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INTRODUCTION

Vogelgat Nature Reserve is situated approximately
10 km east from the centre of Hermanus, in the
Kleinrivier  Mountains | (latitude 34°22’45"S and
34°2420"S; longitude 19°17’45"E and 19°19‘45"E; Fig
1) and covers an area of 603 ha. The altitude
varies from 10 m at the bottom of the kloof near the
"0ld Gate" in the south, to 805 m at "Beacon Head",
in the north (Fig 2).

The vegetation of the Kleinrivier Mountains falls
within the fynbos'biome and was one of the areas
used by Acocks to describe his veld type 69, fynbos
(Acocks 1975).

The objectives of this study were to:

a) compile a checklist of the Reserve;
b) determine species richness;
c) compare to species richness of other fynbos

reserves;

d) categorize species according to their survival
mechanisms (Noble and Slayter 1980; Bell et al.
1984).

The Reserve falls into Climatic Region M (Schulze et
al. 1978) in that it experiences a Mediterranean
type climate. The winter months are characterized
by hot, dry winds coming from the interior khown
locally as "Berg winds". These winds can lead to an
increase in temperatures of over 10°C within a few

hours. (Fuggle 1981; Jackson et al. 1971), and are
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responsible for the phenomenon of the highest
absolute temperatures often being recorded during
winter. These winds often coincide with the passing
of cold fronts and are often associated with winter

rains (Jackson et al. 1971).

Due to the Reserve’s mountainous nature, and
Qredominantly southerly aspect, rain is exﬁerienced
throughout the year. A rain gauge at "Quark House"
has been in operation 6n the Reserve since February
1981 (Fig 2). The mean annual rainfall measured
over the eight vyears, 1981 to 1988, has been
1 035 mm (Table 1).

Table 1: Mean monthly rainfall (mm) data for Quark
House (1981 - 1988). '

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec “ Total

73 80 87 79‘ 78 121 99 93 128 80 53 64 “ 1 035

METHODS

Plants have been actively collected on the Reserve
since 1972, the main collector being Dr 1Ian
Williams. One set of these specimens has been
housed in a local herbarium specially built for the
Resérve, and another at the Bolus (BOL) Herbarium.
The specimens were mainly identified by the staff at
the Bolus Herbarium, but some have also been
identified at the National Herbafium in Pretoria.
The nomenclature conforms to Gibbs Russell et al.

(1987). A few alien species have become naturalized




in the Reserve and have been included in the check

list (Appendix 1).
RESULTS AND DISCUSSION

An overall analysis of the flora and comparison to
the Cape of Good Hope Nature Reserve is given in

Table 2.

Table 2: The relationship between the number of
families, genera and species of Pteridophytes,
Monocotyledons and Dicotyledons of the Vogelgat (VG)

and Cape of Good Hope (GH) Nature Reserves.

Pteridophyta Monocotyledons Dicotyledons

Number| § total Number % total Number % total
VG GH{ VG GH VG GH| VG GH VG GH| VG GH VG GH
Families {12 5{12,2 5,8} 19 15{19,4 17,2| 67 67|68,4 77,0 98 87
Genera 16 7| 4,8 1,8/108 137(32,2 34,7210 251/62,9 63,5|334 395
Species 22 8y 2,7 0,7(279 408|34,8 37,4501 675{62,5 61,9|802 1091

The ratio of monocot to dicot species is 1:1.79.
This is slightly higher than that for the Cape Point
Nature Reserve (1:1,65)(Taylor 1984), but lower that
for the Cape Peninsula (1:2.02) (Adamson & Salter
1950). It is also lower than that recorded by
Boucher (1977)(1:2,00) for the Cape Hangklip area.

In the Reserve, over half the total species recorded
(54 %) occur in the first eight families, or 9 % of
the total families (Table 3). These figures are
almost exactly the same as those found by Taylor
(1984) at the Cape of Good Hope Nature Reserve
(CGHNR). As was found at CGHNR, 25 families (26 %)




contribute more than 1 % of the species. 1In species
richness and distribution of species in families,

these two reserves are very similar.

Table 3: Synopsis of families whose species
contribute 1 % or more towards the total number of
species, together with the total number of genera in

each family.

Family Species Genera
total % total %
Asteraceae 89 10,7 41 11,5
Iridaceae 63 7,6 16 4,5
Ericaceae 61 7,3 6 1,7
Fabaceae 57 6,9 19 5,4
Orchidaceae 48 5,8 15 4,2
Restionaceae 42 5,1 12 3,4
Poaceae 38 4,6 22 6,2
Cyperaceae 36 4,3 12 3,4
Proteaceae 28 3,4 11 3,1
Campanulaceae 19 2,3 8 2,3
Bruniaceae 14 1,7 6 1,7
Apiaceae 14 1,7 4 1,1
Lobeliaceae 13 1,6 3 0,8
Santalaceae 12 1,4 3 0,8
Rutaceae 11 1,3 5 1,4
Asphodelaceae 10 1,2 4 1,1
Thymelaeaceae 10 1,2 3 0,8
Scrophulariaceae 9 1,1 9 2,5
Selaginaceae 9 1,1 6 1,7
Mesembryanthemae 9 1,1 4 1,1
Geraniaceae 9 1,1 2 0,6
Crassulaceae 9 1,1 2 0,6
Oxalidaceae 9 1,1 1 0,3
Hyacinthaceae 8 1,0 5 1,4
Polygalaceae 8 1,0 2 0,6

From Table 4 it can be seen that only one genus
encountered in the Reserve has 15 or more species
compared to the nine recorded at Cape Point and 14

at Cape Hangklip.

-~



Table 4: Genera with 10 species or more, in order

of numerical importance

Genus or Genera No Species
per Genera

Erica 52
Restio, Disa 14
Ficinia, Aspalathus, Indigofera 13
Tetraria, Thesium, Senecio 10

SYSTEMATIC LIST

The families of Pteridophyta are arranged according
to Schelpe (1969) and the Angiosperm families
according to Dyer (1975, 1976) and Gibbs Russell et
al. (1984, 1987). Family names and spelling are as
given by Gibbs Russell et al. (1984, 1987) except
for new names allowed by the International Code of
Botanical Nomenclature (Stafleu et al. 1978). In
‘these cases the new names are given first followed

by the old under the column "Notes".

Subspecific taxa are included where specimens were
determined to this level. Genera and species are
arranged alphabetically within each family.

Collection numbers of each species is given.
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INTRODUCTION

Fynbos areas are coming under increasing
pressure from society in terms of recreatidn,
water supplies an& the <cut flower trade
(Wildlife Sbciety of Southern Africa 1980). As
more areas Iof fynbos disappear and ‘become
degraded, farticularly in the south-western
Cape, it is vitally important that those areas
which have been set aside for conservation are

manéged in the best way possible to ensure their

long term survival.

The Vogelgat Nature Reserve’s objective is to
" maintain the greatest possible species diveréity
and to ensure the long-term survival of the
Reserve’s ecosystems. In the fynbos biome fire
and alien plant eradication are the main
management tools used to meet this objective.
To make optimum use of fires it is necessary to
know how a specific community will react to a
particﬁlar fire regime, and hence the need to
know what vegetation types occur on the Reserve.

= .
The objectives of this study were:

(1) to idenfify, describe and.classify the Coastal
Mountain fynbos and remnant forest communities
occurring on the Reserve;

(ii) to map the plant communities of the Reserve;

(iii) to relate the plant communities to selected
habitat factors, apart from edaphic factors,

‘namely altitude, aspect and topography.



1.2

STUDY AREA

The study was.carfiéd out on a private nature
reserve, Vogelgat, situated approximately 10 km
east from the center of Hermanus, in the
Kleinrivier Mountaiqs (34°24’S and 19°18’ E; Fig
1). The 'Beserve covers an area of 603 ha,
varying in altitude from 10 m in the kloof near
the "0ld Gate" in the south, to 805 m at "Beacon
Head", in the north %Fig 2).

1

The mountain fynbos of the Kleinrivier Mountains

falls within the fynbos biome (Kruger 1978) and

Acocks veld type 69, fynbos (Acocks 1975). The
area experiences a mediterranean type climate
with most rain falling between May - and -
September, summers genefally being hot and dry
(Schulze et al. 1978). Hot, dry, north-easterly
winds, locally known as "Berg winds", are common
during winter. The soils are typically those of
the Table Mountain Group,ibeing sandy, stoney,

infertile and acidic (Taylor 1978).

HISTORY OF THE RESERVE

)

The farm, Vogelgat, has a recorded history of
sheep grazing from 1873 until the‘late,nineﬁeen

sixties. No records were kept regarding

- frequency or seasons in which the area was burnt

nor as to when, and intensity grazed. It
appears that the mountains were mainly used as a

route to bring sheep to the harbour at Hermanus

" for export. As the sheep were grazed on the
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1.3

plains in the Caledon district, there would have
been little grazing by sheep while they crossed
over the mountain. Since records are not
available as to the state of the vegetation
prior to this practice, it is difficult to
determine the damage done. Acocks, while
undertaking his vegetation survey, regarded the
area as beihg in sufficiehtly pristine»condition‘
to be used in his description of veld type 69,
fynbos, .including' a photograph of the Reserve
under this Vegétation type (Acocks 1975).

The Hermanus Municipality erected a number of
wiers in the main kloof of the farm in 1940.
The water was used to supply Hermanus until 1945
when the Fernkloof dams were completed. The
vegetatioﬁ was not deliberately bﬁrnt‘ in an
attempt to increase run-off, but wild fires did

occur. The wiers are still present, and are in
a fairly good state of repair. The Municipality

has retained the water rights of the Reserve.

The Reserve was purchased in 1969 by Dr Ian
Williams, and declared a private nature reserve
‘in - 1971 by the~ Cape Department of Nature
Conservation, and in 1985 a Natural Heritage

Site (Number 5).
GEOLOGY AND GEOMORPHOLOGY
The Reserve falls into the Cape Fold Belt, signs

of which can clearly be seen in the walls of the

main. kloof. A fault 1line, with breccia,



1.4

A traverses the north-western corner 'of the

Reserve.

The predominant geological formation is the
Peninsula Formation (CjQ7) interspersed with
narrow belts of the Cedarberg Formation (C1S3)
inAassociatian with the Pakhuis Formation (CjG).

All are of the Table Mountain Series and belong

to the Cape System (Geological Survey 1966).

The Pakhuis and Cedarberg Formations cross the
Reserve in an east-west direction, dividing the
Reserve approximately into two. Another small
outcrop occurs near Beacon Head (Fig 2).
Contained within the Pakhuis Farmation are a
number of pebbles, some with striations
indicating a possible glacial origin. In places
the combined thickness of the Pakhuis and
Cedarbergv Formations average less than 60 m

(Trusswell 1977).
TOPOGRAPHY

A deep kloof with almost vertical, inaccessible
'éliffs, is the main feature of the Reserve. At
between 300 m and 500 m a plateau area runs in a
horse-shoe formation around this kloof. Along
the northern and eastern borders there are
higher peaks reaching up to 700 m, and loose
boulder screes which in placés support forest

vegetation.



1.5

1.5.1

-

Most streams in the Reserve aré‘perennial and
well vegetated. = The maiﬁ stream flows in a
south-westerly direction, drops into the kloof
by means of a waterfall where it turns
southward, eventually emptying into the
Kleinrivier Vlei south of the Reserve’s
boundary. ‘Oiher tributaries join it at various
points aloné its route, most of which are also

perennial.
CLIMATE

The Reserve falls into Climatic Region M
(Schulze et al. 1978) in that it experiences a
Mediterranean type <climate with most rain
falling from May to §eptember and summers are
warm to hot and dry. | |

Little climatic data are available for the

mountainous terrain in the south-western Cape.

~ One rain gauge is situated within the Reserve.

Approximately 10 km to the west, on the northern
slopes of the Kleinrivierberge, Department of
Agriculture have established a weather station
;at Oude Hemel en Aarde (34°21’S, 19°14'E;
243 m; Fig 1).

Wind
Almost no information is available on wind

conditions in mountain areas. Kruger (1974)

reported wind speeds of 3,6 m/s in Jakkalsrivier



catchment compared to the lowlands of 3,13 m/s

at the Worcester Veld Reserve.

Winds are characteristic of the area with.few
calm days (pers observ). In summer they. are
mainly south-east to southerly, with sea breezes
reinforcingﬁfhe southerly gradient,vresulting in
winds reaching maximum veloéities in the early
afternoon (Fuggle 1981). Winter conditions are
dominated by south-west to north-westerlies. A
characteristic of the winter ﬁonths is the
occurrence of hot, dry winds coming from -the
interior, locally known as "Berg winds". These
winds can lead to an increase in temperatures of
over 10°C within a few hours (Fuggle 1981;
Jackson et él. 1971), and are responsible for
the phenoménon of the highest absolute
temperatures being recorded during winter. Berg
winds often co-inside with the passing of cold

fronts (Jackson et al. 1971).
Precipitation

Due to the Reserve’s mountainous nature and

predominantly southern aspect, rain is

‘experienced throughout the year. A rain gauge

" has been in operation on the Reserve since

February 1981 and is located at Quark House, in
the centre of the Reserve, at an altitude of
360 m (Fig 2). The mean annual rainfall
ﬁeasured over the past eight years has been

1 181 mm (Table 1).

10



Winter rains are’ aséociated. with cold fronts.
After the cold front has passed the winds back

from north-west, west to south-west, pressures

rise and rain usually occurs. Most rain is,’

however, associated with north-westerly pre-

frontal winds (Jackson et al. 1971).

Table 1: Mean monthly rainfall (mm) data for
Quark House (1981 - 1988)

11

Jan Feb Mar Apr May Jun Jul Aug Sép Oct Nov Dec

. Total |

73 80 87 79 78 121 99 93 128 80 53 64 1 035

The summer months are relatively dry, with
November and December being< the driest two
months. The four months, June to September,
- receive almost half of the annual rainfall,
éccounting for 43 % of the total. Two peaks are
experienced, one in June and the other in
September, having a average of over 120 mm per
month, accounting for almost a gquarter to the
total rainfall, this tendency is not reflected
in the data from the low iying Hemel en Aarde
»station. The highest recorded rainfall for one
month was in Jﬁhe 1983, when 309 mm was
recérded,‘and the driest was in August 1982 with
17 mm. / |

Rainfall is uéually of low intensity, but can
continue for 8 days. Thunder storms Thave a

frequency of less than 5 days per annum (Jackson

et al. 1971).




1.5.3

The higher 'peaks of the Reserve are often
covered in cloud, and it has been gstimated thét
over 500 mm pa can be precipitated }rom these
clouds without being recorded in the raingauge

(Fuggle 1981).

The occurrence of frost and snow have not been

‘'recorded within the boundaries of the Reserve.

Temperature J

Records have not been kept for the Reserve, and
data has been obtained from the nearby Hemel en

Aarde weather station (Fig 1).

Temperatures in January have a mean daily

maximum of 24,7°C and minimum of 14,8°C,

dropping to 16,4°C and 8,7°C respectively in

August, on average the coldest month. The
coldest temperatures are associated with cold
fronts which are most active duringithis month
(Jackson et al. 1971). .An absolute maximum of
39,3°C in January 1979, and absolute minimum of
x

1,8°C in July 1983 has been recorded during the
time period from 1978 to 1984 (Table 2).

12



1.6

Table 2: Temperaturés at Oude Hémel en Aarde

13

(1978 - 1984)

Month Mean Absolute Values
max min max min
max min max min

Jan 24,7 14,8 39,3 14,2 26,2 7,9
Feb 24,4 15,0 33,7 15,8 17,7 9,0
Mar 23,8 14,1 33,1 12,6 23,2 9,0
Apr 21,9 13,0 35,7 11,1 21,9 7,0
May 18,2 10,7 | 34,0 10,2 23,0 4,8
Jun 16,9 9,6 28,0 8,9 18,0 3,9
Jul 16,8 9,0 30,5 8,5 18,7 1,8
Aug 16,4 8,7 29,6 8,8 16,9 3,2
Sep 17,6 9,3 31,6 9,2 15,5 3,0
Oct 20,1 10,7 | 34,2 10,1 20,1 5,0
Nov 22,0 12,3 35,7 12,4 19,1 5,9
Dec 23,3 13,7 31,6 14,4 18,8 8,0

RECREATION

Access to the Reserve is controlled by means of
permits. These are issued annually, and give
details of the walks and rules of the Reserve

(Appendix 2; Fig 2).

The kloof path with its numerous pools and
running water, is extremely popular in summer.
,Most visitors to the Reserve spend their day
here, éeldom ventuiing further into the Reserve.
The route up to the plateau and the main pool at
"Quark House" is also well utiliéed. Most
people ascending the mountain go directly to

this hut, situated at a major cross-road of the

paths. A number of other huts are located

around the Reserve at various points.




1.7

1.8

The paths have been constructed with a gentle

- gradient, zigzagging up slopes where necessary,

following the contour as far as possible.
Erosion barriers have been constructed along

paths were necessary and are reqularly

'maintained. Approximately 32 km of paths have

been constructed.

i

INTRODUCED SPECIES

A number of indigenous species have ! been

~introduced into the Reserve 1in the past,

generally with 1little success. Most of these

introduced plants are rare and/or endangered in

their natural habitat. Table 3 gives a detailed

account of each species.
PEST PLANTS
When the area was purchased, various alien

plants infested different parts of the Reserve.

Densities of these plants varied from scattered

to medium, with few areas being entirely free of

them. These alien- plants have been

systematically removed with follow up work

continually being done to prevent reinfestation.

Neighbouring land has been cleared to act as a
,

buffer zone around the Reserve. The work is

done\manually.

14
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Table 3: Species introduced into the Reserve
Number
Species Introduced No. |Location First survived
Date |[Form Flowered Date
orothamnus May 77 |seed 15 |Frustration Marsh 0 Mar 79
zeyheri 10 jvogel Pool 0 Mar 79
10 |White’s Summit 0 Mar 79
10 [Banksia Ridge 1 Jan 78
' 0 Dec 78
Mar 78 |seed 5 [vogel Pool 0 Mar 79
10 {vulture Stream 0 Mar 79
10 |Banksia Ridge 1 Dec 78
o 0 Mar 79
'May 79 |seedlings|10 [Vogel Pool 0 oct 79
Nov 79 |seedlings| 6 {Vogel Pool (cages) 2 Jan 80
0 oct 80
Jan 80 |seedlings| 2 |Vogel Pool 0 oct 80
Jan 80 |seedlings| 2 |Vogel Pool 0 May 83
oct 80 |seedlings| 3 |Vogel Pool May 83 1 May 83
: 0 sSep 83
Jul 83 |seed 10 |gQuark House 0 sSep 83
Witsenia May 77 |plants 50 [vVogel Pool 33 Mar 79
maura ) 32 0Oct 79
31 Feb 80
Apr 80 :
Feb 81 6 May 83
Aug 84 |plants 25 20 Aug 85
Mimetes Nov 77 |seedlings{ 4 |vogel Pool 1 Mar 81
hirsuta
Mimetes May 79 |seedlings{ 2 {Vogel Pool 1 Mar 81
hottentoticus
Mimetes May 79 |seedling 1 |Vogel Pool 0 Feb 80
argenteus :
Protea May 79 |seedlings| 2 |Vogel Pool 1 Mar 81
stokoel 0 Feb 86
Disa hybrids:
) Dec 78 [seedlings| vogel Pool 0 Jan 81

Tripataloides x Racemosa

Uniflora (yellow) x Tripetaloides
Tripetaloides (yellow) X Racemosa
Racemosa X Uniflora

Uniflora (red) x (yellow)

Veitchii x Uniflora




1.8.1

1.8.2

1.8.3

1.8.4

Leptospermum laevigatum

This species has become successively more dense

" over the years where it occurs on the Municipal

land south of the Reserve. The few trees which
occurred in‘the Reserve have been removed and
cleared tola distance of 50 m from the Reserve
bounaary.at which point a tracer belt has been

made. This area acts as a buffer =zone to

prevent the myrtles from:entering the Reserve.

