative

§a=

Gl analysis. Successive covers were sxamined and

compared using a Topcon mirror sterecscope and changes were
noted.

ferial photographs contain considerable amounts of information
which may not be readily perceived. It was found that esach
successive  viewing revealed further information. Lilienfeld®s
comment (197 B"lU).“that parts are meaningieﬁﬁ when detached

from a whole: more than that they are not only meaningless  but
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cften simply wunperceived or unperceivable" is particularly
apt and highlights the need to interpret asrial photographs
r

in the framework of a conceptual context. Use of a systems

approach was found to satisty this need.

alblive analysis. For any comparative quantitative
anal yeis, distortions in  the photograpbs must be removed as
far as possible and the data brought to & common scale.
There were three possible methods by which this could be
achieved.

1 Hephbtographing @ach photograph anmd adjusting it to

the scale of & base map drawn from orthophoto maps.

2 Tracing off the desired features and photographically
adiusting these to the scale of the base map.

suchh as the one at the

o

F Using a Zoon transferscope
Fetuarine  and Coastal Research Unit, Stellenbosch) teo

transter features onto a base map.

A1l three methods were explored and the first and second
were used in the cowse of the study. Although the Zoom
franﬁ¥@rﬁcmpe is  an extremely useful teool for traﬁﬁfering
information of one scale onto a base map of a different
gscale, the Ffield of view is limited and unless there are
adequate reference points to ensure an accurate match, the
B O factor vcan, bres gignificant (Ferry personal

communication 198%).

The First method offers the most flexibility in  data
collection. The disadvantage, i+ the original photograph is

PO is the loss of guality in the scale-adjusted copy.



This loss of quality can be seen by comparing the original
1983 photograph in Figuw e 11 with the scale-adjusted copy in
Figure 18. I+ the technical problems can be solved, this is

certainly felt to be the preferable method.

The second method was used most extensively in  the study.
Figure & shows the steps in the process. The figure also
illustrates & “worst case’, where a considerable scale
acdjustment, from 1:50 000 to 120 000, is made. The

thickening of the outline obliterates detail and

necessitates redrawing the map after it has been enlarged.

Once  the data from all the covers were at a common scale
{(the base map with its reference points is shown in Figure
7Y measwemnents could be made. Length was measured using a
digital map reader developed by Flepp in the School of
Environmental Studies, University of Cape Town. Measuwrement
of areas of wnvegetated mmbii& dunes posed a challenge as
very small non-contiguous  areas had  to be measwed. The
aclution emnploved was to ué@ a light table to transfer the

areas onto graph paper and to then count the sguares.
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Step 1.
Data traced directly from the photograph

9T csoT o1t

Step 2.
Tracing enlarged to the
scale of the base map.

FIGURE 6 STEPS IN DATA EXTRACTION FROM PHOTOGRAPHS
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Transparent overlays were made of the data exntracted from
gach different cover. (These are to be found in the plastic
sleeve at the back of the thesis.) These significantly
assist comparative interpretation. They also reveal a
problem in this method, in that whilst the adjusted maps of
19328, 1960, 19468 and 1971 registered satisfactorily with the
hase map drawn +rom the aorthophotos, the 1977 and 1981 maps
do not register consistently over the whole area. However,
by moving the transparencies relative to one ancther small

argas can be registered and so compared.

By making a mosaic of the larger scale photographs (1981)
the registration with the ortho-photo derived base map
couwld be improved. This solution was not used as the 1981

photographs wersg on loan and could not, theretore, be cut.

Semi-guantitative analys]
Yegetation condition is less amenable to objiective
measurement tharm is area or distance. However, i1t is

possible to give a semi-quantitative evaluation of the state

of the vegetation.

Two transects were taken, one from the coast inland and oane
along the coast. The position of the transects is shown in
Figure T Transparent overlays with grid SOuares
approdimately 9 ha each, adjusted to the scale of the
different photographs, were prepared and placed over the

photographs of the same scale.
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To rate the condition of the vegetation in each grid square
a seven point sgale was used: -

1 No disturbance

2 Minimal disturbance

E Noticeable distubance
Moderate disturbance
Marked disturbance

6 Severe distuwrbance

7 Gross disturbance

g &

To obtain background information on-

the natural features of the area

ot

ii  the past landuse and tenure

iii the present landuse
interviews W & conducfed with researchers, managers,
enginesrs and planners involved with the area and with a

previous owner of the farm Buffels Rivier.

A panel of experts, representing a range of disciplines,
gach  with some knowledge of the area o of the type of
projects undertaken there, was taken on & field visit on 12
March 1984 to identify impacts. (Appendix C gives details of

the panel members.)

The impacts to be identified were either
1 directly observable, or

2 couwld be inferred i.e. they were not themselves

vigsible but could be deduced from direct phservations.



Thus the inferred impacts could be:

2ol pres

=ntly occurring but not visible

oy oy

Zed likely to occocuwr in the future
-

203 the result of erstwhile actions no longer

CCCWring.

The impacts were then rated in terms of the degree to which
each was accommodated by the environment. Because of the
multi-disciplinary nature of any EIA panel, there should be
a range of opinions in rating impacts and there are no
“right’ answers. Consequently reliance is placed on the
grperience and insights of the panel members to reach a
gatisfactory conclusion. Thus the edesrcise of rating the
impacts so  that reflects the considered opinions of the
group of esperts is reflected, can be regarded as a decision

r

making exercise which is undertaken wnder conditions of
uncertainty. Resgarch has  shown that decision making under
conditions of uncertainty is more accurately done by groups
and that the most accuwrate group Jjudgements are made using

a technique involving iteration with controlled feedback

(Stauth 1983 :1560-165).

Far this reason  the Delphi techrnigue, which seeks the
insights of generally EkEnowledgeable and respected persons
and wses their judgements as systematically as possible, was

selected to rate (and therefore rank) the impacts.

The data from the fthree sowces, aerial photographs,
interviews and the site wvisit by experts, WAaS then

correlated and evaluated.



CHAFTER &

INTERFRE" OF PRE-197Z AERIAL FHOTOGRAFHS
Introductien

The - systems approach was the framework used for comparative
interpretation of the aerial photographs taken before the
onset of infrastructural development in 1272, Environmental
systems and their constituent slements were thus identified.
Descriptions of human actiupﬁ within the study area were
derived Jrom analysis of the photographs and from
information fiom interviews. Comparison of sequential
photographs showed the changes in both  the environmental
@lements and human actions. These changes were interpreted
as indicators of the sensitivity of the various elements
identified. The changes also revealed possible cause and
effect linkse From which an understanding of the dynamics of

the area could be derived.

fAs discussed in  Chapter 3, éyﬁtemﬁ are man-—made and the
purpose of the systems approach 1s to aid thinking. Thus the
definition of the systems used will depend on  the purposes
to bhe served by the exercise. As this study investigates the
use of panchromatic black and white photographs one of the
parameters for definition of the systems dis that the
glements should be visible. The concern with Elé determines

that the systems should include the geographical areas 1n
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which the infrastructural developments occur and areas where
possible resultant visible impacts might bhe manifested. Thus
use of general physiographic wnits wvisible on the asrial

photographs seems applicable.

It must be noted that systems are undefined primitives (see
cdiscussion on page 14) and that it i1is appreciated that there
are many other ways of delineating systems at  the study
site. For edrample, a "Sand system” and its elements would be
detined guite differently 1if the primary purpose was to

consider sediment transport. In that instance consideration

T

of the bathymebtry, ocean substrate, sources of sediment,
water movement and the subsystems which in turn influence

water movement, nmamely cuwrrents, wi rd and  shape of

coastline, would need to be included.

Orne of the advantages of the use of a systems approach for
the holistic outlook reguired by environmentalists 1s shown
in the above example of system delineation. When 1t 1s
appréciated that setting the boundary of the system is
dependent on the aims of the exercise, it @ﬁaaurageﬁ § &
more flexible and lateral thinking. The system is not an
unvarying entity but & working tool to be adapted and
modified until it attains a form that is best suited to the

purposs for which it is to be used.

It must further be noted that & very superficial use of
asystems theory has been made in this study. The potential of
the approach merits wider and more detailed investigation of

its applicability.
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figainst the background given above the following systems and
their elements were delineated:
M. SAND SYSTEMS A.a Matroosbaal dune plume
A.b Beach
N A.c lingar dunes
fa.d Bilwerstroomstrand dune plume
B. VEGETATIOM B.a Lowland
E.ty Limestone outcrops
E.c Rivering
B.d Linear dunes
Faoe Dune plumes

. RIVER COURSES

D. ROCEY OUTCROFS

A overlay indicating the position and extent of these
systems is provided as Figuwe 9.(This is supsrimposed wupon

Figure 13, the 1938 photograph.)

Im discussing the changes and constancies noted, freguent
reference will be made to Figuwes 12 teo 135 and to  the
transparent overlays of these figures which are contained in
the pléstic aleeve at the back of this report. On the basis
of the changes observed on  the aesrial photographs, thé
environmental elemesnts most sensitive to human actions will

e identified.

Iin the case of the elements A.a-Matroosbaal dune plume, A.d-
Silwerstroom dune plume and R.e-vegetation of the dune
plumes, changes ocowring atter 1972 have been included iﬁ
the in this section to prevent uwnnecessary repetition in the
discussion of interpretation of post-19732 photographs which

is to be found in chapter 9.



A. SAND SYSTEMS

 Matroosbaal dune plume.
The trend visible from sequential aerial photographs is one
of a decreasing area of unvegetated mobile sand. The area
changed from 28 ha in 1938 to 9 ha in 1981 and the decrease
is clearly shown by comparison of the 1938 and 1981

overlays.

There is an indication of a "pulse’ of sand prior to
(A full discussion of the possible causes is given under the
heading “Dynamics of the sand system® in  Chapter 7.2
Whatever the cause/s, the invading sand spread northwards.
By 1938 it had covered a pre-existing track and it is
suggested that this sandblow prevented further use of the

no

n

track so enabling vegetation to re-establish. There i

further signm of the track on the 1971 photograph.

From the above observations of the photographs it is
inferred that the environmental element, Matroosbaai dune
plume, would be sensitive to  anything which disturbed the
present vegetation cover on & large enough scale to give
rise to a contiguous area of unstabilised sand. The sequence
of photographs gives some indication of the threshold valus
of contiguous area at which a sand blow can ocour. There are
gbhviously many factors other than area involved in the
imitiation of a sand blow. Orientation of the area to
prevailing windy degres of exposures nature of substrates
depth of distwbance; strength of prevailing winds are all

oy

contributing factors. Tal kenberg (1982: 128 has discussed
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some of these factors in greater detail and has  shown that
wind erosion significantly magnities the primary impact of
mining on the West coast by creating sandblows which then

destroy the vegetation over which sand is blown.

Under the particular combination of factors acting &at
Silwerstroomstrand the threshold is suggested to lie betwesn
twenty &nd thirty hectares, where the lengtﬁ and wWwidth
dimgnsions of the area are of the same order. (This proviso
is added as twenty hectares of road., where length is of a
quite different order to width, would not normally give rise
to a sand blow.) Although this threshold value cannot be
calculatéd with great accuracy, it is suggested that even an
apprasimates value contributes some further refinement to the

prediction process.

In the past an ingress of a large volume of sand appears to
have changed the sguilibrium of the system. In the futuwre,
another pulse of sand as well as actions such as BEVEE
burning or scraping, could generate & similar effect and

give rise to a sandblow.

Detection of any change in the beach is problematical as the
photographs  were not  taken at similar times in the tide
cycle. In addition, beaches are among the most high energy
arnd mobile of land forms and any changes noted may be due to
natuwral tidal and/or seasonal cvcles. FPhotographs separated
by intervals longer than seasonal or tidal cycles, such as
those available for this study, are not suitable £ o

detailed bheach process interpretation or measurement,
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The high energy natwre of the beach element makes 1t
particularly vulnerable to some changes and able to reverss
the impacts of others. I Heydorn and Tinlev's words
{1980 48) "despite their vulnerability to distuwbance, sand
coasts have & i gh durability afforded by their
malleability." The beach would be particularly sensitive to
any changes in systems associated with transport of sediment
such as interference with longshore drift by groynes, berms

or harbours.

M. Linear dungs.
Heydorrn and Tinley (1980) infer whether a sandy coastline is
eroding, homecstatic or prograding by looking at the age and
density gradation of plant cover on foredunes. Mature cover
abutting the beach is taken as a sign of a homeostatic
coasts denser cover landwards fronted by & series of
Fummocks indicates a prograding coast and undercutting of

dunes shows an eroding coast.

The southern S%00m of the linear dunes show mature vegetation
abutting the beach in all photographs. Using the above
argument this indicates homeostasis and consequently an area
af  lower sensitivity than the northern section where
hummocks develop progressively seawards. This development
can be seen by comparing the 1938 to 1971 overlays. The
gseawared exztension of hunmock dunes suggests a prograding
coastline, thus an influx of sediment and conseguently a
node  of gr;ater change and higher sensitivity than the

southern section.
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Measuwrements indicating the advance of the vegetation, and
thus it is suggested of the dunes, are given in Table 8 and

further discussion occurs under section B.d of this chapter.

a

i

d. silwerstroomstrand dune plume.
The decrease in area of bare sand (shown in Table %) iz one
of the most noticeable changes in the study area. An inverse
meEasure  of  the changing area of sand is given by the
increase in  area of vegetation cover. A major part of the
vegetation edpansion in the dune plume occuwrred around a
diversion of the Silwerstroom into a canal parallel to the

caoast. This change is discussed fully in section B.e of

this chapter.,

The prograding shoreline indicates a regular influx of  sand

to the northern section of the linear dunes and probably to

the dune plume with vegetastion serving to stabilise this

incoming sand.  Thus it is suggested that the environmental

@l ement, Silwerstroomstrand dune plume, would be very
\

sensgitive to any disturbance of the plant cover, such as

fire or SCraping.

1748 1971 1977 1981
7.7 6. 4 E7.0 18,5

TABRLE 5 — Area of unvegetated sand in hectares

Although it is suggested that there is a constant influx of
sand there is no indication that the dune plume is migrating
inland. &ny addition of sand must therefore give rise to

Righer dunes. Although it is possible to measwre helghts
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from steres pairs of asrial  photographs, it is & more
advanced technigue than the techrnigues used in this study
which study is forussed on gengralised use of the tool, thus

the more specialised extraction of data was not included.

The pre-1938 ‘pulse’ of sand mentioned in connection  with
the Matroosbaail dune plume, also manifests itseld on the
inland margin of this dune plume, for there is a clear
boundary between sand and vegetation suggesting recent
movemnent of sand over the plants. No subseguent photographs
show oo clear a boundary. This either indicates that no
further pulses have occuwrred or that increasing vegetation
cover has trapped and stabilised such pulses of sand. I+ the
latter is the caaéﬂ it makes it even more important  that
vegetation cover within the dune plume is not disturbed as
the vegetation stabilises not only the regular influx but

also large irregular pulses of sand.

Changes in  the aspect of the dune crests could be seen on
some of the photographs and this reflected seasonal climatic

changes. The 1981 photograph, taken in April at a scale of

168 000, shows the slip face of the crest of the dune facing
south indicating & northerly prevailing wind at  this time of
YE R - In contrast, the 1971 photograph taken in December at
a scale of 1310 000, shows northerly facing slip faces

indicating that the prevailing wind was from a southerly

direction.
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The orests also indicate a difference in the summer and
winter prevailing winds, for the winter windg rewaork only a
small portion of the mobile sand resulting in small crests
topping the larger southerly aspect dunes. This is in part
due to the fact that the study area receives most of its
rain  in o winter {see Appendix B) weltting the sand particles
and making them less easily transportable by the less

persistent and lower velocity winds typical at this time.

B VEGETATION SYBTEMS

B.a_lLov

The 193 ﬁ aerial photograph in Figure 12 shows the almost
pristine’ corndition pf  the lowland vegetation. The
semi~guantitative rating of the condition of the vegetation
in two transects (location shown in Figwe 7} and around one

ot the horeholes (location shown in Figure 4 on pages 321) is

showr in  Tables & and 7. The 7 point scale used in  the
rating represents:

Mo disturbance
2 Minimal disturbance
Z Noticeable disturbance
4 HModerate distwbances
5 Marked distuwbance
6 Severe disturbance
7 Grose disturbance

oy - 2 i

Grid sguare 1 = = 4 5

Lnumber e e o o et et et e et s i st e 1 et s s e

THLAND TRANSECT

1938 1 1 1 1 o
1960 1 @ 4 :3; o
19468 2 3 4 3 3
1971 e . 4 3 5
COASTAL TRANSECT

1938 2 1 1 2 2+

1960 < E S R -2
1968 2e 1+ i+ D+ 24
1971 2+ 1+ 1+ 3 2

lhBlE
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To establish if there was any wvariation in vegetation dus to
seasonal factors the following photographs of similar scale
taken in different seasons were compared—
December 1960 and April 1968 at a scale of +1:3546 000
Movember 1971 and 6pril 1981 at a scale of +1:10 000
Mo marked differences were discernible thus it is unlikely
that the condition of the vegetation reflected in  the
semi~quantitative MEAGUFr @S was influenced by seasonal

variations,

The semi-guantitative measuwres reveal a slow incremental
deterioration in the condition of the vegetation in the
transects. On the  inland transect, patch burning and tracks
ware the main cause of the decline while on the coastal
tiransect an increasing number of paths disturbed the

vagetation.

Thé single semi-guantitative value for a %ha grid sguare is
tomo  gross a meazure to highlioght small isolated changes
which changes neverthelsss contribute to an understanding of
the dynamics of the area., The revegetation of the track
which was iscolated from continued wuse by the blowout from
the Matroosbaal dune plume  shows  that  there is sDme

elasticity
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in the system in that tﬁe vegetation has returned to its
former state following a p%rturbationn Similarly., areas of
patech  buwrns  showed recovery on sucessive photographs. A
fuller discussion of this is given in  the section on patoch
burning in  this chapter and under the section Dynamics of

the vegetation system in chapter 7.

The lowland vegetation is  thus seen to be sensitive to fire
and pressure from  stock, people arid vehicles. Tﬁis
vegetation element has a measure of elasticity in that after
some time, it returns to its former state.

'

B.b_ Veg

etation of the lim

n

§m

Throughowt the forty five vears from the sarliest to the
most  recent photographs there has  been  remarkably little
change in  the vegetation of the limestone outcrops. The
constancy and distinctive pattern of these areas made them
ideal For use as refersnce points. Their resistance to
burning was specifically noted by Duckitt and this fire
vr@si%tﬁnc& is borne out by the lack of changs even when
patch buwning effected significant alterations in the

surrounding vegetation.

Durirng wvisits to the site it was found that the limestone
autcrop plants were thick, impenetrable shrubs  1-2Zm high.
Unless the vegetation is specifically removed it is uwunlikely
that paths wouwld be forced through it. The overall picture
of this element is that 1t is one of the least sensitive in

the study area.
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B.o Rivering vegetation

The major charnges in this ﬁyétwm appeared to be caused by
deliberate removal of riverine vegetation. This is shown on
the 1960 and 1971 photographs.  When there was no active
removal the vegetation appears constant in extent and
density and it was used as a  reterence point for this

FEastin.

Flants requiring & high water table grow within this slement
so it 1w likely that this would be the area most sensitive
to any changes in water table. The Feeds that grow ness the
stream are used fpr thatching and it is possible that reed
cutting is  the major souwce of disturbasnce to the riverine
vegetation. Generally, regrowth of reeds occurs within a few

seasons so recovery atter cutting should be fairly rapid.

The vegetation on the southern extremity changed little in
density or extent and this can be seen on Figures 12 to 195,
The +fence erected in 1748 excluded stock from the dune
vegetation. Thers was at this time only one beach acoess

point situated near Wintersteen., No fires appear to  have

occurred in the arsa in recent times.

o

#at  the northern end there was an  increase In the are
covered by vegetation and hummock dunes developed seaward of
the position of the 1938 vegetation. A& useful indicator of
the change is the position of the cottage (marked in blue on
the Figures) raelative to the edge of the vegetation., A
measure of the spaward advance of the vegstation is given

el ow.



1940 1968 1971
we L O A4 O i} + 4 Cvn b

a - distance is landward from the building
b ~ distance is seaward from the building

from building to vegetation

An access track to the northern section of  the linear dunes
was situated about 100 m south of the river mouth. A network
of paths in this area can be seen on the 1938 photograph in
Figure 10, Although the vegetation is disturbed there is no
sign of sand blows or deflation suggesting that the impact
ig limited and contained. The paths vare aligned across the
divrection ot the major prevailing wind thus perhaps
mitigating against wind exacerbation. By 1960 the paths had
been overgrown  and  the vegetation had spread noticeably
spaward. The cause of this esffect was the sxclusion of sheep
By thé fence  erected in 1948. Duckitt stated that “the
seahmring was loved by the animals and that as a result of

fencing out the sheep, seekoring grew almost to the sea.”

The interpretation of these observations is  that the linear
duneg vegetation is sensitive in two ways to the presence of
stock. Firstly their movement creates paths which within a
mawimum period of twelve YEAr S (from 1948 to 1960G)
revegetate where pressure is  excluded. Secondly their
grazing removes the seekoring which grows back strongly when

grazing is stopped.



Limnear dune vegetation is abi@ to tolerate windblown sand.
The presence of this element therefore serves as a buffer
zone protecting vegetation more sensitive to  the impact of
sand scouwring. Thus any impacts that affect this element are

likely to generate secondary effects omn inland vegetation as

well as the primary impact on the linear dune vegetation.

Bqth the small Matroosbasi plume and the far larger
Silwerstroomstrand plume showed an increase in the area of
vegetation cover. An inverse measuwe of this is the area ot
unvegetated mobile sand shown  in Table S. A detal led
analysis of the vegetation change around the canal is  given

in Table %.

The patches of plant growth in the body of the plume
developed on  the northern slopes of the dunes probably
bocause this was in the lee of the wind for most of the
year, lsolated patches of vegetation served to interupt the
previously contiguous argas qf wnvegetated sand  and  this

decreased the likelihood of sand blows.

The presence of the canal initiated an exponential inorease

fi

in vegetation growth, as can be sesen from Table 9 and the

graph bel ow.

1538 1%a0 1968 1971 1877 1981

a4 1 1.2 1.7 2a b

TARLE ¢ - fArea of canal vegetation in hectares
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1938 &HO &8 71 77 81

FIGURE 8 GRAFPH SHOWING RATE OF CHANGE OF CANAL VEGETATION

The vegetation that d&velnpeﬁ around  the canal trapped the
sand introduced into the southern end of  the dune pluame.
Under these changed conditions the vegetation on the inland
margin of the durne plume flourished and expanded onto  the
unvegetated sand. The nett result of vegetation growth on
seaward and inland margins is the exponential  increase in

area of plant cover.

The dune vegetation is thus very responsive to the provision
ot surface water and to  the reduction of windblown sand. Any
action that would remove vegetation cover especially along

the seaward margin of the dune plume would give rise to



wnstable mobile sand. It is possible that the threshold
value alt which sand blows would start is of a similar order
to that suwggested for the Matroosbaai dune plume, namely

between twenty and thirty contiguous hectares.

¢ RIVER COURSE

Silwerstreoom is more correctly & series of springs than a
river. Tracing its cowse landwards, it disappears
underground to reappear further inland. The flow of water
appears not to effect any changes in  the river course. The
canstamdy of the position, size and shape of the stream and
its vegetation made it suitable as a reference point on all
photographs  and  indicated the low sensitivity of this
element. The change in the position of the mouth is due to

Muman intervention and is discussed in the next section.

D ROCEY OUTCROFGS

The resistance of the rocky outcrops to change made them
suitable as reference points and also indicated their low
sensitivity to any of the humag actions or natuwral processes
acting within the site duwing the forty five years spanned
by this study. Changes within this system are certainly
poocurring but at a rate and on & scale that cannot be
detected on  the photographs available and with the

technigues wsed.



6.3 Human actions withi

For the purposes of this study human actions can  be

considered as perturbations in the natural envirorment which
i introduce new types of material or energy

il remove existing material and/or energy

iii change the flow of material and/or energy.

The location, extent and change over time of each type of
action is discussed. Where possible the link between A E
and effect is made by showing what changes occurred as a
result of the perturbations.

There were seven types of human actions visible on  the
pre-development asrial photographs -~ Frovision of paths,
tracks and fences; alteration of the river mouthy patch
burmings grazing of stock; cutting of reeds; planting of

marram dgrass; recreation activities.

1 Provision of paths, tracks and
PSS .. A e T A O - .M..._'l_....._......._.._. = hooid

3

The density and location of paths provide an indicator of
the use and management of the aresa. FPaths were made by both
stock - mainly sheep - and  humans.  Although it was rnot
always easy to distinguish between stock and human paths on
the aerial photographs, stock paths were generally
noticeably narrower and were usually visible only with the
aid of magnification. Many of the small stock paths were not
drawn  on to Figuwes 12 to 17. In the 1938 photograph the
stock paths were concentrated around the northern end of the
limegar dunes. Fencing undertaken in 1948 excluded stock from

this area and the stock paths were thenm confined to inland
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camps. The increase in paths in 1960 was a reflection of the
more intense pastoral uwse made of Buffels rivier. The
increase in fencing and a&lso in patch buwrning which can be

seen on the photographs support this interpretation.

Tracks remained fairly constant until 1971 when “doubling?
of  tracks ocourred on slopes. The "doubling? effect shows
areas which are sehsitive to the presence of tracks. The
decrease in length of tracks when comparing 1938 and 1960 is
due to the Matroosbaal sand blow which has been more fully
discussed in section A.a of this chapter.

The exstent antd  location of Fencing is ancother useful
indicator of landuse. In 1938 the only  fence within the
boundaries of the study area was the boundery between the
farmsg Buffels Rivier and Groot Springfontein. Thereafter thé
marked increase in length of Ffences reflected the more
active use of Bufftels Rivier when fences were used to manage
stock, excluding them from the dunes and confining them ﬂm
inland camps. The effect of this has aiready besn noted in
the description of paths and linear dune vegetation. It
should be noted that the figures given in the Table 10 are
approdimate  as 1t was  fregquently difficult to distinguish

fences unambiguously.

193Ea 196G 1968 1971
Faths 0,7 4.4 0.7 0.5
Tracks o 7 3.4 8.7 P
Fences 1.4 8.5 7.3 Tall

» 10

o

TABLE 10 Length of paths.tracks,fences in_km
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-Bhream mouth

Measuremerts were taken of the straight line distance
between the mouth of the stream relative to its position in
19738, The results are given in Table 11. The relative

positions can also be seen by comparing the overlays.

1960 1968 1971 1977 1981
FO0m N £60m N 240mM S00mi 100m N
14Gmh
40m 5

W31 FPosition of stream mouth/s relative LD 1938

Aftter maintenance of the canal ceased in 1968, the stream
broke back to the coast, reverting closer to the original
mouth position. Although no mouth as such was visible at the
original position in the 1968 and 1??1lphmtmgraphaﬂ a moist
patch could be seen on  the beach indicating underground
wetness even though  there was no swface flow. It was also
observed that in the 1981 and 1983 photographs the beach
south of the dung plume was darker - perhaps indicating more

mod stuwre -~ than the northern section of the beach.