It would appear that this is sufficient distance

‘as their germination is stimulated by fire, and

the area is cleared reguiarly.
Hakea gibbosa‘

The eastérn,portion of the Reserve was the most
dénsely infested ‘with hakea, particularly the
area known as "Hakea Land" (Fig 2)., 1'Tﬂe
original adults have been removed. Capsules are
removed from each individual plant, carried off

the mountain and destroyed.

Pinus pinaster
E Y

~.

Large specimens occurred scattered on the upper

part of the Reserve but have been removed.
Acacia cyclops
This species was limited to a few individuals in

the main kloof. These have been removed, but

occasional seedlings are still found.
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1.8.5

Eucaiyptus»lehmanii

\
A few trees were planted in the Reserve by the
previous owners and shepherds. These trees have

been removed, and no seedlings have been found.
VEGETATION
METHODS

The survey was based on the Braun-Blanquet
method (Werger 1974)  The method has beeﬁ
extensively tested within the fynbos and has
been found reliable by -a number of workers
(Westhoff et al. 1978 Taylor 1969; Boucher 1977)
McDonald 1983). This method is also used by the
National Botanical Institute, and has become a

standard method for their vegetation surveys.

Werger (1972) regarded the optimum plot size as-

that ‘which gives 50 - 55 % of the species found
in one hectare of uniform vegetation. Based on
data from three fynbos sites, 50 % of the
‘hectare information was reached on an average
quadrat size of 51,9 mZ. Taylor (1969) and
Boucher (1977) found this quadrat size to be
suitable for homogeneous .fynbos vegetation.

Quadrats of this size and shape have . become

standard in vegetation vsurveys' carried out by

the National Botanical Institute. Quadrats of

5 x 10 m were found to be inappropriate for
riverine communities, so these communities were

recorded by walking along the river for 100 m

17



2.1.1

and within a distance of 0,5 m of the banks. At
other sites, for example, marshes and rocky
outcrops, the plqt shape and sizé»was adjusted
to fall within the specific community. Forest
relevés were larger with 10 x 20 m quadrats.
Whefel practical the quadrats were subdivided

into five 2 X 5 m to aid with the recording of

1
1

the data.

Colour 1:10 000 aerial photographs were studied,
and preliminary community boundaries were drawn
on them. These divisions were based mainly on
aspect, slope and soil moisture content, ie dry
and wet areas. Relevés were then located within

these areas.
Data co;léction

All higher plant species within a relevé were
identified and given a cover abundance value
(Table 4) based on  the Braun-Blanéuet scale
(Table 4)(Werger 1974). Species which could not
be identified in the field, were collected for
léter identification in the Reserve’s herbarium.
‘Further data collected from each - quadrat
included estimates of total vegetation cover,
heighﬁ and stratification, slope, aspect,

altitude and rock cover.

Field work was carried out during 1985, with
most  of the survey being done between October
and December of that year. A total of 119

relevés were set out (Fig 3).
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Table 4: Cover Abundance Values (after Werger

1974)

Symbol ‘| Definition

r Very rare and with negligible cover
(usually a single individual).
6 Present but not abundant and with a

small cover value (less than 1 % of
the quadrat area).

1 Numerous but covering less than 1 %
of the quadrat area, or not so
abundant but covering 1 to 5 % of
the quadrat area.

2 Very numerous but covering less than
5 % of the quadrat area, or covering
5 - 25 % of quadrat area independent
of abundance.

3 Covering 25 - 50 % of the quadrat
area independent of abundance.

4 Covering 50 - 75 % of the quadrat
area independent of abundance.

5 | Covering 75 - 100 % of the quadrat

area independent of abundance.

Table preparation

Data were arrénged into a species by site table,
and then sorted using the Programme TABSORT,
developed by the Forestry Branch of the
Department of Water Affairs at Jonkershoek. It

*has been expanded .and modified by the National
Botanical Institute (Boucher 1977). A Burroughs:

B7 800 computer of the Department of Agriculture
was used to run the data. Further refinements

were made by hand. The complete table is given

as Appendix 3.
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2.2

COMMUNITY DESCRIPTIONS '

The vegetation occurring on the Reserve can be

subdivided into two main categories (Fig 4):

(i): Mesic Mountain Fynbos communities (Moll
et al} 1984), and,

(ii) Forest and riparian vegetation.

The communities were defined by means of

floristic analysis, site charaéteristics ‘and
vegetation stratification, averaged over all the
relevés within a community. A species-binomial
(McDonald 1983; van Wilgen et al. 1985) and

structural system was wused to name the

communities. The dominant, differential species-

were selected for the species-binomial part,
while the structural classification (Table 5)

‘follows the system proposed by Campbell et al.

(1981) for vegetation classification in the

Fynbos Biome. The term "community" was used as
an abstract term (Shimwell, 1971) and does not
imply any specific ranking.

} 3

Table 5: Structural Nomenclature (Campbell et

al. 1981)

Height of Projective Canopy
dominant stratum cover of dominant

: ' : , stratum (%)

Tall 2 m+ Closed 75 - 100
Mid-high 1 m -2 m Mid-dense 50 - 75
Low 0,25 m -1 m Open 25 - 50
Dwarf 0,25 m Sparse 5 = 25
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Legend: Plant Communities

Community Name

Brunia alopecuroides - Chondropetalum
deustum, mid-dense, mid-high shrubland

Erica coccinea var coccinea - Widdringtonia
cupressiodes, sparse to mid-dense, mid-high
proteoid veld

Osmitopsis asteriscoides - Erica perspicua,
sparse to mid-dense, mid-high to tall
shrubland

Restio similis - Hypodiscus argenteus, open
mid-high proteoid veld

Chondropetalum ébracteatum - Villarsia
capensis, mid-dense, mid-high shrubland

Aulax umbellata - Protea repens, mid-dense,
mid-high proteoid veld

Erica onosmiflora - Brunia alopecuroides,
mid-dense, low to mid-high, ericoid and
restioid veld

Phaenocoma prolifera - Chondropetalum
hookerianum, open low restioid veld

Passerina vulgaris - Pentaschistis
capensis, sparse to open, mid-high to tall
shrubland

Protea nitida - Protea repens, sparse, tall
Waboomveld

Psoralea aculeata - Phylica buxifolia,
sparse to open, mid-high to tall ericioid
veld

Curtisia dentata - Ilex mitis, closed, tall
kloof forest

Erica caffra - Blechnum capense, open, mid-
high riverine veld

Young veld, not mapped
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2.2.1.1

\

Mesic Mountain Fynbos

The general .structure of the communities falling
within this category 1is of three distinct
layers. Adamson (1938) found these layers to be
typical of. the fynbos vegetation. The upper
canopy is' éomposed mainly of the families
Proteaceae And Bruniaceae, the middle layer of
Bruniaceae and Ericaceae, and the lower layer
predominantly Restionaceae | and Cyperaceae.
Smaller herbaceous and geophytic plants are also
common at this level. ) |

Phaenocoma prolifera - Chondropetalum

hookerianum, open low restioid wveld (Map

symbol H)
RELEVéES

92 84 58 11 46
3 35 106 9 90
42 85

TYPE SPECIES

Y _ _

Phaenocoma prolifera

Syncarpha vestita (was Helichrysum vestitum)
Chondropetalum hookerianum

Erica longiaristata

Staberoha distachya

Indigéfera alopecuroides var alopecuroides
Saltera sarcocolla

Thamnochortus puicher

Erica onosmiflora
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Nebelia paleacea

Drosera glabripes

Drosera aliciae

Restio burchellii

Elegia filacea

Grubbia tomentosa

Phylica ericoides

Protea cynafoides

Erica cumuliflora

Restio ambigquus

Tetraria brevicaulis
Chondropetalum deustum
Leucadendron gandogeri
Ursinia paleacea

Gerbera crocea
Chondropetalum mucronatum
The differential species of this community form
the basis of the mountain fynbos group on the
Reserve, and are common to the communities
described under this heading. It emerges as a
separate community in small localized areas
which do not have suitable conditions for the
more habitat sensitive species. It occurs on
;any aspect, within the mid-altitudinal range of
between 300 m and 550 m. Slopes are Steep and
well drained. Restionaceae are the visually
dominant species, with the dark shape of

Phaenocoma prolifera scattered throughout.
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2.2.1.1.1 Brunia alopecuriodes - Chondropetalum deustum,

'mid—dense, mid-high shrubland (Map symbol A)
RELEVéS:

98 102 100 96 97
101 99 95

TYPE SPECIES

Erica plukenetii var bicarinata
Erica lutea

Berzelia squarrosa

This community occurs on the limited east-north-
east aspects of the Reserve at altitudes of
between 500 m and 600 m, with the slope varying
from gentle (2°) to moderately steep (15°). The
soils are well drained, consisting of a coarse
sand with numerous stones and pebbles (Mispah
series). The species richness varies between
nine and 16 species per 5 x 10 m relevé (average
10,4), and is the 1lowest recorded species
richness of all the Reserve’s communities. This
;low species richness could be accounted for by

the fact that these slopes are particularly hot
the dry due to its aspect.

Structurally two layers can be distinquished.
The tallest layer (0,75 m to 1,5 m) is open and
dominated by Brunia alopecuroides and
Leucadendron xanthoconus. - The lower layer

(0,25 m to 0,50 m) is mid-dense, and contains
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both the Ericaceae type,species. Choéndropetalum
deustum is. the dominant restioid. Other common
restioids include Restio bifarius and
Thamnochortus gracilis. Common ericoid species
are Erica aristata and Penaea mucronata. The
latter two species are common within the
- community buf have a wide distributional range,

occurring in other communities.

The community is similar to the mixed ericoid
and restioid fynbos of the upper mesic slopes
(northerly aspect community of the inland
mountain fynbos), described by Boucher (1978) in

the Cape Hangklip area.

2.2.1.1.2 Chondropetalum ebracteatum, sparse to mid-

dense, mid-high to tall shrubland
TYPE SPECIES

Chondropetalum ebracteatum
Penaea cneorum ssp ruscifolia
Villarsia capensis

Restio dispar

»
Centella eriantha var eriantha

The greater part of the Reserve is covered by
this community. It has a wide altitudinal rage
and occurs on‘ most aspects of the‘ Reserve.
Three sub-communities can be recognized,
characterized by Specific habitat requirements.

Eight of the relevés within this grouping do not
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fall into any of these sub-communities, but: form

part of the general community.

2.2.1.1.2.1 | Chondropetalum ebracteatum - Villarsia
capensis, mid-dense, mid~high shrubland (Map

symbol E)
RELEVéES

34 61 64 48 53
49 63 60 '

The community occurs in the north-east section
of the Reserve at mid (360 m) to high altitudes
(750 m) on the west-south-west to north-west
aspects. The characteristié species of the
community are those which are diagnostic for the
community as a whole. This basic community
becomes clearer where the habitat requirement is
not met for the more habitat sensitive sub-
communities. The épecies richness Yaries
between 11 and 21, with an average of 16,2

species per 5 x 10 m relevé.

Structufally there are three layers, namely a
mid-high, a lower and a dwarf layer. The mid-
high layer is mid-dense, dominated by
Leucadendron xanthoconus and Brunia
alopecuroides, both species having a wide
habitat range. Restioid and ericoid shrubs
dominate the lower layer, barticularly the
characteristic species, Chondropetalum

ebracteatum, which occurs in 75 % of the relevés



. \
describing this community. .Other ‘dommonly
occurring species in this lower level include
Thamnochortus pulcher, Nebelia = paleacea,
Tetraria fasciata and Erica onosmiflora. The
d&arf layer 1is génerally sparse ‘to open in
density. Commonly occurring species include
type specieé, Villarsia .capensis, and the
geheralist,}Anaxeton laeve, both of which occur

at low densities.

2.2.1.1.2.2 Erica coccinea var coccinea - Widdringtonia

cupressiodes, sparse to mid-dense, mid-~high

proteoid veld (Map symbol B)
RELEVéS

94 78 79 81 31
80 88 41 51 82
32 43 39 33 50
44 87 56 113

TYPE SPECIES

LErica coccinea var coccinea
Hermas depauperata

Restio perplexus

Euryops abrotanifolius
Laurophyllus capensis
Widdriﬁgtonia cupressiodes
Protea lepidoca:podeﬁdron
Schizaea pectinata
Thaminophyllum latifolia

Berzelia rubra
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Carpobrotus pillansii
Dilatris pillansii
Erica corydalis

Selago serrata

This sub-community' occurs east of the main
kloof, with é wide altitudinal range of 150 m to
600 m, with‘the main range lying between 150 m
and 300 m. The méin aspect of the community
varies between south-east and west-south-west.

Slopes are moderately steep, well drained and

dry{ The soils are white, sandy, shallow with:

numerous small stones scattered throughout. 1In
places where the shale band has been exposed,

Protea lepidocarpodendron becomes dominant. The

soils here have a higher clay content and better

soil moisture retention than those derived from
sandstone. The species richness of the
community is one of the highest, with an average
of 22 species per 5 x 10 m relevé, ranging from

16 to 34 species.

Of the type species, Erica coccinea var coccinea

occurred in 56 % of the 16 relevés representing

3
the community; Hermas depauperata, 50 %; Restio

perplexus, Euryops abrotanifolius and

Widdringtonia cupressiodes 31 %.

Three strata can be distinguished. The upper,
at between 1,5 m and 2 m is generally sparse,
increasing to mid-dense on moister sites. It is
dominated by Widdringtonia cupressiodes, Penaea

cneorum, Leucadendron gandogeri, and
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L xanthoconus; | Protea lepidoca:podendron,
dominates on shale outcrops. The middle stratum
at about 1 m is mid-dense, increasing to dense
in the absence of the lower sfratum on wetter
sites. Shrubs, and taller restios are common in
this layer, particularly Chondropetalum
ebracteatum. The lowest stratum at 0,25 m to
0,50 m is Absent on wet areas, reaching hid-
density on drier sites. Restionaceae,
Cyperaceae,  Poaceae and Ericaceae dominate at

~ this level.

The Mixed 1lower slope fynbos of the inland
mountain fynbos at Cape Hangklip (Boucher 19878)

can be compared to this community.

2.2.1.1.2.3 Osmitopsis asteriscoides - Erica perspicua,

sparse to mid-dense, mid-high to tall shrubland

(Map symbol C)
RELEVES

118 119 40 45 116 .
65 117 6 5 4

} S

TYPE SPECIES

Osmitopsis asteriscoides

Erica perspicua

Brunia albiflora \

Grubbia rosmarinifolia var rosmarinifolia
Disa tripetaloides ssp tripetaloides

Erica brevifolia
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Erica tenuifolia

Gleichenié polypodioides -
Pseudobaeckia africana
Roridula gorgonias

Isolepis digitata (was Scripus)
Ursinia eckloniana

Brunia laeve

The community is confined to the upper river
courses of the Reserve, occurring on a wide
range of slopes, varying from gentle to very
steep (5° - 10°), and on aspects from south-east
to west, similar to the community described
above. The altitudinal range is between 300 m
and 700 m. Higher areas are subject to mist
rain. Soils are deep, dark brown té black, and
humus rich. Although the soil is permanently
wet and saturated, the water is not stagnant.
Compared to the above described community, there
were fewer species noted, averaging only 13,7
species per relevé with a range of between 9 and
19. A number of the types species have high
cover abundance values, for example, Osmitopsis-
asteriscoides . and Villarsia capensis have an
‘average cover abundance value (Table 4) of three
for the ten sampled relevés; Chondropetalum
ebracteatum and Erica perspicua two. The type
species of Osmitopsis asteriscoides and Erica

perspicua occurred in 90 % and 70 % of  the

relevés respectively.

Four strata can be identified. The upper

stratum occurs at 1,5 m to 3 m above ground



level, variation depending on the wetness of the
site: the Qetter the site, the taller and more
dense it is varying between sparse and mid=-
dense. Dominant species in this stratum include
Osmitopsis asteriscoides; Brunia alopecuroides,

Restio dispar and Brunia albiflora. The

intermediate stratum is approximately 1 m tall,.

v

usually mid-dense, increasing in density on the
drier sites where the upper stratum is more
open. Leucadendron xanthoconué, . Erica
sessiliflora, Chondropetalum ebracteatum and
Erica hispidula dominate. The lower stratﬁm,
occurring at between 0,25 m and 0,50 m varies
from mid-dense to dense, and,is dominated by
restioid and fern spécies{ The lowest stratum
occurs at ground level to about 0,25 m. It is
sparse on wet sites; becoming mid-dense on sites
which are slightly drier. Villarsia capensis

and Drosera glabripes dominate.

The Upper hygric fynbos of the Cape Hangklip

area described by Boucher (1978) is similar.

2.2.1.1.2.4 Restio similis - Hypodiscus argenteus, open,
‘ .

mid-high proteoid veld (Map symbol D)

RELEVES
12 10 - 8 7 26
1 89 2 21 47

103 36 37 20 25
27 24 23 22
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- TYPE SPECIES

Restio similis

Restio bifarius

Hypodiscus argenteus
Staberoha banksii

Restio sarcbéladusv

Erica cocciﬁéa var pubescens
Thamnochortus lucens
Berzelia incurva

Drosera cistiflora

Serruria rubicaulus v

The community dominates the western half of the
Reserve, occurring within the middle altitudinal
range of the reserve at between 200 m and 670 m,
on dry sites. The aspect varies between north
to south-east, with the south-east aspect
dominating. Slopes are moderate, but can become
very steep in places. Species richness varies
between seven and 24 with and average of 18,3

species per 5 x 10 m relevé.

The type species, Restio similis, occurs in the
*greatest percentaée (47) of the 19 relevés
sampled in the éommunity; Restio bifarius in
37 %; Hypodiscus argenteus and Staberoha banksii
in 32 %. The cover abundance value of these
species 1is generally low (one to two). In
places the type species increase in cover
abundance value, becoming mid-dense,
particularly at the higher altitudinal range

(above 400 m) of the community.
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Structurally,‘two‘distinct layers are fdrméd in
the mature Vegetwaition: a mid-high, open upper
‘layer (1,0 m - 1,5 m) dominated by the thin
small leafed Aulax umbellata, and a lower layer
mid-dense layer dominated by " restioid and

ericacious shrubs.

2.2.1.1.3 Aulax umbellata - Protea repens, mid-dense,

mid-high proteoid veld (Map symbol F)
‘RELEVES

114 111 115 110 112
104 28 105 120 29
30 '

TYPE SPECIES

Blaeria ericoides

Leucospermum gracile

Aspalathus serpens

Watsonia schlechteri

Erica tenella var gracilior
Disparago laxifolia

r

Leucadendron spissifolium var spissifolium
Retzia capensis .