Fatch burning

PApart from the burns at  the head of the Silwerstroom, there
is no sign of recent burns  on the 1938 photograph. By 1960,
gxtensive patch burning of the inland coastal vegetgtion had
pocurred. Some of the 19407 burn patterns are still clearly

visible on the 19868 and 1971 photographs whereas others have

returned to their pre-burn state. By 1977 there are no



further signs of the "1940° burnt patches. Some further
burning occurrad between 1960 and 1268 but thereatter there

appear to have been no fires, accidental or intentional.

4_8tock arazing
Although this is not directly visible on the photographs, if
path density in areas of low recreation appeal is accepted
as a reasonable indicator  of stackiné levels, the highest
stocking rate can thus be inferred to be pre—-1980 and to
have decreased thereafter. Duckitt said that on average 600
sheep wers pastured on  the area in summer and about 1100 in

winter.

v_Reed cutting

Duckitt reported that dwing LEG to 1994 exﬁensive
rethatching of the Rokbaal buildings was carried owut and
that some of the reeds used came from the Silwerstroom. Reed
regrowth is usually accomplished within one or two seasons
thus it is not likely that the cleared areas seen on  the
1960 photograph are the FEﬁﬁlt of the reed cutting mentioned
by Mr Duckitt but may possibly be reed cutting for a similar

PLUFDOSE .

6 Marram _grass planting

As mentioned in chapter 4 page QEH one of the four rows of
marram planted in 19248 is visible on  the 1960, 1968 and 1971
photographs. In 1581 it is barely discernible as a profusion
of other vegetation has developed around ii; The length of

the row in 1960 was approximately 80m, in 19468 110m and in

1971 1&0m.
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L Recreation

’
The only building visible on  the photographs was the one at
the original mouth of the river. According  to  Mr Duckitt

this was a holiday cottage belonging to the wvan Reenen

family.

From the interpretation of the pre- development aerial
photographs the most sensitive elements of the
Silwerstroomstrand environment are suggested to be the
vagetation of the dune plumes and  vegetation of the linear
dunes. The least sensitive elements are the rocky outcrops
and the vegetation of the limestons outcrops. The rest of
the vegetation shows varying amounts of elasticity to fire,
grazing, movement of stock, people and vehicles and reed

cutting.

The human actions having the longest acting impact were
patch bwmning and stock movement. Stock grazing effected
marked” changes on  the vegetation of the northern  1inear
dunes. There are indications fthat all the impacts of the
humarn  actions before 1972 are reversible with time and
cessatlon wf  the causative action. Recreation impacts
vigible on aerial phqtographs wera  contined to the area

around the cottage and were minimal.

Having described the changes and constancies noted on the
aerial photographs some understanding of the dynamics of the
area can  be gained and this is discussed in the next

chapter.
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FIGURE 12
For key see foldout behind Figure 17



67

— >z

1km

J 1960

FIGURE 13
For key see foldout behind Figure 17
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1568

FIGURE 14
For key see foldout behind Figure 17
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1977

FIGURE 16

For key see foldout behind Figure 17
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KEY TO FIGURES 12 to 17
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dunes
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. CHOFTER SEVE

THE DYMaMICs OF

Introdus

i

i loding on the comparative interpretstion described in the

preceding cohapter, the dynamics of sach of the fouw major

systems delinsated at Silwerstroomstrand are putlined.

Tink cause and effect by observing the

the environment to perturbations resembles E:)

bilack bod® situation. The irmtermnal  workings of the systoem

aire opacte angd  the visible responss gives &  “summard ssd

view of the processes  operating within  that  environment.

Thus, encapsulated 1in the change ribed in the preceding
mection, are the dynamics of the site. Causss of the visible

of the visible agtions ocan bhe surmised

effmots and affe
but not sasily proven., It is suggested, however, that 5 ERT
the surmised cause and effect links offer a useful view of

the dynamics of the area.

irnto the dynamics of the sand system came firstly

ation on bthe Matroosbaad

Trom changes observed in the ve

ciune plume. There 1s an increase in vegetation cover which



has not been initiated by provision of surface water nor
were animals excluded by fences as  in the case of the
Gilwerstroomstrand dune plume. Thus it appears that a steady
background process of vegetation exdpansion has been  in

progress since 1934,

A second contribuation to uwunderstanding  the dymnamics of the
sand system is obltained by analysing the changes 1in the sand
content of the Matroosbaal dune plume. Figure 12 shows  that
prior te the 1938 photograph the Matroosbaal dune plume had
covered a track running along  the southern end of the
Sprinagfontein  point. It can be segen in Figuwre 135 that by
1760 the landward portion of the track had been partially
revegetated. It is swuggested that as a track existed prior
to 1938, there was no obstruction to the passage of vehicles
but the sand blow covered the track making it impassable and
S50 allmwing revegetation. The sand blow reflected some
change in sediment inflow which is also reflected in  the
inland margin of the S5ilwerstroom dune plume. The 1938
photograph in Figure 10 shows the sharply defined boundary
between dune and adiacent vegetation suggesting a recent

movement of sand over the vegetation.

The cause of this incoming "pulse’  might lie in increasing
staorm episodes. Dury (1981:16%) describes how the greatly
increased storminess of the Middle Ages drove Atlantic

heachsand as far as 100 km inland in southwest France.

There idis supplementary evidence of the intluence of storm

episodes on  the sand systems within the area. Duckitt
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(personal communication 1983) described the uwncovering on
two occasions of  an old sailing ship buried wunder the sand
at the northern end of Silwerstroomstrand, First in the
19207 and agaih in 1?64. He also stated that winter storms

twice washed away the canal.

Against this background it is probable thét weather
phenomena are a contributory cause to any wvariation in the
volume of sand within the mobile dunes and consequently the
varying area of unvegetated sand.

ﬁvpmésibility te be considered is that the construction of
the Duncan dock in 193%é6, which significantly affected the
seciment dynamics at Milperton beach (Impey personal
communication 1984) might have produced secondary impacts at
some distance and might have been responsbile for the pul se
of sand seen in the 1938 photograph. I+ this is in fact the
case it has implications for the future of

Silwerstroomstrand. Construction of a harbouwr has begun at

Foeberg, some 130 km south of the site. Im addition it is
plannned  that a small boat harbow will be built at

Silwerstroomstrand. Both of these activities will affect
sediment  transport and will consequently have an impact on

the sand system at 5Hilwerstroomstrand.

A third contribution, the change noted in the development of
hummock dunes in front of the northern portion of the linear
dures is suggestive of a prograding coastline and thus of a

regular continuing input of sand.
Y ]
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The fowrth contribution to understanding the dynamics of the
sand system is the rapid and extensive growth of vegetation
along the canal. Any increasing area of vegetation serves to
trap wind-blown sand. 6 secondary impact of this will be to
lessen the amount of sand reaching the inland margin of the
dune plume, thus creating conditions in which vegetation can
spread, conseguently decreasing the area of unvegetated
sand. Comparison of Figures 12 to 17, Table 9 and Figure 8
show the increasing vegetation of the canal area and eastern
margin of the Silwerstroomstrand dune plume. It is suggested
that the canal was a major contributing cause of the
decrease in bare sand. (This was the intended outcome of the

action initiated by the Duckitt family.?

The dymamices of the sand system are clearly influenced by
the sediment transport system. Although many elements of
this system cannot be seen diréctly on aerial photographs
some inferences about the operation of the system can be

made .

O many photographs a band of {foam appears about 800m
of fshore opposite Wintersteen. This wasg  variously
interpreted as foam from waves breaking on the rocks of
Springfontein point and trapped by an eddy circulation
caused by refraction of waves around the point:; or as an
indication of a shallow area possibly a reef or cluster of
rocks which may be an extension of the outcrop of Malmesbury
shales of Wintersteen and Springfontein point. Whichever was
the case, the direction of flow and energy of incident wavés

would determine where sediments would be deposited.



Gunn (1977) carried out an extensive study of the dynamics
of Matroosbaai, which is Jjust south of Springfontein point
and Buffelsbaai, the main bay of the study site. The
bathymetry of Buffelsbaail was investigated as part of his
study and the bathymetric map, reproduced in Appendix D,
shows twe shallow areas off Wintersteen and Springfontein

point.

Gunn found that water movement in Buffelsbaai is driven by
both wingd and waves as opposed to Matroosbaali where waves
are the dominant Forcing'mechamism of water movement. During
moderate or stong southerly winds the +flow in Buffelsbaail
was found to be from south to north. During light winds this
revereed and was interpreted as a downwelling to balance the
reduced  wind stress. The signiticance of this is that as the
prevailing winds for eight months of the year are moderate
to strong southerly, water generally moves from the south to
the north. When this incident water strikes the shallows off
Wintersteen it is refracted and generates a small eddy
circulation isclated from the overall water movement. The
incoming water carries less sediment having lost  energy in
breaking on the shallows, consequently the southern portion
of the linear dunes is fed with less sand than the northern
section. This line of reasoning is supported by the
observations from the aerial photographs that‘ the southern
portion of the linear dunes remained constant in extent in

contrast to the prograding northern section.



The presence of dungs 10 to 15m high at the southern end of
the linear dunes indicates that there has been an influx of
significant volumes of sand in the past. It is suggested
that any sand input  to this ares might currently be

transported by winter storms deriven by northerly winds.

I summary, analysis of the comparative interpretation of
the aerial photographs indicates a range of cause and a&#ect
within the sand system. It is argued that:

i regular and episodic natural prmcésses as well as

ii human intervention
are involved in  the dynamics of the sand system. It is
Sugéezted that the greatest change in the sand system in the
forty five years of aerial cover, was eftected by provision
of surface water which stimulated plant growth and so
stabilised &0% of the dune area within three decades.

7.3 Dynamics o

!

the vegetes system

Understanding of the dynamics of the vegetation system was
inferred from changes observed 1in plant growth in response
to  the human actions of bwning, running domestic stock,

vehicle movement, recreation and provision of suwface water

by diverting the Silwerstroom into a canal.

Recovery from buwning depended on the time of year when the
burn ococurred and there is clear evidence on the photographs
af the variability of regeneration ﬁimeu The length of time
betwesen successive photographs placed a'constraint on the

accuracy with which recovery rates could be determined.
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Whilst some 19607 burns had regenerated by 1971, some were

still wvisible in 1977 but had regenerated by 1981. From

these observations a rough estimate of recovery rates can be

Brownlie (198%:16), working at Fella {(18km east of the study

site) gives a tentative relationship between time after

1

burning ;nd appearance on  aerial photographs of shades of
grey as well as vegetation density swaogesting that:
Grey-cream and bare ground = Owﬁ vears post-fire
arey and medium cover = -5 years post-fire
dark-grey and dense cover > 5 years post—fire
She indicates .that burn  intensity and soil colouw will
modifty the relationship but states that this proposed
relationship is  the best available tool to trace the fire
history of an area. Brownlies’ s study was undertaken in the
coastal fynbos vegetation type whereas the wvegetation type
of  the study aresa is strandveld, thus whilst the
relationship given above is used, it is  appreciated that
there are limitations imposed by swil colow, vegetation

N
type and burn intensity.

Using Brownlie®s tentative relationship it is estimated that
the 19460 photograph was taken O0-2 years after the areas had
been burnt. The burns were still visible on  the 1968
photographs but no longer visible on the 1971 pictures. Thus
it can be calculated that the recovery rate of these patches
was beltween & minimum time of nine years (1960 to just after

the 19268 photograph? and a madimam  time of thirteen vears



{(two wvears before 1960 to 1971). Similar calculations +or
burns visible on the 1960 and 1977 photographs but not on
those of 1981, gives a minimum recovery time of eightesn
vears and a maximun of twenty two yaarzp Thus recovery rates
from burning appear typically to vary from nine to twenty

two years.

Duckitt (personal communiication 1983) estimated that
recovery from a burn in February or  March would take tw&lve‘
years  whereas a summer buwn driven by a strong wind could
take over twenty vears to recover fully., His practical
experience and the ﬁ&lculations hased on the observations

from the asrial photographs are in close agreement.

Revegetation of paths and {racks which had fallen into
disuse was observed on the photographs. The same problem of
estimating recovery raltes applies for this revegetation as
for burﬁ recovery. Nevertheless, an  estimate of the madimum
recovery time can be made. Animal tracks on the inland camps
are visible on 19460 photographs but ab%@nt by 19&68. This
Suggﬁsts that the the longest time {for recovery of lowland

vegetation from small paths is eight years whilst it is

possible that it is shaorter.

Stock paths on the northern poartion of the linear dunes were
present. on the 1938 pictures and absent on  those of 1760.
Because it is known that a fence was erected in 1948  and
that this action led to recovery of the vegetation, it is
possible to state that the longest time for. recovery of dune

vegetation from the impact of small paths is twelve years.
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The track on the Springfontein point, which was covered by
the sand blow, is wvisible on the 1940 picture. By 1768
regrowth has begun and by 1971 has almost covered the @ﬁtire
track. Thus the vegetation of the point which includes
Limestone outcrop and linear dune elements, regenerates over

unused tracks in a minimuwn time of sleven years.

The response of dune vegetation to the provision of surface
water can be analvsed in some detail as it is known when the
canal {which pfovid@d the water) was started. Figure 8 shows
the exponential spread of the plant growth. The provision of
surface water inmitiated a chain of changes and the extent
and rate of change reveal that the action had beeﬁ atarted
at a ‘responsive’ point, one which was very susceptible to

the introduction of water.

The vegetation of the limestone cutcrops is resistant to
fire and grazing and regenerates rather more gquickly than

Lowland vegetation over disused tracks.

The river couwse and the rocky outcocrops remained  very
constant. The dynamics of these elements of the site are
pirabrabkly Qoverned by long term cycles and .th@ rates of
change are therefore too small to be detected on the spatial
and temporal  scale of the photographs available or with the

technigues used for this study.

The dynamics of the site described above can now form the
hasis for the following chapter in which predictions of the
probable and potential impacts of the planned project

actions are made.
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CHAFTER ETIGHMT

FREDICTION OF IMFACTS

Introduc

Fredictions of the impact of actions on an environment are
based firstly on an informed wnderstanding of the dynamics
of the environment concerned and secondly on an analysis of
the interaction of planmed actions and exisiting dynamics.
Chapter 7 gave an outline of the chyrami o6 of
Silwerstroomstrand and this chapter analyses how actions at

the site between 1972 and April 1981 (the time of the last

photograph from which measurements were taken) compare with

past actions. n  the basis of the response of the

environment to past actions, predictions of the probable and

pmotential impacts are made.

from 1972 to 1981

#.1 il

ictions at_the

The actions at  the site, information about which was
obtained Ffrom interviews with the consulting enginesrs,
Liebenberg and Stander, the Directorate of Water Affairs,
Divisicnal Council of the Cape and from aerial photographs,
are considered in three broad groupings

-~ actions associated with recreation

~ artions associated with water extraction ard

- gther actions which include the construction phase of

recreation and water extraction infrastructure.

The actions were analysed to see L+ they re

embled any of

the previows human actions within the study area. This
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analveis is summarised in Table 12.

inm a matrix to show in  which

action was located and this matrix is

the recreatilon

4
-+

The siting €

infrastructure is shown on the map

Budldingsk
office
ablution

and house
bloocks
shop and kiosk
Cleared areas
camping and pionic spots
hardened for parking
Gravel road
Visitors

WATER EXTRACTION
Treatment plantX
Raised welr
Buried pipelinesi
Borehol esX
Fowerlines
Reservoirk
Water extraction
.Grav&l e

OTHER
Fencing
Grazing

® Vegetation removal
Tarred road

Halt in canal maintenance

TABLE 12 FUTURE ACTIONS &

¥ Indicates actions in the

whii e
removal of veget

ation

Mote 1: "tracks" refer to vehicle trac

They were also

enviraonmantal

i Figure 5,

COMPARARLE FAST

construction phase

arranged

elemnsnts each

presented as Table 173,

and water extraction

page 1.

_ACTIONS

holiday cottage
holiday cottage
holiday cottage

burning/trampling
rmone comparable
track (note 1)
visitors % stock

rorne
Mor e
P e
rorne
PO e
o e
none
track

comparable
comparabhle
comparable

comparall e

comparable

comparabl e
{(note 12

fencing

PrEviows grazing
buwrns/tracks (inote
track (note 1)
rnone comparakble

13

ACTIONS

imval ve
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T I0ONS

RECREATION

Buildings
pffice and house o -
ablution blocks - -

shop & kiosk -

Cleared arepas
camping % plocnic .- e
hardened for parking- -

Gravel road e o

Visitors - %

WATER EXTRACTION
Treatment plant - -
FRaised welr - -
Buried pipelines - -
Borehol s - -
Gravel road - e
Fowsrliness - -
Rewervoir = e
Water extraction - -

OTHER
Fercing - -
Grazing - -
Vegetation removal - -
Tarred road - -
Halt in maintenance - -
of canal

5 MATRIX SHOWING ELEME

AL a=Matroosbaal dune plums
. b=Heaoh

Aa.cs=linear dunes

AL d=51 lwerstroom dune plume

Foiver cour se
= _Hogky outcrops

P
Pl
OV
3}
HEE- IO
I

|
R
=i

H

|

!
!
w3

NTE IN WHICH ACTIONS OCCUR

B.a=lLowland vegetation
B.o=Limestone outcrop veg.
H.o=Riverine vegetation
B.d=Linear dune vegetation
B, e=Dune plume vegetation




B omparable to past _actions

Fip

i

It is considered that the buildings in  themselves will make

little impact as the holiday cmttage made no visible primary
impact {on aerial photographs) on any element of the site.
It shouwld be noted that once & certain  threshold
concentration of bhuwildings is reached, this will change and
will certainly interfere with many patural processes.
However , in the density curr@nfly planned this will nou

QUCUT -

Areas to be ocleared $or cawmping and picnic sites were
considered comparable to the areas that had besn burnt or
trampled by stock in the past. Buch areas recovered with

time and diminished pressure.

Vehicle tracks, to which gravel and  tarred roads are
comparable, at the low density of the pericod prior to 1972,
made little visible impact on amr-ial photographs other  than
the obviows one of removal of vegetation within the area of

the track. The only other impact was on  slopes where it

appearad that e oEl on Causerd ﬁuf%ac@ deterioration
nacessitating & new track. It is theretfore suggested that
gravel and tarred roads at the density planned, will have
little impact and because of better construction methods,
will not erode as badly on slopes &as do  the old vehicle
trratks. fAlthough  gravel roads and tarred roads are
amnﬁiﬁﬁred comparable to tracks, they have no past
precedents  in the sense that they introduce new materials

into the area.
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The visible impact from visitors before 1972 was limited to
paths concentrated around the cottage. It would appear that

there was no great of visitors and certainly the poor

roads would not have sncouraged large numbers.

The prime purpose of the current recreation development is
to increase the number of visitors., & comparable action in
the past is thus suggested to be stocking density which

resulted 1n a proliferation of paths.

Construction activities involving initial removal of
vegetation are comparable to burnt areas and disused tracke.

In the ast, vegetation regenerated following burning o
; C ; )

disuae of paths and tracks.

Fencing ﬁervéﬁ e@ither to exclude or to concentrate use of an
area. Where excluﬁién has occurred as within  the inland
section of the Divisional Council property and im the and
Silwerstroom dune plume, there has been an improvement in
the condition of the vegetation. Where concentrated use was
the outcome, as  on the inland stock camps in 1960, &N
increasing number of paths ococwrred.

Im the past the impact of grazing was masked by the patch

the

az

burning  that wswally preceded it. However, in 193¢
grazing on the linear dunes and around the stream moubth was
not preceded by bwning  and  the inpact visible on aerial
photographs, was reduction in the canopy cover of the

vegetation.

The actions for which no comparable past actions ococurred,
were gravel and tarred roads and hardened parking areas (in
the context of introduction of new materials), all the wabsr

gxtraction infrastructwe and a dropping watesr table.



8.2

In making predictions of the effects of the project actions
a distinction can be drawn bhetwesn potential effects and
probkable effects. Erickson (1979:128) states that "potential
etfects are those effects that are reasconable in  light of
theory or general understanding: probable effects are those
effects that are ressonable in light of both theory and
actual fact (for probable effects can omly e estimated in

terms of the data that are specific to the proposed project
and tao the project site). The identification of both the
potential and the probable effects on abictic and biotic
systems ‘dep@nda upon an informned uﬁd@rﬁtanding of  specific

dyramic proresses.
The comparative interpretation of the aerial photographs and
the analysis of the actions have provided data specific to

the project arnd the site and can be used as  the basis for

predicting probable impacts.

]

U
&

o W

Frediction 1. Buildings will make mno significant imf

eme Vegetation will regensrate within the areas

Predi

cleared for camping and picnic sites.

Frediction_ 3. Gravel and tarred roasds will make little

impact.

Frediction_4. Informal paths will dncrease markedly as soon
as good roads provide access to the site. The paths will be

concentrated along the coastline. Hecause of the resistance

of the rocky outocrops  to change and the malleability of the
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beach, the paths will be visible mainly in the linear dunes.

The highest density of paths will be around access points.
This impact will remain as long as the paths continue to be

uwsed.  Should use cease they would be revegetated within one

tor two decades.

Fredicition 5. The positioning of the camping and picnic
sites will be one factor determining the pattern of informal

pathes.

Frediction 6. Construction actions removing small areas of
vegetation and where no further distwbance ocowrs, will be
Fully revegetated after one or two decades. Where large
areas areg distuwbed, i.e. about twenty hectares and where
the shape is  such  that length and width dimensions are of
the same order (in other words, not twenty hectares of roadd
- sand blows will occur similar to  that seen in  the dune
plumes. I+ neo further distuwbance ocows  these too will
revegetate as did the Matroosbazai durne plume, but will take

longer, probably thirty vears.

Frediction.

e Fenocing will dmprove the quality of the
vegetation where it edscludes entry of stock and people.
Where 1t concentrates people and stock, pressure on the

vegetation can be exupected to increase. This will be

eixpressed as decreased canopy cover and increased paths.

diction 8 Because of the on-golng pressure, recreation
will give rise to longer acting impacts than will water

gstraction and the area of greatest impact will be in the
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limnear dunes. { The orientation of paths across the line of
the prevailing winds may well mitigate against wind erosion

of the paths.)

Frediction 9 Uncontrolled fires will damage vegetation. I+
they ocour during  dery  summer months revegetation will take
at least two decades. I+ morse than twenty hectares of dune
plume or linear dune vegetation is aftected 1t will give

rise to a secondary impact of sandblows.

The following are predictions of potential impacts.
Frediction_ 10 Continued grazing couwld be a souwrce of paths

and decreasing vegetation gquality as overstocking could

”

result from farmers hiring grazing. This is an edamnple of
the "tragedy of the commons" phenomenon  where absence  of

property rights leads to poor management.

A1l Water extraction has no comparable past action
on the site and thus predicting its dimpact on the basis of
past behaviow  of the system is not possible. Theory would
lgad to the prediction that lowsred water table would affect
plant growth,

Fast behaviowr of the system doss provide an  insight into
the relationship of the water table level and initiation of
plant growth. A& bigh water table does not appear to be the
factor that initiates plant growth in the dunes 555 it this
were the case, vegetation cover would have been espected in
the dunes prior to 1976, the yvear when water extraction
began, but the sarly photographs show no  vegetation within

the dunes. Suwface water appears to have been far more
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important in indtiating growth. It is also possible that the
mists and fogs which are a feature of the West coast may
make & greater contribution to the plant water relations of
the area than doess the wunderground water.
The height of the water table might be far more significant
in sustaining growth and determining the species compostion

of the vegetation. Thus it is predicted that the potential

tor  growth rates of edisting species and species

compoasition to change.

Prediction 12 The non—maintenance of the canal will lessen

the availability of surface water in the dunes. Thies will
attect some of the vegetation. It is possible that plant
succession has progressed to & point where the community
will continue to grrow  pirovided there is né mé ] or
p@fturhation such  as heavy grazing or fire. Thus the

prediction is that vegetation cover will remain constant or

caontinue to sxpand.

does not arisse out of analysis of the actions

but of the dynamics and is added as it is felt that it cowld
provide & significant imsight into potential futwe impacts

at Silwerstroomstrand.

The construction of the bharbow at Foesberg, initiated in
mid—1981 {Coak personal ;mmmunicatiam 1984 will affect
sediment Cransport. This may give rise to & greater  influx
of sand to all parts of the Silwerstroom cosstline although

less will reach the southern S00m of the linear dunes.



6.5 Bummary
Overall, it is predicted that there will be an initial surge
of impacts {following the construction of the water
extraction and  recreation infrastructure. Thereafter,
revegetation will nTnfud Y whigr e there is no  further
disturbance. Recreation activities will be a more important
source of impacts than water extraction activities but will
be concentrated on a nparrow belt along the coastling. Its
major expression will be in the form of informal footpaths
concentrated around access points such as  parking  areas and
camping and picnic sites. The potential exists for water
extraction to affect vegetation growth rates and species

composition.



EVALUATION OF FPREDICTIONS

Introduc

The reasults aof the interpretation of the post-1972
photographs and the results of the field visgit and Delphi

are discussed. This provides a background against

which the validity of the predictions  that were made as a
result of comparative interpretation of asrial photographs

are evaluated.

7.1 Bhotoaraphs

Figures 16 and 17 on pagess 70 and 71 show thes extent of  dune
vegetation, paths, tracks, fences and scraped areas in 1977

and 1981,

Im all the elmmeﬁtﬁ of the sand system the trends observed
in the pre-—-1972 photographs  continue i.e. the area of bare
sand in the two dunes plumes continues to reduace, there are
no  marked long-term  changes in the  beach, the southern
portion  of  the linear durnes remains constant in extent and
the northern portion progrades. (The original discussion of

these results is on pages 45 to 4%9.)

Overall the eslements of the vegetation show more
changes  than  the elements of the sand system. Inm some
instances vegetation condition deteriorated and in others,

improved.
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abrle 14 repeats the semi-gquantitative esvaluation of two

transects through  the vegetation  before 1972 and adds

post-197%  evaluations to complete the pictwe of the
changes. The same is done in Table 19 for the area around

borehole GEI7HT7.
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TARLE 14 CONDITION OF VEGETATION ON TRANSECTS 193883

19358 o s e s
1760
1768
1271
1977

178 ]

L e B3R e

-

TARLE 15
CONDITION OF VEGETATION AROUND BOREMHOLE G29757
ey for seven-point scale in tables 14 and 15
I=no disturbance
2=minimal disturbance
SJupoticeable distuwrbance
d=moderate disturbasnce
S=marked disturbance
=meviere disturbancs
T=gross disturbance




looking at  individual elements in more detail, parts of the
element H.a Lowland vegetation, have improved in condition
whilst obther parts still show the iﬁpact of grazing.

The Department of Community Development rents out  grazing to
farmers on its property whereas no grazing is rented out  on
Divisional Louncil properiy. {The boundary between the
lTand owned by the Divisional Couwncil of the Cape and the
PDepartment of Community Development 1s  shown in green on
Figure 17.) The difference in the density of the vegetation

orn elther side of the boundary fentd iw noticeable and is

denser where there has been no grazing.

The element RB.bD, Linestone putorop  vegetation, remains
wnchanged except for the area where 1t has been clearsd to

build = A A N

The @alement B.o, Riverine vegetation, has regrown along the
lower section of the Silwerstroom following the removal of
vegetation as seen on  the 1971 photographs. By the time of
the 1981 photograph therse has been extensive clearing of

riverine vegetation around the site of the water treament

plant.

The lLirnesr dune vegetation, &lement B.d, has borne the major

impact of the increased visitor numbers. This is reflected

in Table 13 whers grid squar 1, & and 5 of the coastal

transect show @ a sudden marbed deterioration in condition.