Erica cerinthoides var cerinthoides
Merciera tenuifolia var aurea
Aspalathus ciliaris 2
Aristea oligocephala

Ficinia trichodes

Mairea coriacea

Pentaschistis malouinensis
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Thesium euphrasioides

Cassine peragua

The community is limited to south to south-west

aspects at low altitudes of between 150 m and"

300 m. Slopes vary from gentle (5°) to steep
(30°). The sandy soil is littered with stones,

with a rock cover of 5 - 10 % and well drained

with low water retention.

Of the ten sampled relevés, the type species
Blaeria ericoides, occurred in 50 %;
Leucospermum gracile, Aspalathus serpens and
Erica tenella var graciliof in 40 % and Retzia
capensis in 30 %. The community has one of the
highest species richness of all the indent}fied
communities, averaging 23,4 species per 5 x 10 m

relevé, varying between 14 and 30 species.

Two structural layers can be distinguished

within the community. The upper stratum (1 m to
1,5 m) is mid-dense. The lower stratum at

between 0,25 m and 0,75 m is open, increasing to

mid-dense where Protea repens, as opposed to

} 3 .
Aulax umbellata, dominates the upper stratum.

It is dominated by restios.
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2.2.1.1.4 Erica onosmiflora - Brunia alqpécuroides,'mid-

dense, low to mid-high ericoid and restioid veld

(Map symbol G)
RELEVéS

70 67 71 54 57
59 55 68 62 66
69

TYPE SPECIES

Metalasia cymbifolia

Ceratocaryum argenteum (was Willdenowia)

Erica coccinea var inflata )

Ehrharta setacea

Diastella divaricata ssp montana

Tetraria compar

Thesium capitatum

Thesium euphorbioides

Thesium quinqueflorum = _

Paranomus septrum-gustavianus

Restio filiformis

d R

The community occurs in the north-eastern part
of the Reserve where it is confined to the upper
altitudes (520 m to 700 m) on moderate to steep
slopes (10°-30°). The aspect is predominantly
south-west, but varies from south-west to horth

on stoney soils.

Metalasia cymbifolia is the main type species of

the community, occurring- at a low cover
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abundance value of - one, in 90 % of the ‘ten"
sampled relevés; The other diagnéstié species,
Ceratocaryum argenteum occurred in 50 %, with a
cover abundance value of‘two; Erica coccinea var
inflata occurred in 40 %, with a cover abundance
value of one. The remaining seven types species
occurred in .only 10 % of thg sampled relevés,
.with a covef abundance value of one. The number

of species per relevé averaged 21,7, with a

" range of between 14 and 27.

Structurally, three levels can be recognized in
the mature community. The upper stratum, often
absent on drier sites, reaches a height of
betweenvl m and 1,5 m. It is sparse in density,
dominated by  Thesium euphorbioides, Erica
onosmiflora, Saltera sarcocolla, and Brunia
alopecuroides. The intermediate layer is mid-
denée, between 0,75 m and 1 m tall, dominated
by restioid and ericioid shrubs. The lower
stratum at 0,25 m to 0,50 m in height, is mid--
dense in the absence of the upper stratum,
dropping to‘ sparse. Ericoid and restioid

species are common.
o

~

2.2.2 Forest and Riparian Communities

2.2.2.1 Passerina Vulgarié ~ Pentaschistis capensis,

sparse to open, mid-high to tall shrubland

The community occurs at low altitudes (50 m to
100 m above sea level), generally within a

limited range of aspects (south to west-south-



west). It can also occur\at low altitudes on
"east-north-east aspects.‘ |

Two sub-communities can be ’identifiéd, namely
Protea nitida - Protea repens sparse, tall
Waboomveld and Psoralea aculeata - Phylica
buxifolia 'sparse to open, mid-high to tall
ericoid sh;ubland. A possible third sub-

community can be indentified (map symbol 1I).

This community is limited to low altitudes (50 m

- 100 m) and south to west-south-west aspects.

2.2.2.1.1 Protea nitida - Protea repens, sparse, tali

Waboomveld (Map symbol J)
RELEVéS

14 15 13 18

_TYPE SPECIES

Protea nitida
Diospyros glabra
‘Khowltonia capensis
Pelargonium longicaule
Myrsiphyllum declinatum
Erica parviflora
Ehrharta rehmanni
Pentaschistis thunbergii
Lachenalia peersii
Eriospermum nanum

Mohria caffrorum

Tephrosia capensis
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The aspect on which the community occurs is only

east-north-east at low altitudes (50 - 100 m) in

the kloof: The slope is moderately steep.
Soils are relatively deep and sandy. The
average number of species per relevé is high for

the Reserve at 30}5, varying between 27 and 34.

The type species, Protea nitida,' is visually
dominant in the community, giving it a
characteristic blue/grey colour. It has a high
cover abundance value (three), and occurred in
all the sampled relevés. The other type
species, Knowltonia capensis, Diospyros glabra,

Tephrosia capensis, Pelargonium longicaule and

Eriospermum nanum are also commonly occurring

species.

Structurally there are three distinct layers.
The tall uppef layer at a height of 3 m to 5 m,
is sparse and dominated by the type species
Proféa nitida. The middle layer is dominated by
Protea repens and Passerina vulgaris. This is a
dense layer reaching a height of between 1,5 m
;and 2 m. The lower layer, at between 0,50 m and

0,75 m dominated by grasses, restios and Erica

imbricata. It is a mid-dense layer.
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2-2;2.If2 Psoralea aculeata - Phylica buxifolia sparse
to open, mid-high to tall ericioid veld (Map
symbol K)

RELEVES
76 73 17 83 19
75 74 107

TYPE SPECIES

Phylica buxifolia
Lampranthus emarginatus
Indigofera angustifolia
Crassula biplanata
_Arctotis semipapposa
Briza maxima

Erica villosa

Psoralea aculeata
Agathosma ciliaris
Ehrharta erecta

Erica discolor
Helichrysum cymosum

Rhus glauca
1

‘This community occurs mainly on south-south-west
to west-southfwest éspects of the quof at low
altitudes of between 40 m to 100 mm. The slope
varies from gentle to very steep. The number of
~ species per relevé vafies from 11 to 26, with an

average of 17,1.



No one type species is particularly dominant in
the community. Phylica buxifolia is the most

‘commonly occurring of the type species.

Two layers can be distinguished in the mature
vegetation. The upéér layer at between 1 m and
2,5 m, is Spérse to open in density. The lower
layér,,betwéen 0,50 m and 0,75 m, is mid-dense
to dense, dominated by Erica hispidula, restios

and grasses.

2.2.2.2.1 Curtisia dentata - Ilex mitis closed, tall

quof forest (Map symbol L)
RELEVé

93

TYPE SPECIES

Curtisia dentata

Ilex mitis |

Blechnum tabulare
Elaphoglossum angustatum
fRumohra adiantiformis
Myrsiphyllum asparagoides
Elegia thyrsifera

It occurs on south-south-west aspects, at an
altitude from 100 m to 250 m. Only 13 species

were recorded in the relevé.
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The more rapid weathering of the shaleband is
the Table Mountain Sandstone provides deeper

soils than those of in situ weathered

sandstones, sometimes resulting in steep-sided

ravines, particularly where the shales meet the
lower sandstones (Boucher 1978). These steep
walls provi&e the forest with a degtee of
protection ‘from fires. The forests are thus
limited in extent, occurring only in the
protective kloofs along the water courses. One

‘"relevé of 10 x 20 m was used to sample the

community.

Rumohra adiantiformis, Blechnuﬁ tabulare (béth
types species for the community) and Todea
barbaré are common components of the interior
'ground cover (cover abundance value. two),
attaining heights up to 0,75 m. They do not
build up large amounts of litter, thus help to
keep fires out of the forest (Boucher 1978).

The canopy is closed, and ‘varies in height
between 10 m and 15 m. Other species typical of
the forest include Olea capehsis ssp capensis,
l'Rapanea melanophloeos, Pterocelastrus rostratus
and Maytenus acuminata (cover abuhdance value
two). Another discontinuous, sparse shrub layer

occurs at between 1 m and 3 m, comprising mainly

of tree saplings.

The Pododarpus-Rapanea Shale forest described by
Boucher (1978) for the Cape Hangklip area can be

compared to this community.
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2.2,2.2.2 Erica caffra - Blechnum capense open, mid-high

riverine veld (Map symbol M)
RELEVES
77 91

TYPE SPECIEé

Prionium serratum

Blechhum capense

Ehrharta rehmanni'var filiformis
Erica caffra

Empleurum unicapsulare

Psoralea pinnata

Laurentia secunda

Ficinia distans

Scriptus prolifera

Juncus capensis

This community occurs as a narrow stripe along.

river courses above ‘and below the forest

community described above. The altitude varies

from 40 m to 280 m, on south-south-east"

~aspects.’

Y

There is not physical protection for the
community against fire, and it bﬁrns} on a
similar rotation as that experienced by the
fynbos communities. Thirteen to 14 species were

recorded per relevé.

The vegetation is much lower than that of the

forest, reaching a height of 2 m to 5 m, and is
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' mid-dense! Erica caffra and Empleurum
unicapsulare are dominant. A lower layer of

, 0,50 m to 0,75 m is mid-dense with Blechnum
capense -and Prionium serratum being domihant.

. Mosses for; a sparse ground layer (0 m -

0,10 m).

The tall fynbos of the rocky streams under the
riparian vegetation of the Cape Hangklip area
(Boucher 1978) <can be compared +to this

community.
DISCUSSION

Werger (1974) found that the Braun-Blauquet
 approach to vegetation mapping, could be applied
successfully to the fynbos. However, Campbell
(1985) felt that it would be appropriate for use
in small areas only. From this study, I would
suppoft the latter statement for the following

reasons:

(a) the method is expensive in terms of time,

each relevé taking approximately one hour to

complete. o

(b) a high degree of floristic knowledge is
necessary to identify speciés, both in the
field and herbarium (also a time consuming
_activity!). | d

(c). not all plants noted were at a'stagé where

they could be identified in either the field

or herbarium at the time of the survey, and



a number of relevés had to be revisited to
collect previously tagged plants.

(d) some plants could have been mistaken for
other species, and hence incorrectly

indentified.

‘Although these factors «can be considered

disadvantageous and costly, Reserve field

personnel can learn a great deal about field
conditions, and develop their knowledge of
specieé names, habitat: requirements, and
interactions with other species by using  the
methodology. The method is also a very
efficient way of compiling an initial species
list and to set up a herbarium of an area. In
this study a total of 242 species were
identified of the 707 higher plant species which
have been collected within the 603 ha of the
Reserve (de Lange 1992). 1In approximately 0,1 3

of the area 34 % of the recorded higher plant'

species were collected. A further advantage is

that a detailed vegetation map can be compiled.

One of the objectives of the Reserve is that it
ll.should be used for research, the present survey
has therefore provided a good baseline study for
further studies. As the Reserve is only 603 ha,
with én established herbarium and an extensive
network of paths allowing for easy access, as
well as an even aged, mature Vegetétion at the

time of the study (10 years), it was an ideal

site for the study.
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A total of 13 communities and sub-cdmmunities
were identified in the Braun-Blanquet table,
indicating a great diversity of habitats within
the * Reserve. - Each vcommunity had its own
environmental requirements. Aspect, altitude
and soil moisture appear to be particularly
important in this regard. Once the communities
were definéd, their extent was determined by
extrapolation to the surrounding areas using the
prepared classification and by referring to

aerial photographs.

The vegetation ~ divided into two broad
categories: mesic mountain fynbos, and forest
and riparian communities. O0f the forest and
riparian communities, the forest had distinct
physical boundaries which offer protection from
fire. Soilé here were generally deeper then
those in the rest of the Reserve, mainly as a
result of exposure and eroding of the shale

-band.

The mesic mountain fynbos communities were-

divided into two groups, namely those of the
lsteeplkloof slopes and the rest of the reserve.
These communities vary in compiexity depending
on such environmental factors as altitude,
aspect, slope and moisture conditions.
Communities on wetter sites generally had a

lower species richness.

The whole Reserve was burnt in February 1985,

and a repeat survey was carried out 18 months

- 44



The whole Reserve was burnt in February 1985,

and a repeat survey was carried out 18 months

- later, when fifty of the originalvrelevésiwerev

re-assessed. The table (Appendix 4) for the
latter survey gave the same communities as for

the mature vegetation, but with different type

species. When all the pre-fire species were

excluded ffonl the table the remaining species
(predominantly geophytes) showed = similar
groupings to those previously recorded (Appendix
5). New species recorded after the fire were
predominantly sprouters only visible and
identifiable for a few years. after a fire.
These species are by nature subjected to the
pressuresvof4short or long fire rotations, and
could ©possibly be wused as indicators of
community changes due to various management
actions. For example, an increase in ' the
density of geophytic plants could be indicative
of short rotation burning since fire stimulates

flowering of these plants.
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INTRODUCTION

Fynbos areas are coming under increasing
pressure from society in terms of recreation,
water supplies and the cut flower trade
(Wildlife Society of Southern Africa 1980). As
more areas ‘of fynbos disappear and béCOmé
degraded, Earticularly in the south-western
Cape, it is wvitally important that those areas
which have been set asidé for conservaéion are
managed in the best way possible to ensure their

long term survival.

The Vogelgat Nature Reserve’s objecﬁive is to
maintain the greatest possible species diversity
and to ensure the long-term survival of the
Reserve’s’ ecosystems. In the fynbos biome fire
and alien plant eradication are the hain
management tools used to meet this objective.

To make optimum use of fires it is necessary to

_know how a specific community will react to a

particular fire regime, and hence the need to

know what vegetation types occur on the Reserve, -
The objectives of this study were:
to identify, describe and classify the Coastal

Mountain fynbos and remnant forest communities

occurring on the Reserve;

(ii) to map the plant communities of the Reserve;

(iii) to relate the plant communities to selected

habitat factors, apart from edaphic factors,

namely altitude, aspect and topography.
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1.2

STUDY AREA

The study was-.carried out on a private nature
reserve, Vogelgat, situated approximately 10 km
east from the center of Hermanus, in the

Kleinrivier nountainé (34°24’S and 19°18’ E; Fig
1). The ‘Beserve covers an area of 603 ha,
varying in altitude from 10 m in the kloof near

the "0ld Gate" in the south, to 805 m at "Beacon

Head", in the north (Fig 2).

The mountain fynbos of the Kleinrivier Mountains
falls within the fynbos biome (Kruger 1978) and
Acocks veld type 69, fynbos (Acocks 1975). The
area experiences a mediterranean type climate
with most rain falling between May and
September, summers genefally being hot and dry
(Schulze et al. 1978). Hot, dry, north-easterly
winds, locally known as "Berqg winds", are common
during winter. The soils are typically those of
the Table Mountain Group,.being sandy, stoney,

infertile and acidic (Taylor 1978).

HISTORY OF THE RESERVE

Y

The farm, Vogelgat, has a recorded history of
sheep grazing from 1873 until the late nineteen

sixties. No records were kept regarding

- frequency or seasons in which the area was burnt

nor as to when, and intensity grazed. It
appears that the mountains were mainly used as a
route to bring sheep' to the harbour -at Hermanus

for export. As the sheep were grazed on the
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plains in thé‘Caledon district, there would have
been little grazing by sheep while they crossed
over the mountain. Since records are . not
available as to ‘the state of the vegetation
prior to this practice, it is difficult to
determine the damage done.  Acocks, while
‘undertaking his vegetation survey, regarded the
area as beihg in sufficiehtly pristine condition
to be used in his description of veld type 69,
fynbos,. including a photograph of the Reserve

under this vegétation type (Acocks 1975).

The Hermanus Hunicipality erected a number of
wiers in the main kloof of the farm’in 1940.
The water was used to suppiy Hermanus until 1945
when the Fernkloof dams were completed. The
vegetation was not deliberately burnt in an
‘attempt to increase run~-off, but wild fires did
occur. The wiers are still'présent,vand are in
a fairly good state of repair. The Municipality

has retained the water rights'of the Reserve.

The Reserve was purchased in 1969 by Dr Ian
Williams, and declared a private nature reserve
‘in 1971 by the- Cape Department of Nature
Conservation, and in 1985 a Natural Heritage

Site (Number 5).
GEOLOGY AND GEOMORPHOLOGY
The Reserve falls into the Cape Fold Belt, signs

of which can clearly be seen in the walls of the

main kloof. A fault 1line, with breccia,



1.4

traverses the north-western corner of 'the

Reserve.

The predominant geological formation is the
Peninsula Formation (CjQj) interspersed with
narrow belts of the Cedarberg‘Formation (C1S2)
in associatién with the Pakhuis Formation (C;G).

All are of the Table Mountain Series and belong

to the Cape System (Geological Survey 1966).

The Pakhuis and Cedarberg Formations cross the
Reserve in an east-west direétion, dividing the
Reserve approximately into two. Another small
outcrop occurs near Beacon Head (Fig 2).-
Contained within the Pakhuis Farmation are a
number of pebbles, some with striations
indicating a possible glacial origin. In places
the combined thickness of the Pakhuis and
Cedarberg Formations average less than 60 m

(Trusswell 1977).
TOPOGRAPHY

A deep kloof with almost vertical, inaccessible
.Eliffs, is the main feature of the Reserve. At
between 300 m and 500 m a plateau area runs in a
horse-shoe formation around this kloof. Along
the northern and eastern borders there are
higher peaks reaching up to 700 m, and loose
boulder screes which in places support forest

vegetation.
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1.5.1

Most streams in the Reserve are perennial and

" well vegetated. The main stream flows in a

south-westerly direction, drops into the kloof
by means of a waterfall where it turns
southward, eventually emptying into the
Kleinrivier Vlei south of the Reserve’s
boundary. Other tributaries join it at various
points aloné its route, most of which are also

perennial.

- CLIMATE

The Reserve falls into Climatié Regién M
(Schulze et al. 1978) in that it experiences a
Mediterranean type climate with most rain
falling from May to September and summers are

warm to hot and dry.

Little climatic data are available for the
mountainous terrain in the south-western Cape.
Oné rain gauge is situated within the Reserve.
Approximately 10 km to the west, on the northern
slopes of the Kleinrivierberge, Department of
Agriculture have established a weather station
‘at Oude Hemel en Aarde (34°21’s, 19°14'E;
243 m; Fig 1).

Wind
Almost no information is available on wind

conditions in mountain areas. Kruger (1974)

reported wind speeds of 3,6 m/s in Jakkalsrivier



1.5.2

eatchment compared to the lowlands of 3,13 m/s

at the Worcester Veld Reserve.

Winds are characteristic of the area with few
calm days (pers observ). In summer they are
mainly south—easf:te southerly, with sea breezes
reinforcingﬁfhe-southerly gradient, resulting in

1

winds reaching maximum velocities in the early

) afternoon (Fuggle 1981). Winter conditions are

—

dominated by south-west to north-westerlies. A
characteristic of the winter months is the
occurrence of hot, dry winds coming from the
interior, locally known as "Berg winds". These
winds can lead to an increase in temperatures of
over lOJC within a few hours (Fuggle 1981;
Jackson et al. 1971), and are responsible for

the phenomenon of the highest absolute

temperatures being recorded during winter. Bergb'

winds often co-inside with the passing of cold

fronts (Jackson et al. 1971).
Precipitation

Due to the Reserve’s mountainous nature and
. :

predominantly southern aspect, rain is

experienced throughout the year. A rain gauge

~has been in operation on the Reserve since

February 1981 and is located at Quark House, in
the centre of the Reserve, at an altitude of
360 m (Fig 2). The mean annual rainfall
measured over the past eight years has been

/
1 181 mm (Table 1).