{The coastal transsct lig

along “he  linear Cures. S
Al on the lineas fure See

-y

Figure 7 on page 40,3



Within thes dune plumes the vegetation, elemant E.e,

continues to cover further areas of  sand. This trend is

......... -

shown in Figuws2 8 and Figure 9 on pages S5é& and 57.

The River course  and the Rocky outorops, systems C and D,
remain unchanged on the aerial photographs.

The majior changes after 1972 were mnanifested in the human

ferces

actions. Table 14 shows the length of paths, track

)

and roads. As  in  the example of vegetation condition., the
results prior to 1972 are  included to give a full picture of

the trends.

19468 1971 1977
Q.7 0. a
8.7 Q.S 10.8
7.5 7.0 +11.4 e
nil riil 1.7 1.8
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faravel—- nil
roads, |

H
;
|
:
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H
:
:
i
|
!
i
H
i
:
i
;
i
i

TRBLE 16 Length |

o

iths, trac

fences and gravel roads

oL - o oo e S o 2 T T e e e

1e]
i

a scale too small to extract data for measurement
b estimated as too numerous to measure acourately
o inconplete cover

4311 Lengt sured in kilometres.

Although it is difficult to measwe the lengths of

accurately, the increase 1s guite clearly visible.
paths are concentrated within the linear dunes but paths can
also be seen arcound the water treatment plant and the
reservolr. The distribution of paths is shown on Figuwe 17
and in the photographs in Figuare 18. The length of tracks
continued to increase. (Note that the apparent decrease in
1981 ie dus to the faclt that cover was not availabhle for the
sasterly section.)
1

There was a nett increase in the length of fences. The gross
figure shown in the table masks the {fact that fernces on the

inland border of the dunes appeared to deteriorate whereas
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many  new  fences wWere erected around  the water trewatment
works and along the bmundary\bmtwm@m Divisional Council  and
Dapartment of Community Devel opment property.

By 1981  the recreation infrastructure included the ablution
mlocks, parking argas, camping and picnic sites, roads,
office and house, and & shop. The water extraction
indrastructure  of  the water treatment plant, reservoir,
boreholes, underground pipelines and i ailsed WQiW had also
besn completed. The location of these oan he spen  on Filgures

v

4 and 17 on pages 51 and 71 respectively. By the time of the
198 phmtmgraphﬁg a tidal pool and grassed aregas had been
added to the recreation infrastructure. These can be sean
or the copy of the photograph in Figure 11 on page a5

(Note - because of the limited cover and distortion of the
1987  photograph, it was not included in the series of
photographe Ffrom which measurenants  were taker. Thus no
mention was made of the tidal pool and the gardens in e

list of actions from which the predictions were derived.)

Delphi session

- 1A —BEEEL R

1

During the site visit, the panel members individually listed

the impacts which they observed. This was Ffollowsed by a
Delphi qroup exercise in which & final list of impacts,
agreed upon by all panel members, was grawn  up and this list

is reproduced below. &t the end of the field visit and

Delphi session, pangl members were to give a psrsonal

summary of their overall of the exerclse. {The

panal was not givern information about the predictions made

o the basis of the photographic svaluation).



LIST OF IMPACTS IDENTIFIED AFTER THE. B ITE VIBIT

RECREATION IMPACTS

Feople pre
Jenuded v
B footpaths
" deflation of sand surface
D human defecation in bushes
Eoincreasing numbers increasing A to 0

tion around picnic arnd braal

wist infrasgtructure
roa and parking areas
i gardens and buildings

M aesthetic impact

Y. LMRAC L

! af ound pdri

J unmade foobtpaths

E ovehicle tracks aoross dunes

L owind erosion % dust deposition from roads

M increased establishment of alien vegetation

N planted alien vegetation e e sucal yptus, ki kuyu,

{1 invasive acacias

Foremoval of dead firewood causing change in nubri
flows

? removal of intertidal fauna

Fofewer animal tracks in towist areas

& roatds

EX H\ALI .LDN ITMFACTS

X

T derslict construction ca
U oremoval of indigenous vegetation
Y ircreased sstablishment of aliens

Mp s

Wat
Woinc a water intlux
X change in total dissolved solids {TDh&)
Y change in plant communities

extraction

MANAGEMENT IMFACTS

7 no maintenance of canal

A8 new fencing

AR possible changes in beach mariagemnsnt
AR decrsase in alien control

oD use of area by domestic stock

Ranking of the im

Fanel members were asked to rate the extent to  which
the listed impacts was accommodated by the natuwral
scosyesten. A seven-point scale was usec =

1 = full accommodation

4 = moderate accommodation
7 o= complete disruption

M am

ent

@ach

of
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rating is  shown

arranged in rank order from the

anconodated.

The computer program for Del

gives an output of Mistograms

voting for each impact. Thi

cpinion of each member of the
communicated to fellow panel

holds  what opinion. Any impact

more was considered significan

all significant impacts are shown in Figure

FHlean
Rating ...
&e 44
5, &7

S.hb

CREASING NOE I
DECKEASE
INCREASE

5 A DENUDED VEGETATI

F{aDs AND FARKIN
DEFLATION OF
FOOTRATHS
INVASIVE ACALIAD
ITMNCREASE IN ALIE
VEHICLE TRACES A
AESTHETIC IMPACT
USE RY DOMESTIC
GARDENS AND BUTL
CHANGE TN FLANT
FROSION OF PARKI
UNMADE FOOTR&THS
REMOVAL OF DEAD
REMOVAL. OF INTER
CHAENGE IN TOTAL
REMOVAL OF ITNDIG
INCREMASE IMN SEA
MEW FENCING
HUMAN DEFECATION
FLANTED ALIENS
WIND ERDSION &
FOSSTRLE
FEWER ANIMAL TRA
MO MAINTENANCE O
FOWERL INES

I

2.67

.56

2, 44

FIGURE 19 FINAL LIBT OF IMPACTS
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N
in Figure 19 with the impacts

most  disruptive to the best

phi meetings (Stauth 1G8E: 329

showing  the distribution of

information ensures that the

b

panel is reflected and can be

identifying who

with & mean rating of 4 or

t. The histograms of voting on

oy
20,

NOCREASING A-D

N OCONTROL

NE IN RECREATION AREA

O (FICNIC & BRAAT SITES)
B AREAS

SLRFACE

NE OROUND WATER INFRASTRUCTURE

CROSS DUNES

STOCH

DINGS
COMMUNITIES
NG AREAS & ROADS
WOOD AFFECTING
TIDAL FALINA
DISSOLOVED S0LIDS
ENOUS VEGETATION
WATER THFILUX

MUTRIENT FLOWS

IN HBUSHES

UST DEROBTION FROM ROADS
IN BEACH MANAGEMENT

CES IN TOURY AREAS

FCANAL

o

p i 4

SHOWING RANKING



VOTING FOR E

VOTING FOR AC

INCREASIMNG MOS INCREASING & - D DECREASE IN ALIEN CONTROL

7
é

IMPACT

? VOTES

21T}
T EERRR

MEAN VALUE IS 6.44

VOTING FOR

DEMUDED WEGETATION (PICMIC & BRAAI SITES) ROADS AND PARKING AREAS

IMPACT

o
o]

LEEX
>R

“NWE U0
* ¥ Ok

7 1wE%
é 1
S EEEEER
IMPACT 4 :
3:
2 :
1
9 UVOTES

MEAN VALUE IS

5.67

VOTING FOR F

MEAN VALUE

VOTING FOR
FOOTPATHS

IMPACT

ME&AN USLUE

VOTING FOR

VEHICLE TRACKS ACROSS DUNES

IMPACT

MEAN WALUE

? VOTES

1S - 5.33

IEERER

HE 22

7
é
S
4 1%
5
z
1

7 VOTES

1S 4.67

K

~J

Ll RS S I

7

é

S
IMPACT 4 s%xx

3

2

1

VOTING FOR M

INCREASED

IMPACT

ESTABLISHMENT OF ALIENS

Y
T
T
T

“NWbUOKN

9 VOTES

MEAN VALUE IS 35.56

VOTING FOR C
DEFLATION OF SANMD SURFACE

9 VOTES

MEAN VALUE IS 4.78

VOTING FOR V
INCREASED ALIENS

-]
IMPACT 2 s %%

3

2

1

7
S 1RE

? UOTES

MEAN VALUE 1S a4.56

VOTING FOR aD
USE BY DOMESTIC STOCK

IMPACT

? VOTES
MEAN VALUE I8 5.00
VOTING FOR O
ACACIAS
7 @
& %
S tEAERE
IMPACT 4 1%
3 1Ex
2
1 3
? VOTES
MEAN VALUE IS 4.54
VOTING FOR H
AESTHETIC IMPACT
7
& 1¥%
S =
IMPACT 4 :xx%
3 1#x%
2 1%
l .
? VOTES
MEAN VALUE 15 4.11

MERAN VALUE

FIGURE 20° VOTING HISTOGRAMS FOR SIGNIFICANT IMPACTS

7 i
é

S rxx
3 ixEx
3 1E&%
2 %
1

9 VOTES

1s 4.11



10

9.5 Lomparist . ; sulte G

f_photographic

etat;

Prediction_l Buildings will make no significant impact.

From the photographs. The total area covered by bulldings
iwm so small that it cannot be measured accurately at scales
smal ler tharn 1810000,

Eram the site visit., Impact G -‘gardens and buildings as
part of taurigt infrastructurs’ - relates to this
prediotion. (Sepe  previous note on omission of gardens and

tidal pool from analysis of photographs) .

The mean rating for impact 6 was 4 indi

cating that the pansl
considered gardens and  buildings to be modaeratsly
accommodated by  the site and therefore not & gignificant

impact.

Eoth site visit and photographs contirm prediction 1.

Prediction 2 Vegetation will regenerate in the site cleared

for camping and picnic sites.

From the photographs. Regrowth of vegetation in camping
and picnic sites was not ohserved on the photographs nor  was
it mentioned by the resort manage.

From the Bl te visit. nNo mention was made of the
regeneration of vegetation withim the picnic and camping

sites, in either the list of impacts or in the summarising
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commnents.

Fredichtion =2 ie not confirmed by  the photographs  nor

camnented upon by the pansl.

Frediction & Bravel and tarred roads and parking areas will

make little primary impact.

From the photographs. There is no evidence that roads and
parking areas have reached the threshold at which they are

not accommodated by the environment.

From the site visit. Impact F - ‘roads and parking arsas
as part of tourist infrastructure’, was given a mean rating
o =,00, The voting distribution is shown in Figure 20 and =&
clear division of opinion can  be  Seen. The cause of the
divergence may lie in ambiguous dedinition of the impact. It
i%.ﬁmﬁﬁiblﬁ that there is confusion between the primary and
secondary impact of the presence of roads and parking areas.
The secondary impact of facilitating high density recreation
is considerable but this is not the case with the primary
impact which is limited to the mere presence of the road.
The focus of prediction 3 is the primary and not the
secondary impact. -

The nhotoaoraphs support the rediction. The results from  the
= I

panel are equivocal.

Frediction 4 Informal paths will increase with improved




L2
aceess Lo the site. Faths will be concentrated around access

points along the linear AN @S .

From the photographs. 6@nalysis has shown the deterioration
in rondition of the vegetation due to the prescence of paths
in grid sguares 1, & and 3 of the coastal transect (location

shown  in Figure 7 on page 40). Figure 17 also  shows tThe

marked increase in paths in the linear dunes.

From the site visit. Thiree impacts relevant to this
prediction  wers identified by the experts, B - people
pressuwre giving rise Lo toaotpaths; B o~ increasing people
pressure giving rise to increasing footpaths  (and assoclated
other impacts -~ denuded vegetation, sand surface deflation
and  human  defecation? and J  ~ unmade footpaths as &
secondary impact of towism.

Impact FE  was ranked the most  disruptive impact and the

fan )

fistogram in Figure 19 shows the distribution of the voting
which can be regarded as virtually unanimous which supports
the prediction.

Howewver, there is some canfusion in  the definition of

impacts B and J. Both appear to say the same thing but have

DeeEn ~ated guite differently. The confusion is  alsg

reflected  in  the histogram whioh shows the voting
distribution for impact F. There are two opposing  schools of
theought, the one  indicating that the footpaths are
accommodated by the natural system and the other expressing
the view that footpaths create a serious digruption. Thus
there is no olear agreement from this part of the Delphi

procedure. Tt is suggested that the problem may lie in the

ambiguous definition of the impact and the rating of impacts
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Boand J shouwld be interpreted with caution.

The photographe confirm the prediction and the panael gives

partial contirmation.

Prediction 5 _ The positioning of the camping and picnic

sites will be one factor determining the pattern of informal

paths.

From the photographs. The network of paths through the
linear dunes shown in Figure 17, suggests that the position
of the.camping sites behind the primary dune was significant
in determining the pattern of paths. {(The 1983 photograph in
Figuwe 11 on page 65 shows the clear link between paths and

camping sites.?

From the site wvisit. A&lthough there was no  specific
mention in any impact definition or comment that pointed to
& link between the pattern of informal paths  and access
pointa, ﬁmntimm was made in the personal summaries of 5 of
the panel members of the fact that vigitor preassure wWas

confined to the linear dunes.

Frediction % is confirmed by the photographs, no comment 1is

pffered by the panel.

Frediction_ . ..& “Vegetation removed in  the course of

construction activities will regenerate. Large areas will

take longer than smaller areas.



104

Fraom the photographs. By 1981 revegetation of the areas
5crap@dv in  the construction phase, had begun. This is
reflected  in  the semi-quantitative measure of vegetation
condition arcound borehole GRY7E7  and on the 1981 photograph
which is wfortunately not reproduced in this report. (See

explanation in the Freface.?

I the 1977 photograph is evidence that in soms of the
areas where vegetation Wa g remaved, sand  blows  have
occurred. This is particularly noticeable where a pipeline
was laid ore arn gast-west orientation, across the path  of the
preval ling winds.

The evidence of sand blows in an area smaller than twenty
tectares means  that prediction & should be modified to
incorporate the factor of the orientation of the distuwrbed

tion of the prevailing wind.

area to the dire

distuwbed

There were no areas of more than twenty hectares

s this part of the prediction could not be tested.

Fram the site visit Fanel members identified that there
was  an  impact created by removal of  indigenous vegetatian

for the water supply infrastructure - impact U. The mean

-

rating of the panel for this impact was .56 Figure 19
arnd  the histogram showed 5 members giving a rating of 3
whilst the remaining fouwr members distributed one vote esch

"

for ratings of 2,4,% and 6. Thus there was agreement within
the panel that this impeact was not gignificant. This is
interpreted as supporting the prediction that construction

srars revegetate with  time. The photographs  also  support

thia prediction.
{
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Frediction 7 Fencing will improve the condition of
vegetation where it excludes people and stock and worsen the

condition where people and stock are concentrated.

From the photographs. The fence betwesn the Divisional
ﬁmﬁncil property and that belonging to  the Department of
Community Development has excluded stock and the vegeltation
condition has improved in  the former property. It showld be
roted that fences have been unsuccessful  in excluding people

from . the dunes. The fence behind the lingar dunes

WAS
erected to exclude sheep, which it did successfully. It has
not excluded people  who have taken the shortest straight
line distance from the camping site to the beach. This is
further evidence of the key importance of the positioning  of
pamping and pionioc sites.

From +the site visit. Impact AA —~ new fencing as part of &
managemant impact was listed by the panel. The mean rating
Was  Seas with thé histogram indicating agreement among the
parel. Mo direct mention was made =i ther in the definition
cf the impact or  in the final summaries of pansl members of
the role of fencing in controlling  the guality of the
vegetation. The implication of its role lies in the heading
of "Management impacts" wnder which it is subsumed but there

is no clear indication from  the panel membere  that this

prediction is supported or contradicted.

Preadic _ 8 Recreation impacts will be longer acting than
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impacts associated with water extraction and its supporting
infrastructuwre and will be concentrated within the linear

dunes .

From the photographs. Recovery of the vegetation on the
construction  scars of the water extraction infrastructurs
contrasts with the constancy of  the paths that resulted from

recreational use of the area.

From the site visit. Although the issues raised in  this

prediction were not directly addressed in the list  of

impacts drawn  up by the panel, 3 members commented that most
of the noticeable damage to the area is from towism and not
ohviously from water edtraction. Another comment as that
the water extraction infrastructure made a greater impact
tharn  the water extraction itself. & further threse comments
rioted that recreational impacts were severe but limited to a
marrow belt along the coast. Thus the prediction oan be

considerd to be contirmed.

Frediction 9 Uncontrolled fires will damage vegetation.
Mo fires have ooowred so this prediction is neither
contirmaed nor contradicted by the photographs. No mention of
potential fire damage was made in the list of impacts or in

the comments of the panel.

ial as opposed  to

rl‘

N.E., PFredictions 9 -~ 2 ar "Foten

-
t
H

"Frobable" impacts.



ediction 10 Grazing could adversely affect the condition

of the vegetation.

From the photographs. The difference in vegetation ouwality
in grazed and uwun-grazed areas  has  been noted. However,
although there was decreased canopy cover there was no
increasse in stock paths visible on the aerial photographs.

From the site wvisit. Impact AD - Cuse of the area by
domestic stock® had a mean rating of 4.11 and  ths
distribution of the votes 1s shows in Figure 20, It was
considered a significant dmpact by the panel but not of

maE o mport ance.

Both photographs and site visit contirm the prediction.

Frediction_ 11 Water extraction could change growth rates of

.

existing SPecl es of plants and change the species
compoasition of the Lowland vegetation. The dune vegetation

will nbt he aftfected.

From the photographs. The cmﬁditimﬁ gf  the vegetation
around borehols  GI29757  which had pumped continuously from
1977, did not show any marked detericoration.  WVegetaltion
cover appearsed as dense as it had beesn o in the past. Thus it
wontlel appear that by 1931 the Lowland wvegestation had not

heen affected by the dropping water table.
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The overall area of dune vegetation continued to  expand
sugaesting  that water extracltion was not having any negative

impact on plant growth within the dunes.

From the site visit. The relevant impacts identified were-

W increase in sea water influg - mean rating %.56

.

¥ changs in total dissolved solids — mean rating 3.867

HiN

Y change in plant communities - mean rating 4.0
The histograms shown below reflect the lack of umnanimity
within the group as to the significance of the impact.

VOTING FOR W VOTING FOR X VOTING FOR Y
7 : X E

TR 5 ¥ 8 K

Ha HEX T K K

Ay H 3K

A 4 SRR E s KKK

52

Eotanists who had prevously worked at the site commented on
the lack of change in the Lowland vegetation and in the dune

vegetatlion.

Frediction,

. Nomn—-maintenance of the canal will not affect

the area of dune vegetation but may change the species

composition,.

From the photographbs. The vegetation around the canal in
the Silwerstroomstrand dune plumse continued to expand in
area. (See Figure 8 and Table 9). Howesver. some changes were
gheerved. The d@n%e plant growth visible within the canal on
the 1971 photograph in dark grey tones, appsars as & light
backgrouwnd with dark dots in the 1981 photograph. This

sugaests that most of the vegetation in the srstwhile main



channel has died.

the

Bk
-+

From  the site wvisit. Impact 7 ~ ‘no maintenance ¢

”~y

canal® had a mean rating of 2.467 and only one panel member

considered that this would in any way disrupt the existing

svetam.

Frediction is rnot  open  to elther photographic
contirmation or rejection as no measurements have been made
on photographs taken subseguent to  the start of construction

of Foeberg harbour. Mo menticop of the harbowr  was  mads in

the briefing given to panel members so no comments on this

aspect were sipected or receiv

The evaluation of the predictions is sunmarised below.

FREDICT 10N

cont i rmed

[uw) Ummunt

@quivocal opindon

partially conftirm

cont i rmed o commant

rmec uartidllv umn{iwm

Lunftrmcd ‘nu cummEWx

mﬁ+errH contirmed

e e e no commant

SOme LI"HJ icati C)F‘t contie m.--,

onE 4 rm (dune hunu) cmnfrrmfdunp
do nmt Cmnfrrm(imw do not co
Lo land Ve

11. Lhange in PluhL

growth &
compositi
NMeg.unatfe
Wby shsence of canal

corf i
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There is very close correspondence  between the predictions
and  the post-127% photographs. This is hardly surprising as
the impacts are perceived using the same “instrument’® and
thyes gsamg  interpreter. Howsver, it did Feveal that
prediction 2 "the probable impact of revegetation of camping
and pilonic sites’, was not confirmed and may not be a valid

prediction.
!

The panel undertaking the site wvisit not only peroeived
impacts differently to those identified Ffrom the agrial
photographs but  also peroeived different impacts. In spite

of the ditferences, Ffive of sight predicted pr

were identified by the panel, fouw  of  them were contirmed
ftwe  of them partial Iv) and an eguivocal opinion Hpressed

on tne fiftth. No  comments were offered on the remaining
thres, one of which may not be valid., The obther two concern
temporal  and spatial  relationships. The potential impacts
were  confirmed  in threes out of four cases which may only

indicate that the same theoretical basis {(or bias) was used

to derive the predicticons.

Tt seems significant that no mention was made by the panel

of the potential impact of fire whereas the potential impact

of  &lisn dnvasion was heavily emphasised. Hlilen
were not ddentified as an  impact by the photographic
analysis whereas the fire sensitivity of the vegetation is
striking on photographs. This is one of the examples of the

different percepltion offered by a site visit and analysis of

a series of aerial photographs.
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Only the data relevant to the predictions have been

considered so far. Howsver, there were further insiohts from
bhoth the photographic aralysis and  the field visit that

contribute to the evaluation of asrial photography as a tool

in Eléf.

phiotoarap

Comparison  of the photographs of the lirear dunes in 1981

e v

arg 1983, shown in Figure 18 reveals that in the two years

betwsen the photographs, been no discernible

change in the area of vegetation cleared for picnic and camp
sites, nor is there any visible difference in  the fooctpaths
through  the dunes. The only noticeable changes are  the
addition of a semi-circwlar road at the northern end of the
Wintersteen parking area, the tidal pool and the grassing
and trese planting sadiacent to the parking area.

It iwm to obtain some indication of the visitor

pressurs during this period.  Unfortunately detailed records

of  vigitor numbers are only available from February 1982,

H

Howevei hetween February 1982 and March 1983 44

7

vigitor—davs were spent at the site. It seems a reasonable
estimate that in the intervening time between the two
photographs some B0 000 visitor-davs wWer e spant at

Silwerstroomstrand. It is perhaps uwunespected that visitor

pressure of  this order wouwld have no incremental  impact.



This finding draws attention to the nesed to refine

descriptions of impacts possibly by attempting to indicate a

semnl -quantitative graphic relationship showing thresholds of

increased ssnsitivity and plateaux  of stability in contrast

to  the implied straight line relationship that ‘increased

numbers of visitors imply increased lengths of paths or any
.

ombher measwre of recreation impact, such as deflation of

sand suwfaces sto.

The +inding alsco indicates that comparative analysis of
agrial phovography can contribute to the stetemsnt of such
relationships. It shows too,  the valus of  on-going
monitoring. It is & shortcoming  of  much  current EI&  that
monitoring  ie  apparently  seldom  undertsken. The feedback

provided in the above example would help to forsulate  far

more accurate statements of impacts in fubure FIi

Arnalysis of the list of impacts produced by the panel
reveal ed some of  the limitations of the particular aesrial

photographs used in this study. Data on impacts 1ike

deflation of sand swfarss removal  of  firswood, animal

= B5 e

tracks, removal of intertidal fauma, srosion from  roads  and
parking  areas, arg nobt wvisible on the photographs because

they are localised impacts on & small  scale. Although wind

Broslon was seen on some construction scars it was nob seen

o roads o tracks in b photographs.



Fowsrlines, sinogle vehicle tracks om the

£y

gach and alien

vegetalion are afyiee on photographs of d:21
ard Larger. The early photographs are of too small a scale

to build a sequential picture (assuming the pres

these tyvpes of impact at the time of

j.l
2

st i e cover . T

the limits to the spatial resclution can be sesn

in Figure 21.

CHANGES: large spatial

FRESOLUTION %\ RESOLUT I
low spatial Tow spatial

Migh temporal SK 2 low temporal
..J \ /

CHANGES: rapid ¢ S > CHANGES: slow

RESOLLTIOM P S8 RESOLUTION
high t&mpmralé- low temporal

hiobh spatial high spatial

CHANGES: small spatial

FEY: FHENCONMENATS FPROPERTIES A FHOTOBRAFHIC CAFABILITIES

21 Relationship between the capabilities of asrial
photographs and properties of the phenomena
observed (After Townshend 1981:98)

The 1238 to 1977 photographs ussed in the study had 1ow

spatial and low temporal resclution. The predictio

resulting from comparative interpretation of these

+. §

pihctographs are thus only able to addre phenomens bthat

ha slowly and are spatially large.
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Localised impacts, such as  removal of firewoond, deflation of
sant  surfaces, removal of intertidal fauna, were neither
detected nor predicted. Increase in alien vegetation was not
i

predicted as detection of aliens is not only bevond the
spatial  resolution of the early photographs but also bheyond
their spectral resclution. For reliable detection of aliens
on aerial photographs, colow photography of a large scale
is desirable. (Boucher personal communication 1984; Brownlie
19822 1973,

v

After 1977 the photographs used, had higher spatisl and

rt

it was possible

temporal  resclution and using these
obhtain  insights on & level detailed enough to reveal the

wnexpected constancy in the level of visitor impact.

Lack of spatial resclution in  the pre-1972 photographs was

tweerr  the

obhviouwsly a major sowce of fthe difference

impacts  listed by the parmel and those predicted. I+ this

saurce of variation is removed, the following short list of

impacts identified by the panel is derived. Those marbked by
arn asterisk denote impacts that were not mentioned in  any
predictions.,

SHORT LIGT OF IMPACTS IDENTIFIED BY THE FANE

RECREATION IMPACTS

tation arc picnic and braai sites

N S E
B footpaths
E increasing numbers increasing & and R

Tour
F.

st infras
Far kg

tructure

AT EEUE

{5 and buildings

* H assthetic impact
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J ournmade footpa
Eovehicle tracks across dunes

WaTER EXTRACTION IMPACTS

O power ]
T derelict construction camps
U removal of indigenous vegetaltion

W oincre ea walter influx
X change 1n total dissolved solids (7
Y change in plant communities

MAMOMGEMENT IMPACTS

Z no maintenance of canal

AR new fencing

A possible changes in beach managemant

A use of area by domestic stock

the impacts that were not mentioned in any predictions

that -

considered, it is

partiy

Soomy

H is not ay¢ technical impact, open to

svaluation but reguires the subjective value Jjudgesment

eglected

appropriate for social impacts. The panel was @

to look technical not scocial impacts and so  this

impact shouwld be omitted from the list.

Other than the single accesse track at the northern end

of the linesr dune, no vehicle tracks were observed on
any  dunes  on ths 1983 photographs. The panel members
were i agreement on isopact K (see Figure 20) which had

and  was  thus consi dered

& mearn rating  of

significant. The of opinion betwesn pansl and
photograph may lie in .the limitation of temporal
resolution in that the  most recent photograph was taken
almost exéctly a year before the site visit,

ITmpact § was ranked very low with a mean rating of 2.54
and a histogram indicating general agreement amang pansl

meEmbheEr s. It is suggested that its absence from  the

predi cted impacts is therefore not significant.