10
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Winter rains are associated withvcold fronté.-
After the cold front has passed the winds back
from north-west, west to south-west, pressures
risé and rain usually occurs. Most rain is,
however, associated with north-westerly pre-

frontal winds (Jackson et al. 1971).

Table 1: Mean monthly rainfall (mm) data for
Quark House (1981 - 1988)

Jan Feb Mar Apr May Jun Jul Aug Sép Oct Nov Dec Total:

73 80 87 79 78 121 .99 93 128 80 53 64 | 1 035

The summer months are relatively dry, with
November and December being the driest two
months. The four months, June to September,
recei#e almost half of the annual rainfall,
accounting for 43 % of the total. Two peaks are
experienced, one in June and the other in
September, having a average of over 120 mm per
month, accounting for almost a quarter to the
total rainfall, this tendency is not reflected
in the data from the low lying Hemel en Aarde
astation. The highest recorded rainfall for one
month was in Juhe 1983, when 309 mm was
recorded, and the driest was in Auqust 1982 with

17 mm.

Rainfall is usually of low intensity, but can
continue for 8 days. Thunder storms have a
frequency of less than 5 days per annum (Jackson

et al. 1971).




The higher ‘peaks of the Reserve are often

covered in cloud, and it has been estimated that

over 500 mm pa can be precipitated from these

clouds without being recorded in the raingauge

(Fuggle 1981).

The occurrence of frost and snow have not been

recorded within the boundaries of the Reserve.

Temperature

Records have not been kept for the Reserve, and
data has been obtained from the nearby Hemel en

Aarde weather station (Fig 1).

' Temperatures in January have a mean daily

maximum of 24,7°C and minimum of 14,8°C,

dropping to 16,4°C and 8,7°C respectively in

August, on average the coldest month. The
coldest temperatures are associated with cold
fronts which are most active during this month
(Jackson et al. 1971). An absolute maximum of
39,3°C in January 1979, and absolute minimum of
‘1,8°C in July 1983 has been recorded during the
time period from 1978 to 1984 (Table 2). |

12
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Table 2: Temperaturesvat Oude Hemel en Aarde.

(1978 -~ 1984)

13

Month Mean Absolute Values
max min max min
max min max min
Jan 24,7 14,8 39,3 14,2 26,2 7,9
Feb 24,4 15,0 | 33,7 15,8 17,7 9,0
Mar 23,8 14,1 33,1 12,6 23,2 9,0
Apr 21,9 13,0 35,7 11,1 21,9 7,0
May | 18,2 10,7 | 34,0 10,2 23,0 4,8
Jun 16,9 9,6 | 28,0 8,9 18,0 3,9
Jul 16,8 9,0 30,5 8,5 18,7 1,8
Aug 16,4 8,7 29,6 ° 8,8 16,9 3,2
Sép 17,6 9,3 31,6 9,2 15,5 3,0
Oct 20,1 10,7 34,2 10,1 20,1 5,0
Nov 22,0 12,3 35,7 12,4 19,1 5,9
Dec | 23,3 13,7 | 31,6 . 14,4 18,8 8,0
RECREATION

Access to the Reserve is controlled by means of
permits. These are issued annually, and give
details of the walks and rules of the Reserve

(Appendix 2; Fig 2).

The kloof path with its numerous pools and
running water, is extremely popular in summer.
,Most visitors to the/ Reserve spend their day
here, seldom ventuiing further into the Reserve.
The route up to the plateau and the main pool at
"Quark lHouse” is also well utilized. Most
people ascending the mountain go directly to
this hut, situated at a major cross-road of the
paths. A number of other huts are 1located

around the Reserve at various points.
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1.8

The vpaths_ have been constructed with a gentle
gradient, zigzagging up'slopes where necessary,
following the contour as far as possible.
Erosion barriers have been constructed along
paths were necessary and are regularly
maintained. Approximately 32 km of paths have
been construﬁted.

1

INTRODUCED SPECIES

A number of indigenous species have been
introduced into the Reserve in the past,
generally with little success. Most of these
introduced plants are rare and/or endangered in
their natural habitat. Table 3 giVes a detailed

account of each species.

PEST PLANTS

When the area was purchased, various alien
plants infested different parts of the Reserve;
Densities of these plants varied fromhscattered
to medium, with few areas being entirely free of
them. These alien plants have been
;systematically removed with follow up work
continually being done to prevent reinfestation;
Neighbouring land has been cleared to act as a

buffer zone around the Reserve. The work 1is

done manually.

14
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Table 3: Specieé introduced into the Reserve

v : Number
Species " Introduced No. |Location First survived
Date- |Form ' |Flowered Date
Orothamnus  |May 77 |seed {15 |Frustration Marsh 0 Mar 79
zeyheri 10 {vVogel Pool 0 Mar 79
‘ 10 |(white‘s summit 0 Mar 79
10 |Banksia Ridge 1 Jan 78
0 Dec 78
Mar 78 |seed 5 |Vogel Pool 0 Mar 79
10 |Vulture Stream ‘0 Mar 79
10 |Banksia Ridge 1 Dec 78
\ 0 Mar 79
May 79 |seedlings|10 |Vogel Pool 0 oct 79
Nov 79 |seedlings| 6 {Vogel Pool (cages) 2 Jan 80
i 0 oct 80
Jan 80 |seedlings| 2 |Vogel Pool 0 oct 80
Jan 80 |seedlings| 2 {Vogel Pool : 0 May 83
oct 80 |seedlings| 3 |Vogel Pool May 83 1 May 83
‘ 0 sSep 83
Jul 83 |seed 10 |Quark House 0 sep 83
Witsenia May 77 |plants 50 |Vogel Pool 33 Mar 79
maura 32 oct 79
31 Feb 80
Apr 80
Feb 81 6 -May 83
Aug 84 |plants 25 20 Aug 85
Mimetes Nov 77 |seedlings| 4 |Vogel Pool ‘ 1 Mar 81
hirsuta
Mimetes May 79 |[seedlings| 2 |Vogel Pool 1 -Mar 81
hottentoticus
Mimetes May 79 |seedling 1 {vogel Pool 0 Feb 80
argenteus ' -
Protea May 79 |seedlings| 2 |Vogel Pool : 1 Mar 81
stokoeli v 0 Feb 86
Disa hybrids:
Dec 78 |seedlings Vogel Pool C 0 Jan 81
Tripgtaloidea x Racemosa
uniflora (yellow) x Tripetaloides
Tripetaloides (yellow) x Racemosa
Racemosa x Uniflora
Uniflora (red) x (yellow)
Veitchii x uniflora




1.8.1

1.8.2

1.8.3

1.8.4

Leptospermum laévigatum

This species has become successively more dense

" over the years where it occurs on the Municipal

land south of the Reserve. The few trees which
occurred in'the Reserve have been removed and
cleared tola distance of 50 m from the Reserve
boundafy'at which point a tracer belt has been
made. This area acts as a buffer zone to
prevent the myrtleé from entering the Reserve.
It would appear that this is sufficient distance
as their germination is stimulated‘by fire, and

the area is cleared regularly.

Hakea gibbosa'

. The eastéfn,portion of the Reserve was the most

densely infested with hakea, particularly the
area known as "Hakea Land” (Fig 2). "~ The
ofiginal adults have been removed. Capsules are
removed from each individualvplant, carried off

the mountain and destroyed.

Pinus pinaster
3

Large specimens occurred scattered on the upper

part of the Reserve but have been removed.
Acacia cyclops
This species was limited to a few individuals in

the main kloof. These have been removed, but

occasional seedlings are still found.
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1.8.5

Eucalyptus lehmanii

A few trees were planted in the Reserve by the
previous owners and shepherds. These trees have

been removed, and no seedlings have been found.
VEGETATION

METHODS

The survey was based on the Braun-Blanquet
method (Werger 1974) The method has been
extensively tested within the fynbos and has
been found reliable by a number of workers
(Westhoff et al. 1978 Taylor 1969; Boucher 1977;
McDonald 1983). This method is also used by the
National Botanical Institute, and has become a
standard method for their vegetation surveys.

Werger (1972) regarded the optimum plot size as
that ‘which gives 50 - 55 % of the species found
in one hectare of uniform vegetation. Based on
data from three fynbos sites, 50 % of the
hectare information was reached on an average

quadrat size of 51,9 mZ. Taylor (1969) and

*

Boucher (1977) found this quadrat size to be
suitable fof homogeneous fynbos vegetation.
Quadrats of this size and shape have become
standard in vegetation surveys carried out by
the National Botanical Institute. Quadrats of
5 x 10 m were found to be inappropriate for
‘riverine communities, so these communities were

recorded by walking along the river for 100 m

17



and within a diétance of;O;S m of the banks. At
othér sites, for example, marshes énd rocky
outcrops, the plot shape and size was adjusted
to fall &ithin the specific community. Forest
relevés were larger with 10 x 20 m quadrats.
Where practical the quadrats were subdivided
into five 2 X 5 m to aid with the recording of

1

the data.

Colour 1:10 000 aerial\photogrgphs were studied,
and preliminary community boundaries were drawn
on them. These divisions were based mainly on
aspect, slope and soil moisture content, ie dry
and wet areas. Relevés were then located within

these areas.
Data collection

All higher plant species within a relevé were
identified and given a cover abundance value
(Table 4) based on the Braun-Blanquet scale
(Table 4) (Werger 1974). Species which could not
be identified in the field, were collected for
later idéntification in the Reserve’s herbarium.
l'.Further data collected from each quadrat
included estimates of total vegetation cover,
heightv and stratification, slope, aspect,

altitude and rock cover.

Field work was carried out during 1985, with
most of the survey being done between October
and December of that year. A total of 119

relevés were set out (Fig 3).
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Table 4: Cover Abundance Values (after Werger

1974)

Symbol || Definition

r Very rare and with negligible cover
(usually a single individual).
6 Present but not abundant and with a

small cover value (less than 1 % of
the quadrat area).

1 Numerous but covering less than 1 %
of the quadrat area, or not so
abundant but coverlng l to 5 % of
the quadrat area.

2 Very numerous but covering less than
5 % of the quadrat area, or covering
5 - 25 % of quadrat area independent
of abundance.

3 Covering 25 - 50 % of the quadrat
area independent of abundance.

4 Covering 50 - 75 % of the quadrat
area independent of abundance.

5 Covering 75 - 100 % of the quadrat

area independent of abundance.

Table preparation

Data were arranged into a species by site table,
and then sﬁrtéd using the Programme TABSORT,
developed by the Forestry Branch of the
Department of Water Affairs at Jonkershoek. It

*has been expanded .and modified by the National

Botanical Institute (Boucher 1977). A Burroughé
B7 800 computer of the Department of Agriculture
was used to run the data. Further refinements
were made by hand. The complete table is given

as Appendix 3.
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'COMMUNITY DESCRIPTIONS

The vegetation occurring on the Reserve can be
subdivided into two main categories (Fig 4):
(if Mesic Mountain Fynbos communities (Moll
et al. 1984), and

(ii) Forest and riparian vegetation.

The communities were defined by means of

floristic analysis, site characteristics and

vegetation stratification, averaged over all the

relevés within a community. A species-binomial
(McDonald 1983; van Wilgen et al. 1985) and
structural system was used to name thé
communities. The dominant, differential specieé
were selected for the species-binomial. part,
while the structural classification (Table 5)
follows the'system~pfoposed‘by Campbell et'al.
(1981) for vegetation classification in the
Fynbos Biome. The term "community" was used és
an abstract term (Shimwell, 1971) and does not
imply any specific ranking.

»

Table 5: ‘Structural Nomenclature (Campbell‘et

al. 1981)
Height of Projective Canopy
dominant stratum cover of dominant

stratum (%)
Tall 2 m + : Closed 75 - 100
Mid-high 1 m -2 m Mid-dense 50 - 75
Low 0,25 m - 1'm Open 25 - 50
Dwarf 0,25 m Sparse 5 - 25




.....

Legend: Plant Communities

’

Community Name

Brunia alopecuroides - Chondropetalum

- deustum, mid-dense, mid-high shrubland

Erica coccinea var coccinea - Widdringtonia
cupressiodes, sparse to mid-dense, mid-high
proteoid veld

Osmitopsis asteriscoides - Erica perspicua,
sparse to mid-dense, mid-high to tall
shrubland :

Restio similis - Hypodiscus argenteus, open
mid-high proteoid veld

Chondropetalum ébracteatum - Villarsia
capensis, mid-dense, mid-high shrubland

Aulax umbellata ~ Protea repens, mid-dense,
mid-high proteoid veld

Erica onosmiflora - Brunia alopecuroides,
mid-dense, low to mid-high, ericoid and
restioid veld

Phaenocoma prolifera - Chondropetalum
hookerianum, open low restioid veld

Passerina vulgaris -~ Pentaschistis

- capensis, sparse to open,-mid-high to tall

shrubland

Protea nitida - Protea repens, sparse, tall
Waboomveld

Psoralea aculeata - Phylica buxifolia,
sparse to open, mid-high to tall ericioid
veld

Curtisia dentata - Ilex mitis, closed, tall
kloof forest

Erica caffra - Blechnum capense, open, mid-
high riverine veld

Young veld, not mapped
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2.2.1

2.2.1.1

Mesic Mountain Fynbos

The general .structure of the communities falling
within this category is of three distinct
layers. Adamson (1938) found these layers to be
typical of the fynbos vegetation. The upper

canopy 1is composed mainly of the families

'

Proteaceae and Bruniaceae, the middle layer of
Bruniaceae and Ericaceae, and the lower layer
predominantly Restionaceae  , and Cyperaceae.
Smaller herbaceous and geophytic plants are also

common at this level.

Phaenocoma prolifera - Chondrépetalum
hookerianum, open low restioid veld (Map
symbol H)

RELEVéS

92 84 58 11 46
3 35 106 9 90
42 85

TYPE SPECIES

> B

Phaenocoma prolifera

Syncarpha vestita (was Helichrysum vestitum)
Chondropetalum hookerianum |

Erica longiaristata

Staberoha distachya

Indigofera alopecuroides var alopecuroides
Saltera sarcocolla

Thamnochortus pulcher

Erica onosmiflora
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Nebelia paleacea
Drosera glabripes
Drosera aliciae
Restio burchellii
Elegia filacea
Grubbia tomentosa
Phylica ericoides
Protea cynagoides
Erica cumuliflora
Restio ambiquus
Tetraria brevicaulis
Chondropetalum deustum
Leucadendron gandogeri
Ursinia paleacea
Gerbera crocea

Chondropetalum mucronatum

The differential species of this community form
the basis of the mountain fynbos group on the
Reserve, and are common to the communities
described under this heading. It emerges as a
separate community in small localized areas
which do not have suitable conditions for the
more habitat sensitive species. It occurs on
l.any aspect, within the mid-altitudinal range of
between 300 m and 550 m. Slopes are steep and
well drained. Restionaceae are the visually

dominant species, with the dark shape of

Phaenocoma prolifera scattered throughout.
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2.2.1.1.1 Brunia alopecuriodes - Chondropetalum deustum,

mid-dense, mid-high shrubland (Map symbol A)
RELEVéS:

98 102 100 96 97
101 99 95

TYPE SPECIES

Erica plukenetii var bicarinata
Erica lutea

Berzelia squarrosa

This community occurs on the limited east-north-
east aspects of the Reserve at altitudes of
between 500 m and 600 m, with the slope_varying
from gentle (2°) to moderately steep (15°). The
soils are well drained, consisting of a coarse
sand with numerous stones and pebbles (Mispah
series). The species richness varies between
nine and 16 species per 5 x 10 m relevé (average
10,4), and 1is the 1lowest recorded species
richness of all the Reserve’s communities. This
;low species fichﬁéss could be accounted for by

the fact that these slopes are particularly hot
the dry due to its aspect.

Structurally two iayers can be distinguished.
The tallest layer (0,75 m to 1,5 m) is open and
dominated by Brunia alopecuroides and
Leucadendron xanthoconus. The 1lower layer

(0,25 m to 0,50 m) is mid-dense, and contains
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both the Ericaceae type species. Chondropetalum
deustum is the dominant restioid. Other common
restioids include Restio bifarius and
Thamnochortus gracilis. Common ericoid species
are Erica aristata and Penaea mucronata. The
latter two species are common within the
community but have a wide distributional range,

occurring in other communities.

The community is similar to the mixed ericoid

and restioid fynbos of the upper mesic slopes

(northerly aspect community of the inland

mountain fynbos), described by Boucher (1978) in

the Cape Hangklip area.

2.2.1.1.2 Chondropetalum ebracteatum, sparse to mid-

dense, mid~high to tall shrubland
TYPE SPECIES

Chondropetalum ebracteatum
Penaea cneorum ssp ruscifolia
Villarsia capensis

Restio dispar

E
Centella eriantha var eriantha

The greater part of the Reserve is covered by
this community. It has a wide altitudinal rage
and occurs on most aspecfs of the Reserve.
Three sub-communities can be recognized,
characterized by Specific habitat requirements.

Eight of the relevés within this grouping do not
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fall into any of these sub-communities, but form

part of the general community.

2.2.1.1.2.1 Chondropetalum ebracteatum =~ Villarsia
capensis, mid-dense, mid-high shrubland (Map

symbol E)
RELEVES

34 61 64 48 53
49 63 60

The community occurs in the north-east section
of the Reserve at mid (360 m) to high altitudes
(750 m) on the west-south-west to north-west
aspects. The characteristic species of the
- community are those which are diagnostic for the
community as a whole. This basic community
becomes clearer where the habitat requirement is
not met for the more habitat sensitive sub-
communities. 5 The species richness varies
between 11 and 21, with an  average of 16,2
species per 5 x 10 m relevé. '
. | .
Structurally there are three layers, namely a
mid-high, a lower and a dwarf layer. The mid-
high layer is mid-dense, dominated by
Leucadendron xanthoconus and Brunia
alopecuroides, both species having a wide
habitat range. | Restioid and ericoid shrubs
dominate the lower layer, particularly the
characteristic species, Chondropetalum

ebracteatum, which occurs in 75 % of the relevés



‘describing this community. Other commonly
occurring species in this lower 1level include
Thamnochortus pulcher, Nebelia = paleacea,
Tetraria fasciata and Erica onosmiflora. The
d&arf layer is generally sparse to open in
density. Commonly occurring species include
type specieé, Villarsia éapensis, and  the
generalist,‘Anaxeton laeve, both of which occur

at low densities.