Gimilarly, the msan rating of impacts W, X and AF was

-,

Was no wnanimity

helow 4. In sackh of the

within the panel (histograms for dmpacts W oand X are

shown 0N 104 but  the majoarity considered the

impacts to bhe insignificant. Tesurs where such division

of ﬁfﬁ+wuu1uhuf apindon sxist may indicats the need for

further priefing to better define the impacts  and
obviate any ambiguitiess.

Impact T, the derelict construction camp was considersd

part of the overall construction activitiss.

Thus of &ll the impacts identifi by the panel impact B was
the only sigrnificant one not  supported by  the predictions
made  as  a result  of  comparative interpretation of asrial

photographs.

s shiowed  how a more

aite visit al

glements  in the framework

produce a more sensitive analysis. 'In the couwsse of the

identified the ol

in the rivering vegetation. This had not been detected on

the photographs dnidtially but s STHEFED VI SWing

contirmed that a comparing  large

scale photographs  from 1971 and 1981,

hiylla is
a distinctively tall plant reguiring & high water table, the

significance of monitoring change in the plamt is its

indication of the stats  of the water

ju)
o
'J"I

grample of the limitations imposed

cialist  insight on the indicators that can  be mondtored

o asri &l photographs.
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In general terms, it was observed that the site wvisit and
the photographic analysis gave very ditferent percepticons  of

the impacts at Silwerstroomstrand. The site visit tended to

identify more localised and detailed individual phenomena

whereas the comparative interpretation of mul ti~temporal
agrial  photographs tended to foous more on spatial  and
temporal relationships. Neither perception is adeguate an
its own. The two are very complementary and  suggest the

potential of a powerful interdisciplinary synergy focussed

through  the medium of aerial photographs. Beaumont (personal
communication 1983 uses aerial photographs for preliminary

assessments o stucdl es ‘undertaken arcl t+inds

i 3

multi-temporal photography gxtremely important, i fact
almost  critical for assessing the stability or rate of

change of an area. "



CHAFTER TEN
CONCLUSTONS

The hypothesis on which the study was based is  that
camparative interpretation o multi-temporal aerial
photographs is a viable tool for use in Environmental Impact
Analysis. This was tested against another tool commomnly used
for EIf"s — the site wvisit by a multi-disciplinary panel who

list impacts and rate them.

Every tool has inherent capabilities and limitations as wall
as limitations imposed by the way in which it is wused and
the skills of the user. This must be apprecieted when
evaluating the results produced by that tool. It is
particularly important to appreciate  the Limitations when
the tool is to be used a&as a standard against which  a

comparison 1s made.

The site visit was planned for a panel composed of members
representing a wide rangs of disciplines. The disciplinary
composition of the actual panel that visited the site was
however, wunbalanced. (Comments to this effect were made by
the panel mesbers themselves). A further limitation was that
the tight schedule planned for the exercise was wnexpectedly
overestendsd by delavs fau%md vy t@chniﬁalv problems.

Al though these limitations might have lessened the detailed

output  of  the exercise it was not considered that they

atfected its overall validity.



1iw

From phase one (see page 3) predicticons were made by  using
the tool of comparative interpretation of pre-devel opment

aerial  photographs. Eight pﬁmhablm and  four  potential

impacts were predicted.

From phase two, one of the @ight probable impacts WE S
assessed as invalid by the “internal® check applied, wharaby
the predictions were compared with the interpretation of the
post-development photographs.

Ficam

three, a list of thirty impacts was drawn up by
the panel and the interpretation of phase one were compared
vith these impacte. OF the remaining seven probable impacts
predicted in phase one, five were identified by the panel
and four of the seven were confirmed in whole or part.
The maior limitation of the tool when evaluated agai

the

87

H

the

"

gJain
results  of the panel, was the spatial resclution o
early photographs. Thirteen of the thirty impacts could not
be seesn on photographs of scales smaller than 1:10 000,  When
impacts not visible because of the limits of the spatial
resclution  of the early photographs are removed from  this

list o+ impacts, vernteen remain. Only  one significant

impact, *vehicle +tracks acros the dunes as a secondary
impact of tourism®™, was not predicted by the tool being

eval uated.

Thus the tool. comparative interpretation of aarial
photographs, perceives a sufficiently similar e of
impacts to that perceived by a different commanly used tool

to justify being considered as a viable tonl for EIA.



The strengths of the tool wers “in the Following
contributions  that it made to the envirommental impact

analysis of the site:

e it alded in gathering both guantitative and

saml-guantitative information about the site (changing

{i

areas of sand and vegetation, lengths of tracks, paths

arnd roads, condition of vegetationd

- it promoted  an understanding of the site by fuwrnishing
firstly, & regiaonal perspective so  showing  the spatial
relationships of the systems within that environment

(position of camping/picnic sites and pattern of paths,

position of submerged rocks and unchanging sectioms  of
Vinmesr dunes, orientation of distwbed swfaces and wind
g sl on ani,
secondly, & temporal perspecltive which enablsd  the
interpreter Lo detect constancies, changes and rates of
change (chmv&ry of  wvegeteation aftser buwrning or
SCraping’ . This gave the basic information +for some
understanding of the natural dyneamics of the site and
the ey ir which the environment responded to
perturbations.

= it monitored changes in the physical srivironment  and
this monitoring function refined the prediction of the
impacts indicating, even very roughly, threshhold valuss
and stable plateaux within  that i te farﬁa ard

. | _ /

orientation of distwbed swface and probability of sand

bBlows, visitor numbers and formation of paths, season of

burning and time for regeneration).
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- it was  relatively inexpensive and is  therefores  an
seconomical  way  in which to gather preliminary data. (It
is however, no substitute Jor site visits but shouwld be

weed as a complement to this sowce of data.)

- the overlays produced through use of the tool are a
communicating device (and &lso contribute to the process

oot intorming readers of this report.)

In addition
----- it can aid organisation of EI&A's by directing attention
to the priorities in information gathering. Frioerities
are signiticant becauves holistic studies can draw on a
plethora of information and it is important to direct
the resowces of the impact study team to essential

information as opposed to peripheral information.

- multi-~temporal photographs enaile the interpreter to

tel e

ope time, so edxperiencing  change vicariously. This
feature suggests that there might hbe considerable scoope
for  bthe wse of case studies based on mwulti-temporal
photogiraphs as a means of training  all who would benefit

fram an understanding of the dyrnamics of an environment.



[ e

The limitations of spatial resolution camn be lessened in

some  meastire by supplementing the data from aerial
photographs with
i site visits
ii reliable data from other sowces e.g. interviews,
previous reports, etoc.,
iid using some framework against which to interpret
the data.e.g. a systems approach, the theoretical

constiructs of a discipline.

Az has besn mentioned previously the potential for synergy
in combining  the insights afforded by interpretation of
mlti—-temporal aerial photographs with other sources of data
is considerable.

From this study it is concluded that comparative
interpretation  of wmnulti-temporal aerial photographs is  a
viable tool for use in Environmental Impact dnalysis and the

hypothesis is accepted.



J.FuH. 1975, oof South Africa. End.,

Mo 40, Botanical Resesrch

Inst., Fretoria, 128;

ASHEY, l.ord. 1976, Hackground to environmentsl impact

1 & Ime OFRIORDAN, T. % H.OHEY.

R8s

iranmenta) Saxon Houss, Westmead.

e
aliial [2a

AVERY,  T.E. 1977,

ion) . Burgess Fublishing company, Minneapolis.

BOBINGTON SMITH, C.

of _Fh Shatto &

Wirmdus, London.

LS

BESUMONT, R.D., CARTER, N.G. % GREGE J.9. 1273, A system
for land wse evaluation. Faper presented at Zrd
asymposium on terrain evaluation and data storage.

Johannesburg.

7

BLISSET, M. (Ed). 1976, Enviroomental Impact 6 sment.

cir, Teras.

Engineering Foundation, ~Aus



L

BOLTHE . & PARSONS, RH.J. 1980, Vegetation. Ins: Notes on

y oo gy g -y

Silwerstroom (W after Jjoint visit with BRI on 28
Jurne 1980, Internal report, Estuarine and Coastal

Ressarch Unit. Mational Research Unit for Oceanology,

Stellenbosch.

BOUCHER, C. 1981. Duns plumes in the Western Caps.

Flora &7, (1). 11~

BREDENEOMF, D, & VAONDOOLOEGHE, M. 1985, Dde UOntginbare

Grondwater Fotensiaal van die Atlantisgebied. i

et Mol | GH S

Department of Environment Sffaivs,

Fretoria. 435 p.

BREEN, C.M. 1971,  fAn account of the plant ecology of the

dune forest at Lake Sibayi.

BRINE, A.R.A. - 1967, General report on terrain evaluation.

Froc 4th Reg. Conference for Africa,

.and

BROWNLIE, 5.F. 1982, The Effects of Fecent Landuse on a

Fynbos site. R School of

Frvironmental Studies. University of Cape Town, Cape

Towr 13%  p.

CAIRMS, J. 1975, a and Biology. Vol 141,




CALLAGHAN, EB.H, 1973, The Flanning Frocess - A Case Shudy

3

trand (Devel opment of a colouwred Holiday

23T e
D1l NETS

thesis, Uniwversity of Cape Town. 79 p.

CANTEFR

MoGraw—-Hill Book Co, Mew York. 331 @

CHORLEY, R.J. & RENNEDY, R.

Lk, J. 1974,

ns for | The

Coneervation Foundation, Washington. 178 .

CLEGE, D.S5.  1281l.  The history of Commericel Photogrammetry

in Bouth Africa. Iny  Pro BV

- o A
FNdE 91

anoef Alr Survey Gompani

DEY, B. & RICHARDS, J. 1981, The Camnadian North:  Ubility

of Remote Sensing for Environmental Monitoring.

11, S7-72.

DURy, G. 1981, An Introduction to Envirvonmen

Helnemann, London. 5386 p.

ERERT, J. & LYONS, T. 1980. Remote Sensing in Archasology,

@

Cul tural Resouros Treatment & Anthropologys  The USBS in

197%. Iy fAer Archaslogy  Vol. 5.




EDWARDR, D 1972 Remote

s A'» £

in the BEvaluation of the

Matuwral Vegetation Resouwrces of South Africa. 99105,

.'l Liny "3}'_']__“

vices, Fretoria., 2186 p.

EL-O8HRY, MJR. & WANLEBS, H.R

angd their changes, ITrne

KXXTITIT,2 pp.184-189.

fAoademic Fress, e

LY g

York. 325 p.

ESTES, J.E. & SENGER, L.W. (Eds.)

Fublishing Co, Santa HBarbara. 340 p.

FUGHLLE, R.F., MOLL, E. % ROSENTHAL, 6. 1974, Stabilisation

i
e

sand dunes Foeberg Fowsr Statiom:Preliminary Report.

r

Mool of Environmental studies, University of Cape

Towrn. 3d pa '

FUBEBLE, R.F. 1979, Methods for Pr

il

Liminsry Analvysis o

Environmerntal Impact in Sowbth &Frica. School of

I

Town., 45 P

Environmental Studies, University of Cape

FUBBLE, R.F. & RARIE, M.A. 19

Jut s

1

% Lo, Litd, Cape Town. 5SBY7 p.



Pt

s Maie & CARTER, V. 1976, Contribution of Remote

Sensing to Habitat

fltered Ecosvstem.,

s won | = L =
e JOGD

onter

GITHUND, E.R. & BELL, B.h. 1976, Groundwea
Ffaffiim, Ju.M. & Ziegler, E.M. (eds.). Encyclopedis of

Enyirononegrn ring. pp. 405-427%,

SOUDTE, AL (Ed.)y 1981, Geomorpho! Technigues.

Georges Allen & Unwin, London. 35393 p.

GURNN, B.W., 1977, The Dynamics of Two Caps Coastal
Embayments. Vol 1 Interpretation and Conclusions.

Unpuizlished M 8c Thesis, University of Cape Town.

GUTHIND, E.A. 19536, Ouwr world from the air: conflict and

adaptation. pp 1-44. Insg THOMAS, W.l.. (ed.)

Ui versity of

Chicago Press,

HAMBL IN, W. = TH. 1975,

Burgess Fublishing Co, Minnespolis. 578 p.

HEMNIGAR, H. Guantification of Changs

Topography using siople parallay measwremsnts. Iriy

_Bensing. Yol 44,

Mo. 1. Jam 1980,  pp. 7i-75.



HEYDORM, ACE.F. & TINLEY, E.L.

H.Z, RaE. ted.). 197735,

’

cing. of the Enviconsent. Houghton Miflin Co.,

Boston, EQO p.

HMUMTLEY, B..J. 1977.  Terrestrial Ecology in B

o~ . - B T T
BaBfre a3 Fhy AHO-ET0,

LENIHAN, J. & FLETOHER, W. {(Eds.i.

ey
i
-8
[}

]
e
]

Monitoring Academic, Mew York. i35l po

Jobin B B Yo k.

Malan, 0.6. (Ed.)? 19732, inos_ of the SHymposiwm_on

Femi ng S.b6E.  Dept. of Agricultrual Technical

Bervices, Fretoria. 21é& p.

MoLAN, 0. G, 1974,  The ERTS Programme & its Achievements.

Yol &, 1

HORRAD, E. 1982, Fhotography as a Renote Sensors: &0
svaluation of selected films for vegetation studies.
Beog. Hons. Project.  Department of Gsog. University of

Cape Town. 732 pp.



1281,

3 Lowlands of the W

1981. University Cape.

E.d. st tin prep.) A

MOLL.

vegetation categories in and adiacent

Eingdom.

MOLLOY, M.W. 1972, Earth Mesource

Malanm 0.6. {(ed.;

Tris

8.

Dept.

&,

Sensing. I

Fretoria. 216

..... Services,

AN, K. et oal. 1280, Airphoto

Trs q

Control Fractices.

S5 Mavy

Mo

Vol 4é,

Remngte

MORRIS, MaT. 1977, A Sttempt to Dete
: P

Contraction of the Area of mnoving sa

investigate the grain-size <

Unpubxiished Geography

Cape Town.