2.2.1.1.2.2 Erica coccinea var coccinea - Widdringtonia

cupressiodes, sparse to mid-dense, mid-high

proteoid veld (Map symbol B)
RELEVéS

94 78 79 81 31
80 88 41 51 82
32 43 39 33 50
44 87 56 113

TYPE SPECIES

lErica coccinea var coccinea
Hermas depauperata’

Restio perplexus

Euryops abrotanifolius
Laurophyllus capensis
Widdrihgtonia cupressiodes
Protea lepidocarpodendron
Schizaea pectinata

Thaminophyllum latifolia

Berzelia rubra
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Carpobrotus pillansii
Dilatris pillansii
Erica corydalis

Selago serrata

This sub-community occurs east of the main

kloof, with a wide altitudinal range of 150 m to

600 m, with the main range lying between 150 m .

and 300 m. Thé main aspect of the community
varies between south-east and west-south-west.
Slopes are moderately steep, well drained >and
dry. The soils are white, sandy, shallow with
numerous small stones scattered throughout. 1In
places where the shale band has beén exposed,
Protea lepidocarpodendron becomes dominant. The
soils here have a higher clay content and better
soil moisture retention than those derived from
sandstone. - The species richness of the
community is one of the highest, with an average
of 22 species per 5 x 10 m relevé, ranging from

16 to 34 species.

Of the type species, Erica coccinea var coccinea

occurred in 56 % of the 16 relevés.representing

t
the community; Hermas depauperata, 50 %; Restio

perplexus, Euryops abrotanifolius and

Widdringtonia cupressiodes 31 %.

Three strata can be.distinguished. The upper,
at between 1,5 m and 2 m is generally sparse,
increasing to mid-dense on moister sites. It is
dominated by Widdringtonia cupressiodes, Penaea

cneorum, Leucadendron  gandogeri, and
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L.xanthObonus. Protea lepidocarpodendron,
dominateg on shéle outcrops. The middle stratum
at about 1 m is mid-dense, increasing to dense
in the absence of the lower stratum on wetter
sites. Shrubs, and taller restios are common in
this’ layer, ‘particularly = Chondropetalum
ebracteatum;' The lowest stratum at 0,25 m to
0,50 m is ;bsent on wet areas, reaching mid-
density on drier sites. Restionaceae,
Cyperaceae, Poaceae and Ericacéae' dominate at

i

this level.

The Mixed lower slope fynbos of the inland
mountain fynbos at Cape Hangklip (Boucher 1978)

can be compared to this community.

2.2.1.1.2.3 Osmitopsis asteriscoides - Erica perspicua,

sparse to mid-dense, mid-high to tall shrubland
(Map symbol C)

AN

RELEVéS

118 119 40 45 116
65 117 6 5 4

%

TYPE SPECIES

Osmitopsis asteriscoides

Erica perspicua

Brunia albiflora

‘Grubbia rosmarinifolia var rosmarinifolia
Disa tripetaloides ssp tripetaloides

Erica brevifolia
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Erica tenuifolia

Gleichenia polypodioides
Pseudobaeckia africana
Roridula gorgonias

Isolepis digitata (was Scripus)
Ursinia eckloniana

Brunia laeve

The community is confined to the upper river
courses of the Reserve, occurring on a wide
range of slopes, varying from gentle to very
steep (5° - 10°), and on aspects from south-east
to west, similar to the community described
above. The altitudinal range is between 300 m
and 700 m. Higher areas are subject to mist
rain. Soils are deep, dark brown to black, and
humus rich. Although the soil is permanently
wet and saturated, the water is not stagnant.
Compared to the above described community, there
were fewer species noted, averaging only 13,7
species per relevé with a range'df between 9 and
19. A numbér of the types species have high
cover abundance values, for example, Osmitopsis
asteriscoides and Villarsia capensis have an
laverage cover abundance value (Table 4) of three
for the ten sampled relevés; Chondropetalum
ebracteatum and Erica perspicua two. The type
species of Osmitopsis asteriscoides and Erica

perspicua occurred in 90 $ and 70 % of the

relevés respectively.

Four strata can be identified. The upper

stratum occurs at 1,5 m to 3 m above ground



level, variation depending on the wetness of the

. site: the wetter the site, the taller and more

dense it is wvarying between sparse and mid- .

dense. Dominant species in this stratum include
Osmitopsis asteriscoides, Brunia alopecuroides,

Restio dispar and Brunia albiflora. The

intermediate stratum is approximately 1 m tall,

2.2.1'1'

»

1

usually mid-dense, increasing in density on the
drier sites where the upper stratum is more
open. Leucadendron xanthoconué, Erica
sessiliflora, Chondrqpetaldm ebracteatum and
Erica hispidula dominate. The lower stratum,
occurring at between 0,25 m and 0,50 m varies
from mid-dense to dense, and 1is dominated by

restioid and fern species. The lowest stratum

occurs at ground level to about 0,25 m. It is

sparse on wet sites, becoming mid-dense on sites
which are slightly drier. Villarsia capensis

and Drosera glabripes dominate.

The Upper hygric fynbos of the Cape Hangklip

area described by Boucher (1978) is similar.

2.4 Restio similis - Hypodiscus argenteus, open,

mid-high proteoid veld (Map symbol D)

RELEVES
12 10 8 7 26
1 89 2 21 47

103 36 37 20 25

27 24 23 22
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- TYPE SPECIES

Restio similis

Restio bifarius

Hypodiscus argenteus:
Staberoha banksii

Restio sarcocladus

Erica cocciﬁea var pubescens
Thamnochortus lucens
Berzelia incurva

Drosera cistiflora

Serruria rubicaulus

The community dominates the western half of the
Reserve, occurring within the middle altitudinal
range of the reserve at between 200 m and 670 m,
on dry sites. The aspect varies betwéen north
to south-east, with the south-east aspect
dominating. Slopes are moderate, but can become
very steep in places. Species richness varies
betweeh seven and 24 with and average of 18,3

species per 5 x 10 m relevé.

The type species, Restio similis, occurs in the

*greatest percentaée (47) of the 19 relevés

sampled in the community; Restio bifarius .ih_

37 %; Hypodiscus argenteus and Staberoha banksii
in 32 %. The cover abundance value of these
species 1is generally low (one to two). In
places the type species increase in cover
ébundance value, becoming vmid-dense,
particularly at the higher altitudinal range

(above 400 m) of the community.
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Structurally, two distinct layers are- formed in
the mature vegetation: a mid-high, open upper
layer (1,0 m - 1,5 m) dominated by the thin
small leafed Aulax umbellata, and a lower layer
mid-dense layer dominated by restioid and

ericacious shrubs.

2.2.1.1.3 Aulax umbellata - Protea repens, mid-dense,

mid-high proteoid veld (Map symbol F)
‘RELEVéS

114 111 115 110 112
104 28 105 120 29
30

TYPE SPECIES

Blaeria ericoides

' Leucospermum gracile

Aspalathus serpens

Watsonia schlechteri

Erica tenella var gracilior
Disparago laxifolia

=

Leucadendron spissifolium var spissifolium
Retzia capensis

Erica cerinthoides var cerinthoides
Merciera tenuifolia var aurea
Aspalathus ciliaris

Aristea oligocephala

Ficinia trichodes

Mairea coriacea

Pentaschistis malouinensis



Thesium euphrasioides

Cassine peragua

The community is limited to south to south-west
aspects at low altitudes 6f between 150 m and
300 m. Slopes vary from gentle (5°) to steep
(30°). The sandy soil is littered with stones,

with a rock cover of 5 - 10 % and well drained

with low water retention.

Of the ten sampled relevés, the type species
Blaeria ericoides, occurred in 50 %;
Leucospermum gracile, Aspalathus serpens and
Erica tenella var gracilior in 40 % and Retzia
capensis in 30 %. The community has one of the
highest species richness of all the indentified
communities, averaging 23,4 species per 5 x 10 m

relevé, varying between 14 and 30 species.

Two structural 1layers can be distinguished
within the community. The upper stratum (1 mto
1,5 m) is mid-dense. The lower stratum at
between 0,25 m and 0,75 m is open, increasing to
lmid-dense where Protea repens, as opposed to

Aulax umbellata, dominates the upper stratum.

It is dominated by restios.
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2.2.1.1.

4 Erica onosmiflora - Brunia alopecuroides, mid-

dense, low to mid-high ericoid and restioid veld

(Map symbol G)
RELEVéS

70 67 71 54 57
59 55 68 62 66
69

TYPE SPECIES

Metalasia cymbifolia

Ceratocaryum argenteum (was Willdenowia)

\\

Erica coccinea var inflata

Ehrharta setacea

Diastella divaricata ssp montana

Tetraria compar

' Thesium capitatum

1 Y

Thesium euphorbioides
Thesium quinqueflorum
Paranomus septrum-gustavianus

Restio filiformis

The community occurs in the north-eastern part
of the Reserve where it is confined to the upper
altitudes (520 m to 700 m) on moderate to steep
slopes (10°-30°). The aspect is predomihantly
south-west, but varies from south-west to north

on stoney soils.

Metalasia cymbifolia is the main type species of

the community, occurring at a low cover
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abundance value of° one, in 96 $ of the ten
sampled relevés. The other diagnostic species,
Ceratocaryum argenteum occurred in 50 %, with a
cover abundance value of two; Erica coccinea var
inflata occurred in 40 %, with a cover abundance
value of one. The remaining seven types species
occurred in.only 10 3 of the sampled relevés,
with a covef abundance value of one. The number
of species per relevé averaged 21,7, with a

range of between 14 and 27.

Structurally, three levels can be recdgnized in
the mature community. The upper stratum, often
absent on drier sites, reaches a height of
between.l m and 1,5 m. It is sparse in density,
dominated by Thesium euphorbioides, Erica
onosmiflora, Saltera sarcocolla, and Brunia
alopecuroides. vThe intermediate layer is mid-
denée, between 0,75 m and 1 m tall, dominated
by restioid and ericioid shrubs. The lower
stratum at 0,25 m tov0,50 m in height, is mid--
dense in the absence of the upper stratum,
dropping to sparse. Ericoid and restioid

species are common.
LY

2.2.2 Forest and Riparian Communities

2.2.2.1 Passerina Vulgarié - Pentaschistis capensis,

sparse to open, mid-high to tall shrubland

The community occurs at low altitudes (50 m to
100 m above sea levél), generally within a

limited range of aspects (south to west-south-



west). It can also occur at low altitudes on

"east-north-east aspects.

Two sub-communities can be identified, namely
Protea nitida - Protea repens sparse, tall
Waboomveld and Psoralea aculeata - Phylica
buxifolia 'séarse to open, mid-high to tall
ericoid sh;ubland. A possible third sub-
community can be indentified (map symbol 1I).
This community is limited to low altitudes (50 m

- 100 m) and south to west-south-west aspects.

2.2.2.1.1 Protea nitida - Protea repens, sparse, tall

Waboomveld (Map symbol J)
RELEVéS

14 15 13 18

TYPE SPECIES

Protea nitida

Diospyros glabra
‘Knowltonia capensis
Pelargonium longicaule
Myrsiphyllum declinatum
Erica parviflora
Ehrharta rehmanni
Pentaschistis thunbergii
Lachenalia peersii
Eriospermum nanum

Mohria caffrorum

Tephrosia capensis



The aspect on which the community occufs is only
east-north-east at low altitudes (50 - 100 m) in
the kloof: The slope 1is moderately steep.
Soils are Trelatively deep and sandy. The
average number of species per relevé is high for

the Reserve at 30,5, varying between 27 and 34.

The type species, Protea nitida, 1is visually
dominant in the community, giving it a
characteristic blue/grey colour. It has a hiéh
cover abundance value (three), and occurred in
all the sampled relevés. The other type
species, Knowltonia capensis, Diospyros glabra,
Tephrosia capensis, Pelargonium longicaule and
Eriospermum nanum are also commonly occurring

species.

Structurally there are three distinct layers.
The tall upper layer at a height of 3 m to 5 m,
is sparse and dominated by the type species
Protea nitida. The middle layer is dominated by
Protea repens and Passerina vulgaris. ‘This is a
dense layer reaching a height of between 1,5 m
land 2 m. The lowetr layer, at between 0,50 m and

0,75 m dominated by grasses, restios and Erica

imbricata. It is a mid-dense layer.
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2.2.2.1.2 Psoralea aculeata - Phylica buxifolia sparse
to open, mid-high to tall ericioid veld (Map
symbol K)

RELEVéS

76 73 17 83 19
75 74 107 |

TYPE SPECIES

Phylica buxifolia
Lampranthus emarginatus
Indigofera angustifolia
Crassula biplanata
Arctotis semipapposa
Briza maxima

Erica villosa

Psoralea aculeata
Agathosma ciliaris
Ehrharta erecta

Erica discolor
Helichrysum cymosum

Rhus glauca
» .

This community occurs mainly on south-south-west
to west-south-west aspects of the kloof at low
altitudes of between 40 m to 100 mm. The slope
varies from gentle to very steep. The number of
species per relevé varies from 11 to 26, with an

average of 17,1.



No one type species is particularly dominant in
the community. Phylica buxifolia is the most

commonly occurring of the type species.

Two layers can be distinguished in the mature
vegetation. The upper layer at between 1 m and
2,5 m, is Spérse to open in density. The lower
layer, betwéen 0,50 m and 0,75 m, is mid-dense
to dense, dominated by Erica hispidula, restios

and grasses.

2.2.2.2.1 Curtisia dentata - Ilex mitis closed, tall

kloof forest (Map symbol L)
RELEVé

93

TYPE SPECIES

Curtisia dentata

Ilex mitis

Blechnum tabulare
Elaphoglossum angustatum
fRumohra adiantiformis
Myrsiphyllum asparagoides
' Elegia thyrsifera

It occurs on south-south-west aspects, at an
altitude from 100 m to 250 m. Only 13 species

were recorded in the relevé.
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The more rapid.weathering of the shaleband is
the Table Mountain Sandstone provides deeper
soils than those of in situ | weathered
sandstones, sometimes resulting in steep-sided
raéines, particularly where the shales meet the
lower sandstones (Boucher 1978).  These steeb
walls provi&e the forest with a degree of
protection ‘from fires. The forests are thus
limited in éxtent, occurring only in the
protective kloofs along the water courses. One

relevé of 10 x 20 m was used to éample the

community.

Rumohra adiantiformis, Blechnum tabulare (both
types species for the community) and Todea
barbara are common components of the interior
ground cover (cover ~abundance value two),
attaining heights up to 0,75 m. They do not
build up large amounts of litter, thus help to
keep fires out of the forest (Boucher 1978). |

The canopy is closed, and varies in height
between 10 m and 15 m. Other speciesvtypical of
-the forest include Olea capensis ssp capensis,

‘ B
Rapanea melanophlceos, Pterocelastrus rostratus

and Maytenus acuminata (cover - abundance value

two). Another discontinuous, sparse shrub layer
occurs at between 1 m and 3 m, comprising mainly

of tree saplings.

The Podocarpus-Rapanea Shale forest déscribed by
Boucher (1978) for the Cape Hangklip area can be

compared to this community.
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2.2.2.2.2 Erica caffra - Blechnum capense open, mid-high

riverine veld (Map symbol M)
RELEVéS
77 91

TYPE SPECIEé

Prionium serratum

Blechnum capense

Ehrharta rehmanni‘var filiformis
Erica caffra

Empleurum unicapsulare

Psoralea pinnata

Laurentia secunda

Ficinia distans

Scriptus prolifera

Juncus capensis

This community occurs as a narrow stripe along

river courses above and below the forest

community described above. The altitude varies

from 40 m to 280 m, on south-south-east

aspects.
i

There is not physical protection for the
community . against fire, and it burns on a
similar rotation as that experienced by the
fynbos communities. Thirteen to 14 species were

recorded per relevé.

The vegetation is much lower than that of the

forest, reaching a height of 2 m to 5 m, and is
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mid-dense. Erica caffra and Empleurum
unicapsulare are dominant. A lower layer of
0,50 m to 0,75 m is mid-dense with Blechnum
capense and Prionium serratum being dominant.
Mosses form a sparse ground' layer (0 m -

0,10 m).

The tall fynbos of the rocky streams under the
riparian vegetation of the Cape Hangklip area
(Boucher 1978) can be compared to this

community.
DISCUSSION

Werger (1974) found that the Braun-Blauquet
approach to végetation mapping, could be applied
successfully td the fynbos. However, Campbell
(1985) felt that it would be appropriate for use
in small areas only. From this study, I would
support the latter statement for the following

reasonss:

(a) the method is expensive in terms of time,

each relevé taking approximately one hour to.

complete. o

(b) a high degree of floristic knowledge is
necessary to identify species, both in the
field and herbarium (also a time consuming
activity!). o

(c) not all plants noted were at a stage where
they could be identified in either the field

or herbarium at the time of the survey, and



3

a number of relevés had to be revisited to
collect. previously tagged plants.

(d) some plants could have been mistaken for
other species, and hence incorrectly

indentified.

Although tﬁese factors can be considered
disadvantagéous and costly, Reservé field
personnel can learn a great deal about field
conditions, and develop theirv knowledge of
species names,h habitat requirements, and
interactions with other species by using the
methodology. The method is also a very
efficient way of compiling an initial species
list and to set ﬁp a herbarium of an area. 1In
this study a total of 242 species were
identified of the 707 higher plant species which
have been collected within the 603 ha of the
Reserve (de Lange 1992). 1In approximately 0,1 %
of the area 34 % of the recorded higher plant

species were collected. A further advantage is

that a detailed vegetation map can be compiled.

One of the objectives of the Reserve is that it
lshould be used for research, the present survey
"has therefore provided a good baseline study for
further studies. As the Reserve is only 603 ha,
with an established herbarium and an extensive
network of paths allowing for easy accéss,’as
well as an even aged, mature vegetatioq‘at thé

time of the study (10 years), it was an- ideal

site for the study.
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A total of 13 communities and sub-communities
were identified in the Braun-Blanquet table,
indicating a great diVeréity of habitats within
the Reserve. Each community had its own
environmental requirements. Aspect, altitude
and soil moisture appear to be 'particularly
important inlthis’regard. Once the communities
were definéd, their extent was determined by
extrapolation to the surrounding areas.using the
prepared classification and by referring to

aerial photographs.

The . 'vegetation divided into two broad
categories: mesic mountain fynbos, and forest
and riparian communities. O0f the forest and
riparian communities, the forest had distinct
physical boundaries which offer protection from
fire. Soils here were generally deeper then
those in the rest of the ﬁeserve, mainly as a
result of exposure and eroding of the shale

band.

The mesic mountain fynbos communities were
divided into two groups, namely those of the
‘steep kloof slopes and the rest of the reserve.
These communities vary in complexity depending
on such environmental factors as altitude,
aspect, slope and moisture conditions.

Communities on wetter sites generally had a

lower species richness.

The whole Reserve was burnt in February 1985,

and a repeat survey was carried out 18 months
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The whole Reserve was burnt in February 1985,
and a repeat survey was carried out 18vmonths
later, when fifty of the original relevés were
re-assessed. The table (Appendix 4) for the
latter survey gave the same communities as for
the ‘mature vegetation, but with different type
species. ‘When all the pre~-fire species were
excluded from the table the remaining species
(predominantly geophytes) showed similar
groupings to those previously recorded (Appendix
5). New species recorded after the fire were
predominantly sprouters only visible and
identifiable for a few years after a fire.
These species are by nature subjected to the
pressures of short or long fire rotations, and

could possibly be wused as indicators of

community changes due to various management

actions. For example, an increase in the
density of geophytic plants could be indicative
of short rotation burning since fire stimulates

flowering of these .plants.
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INTRODUCTION

Fynbos areas are coming under increasing pressure
from society in terms of recreation, water supplies
and the cut flower trade. As more‘areas of fynbos
disappear and become degraded, particularly in the
south-western gape, it is wvitally important that
those areas which have been set aside for
conservation are managed in the best way possible
to ensure their 1long term survival (Wildlife
Society, 1980). Fire plays an integral role in
these communities and is the main tool of
management. It is important to be able to predic;
its effect on fynbos vegetation under a given fire
regime particularly for small private; Municipal

‘and Provincial reserves. ,

Fire causes repeated disturbances in fynbos. It is
argued that fire is necessary to allow some plants
to complete their 1life cycles, and that fires
should take place in a fairly predictable manner to
- allow for the survival of these species. (Seydack et

al. 1986; Kruger 1987).

Disturbance can be defined as an Agxternal factor
leadihg to the complete or partial destruction of
the vegetation‘ (Grime 1979). Two - forms of
succession can be distinqguished, namely primary and
secondary (McIntosh 1980). Primary succession

occurs where a site is so disturbed that no effects



of the previous biota are evident. Secondary
succession is said to occur when the disturbance is
of such a nature as to result in fairly large
changes, but where the effects of the previous
biota remain. Primary succession affects only
small areas of the fynbos biome (Kruger 1987) and
was not investigated in this study. Pyric
succession is a form of secondary succession being
a process whereby those species which were present
before the fire recover on the site (Hanes 1971).
The initial phase of pyric succession in fynbos was

the focus of this study.

A limited number of studies on pyric succession
have been carried out on mountain fynbos
communities (Bond 1980; van Wilgen 1981; van Wilgen
et al. 1981; Kruger 1984; Kruger 1987). This study
was designed to add to the available data of the
early successional pattern in fynbos, ﬁsing the
analytic approach of Noble and Slayter (1980), the
fire response categories of Bell et al. (1984) and
multivariate methods to compare results on
different communities in order to evaluate the
applicablitity of current successional models.
These data should help provide a greater
understanding of the succession, particularly the
initial and most <critical stage, eventually
allowing the prediction of the consequences of a

given disturbance regime within the fynbos.



The objectives of this study were to:

a) improve the description of the initial stage of
pyric succession in mountain fynbos,
particularly changes in species composition and

cover abundance of species within a community;

b) examine the effects of fire with respect to

phenological changes and population dynamics of

selected species;

c) to categorize the species according to their
survival mechanisms (Noble and Slayter 1980;

Bell et al. 1984);

d) assess the applicability of some current

successional models.

STUDY AREA

The study was carried out. on a private nature
reserve, Vogelgat, situated approximately 10 km
east from the center of Hermanus, in the
Kleinrivier Mountains (34°24‘’s and 19°18’; Fig 1).
The Reserve covers an area of 603 ha, varying in
éltitude from 10 m in the kloof near the "0ld Gate"
in the south (Fig 2), to 805 m at "Beacon Head", in
the north. Details of the climate, topography and

mature vegetation are given in de Lange (1992).
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The mountain fynbos of the ﬁiéinrivier Mountains
falls within the ‘fynbos 'biome (Kruger 1978) and
Acdﬁks veld type 69, fynbos (Acocks 1953). The
area experiences a mediterranean iype climate with
most rain falling in thé winter months, between
June and September. Summers are usuaily hot and
dry (Schulze et al. 1978). The. annual average
rainfali reccfded in the Reserve is 1 181 mm (rain
gauge locatéd at "Quark Hoﬁsé" - see Fig 2). Hot,
dry,‘north—easterly winds, locally known as "Berg
winds", are common durihg winter. Soils are
typically‘ those of the Table .Mountain Group,
generally being sandy, stonéy, infertile and acidic

(Taylor 1978).

As is common to this climate type, fire plays an
integral role in coﬁmunity composition, structure
and succession patterns (Kruger et al. 1984). Fire
is also 1likely to have had an influence on the
evolution of plant histories (Bond 1980; Kruger

1984).

The Reserve vegetation was about 10 years old
>(Tab1e 1) when two fires, one in December 1985, and

the other in February 1986, occurred (Fig 3).

During 1985 a total of 119 permanently marked
relevés were set out over the Reserve for a
phytosociological survey. - = Twelve communities

(including subcommunities) were identified during



this survey. Fifty of these relevés were selected,
covering nine communities, for  further
investigation in this study (Fig 4). A brief
summary of each of these communities are given in
Table 2. The communities were dominated by the
growth forms of restioid, ericoid and proteoid
shrubs. The predominant families in the mature
vegetation were . the Asteraceae, Fabaceae,

Restionaceae and Proteaceae (de Lange 1992).

Table 1l: Fire History 1974 - 1991

Date of fire Cause

29/12/1974 Unknown

19/12/1981 Visitors to Reserve - Smoking
07/12/1982 Farmer burning on northern slopes
08/12/1985 Farmer burning on northern slopes
02/02/1986 Picnickers braaing at lagoon
07/11/1990 Smokers

METHODS
DATA COLLECTION

After a fire in February 1986, 50 of the 119 five
by ten meter relevés set out prior to the fire (de
Lange 1992) were selected to represent nine of the
pre-fire communities (Table i} Fig 5). The relevés
were sampled at monthly intervals from February
1986 to November 1987. For all communities, it was
assumed that the mature (pre-fire) vegetation

represented a stage in the development of the






successional communities. Note was not made on the
behaviour patterns of the fire although it was
observed from skeletal remains that the intensity
of the fire varied. At some sites (particularly
communities H, G and I)(see Table 2 for
abbreviations used in text), rocks had burst, while
at others, leaves still remained on the bushes

three weeks after the fire had passed.
The following data was collected for each relevé:

1 Each species was identified.

2 All species within a relevé were given a cover
abundance value (Werger 1974; Table 3) each
time the relevé was surveyed. The species were
classified according to Raunkiaer’s life-form
¢ategories (Table 4).

3 The mechanisms governing a species response to
a disturbance was determined (Section 3.2):

3.1 The method by which a species remains on the

' site of disturbance (Section 3.2.1).

3.2 The condition of the site which allows the

species to re-establish itself (Section 3.2.2).



Table 2: Communities studied post-fire

Community Name Habitat Richness |Relevés |Referral Name
in text
Plateau Communities:
sparse to mid-dense, Gentle to steep 13,7 sp/ 5 6 Community A
to tall shrubland slopes. relevé
Aspect SE -~ W Range
Altitude 300 - 700m|9 - 19
Higher altitudes
subject to mist
rain.
soils deep, dark
brown, humus rich;
permanently wet
and saturated.
sparse to mid~dense, Aspect ESE - WSW 22 sp/ 31 50 79 |Community B
mid-high Proteoid Altitude 150 ~ 600m|relevé 41 43 32
veld (mainly 300 m) Range 51 82 39
Soil well drained; (16 - 34 33
shale outcrops )
Transitional between |Aspect NNE - WSW 34 61 48|Community C
communities A and B Altitude 360 ~ 750m 49
Soil moist and dry
Mid-dense, low to Aspect SW - N 21,7 sp/ |70 71 54 |Community D
mid-high Ericoid and jaltitude 520 -~ 700m|relevé 57 59 55
Restioid veld Slope moderate to |Range
; steep. ' 14 - 27
open, mid-high Aspect SE - W 7 26 20)Community E
Proteoid veld Altitude 200 - 670m 12 21 24
Slope moderate to 25 37 36
very steep 2 27 10
47
Intermediate Plateau jAspect S - NE 92 84 58|Community F
Community 11 3 35
69 9
Kloof Communities:
Transitional |Aspect SSW - WSW le 72 Community G
Community Altitude 50 ~ 360 m
Soils well drained
Sparse, tall Waboom Aspect ENE 30,5 sp/ |14 Community H
veld Altitude 50 - 100m [relevé
Slope moderate to Range
steep 27 -- 34
s8oils deep and sand
Sparse to open, Aspect SSW - WSW 17,1 sp/ |17 83 19|{Community I
mid-high to tall Altitude 40 - 100 mirelevé 74
Ericoid veld Slope gentle to Range
moderate 11 - 26

Dominant aspects underlined.




Legend: Plant Communities

Community Name

Brunia alopecuroides - Chondropetalum
deustum, mid-dense, mid~high shrubland

Erica coccinea var coccinea - Widdringtonia
cupressiodes, sparse to mid-dense, mid-high

proteoid veld

Osmitopsis asteriscoides - Erica perspicua,
sparse to mid-dense, mid-high to tall
shrubland

Restio similis - Hypodiscus argenteus, open
mid-high proteoid veld

Chondropetalum ébracteatum - Villarsia
capensis, mid-dense, mid-high shrubland

Aulax umbellata - Protea repens, mid-dense,
mid-high proteoid veld

Erica onosmiflora ~ Brunia alopecuroides,
mid-dense, low to mid-high, ericoid and
restioid veld

Phaenocoma prolifera - Chondropetalum
hookerianum, open low restioid veld

Passerina vulgaris - Pentaschistis
capensis, sparse to open, mid-high to tall

shrubland

Protea nitida - Protea repens, sparse, tall
Waboomveld

Psoralea aculeata - Phylica buxifolia,
sparse to open, mid-~high to tall ericioid

veld

Curtisia dentata - Ilex mitis, closed, tall
kloof forest

Erica caffra - Blechnum capense, open, mid-
high riverine veld

Young veld, not mapped
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The data for éll relevés were hand sorted, creating
two Braun-Blanquet tables for the data at eighteen
months. One table (Appendix 4) incorporated all
post-fire data, while the second table (Appendix 5)

recorded in those relevés in the pre-fire survey

(de Lange 1992).

Detrended correspondence analysis (DCA) was used to
ordinate the site-time data (mature and post-
disturbance relevés) from all the communities to
reveal successional patterns (Austin 1977). The
post-disturbance data was ordinated separately in
order to display more clearly the time trajectories
of the replicate sites in the cbmpositional_space

of the ordination.

Comparisons were made of total species richness and

‘equitability (Shannon-Wiener function) (Whittaker

1972), as well as richness and relative cover of
growth form and regeneration groups for the mature

and successional relevés.

MECHANISMS GOVERNING SPECIES RESPONSES TO
DISTURBANCE

Each species noted within a relevé, was classified
according to it’s vital attribute proposed by Noble

and Slayter (1980).

‘is made up of only those species not previously



Table 3: Cover Abundance Values (Werger 1974)

Id

Code - |Density

for Value |Description
tables| (%)
r 0,1 |Very rare and with negligible cover
‘ (usually a single individual).
6 0,5 Present but not abundant, with a

small cover value (less than 1 % of
the quadrant area).

1 3 " |Numerous but covering less than 1 %
of the quadrant area, or not so
abundant but covering 15 % of the
quadrant area.

2 15 Very numerous but covering less

' than 5 % of the quadrant area, or
covering 5 - 15 % of the quadrant
area independent of abundance.

3 38 Covering 25 - 50 % of the quadrant
area, independent of abundance.

4 65 Covering 50 - 75 % of the quadrant
area, independent of abundance. A

5 88 Covering 75 - 100 % of the quadrant

area, independent of abundance.

Table 4: Raunkiaer Plant life-forms (Shimwell 1971)

~

Life-form Abbreviation Description
ek sttt ——— o— —
Cryptophytes CR Herbaceous
(Geophytes) plants with

their survival
organs protected
in the soil
Chamaephytes CH Broomy or

' bunching from
the ground up to
about 50 cm

Therophytes T Complete their .
(Annuals) life-cycles

: within a year
Lianas L Vines
Nanophanerophytes NA Short trees up

to about 2 m
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Three - main groups of vital attributes were

- recognized, but only the first aspect was

investigated in this paperﬁ

a) How a species arrives at, or persists on a site
during or after a disturbance.

b) Time taken for selected species to reach
maturity.'

c) Ability of a particular species to establish and

grow to maturity in the developing community.

Method by which a Species Persists on the Site of

Disturbance
Species were divided into the following categories:

Seed regenerating species:

a) D-species: killed by disturbance, but replaced
by migration.

b) ‘S-species: survive by seed being stored in the
soil, and which usually persist
longer than the parent plants.

c) G-species: as for S-species, but seed stores
are exhausted by one germination
event.

d) C-species: seed is available while mature
plants are alive on the site.
Normally stored in serotinous organs

in the canopy of the plant.
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Vegetatively regenerating spédies:

e) V-species: sprout and form juvenile shoots.

f) U-species: sprout and form reproductively
mature shoots if mature at the time

of disturbance.

Some species persist or recolonize a site by both
vegetative and germinative methods. The species
encountered in the study fell into the category:

g) O-Species: where S and U, or G and U are

combined.

For the study short dispersal distances of seed for
seeders was presumed, i.e. few D-species. Seed of
C-species (seed stored on plant i.e. serotinous,
for example Proteaceae and Bruniaceae) were
presumed to have a short life span after release

(Kruger 1987).
Conditions for Establishment

Species were further categorized according to the
condition of the site before establishment could

take place (Noble and Slayter 1980).

I-species: intolerant, can only establish under the
conditions immediately following

disturbance.
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R-species: cannot establish under conditions
immediately after a disturbance. Must-
wait until certain modifying effects

have taken place by pioneer plants.

These two forms of vital attributes occur in real,
‘natural’ combinations amounting to a number of
distinct ’species types’ 6r ‘behavior patterns’,
each denoted by a two-letter | combination

(Appendix 1).
FIRE-RESPONSE CATEGORIES

Each plant was classified according to its response

to fire. This was based on Bell’s et al. (1984)

classification of Australian heathland. The

categories are described in Table 5.
DIVERSITY
Simpson’s index (C), a measure of dominance

concentration, was wused to calculated species

diversity for each community.

c =%2%p;s
s = number of species in sample
pi- = the proportional abundance of the ith

species



Table 5:
(1984)

Fire response categories (Bell et al.

Primary Category |Sub-category |Description

Fire ephemerals Monocarpic, Fire-stimulated,
{MFE} A sometimes fire-
Polycarpic obligate
{PFE} germination growth|

early maturity,
life-spans of
three months to
four years.

Obligate seeders |{0S} No capacity for

vegetative
regeneration;
life-spans
potentially less
than 15 years and

‘lgrowth cycles
terminated
prematurely by
fire.

Sprouters Obligate Vigorous
vegetatively |vegetative
reproducing |multiplication,
sprouter virtually no seed
{OVS} regeneration,

clonal populations
Facultative Variable
sprouter- vegetative
seeder regeneration; but
{FSS} usually poor, some
or even abundant
seed regeneration.
Auto- Abundant
regenerating |vegetative
long-lived regeneration;
sprouter seed regeneration
{ALS} adequate to

replace parent
mortality.

16



4.1

4.1.1

The Shannon-Wiener index (H), which reflects
evenness of relative species abundances in the

community, was calculated as:

H = - Zpilogygpi
RESULTS AND DISCUSSION
SPECIES RICHNESS PATTERNS IN RELATION TO FIRE

During the study a total of between 33’ and 148
species, per community, were indentified in the 18
month post~fire vegetation, with an average of 88,3
species. The mature communities had an average of
between 25 and 92 species (average 52,7)(de Lange
1992). Of these species, individuals with the
ability to sprout accounted for between 51 % and
67 ¥ of the post-fire species, slightly more than
half the recorded number of species. This is lower
than the 73 % recorded by van der Moezel et al.
(1987) working in Australia, and the 66 % of the
species recorded by Bell et al. (1984) in the
Northern sand plain of Australia. The mean number
of species per mature community varied between 11

(Community A) and 21,4 (Community B).
Species Lost from Relevés Post-Fire

The cover abundance value for species lost from any

' relevé generally was less than three, and often



less than six (Table 3). This was similar to the
"+* of Kruger (1987)(Appendix 6). Species which
had a relatively high cover abundance value (> 3),
usually had only occurred in one relevé, often as a
single specimen, in the particular community prior

to the fire (de Lange, 1992). A year post-fire
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many of these apparently lost species were noted.

outside the relevés but still within the particular

community. Few parasitic species had reappeared in

the relevés eighteen months post-fire.

In Community C (see Table 2 for 1list of
abbreviations used), 2 % of the sprouting species
were lost i.e. one species, Osmitqpsis afra. This
species had occurred in only one of the pre-fire
relevés at a cover abundance value of less than 3
(Appendix 6). Communities B, D' and E 1os£ no
sprouting species, while communities G, H and I
lost the greatest percentage of these species (9,
11 and 7 % respectively). The 1loss of these

species from the relevés, for example Leucadendron

salignum, and Pterocelastrus rostratus, were mainly

due to the fact that the individual had not
recovered after the fire, or had sprouted and died

shortly afterwards.

A greater percentage of seeding species disappeared
from the relevés than sprouting species.
Community C was the only community not to loose any

seeding species. Communities H and I 1lost the
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greatest percentage of seeders, 25' and 27 %
respectively.r Both these communities occur at low
altitudes (40 - 100 m) on the hot (Community H) dry
slopes of the kloof (Fig 4)(de Lange 1992).
Community H was represented by only one relevé in
the post-fire survey, and this could account for
the apparently high loss of species. The other
communities (A, B, D, E, F and G), had an average
percentage loss of 8,5 species, less than half that

of the formerly mentioned communities.

The average loss of species, both seeders and
sprouters, per community varied between 2 %
(Community C) and 36 % (Community H), averaging
15 & of species, per community, being lost from the
sampled relevés. These species were observed
growing in other areas of the community at a later
survey, and were hence not lost from the system (de

Lange pers obs).
Species Gained in Relevés post-fire

Geophytes and seeding chamaephytes accounted for
the greatest gains in species richness (Fig 6 a -
i). A small amount of short range migration was

also involved for example Protea nitida and Rhus

‘lucida. Parent plants of these species had been

noted in the nearby vicinity of the relevés before
the fire. A minimum increase of 50 % of previously

unrecorded species per community, ranging up to

19



Fig 6 a - f: Growth forms
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Fig 6 g - i (conf)
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127 % in Community I was noted, with an average of
15,2 new taxa being added to each of the sampled

communities 18 months post-fire. This 1is .lower

20

than the average of 29 and 47 noted at '

~Jakkalsrivier and Zachariashoek respectively by

Kruger (1987) (Appendix 7).

Sprouting species accounted for the greatest
increase in the number of "new" species in each
‘community varying between 31 % (Community D), and
73 $ (Community I). Community H had the lowest
pércentage of previously wunrecorded sprouting

species, namely 11 %.

New seeding species accounted for between 16 %
(Community A) and 53 % (Communities H and TI).
Sprouters generally accounted for a greater
percentage of species gains than that of the
seeders. The exceptions were Communities G and H
where seeders accounted for 53 % and 39 %,

sprouters 41 % and 11 % respectively.