M55, 1976, Eoological

.
preparation of environmental impact

IPRiordan, T % Hey, K.

Ty

[E M

Baxon House, Westmead.

. E. 1975,

MILINI,

Sl Tind T ER Ll 23

11
3

Frinciple

Wiley % Sonse, Toronto. 160

ion

to the

ngsE.o
of  Agrid

£ a

FAT TR I SR
Aral vsis

ermine the

wd at

TIT project.

considerati ons

Ervironmasntal

P o

Oy mﬁﬁpﬁd

P
L-aAE

F¥7om

i %

cultuwral

1980, pp. 637

Hiout

in

in the

astatements.

Topact

SDACE.,

Sy mpo

of Erosion

ralte

Eay %

fivan o

floral

'
[why

@

thess

University of

P .

saments

Johin



MRETD (Natiomal Fesearch Institute for

. 1ERE, Mydrological SHvidraulic study of Cape

Eetuarie the Sondags estuary. CBIR. 46 p.

ORINOVE, C.d. 1972, arth resowoce Satellits aric

Integrated resource swveys. B 47-06. Ins MALAM, O.E.

Symposium 5. 6K,

Dapartment of Agricultural Technical Services, Fretoria.

~i1

DR IGUES, M. 1978, The Melkbos-Mamre Dune Complex.

Geography II11 Froject. University of Caps Town.

ROGERS, J. 1982, Lithostratigraphy of cenozoic sediments

b

hetwsen Cape Town and Eland’s RBay. Ins COETIEE, J.fA. &

var ZINDEREN BAEFER snr {(eds.)

and the swrounding islends. A6, Balkema, Rotterdam.

ROSEMTHAL, G. . MOLL, E. & FUBBLE, R.F. 1977, SBtabilisation

i e

ai-g) Fower Station § Froceduwal

of Sand Dunes Hoebe
Guidelines. Beohool of Environmental Btudiss, University

I

of Daps Town. 22 p.

RUDD, K. 1974, Duzdzury

. @ Division of Wordsworth Publishing Co.,

-

Belmont. P35 p.

SCHARNDA, E. (Ed.). 1976, Environmental

B - Springer-Verlag, Berlin. 567




RLEY. J.E. 1987, Ervirormen

[
5

ot Analysis:  The

ki

pacts. Wnpubl. MoSc.

Tdentification of Secondary Im
thesis. School of Environmental Studies, University of

Cape Town, 18% p.

S5TAUTH, K. 1983, Environmental Evaluation Manual: /&

Methodol ooy for Conducting an Evaluation of Resowroe

Mlocation plans affecting Bouth African Estuaries.

:

School of Environmental Studies, idniversity of Cape

Town. Re

STOOH, L. 1974, f PFhotogrammetric Investigation of a

Duine

“hotogran

STODDART, D.R. 1967,  Organism and

graphical models.Ins Chorley, R.Jd. & Haggeltt, .

o &

N
(modse ¥ .

by e  London, Metheusn.

STRANDRBERE, Carl H. 19467, derbin

"y Mard

Wiley & Sons, New York. 245

TELROT, W.J. 1247,

oy
Lt

G ford University Fress, Cape

Towan. 7%



TELEOT, Wod. 1961, Land

Southern Africa. Irme  Stamp, L.D. {ed.d.

gions, VYol XVIT of Arid Zone

™4 e . o
Faris.

TALKENBERE

W 1962, &n investigation of the environmentsal
impact of surface diamond mining along the arid west

conast of South Africa. School of Environmental Studies,

Ui versity of Uape Town. roh_report Mo. S6. 1€ DR

THOMAS, W.l. (ed.) 1956, Man’

naing k

Lini v

sity of Chicago Fress, Ohicago.

TOWNSHERND, R.R.G. {ed.) 1981, 1

ing. George Allern & Unwing

WADDIMETON, G.H. 1977,

London. 250 p.

WinkD, C.dda 1971, The Flant Ecology of the Isipinge Beach

Araa, Matal, 5. Africa. MS8c thesis. Dept. of Hotanvy,

Uniwversity of Natal. 342 p.

WORD, D.V. 1978,

Academic Press, hew York. 150 p.

WATSOM, H.E. & MACDONALD, I.A.W. 19873, Vegeltation changes

in the Hlubhluwe-Umfolozi Game R

sve Gomples from 1937

" o = CT + -y R e
o 1975 lise 14:3: Ehi-day.,




e gous,

PET ol Bk Il Y - " > ] 4% BT b "’ EOATYTEL {58 g pea ue s PRSI
WEISSER, F.J. & MAREBUES, F. P97, Eross ovied

i
el
i
Py
ot
I
3

Hi

Fichards Bay and tf

ghanges in the duns

12,4711 -721.

MEomlosi River, 19371974,

Foda 197%a. Suitability of alr-photo

~oretation for monitoring coastal dune vegetation on

the Zwululand dunes, Sowth Aferica. In: The Use of

Ecological Variables in Environmental Momitoring. The

National Swedish Environment Frotection Board, Report BN

Fode % PARSONS, H.d. 1981, Monitoring BEhrag

P s ow L

from 1937 to 1976 in the Sival

Inoreas

Lagoon (Natal, South Africa) by means of air photo

pretation.  Hothalia

WETESER, F.J. & WARD, C.d. 19E2.  Destruction of the

communitie

Fheoenis

A

Fichards Bay, Matal, South Africa. Bothal

WEISSER, F.J., GARLAND, T.F. & DREWS,B.H. 19828a. e

1RE7-1977 at the Mlalazi Natwe Heserve,

advancemsnt
Mturzini, Matal, South A&frica, and a praliminary

14, Le 1E7-17350

i oon ohroncl gy .

statlon-sSuscess

WIDKWARE, G.M. % HOWARTH, F.Jd. 1983l OChange Detection in
1 Landset Data.

faie DR 3 =4
Tl




AFFENDTE A Fage 1

The sarligst major use of aerial photogiraphs in South
Gfrica was in 1929 for mapping purposes (Cloete personal

communi cation 1982, The

early asrial photographs wers

flown by the South African Alr Force. The commercial

-
f

poterntial of asrial surveys in Africa was appreciated by
Fritish company which, in 1931, established a local
gnterprise, Alrcraft Operating Company of Africa. The
cdmp&ny“ﬁ firast contract was a survey of the Durban
Municipal area for town planning purposes. By 1934 the
company had been awarded a contract by the Union governmeant
for the first of the photographs that were to form the basis

Fone the 1850

o

topographic map series (Clegg 1981: 1-3).
With expanding use of aerial photography, a South Atrican

feaociation of Alr Survey Companies was formed and this now

has twenty menbers.

The holistic nature of agrial photography makes it & tool
with & very broad range of applications.  An overview of its
initial uses irn South NMrica is given in the Froceedings of
the Symposium om Remote Sensing held in Pretoria in May 19732

{(Malan, 1%973).

The Symposium Froceedings indicate that prior to 1972 i
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£ Fage &

maior use of asrial photographs was for cartographic

P The then eguivalent of today's Mapping and Survey
Branch of the Department of Cuﬁmunity Development. usaed
aerial photographs to compile topographic and other MEfI S

De Villers (1973 Z01) cmnﬁid@r% that after cartographic

uses, the second major application was in agricul ture where

it was used in farm planning, soil, botanical and landuse

surveys, and for irrigation development.

Aerial photography playved - and continues to play — an
important role in planning. For instance, the Town and
Regional Flanning Commission of NMatal has carried ot
parking and traffic surveys, spot counts of people on
hearhes as well as rural land use surveys with the aid of
asrial photooraphs. Other local authorities such as Cape
Town and Johannesburg also make extensive use of aerial
photography in their planning. The Mational Institute for

Foad Ressarch haz established a

!

Data Bank which has a
collection of the photographs wsed in planning road
networks., The Fisheries Develpment Corporation, which is
involved in the planning and development of new harbours,
maintains its own aircraft to undertake aerial surveys of

areas where harbours are planned and to help solve any

problems associated with their maintenance {Bavage personal
communication 198355,

Whilst there is a definite use of aerial photography in
genlogical application, the degres of utilisation is

ﬂ

difficult to sss,. Newbon (1972: 193 points to the




APFENDIX A Fage .

absence of published material on this topic and suggests
that this might be due to the secrecy involved in studies

which have considerable economic ramifications. A similar

constraint applies in assessing the contribution that aesrial
photography makes to engineering and construction
activities. One example of the use of aerial photography in
this field is the land use evaluation system described by

oo

Emaumont et al (1%75).

What is notable is that asrial photographs were little used
in environmental monitoring studies prior to 1972. Edwards
(19792 101) has identified the only work of this nature - the
monitoring of the coastal dune and estuarine grology of
Isipingo beach by Ward, submitted as a Master s thesis at
Natal University in 1971. Other early uses of gpecialised
asrial photography for environmental monitoring involved the
detection of Phytophthmra Fot in avocado pears using
multispectral imagery and use of image intensifiers to
record bioluminesence of plankton from which tonnages of

fieh were inferred. (Cram in Malan 197435 129)

Fessarch into the application of remote sensing for

environmental problems received considerable impetus with
the launching pn 23 July 1972 of the earth resources
satellite ERTS. Although much subsequent research effort has
been dir@mt@d at satellite digital imagery, aesrial

photography sesems also to have been more widely used and

resegarched in South &frica since that time.



AFFENDIX A Fage 4

Sipce the initial multi-temporal work done by Ward, Welsser
appears to have been the major Bouth African ressarcher in

this field. He has, in particular, investigated the gross

the Mfolozi River. Ry comparing photographs from 193537 and

1977 he was able to identify successional trends as well as
indicate the possible rate of succession (Welsser 19822 127 ~
1EDy . T work on the asrial phmtograpﬁﬁ of the Sivai lagoon

ame of

in Natal he has traced the incre

resds from 1937 to 1976 (Weisser 1981553, Weisser has also
investigated the suitability of aerial shotographs to
measure foredune advancement and has found photographs of a

scale of 1:30 000 or larger adequate for this puwpose

seer 1FE2:127).

{ e

oy B

Wateson and MacDonald (198%: 265-246%) have used asrial

pﬁotmgrapha to monitor the effectivensss of two methods used
to control bush encroachment. MacDonald (personal
conmunication 1983 has also indicated the value of asrial
photographs in monitoring gully erasion, the extent of fire

damage, reed cutting in nature reserves and invasion of

alien species.

Breen, (1971:223-234) working on 1943 angd 1944 air photos of
Sibayi. has shown how the control of agiriculture has

resulted in considerable improvment in dune fore

vegetation. Frownlie (1982) has used a mualti temporal study

as a tool to contribute to an investigation of possible
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causal relationshipsg between land use and managemsnt

practices and the resultant ecosystem.

Multi temporal ytddy of asrial photographs is an important
tool in the work of the National Ressarch Institute for
Oceanolagy. The Coastal Engineering and Hydraulics
Divigion, of this Institute, is working on hydrologial and

hydraulic studies of Natal and Cape estuaries. The aerial

photographs are analysed to reveal changes in featuwes such
as channel widths, sand spits, open water areas, and
gurrounding landuse.  From this information a description of
the condition of the rivers and estuaries can be produced,
interpreted and evaluated against the background of

simul ated run—-off data, marine processes and changing land

wse in the catchment area.

The Estuarine and Coastal Research Unit made extensive use

of air surveys to produce Part 1 of the reports "Estuaries
of the Cape”. Comparison of asrial photographs also
contributes to the individual estuary reports which form

Fart 2 of the overall worbl of the unit (Hevdorn and Tinley

19807 .

Huntley (19277} reviewing terrestrial escology in Soubth
Africa, indicated that whilst considerable progress has been
made in mapping this country®s vegetation, varyilittle
gffort has been expended in monitoring the rates and kinds

of change that are taking place within it, or the proces

accounting for these changes.
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This ohservation is certainly less true today, but it
nevertheless highlights the need for the multi-temporal btype

of investigation.



MONTH

1982

1976 1977 1978 1979 1980 1981 1983

JAN 8 4 18 24 50 24 6,2
FEB 41 0 14 7 0 0 31,6
MAR 21 48 10 0 0 4 26,7
APR 53 0 4 48,5 37 49 6,5
MAY 75 8 69 74 12 44 90,7
JUN 123 17 57 66 37 58 94,2
JUL 124 12 29 30 88 62,5
AUG 80 79 30 44 102 63,3 26,0
SEP 27,5 68 12 13 41 33,3 36,4
oCT 10 11 4 43 48 12 37,1 14,4
NOV 61 3 17 21 46 12 21,5 7,6
DEC 45 44 14 0 42 0 12,2 13,2
TOTAL 610,5 | 271 307 442,5 391 407,8 416

\

APPENDIX B': ATLANTIS RAINFALL' ( ELECTRICITY DEPOT)



"

LIST OF FANEL MEMEBERS

The field visit was organised under the auspices of the
Hydrology working group of the Fynbos Biome Froject,
Cooperative Scientific Frogrammes of the Council for

Seientific and Industrial Research (CBIR.

Mr 6 Boddington of the Town Flanning Rranch, Cape Town City
Council

M J Bosch of Jonkershoek Forestry Research Gtation

M C Bowcher of Botanical Research Unit

Frof R F Fuggle of School of Environmen

al Studies, University of Capeg Town

Mre M Jarman of Cuﬂopetativa Grientific FProgrammes, CHIR

Mr T MeDonald of Percy Fitgpatrick Institute of African
Ormithology. University of Cape Town

M J Miller of Jonkershoek Forestry Research Station

Frof E Moll of Department of Rotany, University of Cape Town

Mr D B van Wyk of Jonkershoek Forestry Research Station

.
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—— Contour interval: 25m.
0 200 400 600 800 1000
metres

Bathymetric map of Buffels Bay.

(From Gunn 1977)
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