Of the different life form categories (Table 4), the
greatest increase in the number of species was among
the cryptophytes, which generally accounted fof at
least 30 % of the species richness in the post-fire
communities. The reverse situation regarding
geophytes Was found by Hoffman et al. (1987)'a£ a
lowland fynbéds site, Pella,‘ in the south western

Cape. Community H reflected the trend in geophytes



as recorded at Pella in that it had high pre-fire
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levels of geophytes, but by 18 months post-fire this

growth form accounted for only about 2 % of the
species richness. These differences at the two
sites could possibly be due, in part, to the greater
amount, and more reliable rainfall experienced in
the mountain fynbos, allowing larger shrubs to out
compete the geophytic species. The marked increase
in geophytes in the post-fire communities can be
accounted for by the fact that they are particularly
difficult to identify in mature veld as some species
loose their leaves at certain times of the year,
while others only have above ground parts for a few
years after a burn, for example Geissorhiza ovata
and Monadenia bracteata, surviving until the next
fire underground, and are hence missed in a survey
of mature veld, 1leading to an underestimation.
Kruger (1987) experienced similar difficulties with
geophytic plants in his study. The one exception to
the increase in geophytes was Community H.  Here
they accounted for only 13 % of the increase. This
was also. the only community in which the seeding
nanophénerophytes’s accounted for a significant

amount of the previously unrecorded species (33 %).

Seeding chamaephytes were the second most important
group, accounting for an average of 25 % of the
newly recorded species. The only community which
did not reflect this general tendency was

Community A where they accounted for only 5 %,



sprouting chamaephytes accounted for the greatest
increase in this community of 38 %. Overall,
sprouting chamaephytes accounted for the third
greatest increase of species, but as a group, were

the least consistent in accounting for the increase
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of species varying between 7 % (Community H) and

38 ¢ (Community A).

Annuals accounted for only 4 % of the overall
increase of species, and were not represented in
all communities (A and C). In the remaining
communities they accounted for 1little of the
increase in species richness (2 - 6 %), with the
exception of Community H, where it was the third

largest group, accounting for 13 % of the increase.
Species which remained in Sampled Relevés

The percentage species common to both mature and
year old veld varied between 64 % and 98 %
(Table 6), with a strong correlation between
species recorded prior to the fire, and those added
a y‘ear post-fire (r = 0,95). Communities which
lost the greatest percentage of species were the
wet marshy community (A: 64 %), and the three kloof
communities (G, H ‘and I: 80, 68 and 70 %
respectively). These apparently high loses could
be accounted for by the low sampling intensity of
these communities. Some of the greatest apparent

gains where experienced within these communities,



which could égain be largely attributed to the low
. sampling intensity (Table 6). The remaining
communities retained 87 to 98 % of their pre-fire
species. It would appear that the communities are
relatively stable in their species composition, but
there iév some movement of species within the
community. This movement, although low, could be
of great importance for the evolutionary
development of a species, as well as the
- recolonisation of sites where the species has

become extinct.

Table 6: Summary Table of Species lost and gained

post-fire
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, Total Post-fire species

Com- |Number |pre- (year post-fire)

munitylrelevés|fire remaining{lost 1lost| gain gain

species $ R $
Sl e e

A 2 25 64 9 36 21 84
B 10 92 98 2 2 69 75
c 4 44 98 1 2 34 77
D 6 64 87 8 13 33 52
E 13 73 91 7 9 57 78
F 8 55 95 3 5 58 105
G 2 34 80 7 20 32 94
H 1 28 68 9 32 15~ 54
I 4 59 70 18 30 75 127




4.2

SPECIES VITAL ATTRIBUTES AND FIRE-RESPONSE
CATEGORIES

The vital attributes and fire-response categories

for some of the species recorded in the Reserve are

- given in Appendix 1.

In young veld the number of species were evehly
divided between obligate seeders and sprouters. 1In
Communities A and I sprouters accounted for a
larger percentage of the recorded species (58 % -
35 %; 58 % - 39 % respectively). These figures are
considerably lower than those recorded by Kruger
(1987) of 67,8 ¢ and 69,4 % at Jakkalsrivier and

Zachariashoek respectively.

Obligate seeders accounted for more than 50 % of
recorded species in mature veld, except for
Community H, where the sprouting fire survival

strategy predominated.

Sprouting species accounted for between 51 % and
67 ¥ of species richness in all communities
sampled, averaging slightly 1lower than that
recorded at Jakkalsrivier and Zachariashoek (67,8 %
and 69,4 % respectiVely;Kruger 1987). Auto-

regenerating, long~-lived sprouting species
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predominated in all communities (as was found at

Jakkalsrivier and Zachariashoek: 88 - 97 % and 97 -

98 % respectively). These comprised of similar



life forms as Kruger’s (1987) classes, namely broad
and narrow sclerophyllous shrubs, graminoides and
both deciduous and evergreen deophytes. The
remaining species within this group were faéulative
‘sproﬁter-seeders for example Villarsia capensis.
No known obligate sprouters were recorded within
the relevés. Within the sampled relevés, only one
sprouting species, Nebelia palacea (Kruger 1978),
was recorded as having a secondary post-fire
juvenile period. The remaining species were
classified as UI species according to the Noble-

Slayter system (see Section 3.2).

Seeders accounted for between 41 % and 49 % of the
épecies richness, excepting Community A, with only
32 % seeding species. Of the seeders, those with
soil stored seeds accounted for between 63 £ and
80 %. Fire ephemerals accounted for between 0 %
(Community A) and 34 %, with the main range lying
between 20 ¥ and 30 %. This is considerably lower
than those recorded at Zachariashoek and

Jakkalsrivier (54 % and 48 % respectively).

Widely dispersed (D-species) occurred in 1low
numbers in all communities (7 % {Community A} - 16
% of Species). These, as for 2achariashoek and

Jakkalsrivier were mainly wind- with a few bird-

dispersed species for example Rhus species.
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All communities had serotinous species (C-species),
but they accounted for very little of the species

richness (7 % - 17 %).
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COVER ABUNDANCE VALUE AND EMERGENCE OF SPECIES POST- .

FIRE

Seeding chamaephytes are the most important
compdnent of the mature vegetation, accounting for
the greatest cover abundance value with the
exception of Community H (Waboomveld) occurring in
the kloof where sprouting nanophanerophytes had the
greatest cover (Fig 7 a - i). Seeding chamaephytes
were the most variable group between communities.
Communities A and E both showed a similar trend in
that there was a steady increase in cover with
Community E recovering slightly faster than A.
Both these communities occur at mid- to high
altitudes, on south-east to westerly aspects, with
Community A occurring on wet sites dominated by
Osmitopsis asteriscoides. By 18 months post-fire,
in both communities, seeding chamaephytes had
reached a density value of approximately 25 %

(Table 3).

Community D had shown little signs of recovery by
three months post-fire. At six months a plateau
was reached (density value 25 %), considerably
lower than that of the mature vegetation. The

density remained more or less constant until the
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Fig 7 g - i’(cont)
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termination of the study 18 months post-fire. This
community occurs at high altitudes (500 - 700 m) on

south-westerly to northerly aspects.

The remaining communities (B, C, F, G, H and I) all
showed similar patterns, namely increasing in
density value, then dropping by about a third
before levelling out. Peaks were reached by the
sixth month in Communities B and G, both dccurring
on well drained sites with a wide altitudinal

range, but predominantly between 200 m and 300 m.

Communities F and H recovered slowly up to about a
year post-fire, at which stage they dropped down to
about half of their cover-abundance value at 18
months. Community F is a generalist community of
the plateau area, while Community H occurs at low

altitudes in the kloof.
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Community I, occurring at an altitude of between

40 m to 100 m on south-south-west to west-south-
west aspects reached it‘s peak at between nine
months and a yeaf post-fire. 1In this community, in
contrast to the others, the.density value increased
by almost twice that of the mature phase. By 18
months post-fire it had declined to its pre-fire
level. This large increase in density can mainly
be attributed to the germination of five species,
Pentaschistis capensis, Pelargonium cucullatum, P.

elongatum, Erica imbricata and E. sessiliflora.



The former three épecies‘all grew rapidly, flowered
set seed . and then died back. - Pelargonium
cucullatum became straggly after itsvinitial burst
of gréwth, ‘declining rapidly in cover abundance.
The two Erica specieé which gerﬁinatedk in great
profusion six to nine months after the fire,
occurred in only one of the four sampled relevés of
this community, many had died a year and a half

after the fire.

Sprouting chamaephytes peaked three to nine months
prior to the seeding chamaephytes. = A year post-
fire they had declined to their lowest density
value, and were again starting to increase in
density by 18 months post-fire, often reaching
their pre-fire densities by this stage, and showing
an upward tendency. This group forms an important
component in the mature veld of Communities A and E

and to a lesser extent in Communities C, F, and H.

The third most important life-form in the mature
communities was that of the f’seeding
nanophanerophytes. This group is composed mainly
of Proteaceae, for example Leucadendron xanthoconus
and Aulax umbellata. Although the data given in
the graphs are density values, ‘they can also be
related to mass seed germination. Some communities
showed a peak in germination at between six and
nine months post-fire. This is particularly so in

Community H, where this group had provided the
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Fig 8 a - f£: 'Ordination Grabhs
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Fig 8 g - i (cont)
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indicated little to no directional change in any of
the communities between sampling time. The kloof
communities (G, H and I) had the greatest change in

composition (Fig 9 a - i).
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Species richness had generally reached pre-fire

levels six month post-fire. A year to 18 months
post-fire it had increased by 50 % or more over the
mature levels (Fig 10 a - i). Similar patterns of
increases in species richness have been noted in
coastal dune fynbos (Cowling et al. 1988). Species
richness was considerably higher for the kloof
communities, for example Community I had increased
in richness by 150 % over the mature community at
18 months post-fire. This increase was similar to
that found by Kruger (1987), and reflected his
findings where the maximum number of species occurs
in the second season after the burn. As for the
sand plain lowland fynbos community (Musil et al.
1990), within days of the fire, various individuals
had already bequn to sprout and 50 % of’the total
recorded post-fire species had appeared by May
(four months post-fire). This increase continued
monthly until October (excluding August) whereafter
there were almost no further gains in species

numbers (Table 7)

Equitability of the kloof communities was only
about half as high as that of the plateau fynbos

communities. Maximum equitability was generally



Fig 9 a - f: Ordination trajectories
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Fig 9 g = i (cont)
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Fig 10 a - £:
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Fig 10 a - £ (cont)
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Table 7: Species Diversity data for pre- and post-fire surveys

COMMUNITY A

Mature 3 months 6 months 12 months 18 months

NUMBER OF SPECIES
MEAN NUMBER OF SPECIES
STD DEV

MAXIMUM NUMBER SPECIES
MINIMUM NUMBER SPECIES
NUMBER COMMON TO MATURE
SIMPSONS INDEX
SHANNON-WEINER INDEX
NUMBER OF RELEVES

22 20
11 12
4.2

33
21

8
17
15
17
10

2

.5

.9
.9

39
22

9
29
16
19
12

1

.5
.2

.9
.6

44
25

7
31

.5
.8

20

20
13

g

.9
.2

COMMUNITY B

Mature 3 months 6 months

/

12 months 18 months

NUMBER OF SPECIES

MEAN NUMBER OF SPECIES
STD DEV

MAXIMUM NUMBER SPECIES
MINIMUM NUMBER SPECIES
NUMBER COMMON TO MATURE
SIMPSONS INDEX
SHANNON-WEINER INDEX
NUMBER OF RELEVES

84 59
21.4 17.3
4.4 5.7
28 30
16 12
29
3 0.1
8.4 4.1
9

107
33
7.2
49
27
58
6.8
13.4

1

23
38.7
7.5
52
29
65
5.5
17.4

1

21
38.3
6.9
50
30
68
6.7
14.8

COMMUNITY C

Mature 3 months 6 months 12 months 18 months

NUMBER OF SPECIES

MEAN NUMBER OF SPECIES
STD DEV

MAXTMUM NUMBER SPECIES
MINIMUM NUMBER SPECIES
|NUMBER COMMON TO MATURE
SIMPSONS INDEX
SHANNON-WEINER INDEX
NUMBER OF RELEVES

48 32
17.7 15.9
4 5.7

21 19

12 6

16

7.3 0
3.3 2.7

4

6
2

3
1
3

5
9.3
7.6
7
9
2
6.3
7.6

5
2

3
2
23

0
9.5
7.4
8
0
0
5.5
6.3




Table 7 (cont)

COMMUNITY D

3

Mature 3 months 6 months 12 months 18 months

NUMBER OF SPECIES

MEAN NUMBER OF SPECIES
STD DEV '

MAXIMUM NUMBER SPECIES
MINIMUM NUMBER SPECIES
NUMBER COMMON TO MATURE
SIMPSONS INDEX
SHANNON-WEINER INDEX
NUMBER OF RELEVES

59
18.2
4.4
23
12

N YN
.
= N

40
12
3.7

56
17.5
6
27
10
35
2.3
9.1

98
34.8
6.9
40
23
54
9.3
10.1

96
33.8
5

38

25

53
10.3 .
9.4

COMMUNITY E

Mature 3 months 6 months 12 months 18 months

NUMBER OF SPECIES

MEAN NUMBER OF SPECIES
STD DEV

MAXIMUM NUMBER SPECIES
MINIMUM NUMBER SPECIES
NUMBER COMMON TO MATURE
SIMPSONS INDEX
SHANNON-WEINER INDEX
NUMBER OF RELEVES

69
17.8
4.5
24
10

57
10.7
4.6
25
11
35
0.4
4,1

80
25.8
6.9
38
12
41
1.3
9.7

121
38.9
8.8

53

19

68
2.8
15.5

114
37.9
8.8
51
18
66
11.9
12.7

COMMUNITY F

Mature 3 months 6 months 12 months 18 months

NUMBER OF SPECIES

MEAN NUMBER OF SPECIES
STD DEV

MAXIMUM NUMBER SPECIES
MINIMUM NUMBER SPECIES
NUMBER COMMON TO MATURE
SIMPSONS INDEX
SHANNON-WEINER INDEX
NUMBER OF RELEVES

59
17.9
3.9
22
11
29
3.7
9.1

97
30.9
4.4
37
23
53
3.8
12.4

81
29.3
6.8
38
20
56
10.1
9.8




Table 7 (cont)

COMMUNITY G

Mature 3 months 6 months 12 months 18 months
NUMBER OF SPECIES 31 27 41 39 43
MEAN NUMBER OF SPECIES 17.5 18.5 27 26.5 29.5
STD DEV 4.9 2.1 0 0.7 2.1
MAXIMUM NUMBER SPECIES 21 20 27 27 31
MINIMUM NUMBER SPECIES 14 17 27 26 28
NUMBER COMMON TO MATURE 11 15 15 16
SIMPSONS INDEX 1.9 24.2 31.3 13.4 8.8
SHANNON-WEINER INDEX 4.2 4.9 0.7 4.2 3.6
NUMBER OF RELEVES 2
' COMMUNITY I

Mature 3 months 6 months 12 months 18 months

NUMBER OF SPECIES

MEAN NUMBER OF SPECIES
STD DEV

MAXIMUM NUMBER SPECIES
MINIMUM NUMBER SPECIES
NUMBER COMMON TO MATURE
SIMPSONS INDEX
SHANNON-WEINER INDEX
NUMBER OF RELEVES

39 50
17.7 24.7
8 10.1
26 31
10 13
21
7.5 0.1
1.8 5.4
3

98
45.7
24.1
66
19
39
18.9
7.4

99
46
25
66
18
38
18.¢6
6.3




reached a year post-fire, after which it started to
decline slightly (Fig 11 a - i, excluding Community
H, as there was only one relevé sampled in this
community). Community A was an exception, in that

equitability remained 1low for the first vyear,
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reaching pre-fire levels only after 18 months.

This was mainly due to the dominance of two species
namely Villarsia capensis and Brunia alopecuroides.
The trend in equitability mirrored that of species

richness for the different communities.

All dominant species in the mature communities had
re-established 18 months aftef the fire (Table 8)
Seeding chamaephytes were the most dominant life-
form of all the communities, in both mature and
post-fire stages (ie >5 % cover)(Fig 6 a - i). The
mature vegetation had more dominant species than
did the young post-fire communities. Seeding and
sprouting chamaephytes accounted for the highest
and second highest species numbers in the mature
communities. The increase in species richness a
year post-fire was mainly due to the latter
category and the increase in recorded geophytes.

Sprouting species dominated the first six months

post-fire. A year post-fire at least 80% of the

pre-fire dominant species had re-established, and
by eighteen months the remaining 20 % had also re-
established. Community G had the greatest number

of new post-fire dominant species.



Table 8: Growth form, fire response, percentage cover and frequency (%) of
occurance in plots of dominant species (> 5 % cover) in mature and post-fire

communities. Species dominant in mature vegetation but also present in
post-disturbance fynbos indicated by +. (See text for explanation of
abbreviations). ‘

NOBLE GROWTH

SLAYTER FORM COMMUNITY A

FIRE MONTHS POST-FIRE:

RESP MATURE SIX TWELVE EIGHTEEN
DR OS NA Erica hispidula 14(70) +
UIALS CH Restio dispar 7.4(50) + +

SI 0S CH Chondropetalum ebracteatum 16(50) + +

CI 0S NA Leucadendron xanthoconus 24(70) + + +

UI ALS NA Osmitiopsis asteriscoides 40(90) + + +

SI 05 NA Grubbia rosmarinifolia sub ros| 16(30) + +

SI 0S CH Erica perspicua 20(70) + +

UI ALS CH Brunia laevis 6.5(10) + + +

SI 0S NA Brunia albiflora 21(40) + +

SI 0S CH Simocheilus consors 5.3(30) +

UI ALS CH Restio ambiguus 19(30) + +

CI ALS CH Erica sessiliflora 5.7(70) + +

SI 0s CH Chondropetalum mucronatum 10(40) + +

SI 0S CH Chondropetalum hookerianum 5.3(20) + +

SI ¢S CH Blaeria ericoides 6.5(10) + +

USI FSS CH villarsia capensis 34(70) 19(50) 19 (50) +

SI 08 NA Brunia alopecuroides 35(70) 7.5(50) +
UI ALS CH Osmitopsis afra 7.5(50)

UI ALS CR Bobartia longicyma 7.5(50) 7.5(50) 7.5(50)
8I FSS CH Maxuerlla rufa 8(100)

UI ALS CH Pentaschistis colorata 8(100) 8(100)

UI LAS CH Dilospyros glabra 17.5¢50) 17.5(50)

Table 8 (cont):

NOBLE GROWTH

SLAYTER FORM COMMUNITY B

FIRE MONTHS POST~FIRE:

RESP MATURE SIX TWELVE EIGHTEEN
DR OS NA Erica hispidula 12(52) +
UIALS CH Restio dispar 5(23) + + +

SI 0S8 CH cChondropetalum ebracteatum 8(52) + +

CI 0S NA Leucadendron xanthoconus 6.6 (7) 7.4(50) + 5.5 (90)
{UI ALS CH Restio perplexus 7.2(35) + + +

CI 0S NA Protea lepidocarpodendron 6(17) + + +

SI 0S NA Penaea cneorum ssp ruscifolia 5(52) + + +

SI 0S CH Erica onosmaeflora 5(29) + +

CI 0OS NA Aulax umbellata 16(47) + + +

SI 0S CH Pseudopentameris brachyphylla 11.5(70)

SI 0S NA Osteospermum rotundifolium 5(50)

SI PFE CH Ehrharta rehmannii var filifor 7.8(40)




Table 8 (cont)

NOBLE . GROWTH !

SLAYTER FORM COMMUNITY C

FIRE ‘ MONTHS POST-FIRE:

RESP MATURE SIX , TWELVE EIGHTEEN
SI 0S CH chondropetalum ebracteatum 18(75) . + +

CI 0S NA Leucadendron xanthoconus 23(100) 5(100) 5(100)
SI OC CH chondropetalum mucronatum 11¢12) + + . +

USI FsS CB Villarsia capensis 13.3(50) 4.5(50) 4.5(50)
SI 0S NA Brunia alopecuriodes 31(62) 10.3(50) 10.3(50 19.8(75)
UI ALS CR Bobartia longicyma o 7.5(50)

81 OS CH Erica onosmaeflora _ 5.8(50) + o+

SI 0S CH Pseudopentameris brachyphylla 9.8(50) 9.8(50)

SI OS CH. Erica cumuliflora ' '9.5(25) + +
Table 8 (cont):

NOBLE GROWTH :

SLAYTER FORM COMMUNITY D

FIRE MONTHS POST-FIRE:

RESP MATURE SIX TWELVE  EIGHTEEN
CI 0S NA Leucadendron xanthoconus 21(¢(100) 8.3(83) 15.8(100)10.5(100)
UI ALS CH Thamnochortus pulcher 5.4(60) + + +

SI OS CH Elegia filacea 7.1(80) 9(67) o+ :
VI CH Nebelia paleacea 6.6(60) + + 13.5(50)
SI OS CH Ceratocaryum argentea 9.8(50) + + +

SI OS CH Leucospermum gracile 5.6(30) + +

SI OS CH Hypodiscus albo-aristatus 6.5(10) + +

SI OS CH Elegia parviflora 7.7(60) + +
USI FSS CH Villarsia capensis 12.7(33) 20.3(50) 13.5(50)
SI OS NA Brunia alopecuroides 38.,3(33) 21.6(33)
UI ALS CH Hypodiscus aristatus 6(67)

SI OS CH Syphocolon debilis 9.5(17)

UI ALS CH Tetraria fasciata : 13.3(67)




Table 8 (cont):

NOBLE GROWTH

SLAYTER FORM COMMUNITY E .

FIRE . MONTHS POST~FIRE:

RESP MATURE SIX TWELVE EIGHTEEN
CI 0S NA Leucadendron xanthoconus 18 (73) 5.5 (93) +
USI FSS CH Villarsia capensis 20.3 (50)

UI ALS CH Hypodiscus aristatus 5.6 (63) + +
SI 0S CH Syphocolon debilis 9.5 (17)

DR 0S NA Erica hispidula 8.3 (31) +
CI 0S NA Aulax umbellata 15 (63) o+ +
SI OS CH Simocheilus consors 5.7 (47) + +
Ul ALS CH Restio ambiguus 5.1 (21) + +
SI 0S CH chondropetalum hookerianum 11 ,(52) + + +
SI 0S CH Elegia juncea 7.6 (52) + +
UI ALS CR Corymbium glabrum 5.1 (47) + + +
UI ALS CH Restio bifarius 9.8 (36) + + +
DI 0S CH Phaenocoma prolifera 5 (63) + +
SI O0S CH Nagelocarpus serratus 7.4 (42) + +
CI 0S NA Leucadendron gandogeri 13 (21) + +
SI 0S CH Erica imbricata 13 (84) + +
Table 8 (cont):

NOBLE GROWTH

SLAYTER FORM COMMUNITY F

FIRE MONTHS POST-~FIRE:

RESP MATURE SIX TWELVE EIGHTEEN
CO 0S NA [Leucadendron xanthoconus 29(90) + +
UI ALS CH Thamnochortus pulcher , 5.1(57)
SI 0s CH Elegila filacea 5.6(3) + +
|SI 0S NA Brunia alopecuroides 9.1(20) + +
UI ALS CH Tetraria fasciata 5(100)

DR OS NA Erica hispidula 5.6 (30) : +
CI 0S NA Aulax umbellata 5.6 (30) + +
SI 0S CH Simocheilus consors 5.6 (30) + +
UI ALS CH Restio ambiguus 6.8 (30) + +
SI oS CH chondropetalum hookerianum 10 (40) + + +
SI 0S CH Elegia juncea 12 (40) + +
SI 0S CH Erica imbricata 12 (80) ‘ + +
SI OS CH Erica onosmaeflora 8.9 (50) R + +
CI ALS CH Erica sessiliflora 5.6 (30) + + +
UI ALS CH Restio burchellii 13 (60) + 5.29 (71)
UI LAS CH Penaea mucronata 11 (80) + + +
SI 0S CH  Chondroptealum deustum 5.3 (20) + +
UI ALS CH Restio triticeus 6.5 (10) + +




[

Table 8 (cont)?

NOBLE/ GROWTH
SLAYTER FORM

COMMUNITY G
MONTHS POST-FIRE:

dI ALS CH Pteridium aquilium

SI PFE CH Nemesia diffusa

UI ALS NA Montinia caryophyllacea
SI 0S CA Pelargonium cucullatum
UI ALS CH Tetraria thermalis

UI ALS CH Arctotis semipapposa

UI ALS NA Rhus.lucida

FIRE RESP MATURE '~ SIX TWELVE EIGHTEEN
SI 0S CH Erica onosmaeflora 7.6(20) + +
SI OS CH Blaeria ericoides 6(40) + +
SI 0S CH Lampranthus emarginatus 6(40) + + + -
SI 0s CH Blaeria dumosa 7.6(20) + +
CI O0S NA Protea repens 13(20) + + +
SI 0S CH Pentaschistis capensis 8.2(40) + + +
SI OS NA Passgerina vulgaris 6(40) + + +
SI OS CH Erica lanuginosa 8.2(40) + +
UI ALS CH Cymbopogon marginatus 8.2(40) + +
DI CH cassytha ciliolata 7.6(20)

UI ALS CR Protasparagus compactus 9(100)

SI 0S. CH Crassula capensis 7.5(50)

SI 0S CH Commelina africana 7.5(50)

44(50) 7.5(50)
9(100)  9(100) :
9(100) 9(100) 15(100)}

26.5(100) 26.5(100) 38(100)
7.5(50)

7.5(50)  15(100)
9(100)

Table 8 (cont):

NOBLE/ GROWTH
SLAYTER FORM

COMMUNITY I
MONTHS POST-FIRE:

SI 0s CH Simocheilus consors
SI OS CH Erica imbricata

dI ALS NA Rhus tomentosa

UI ALS MI Protea nitida

SI 0S8 CH Stachys aethiopica

SI 0S CH Pelargonium elongatum

FIRE RESP MATURE SIX TWELVE EIGHTEEN
CI OS NA Protea repens 16(25)' + + +

SI 0S CH Pentaschistis capensis 9.6(75) 13.3(50) 10.2(50) 5(33)
UI ALS CH Cymbopogon marginatus 5.6(37) + + +

UI ALS NA Montinia caryophyllacea 6.3(100)

SI 0S CA Pelargonium cucullatum

13.8(100) 8(100)13.3(100)"
16.5(50) 22(67)

9.8(50) -
5(33)
8.1(12) + + +
' 38(100)
9.5(25)




Fig 11 a - f: Equitability (Shannon-Wiener function)
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Fig 11 g - i (cont)
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CONCLUSION

At first it appeared that a number of species had
been lost from the different communities, but a
brief survey of each community resulted in the
location of these species, often just outside the
relevé close to the site of the dead parent plant.
The species which appeared to have disappeared
post-fire from the relevés, had occurred at low
densities, or as a single plant within the relevé
prior to the fire. The problem of apparent losses
could have been feduced by using smaller (e.g.

1 x 1 m?

or 1 x 2 m2) and more relevéé, as in some
instances a community was represented by only one
post-fire relevé (Community H). The size of the
relevés was also a problem. As the succession
progressed a profusion of plants emerged making it
difficult to observe all that was happening within
the relevé, and when it occurred. Consequently a

great deal of time had to be spent at each site,

often more than an hour.

Most of the apparent "gains" of species were from
species already within the relevés prior to the
fire in the form of seed and/or underground organs.
Most of these species are extremely difficult to
see or identify in the mature veld and were missed
in the initial survey of 1985. Migration appears
to play a small role in adding to species richness,

but is of great importance in the 1long term



survival of individual species, particularly those

with bird and wind dispersed seed.

The species turnover in the communities. would
appear to be at its greatest at about one year
post-fire, and mostly due to "gains". The number
of "new" species being added to a community’s
speciess list was still showing an upward trend when
the study was terminated at eighteen months. This
sﬁpports what Kruger (1987) found at Jakalsrivier

and Zachariashoek.

Although the study was carried out for a period of
eighteen months, the communities recognized in the
mature veld could be ideptified within a year to
eighteen months post-fire. The communities which
were not very clear in the mature phase, were more
clearly defined in the vyoung veld for example

Community C.

Only the immediate post-fire phase (1 - 2 years) of
Kruger’s (1979) model of succession was studied.
Observations from this study supports his model, as
in this phase seed germination, and vegetative
regeneration occurred. Most of the geophytes e.gq.
Orchidaceae, and annuals reproduced in this phase.
The pre-fire assessment fell into the mature phase
(10 - 30 vyears), in that the tall shrubs had
reached their maximum height and reproductive

potential, there was also virtually no seed
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germination. Communities G, H and I separated out
from the other communities (A, B, C, D, E and F) in
both the pre- and post-fire phytosociological
tables (Appendix 3 and 4), with only totally

generalist species linking them.

Serotinous species were presumed to deplete their
- seed bank by germination and other losses after a
fire, and were all classified as C-species (Kruger
1987 op cit Bond 1985). Those who stored thei;

seed in the soil, were classified as S-species as
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‘it would be unlikely that they would exhaust their

seed bank by a single post-fire germination event

(Kruger, 1987 op cit Haper 1977).

Frost (1984) found that most sprouting species
obtained the ability to sprout within two to three
years from germination, hence it was assumed that
they would all survive a fire in the juvenile state
as fires do not generally occur during this period
(de Lange pers obs). The majority of the sprouting
species flowered and set seed within a year of the
fire (U-species). A few had longer secondary
juvenile stages eqg Nebelia palacea (V-species)
(Kruger 1987; de Lange pers obs).

All species were classified as being intolerant ie
the seed only being able to germinate and establish
within a few years after a fire. One exception

noted in this and other studies, was Erica



hispidula in that it has been observed as seedlings
and young plants in mature and senescent fynbos.
Germinating seeds of this species only being noted
two to three years ‘after a fire suggesting that
they have need of an altered environment for their
establishment (R-species) (Kruger 1987). The
relevés were visited again three years after the
fire, when it was noted that plants of a parasitic
nature had appeared, becoming the dominant cover in
some relevés. At about five years post-fire these
parasitic species had been reduced to the
occasional plant within the relevé (de Lange pers
obs). It would appear that these plants need to
have their hosts become established and growing
vigorously (including sprouting species) Dbefore
they can germinate and establish themselves. What
gives these plants their cue to germinate, or what
the conditions of the site must be to allow for
their survival was not investigated in this study.
It was noted that the Ericaceae generally germinate
between December and February within a year of a
February fire. These species were therefore not

classified as R-species.

As at Zachariashoek and Jakkalsrivier, C-species
accounted for only a limited part of the overall
species richness, and of these Leucadendron
xanthoconus dominated almost all the fynbos
communities. According to Kruger’s (1987) model of

the influence of fire on C-species this would
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indicate a fire recurrence rate of about 10 to
15 years for the Reserve. This is impossible to
confirm, as the fire history of the Reserve has not
been well documented.. A fire swept through the
area in 1974, 10 years prior to the study fire of
2 February 1985. Previous to this, the fecord is
unknown. Shepherds passing over the mountain could
possibly have burnt the veld at fairly fféquent
intervals to allow for the easier passage of the
sheépt This would suggest support for Kruger’s

model, at least for the 10 year fire cycle.

Not all the plants encountered in the study could
be classified according to Noble and Slayter (1980)
or Bell’et al. (1984) systems, mainly due to the
limited available data on the reaction of plants to

fire. Kruger’s (1987) thesis provided a framework
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on which to base the classification on. Vlok

(1990; Vlok pers comm) aided with other species'and
others were classified according to observations
made in the field. Discrepancies were noted in

some cases, particularly among the Restionaceae.

Kruger (1987) noted that this family mainly rely on

being able to sprout after a fire, but it has been
noted by Vlok (1990 pers comm), and during the
course of this study that thefe are numerous dgenera
and individual species, for example Elegia, which
are obligate seeders, or sprout and seed fréely,
for example Staberoha distachya. Although every

effort was made to classify the species correctly,



\

this was not always .possible with the available

data.

At all sites more than half the species present in
the mature fynbos, including previously dominant
species, had re-established a year after the
disturbance. Multivariate analyses showed no clear
separation in the ordination space between mature

and post-fire communities.

The post-disturbance increase in species richness
is a common phenomenon in mediterranean-type
communities (Hanes 1971; Trabaud & Lepart 1980;
Gill & Groves 1981; Kruger & Bigalke 1984; Hoffman
et al. 1987). The equitability was also high
indication a 1lack of dominance by one or two

species in the young vegetation.

37



REFERENCES

ACOCKS J P H 1953: Veld Types of South Africa.
Mem Bot Surv of S A No 40.

AUSTIN M P 1977: Use of ordination and other
multivariate descriptive methods to study
succession. Vegetatio 35: 165-175.

BELL D T, A J M HOPKINS & J S PATE 1984: Fire in
the Kwongan. 1In: PATE J S and J S BEARD

(eds). Kwongan: Plant 1life of the
Sandplain. University of Western
Australia Press, Nedlands, Western
Australia.

BOND W 1980: Fire and Succession in fynbos in the
Swartberg, southern Cape. S. Afr. For.
J. 114: 68 - 71. :

COWLING R M & S M PIERCE 1988: Secondary
succession in coastal dune fynbos:
variation due to site and disturbance.
Vegetatio 76: 131 - 139.

DE LANGE C 1992: A Phytosociological survey of
the Vogelgat Nature Reserve, Cape
Province, South Africa. Unpulb MSc
Thesis. Univ Cape Town.

FROST P G H 1984: The Responses and Survival of
Organisms in Fire-prone Environments.
In: BOOYSEN P DE V and N M TAINTON (eds).
Ecological effects of  fire in South

38

African Ecosystems. Springer-Verlag,

Berlin.’

GILL A M & GROVES R H 1981: Fire regimes in
heathlands and their plant ecological
effects. 1In: Specht R L (ed), Ecosystems
of the World 9B. Heathlands and related
shrublands, PP 61-84. Elsevier,
Amsterdam.

GRIM J P 1979: Plant Strategies and vegetation
processes. New York, Wiley.

HANES T L 1971: Succession after fire in the
Chaparral of southern California.
" Ecological Monographs 41: 27 - 52.



HOFFMAN M T, MOLL E J & BOUCHER C 1987: Post-
fire succession at Pella, a South African
lowland fynbos site. S Afr J Bot 53:
370-374.

KRUGER F J 1978: A Description of the Fynbos
' Biome Project. S Afr Nat Sci Prog.
Report 28. CSIR, Pretoria.

KRUGER F J 1979: South African Heathlands. In:
SPECHT R L (ed). Ecosystems of the
world, Vol 9 A. Heathlands and related
shrublands: descriptive studies.
Elsevier, Amsterdam.

KRUGER F J 1984: Effects of Fire on Vegetation
Structure and dynamics. In: Ecological
Effects of Fire in South African
Ecosystems, Eds de Booysen P and N M
Tainton. Vol 48, Ecological Studies, pp
219 - 243. Springer-Verlag, Berlin.

KRUGER F J 1987: Succession after Fire in
Selected Fynbos Communities of the South-
Western Cape. PhD Thesis, Univ Wit.

KRUGER F J & R C BIGALKE 1984: Fire in fynbos.

39

In: Ecological Effects of Fire in South

African Ecosystems, Eds de Booysen P and
N M Tainton. Vol 48, Ecological Studies,
pp 67 - 114, Springer-Verlag, Berlin.

McINTOSH R P 1980:. The relation between
Succession and the Recovery process in
Ecosystems. In: CAIRNS J (ed). The
Recovery Process in Damaged Ecosystems.
Ann Arbor Science Publishers 1Inc, Ann
Arbor, Michigan. :

MUSIL C F, D M DE WITT 1990: Post-fire
regeneration in a sand plain low land
fynbos community. S Afr J Bot 56(2):167

- 184.

NOBLE I R & R O SLATYER 1980: The use of Vital
Attributes to Predict Successional
Changes in Plant Communities Subject to
Recurrent Disturbances. Vegetatio 43:

SCHULZE R E & O S McGEE 1978: Climatic indices
and Classification 1in Relation to the
Biogeography of Southern Africa. Junk,
The Hague.



SEYDACK A H W, A J SOUTHWOOD, S J BEKKER, C DE
LANGE, J A J SWART & K VOGES 1986:
Regional ©Policy Memorandum for the
Management of Mountain Catchment Areas in
the Southern Cape and Tsitsikamma Forest
Regions. Dept Environment Affairs,
Forestry Branch, Internal Report.

SHIMWELL D W 1971: The Description and
Classification of Vegetation. Sedgwick &
Jackson, London.

TAYLOR H C 1978: Capensis. In: Biogeography and
Ecology of Southern Africa. Eds WERGER M
J A. and A C VAN BRUGGEN. W Junk, The
Haque.

TRABAUD L & LEPART J 1980: Diversity and
stability in garrigue ecosystems after
fire. Vegetatio 43: 49-57. ‘

VAN DER MOEZEL P G, W A LONERAGAN and D T BELL
1987: Northern Sandplain Kwongan:
regeneration following fire, juvenile
period and flowering phenology. J Roy
Soc Western Australia. Vol 69:4 PP
123 - 132.

VAN WILGEN B W 1981: Some Effects of Fire
Frequency on Fynbos Plant Community
composition and structure at Jonkershoek,
Stellenbosch. S A For J No 118: 42 - 45.

VAN WILGEN B W & F J KRUGER 1981: Observations on
the Effect of Fire in Mountain Fynbos at
Zachariashoek, Paarl. J S Afr Bot 47
(2): 195 - 212.

VLOK J 1990: pers comm

WERGER M J A 1974: Species-Area Relationship and
Plot size: with some examples from South
African Vegetation. Bothalia 10(4):
583 - 594.

WHITTAKER R H 1972: Evolution and measurement of
species diversity. Taxon 21: 213-251.

WILLIAMS I J 1990: pers comm

40



~

TABLE OF APPENDICIES

APPENDIX

APPENDIX.

APPENDIX
APPENDIX
APPENDIX
~ APPENDIX

APPENDIX

1:

Species list including vital attributes and
fire-response categories for selected
species

Permit for entry onto Reserve

Phytosociological table of mature
vegetation® /

Phytosociological table eighteen months
post-fire

Phytosociological table eighteen months
post-fire: newly recorded species

List of specieé lost from relevés eighteen
months post-fire

List of species gained in relevés eighteen
months post-fire



o ES sayeusuaald 31 geprorpyrub wntpodosAT
i fo MNO agouqnid T wNUBTUTTOIED um rpodos AT
AVIDYIACdODXT
SIS
YLAHAOCAIYALd
MNA 1IO0MUTOH ydaas STEUSTERIRU sexsd0yIUY
R VIOV IOHIDOHINY
ANA SS0H mpaH suNuMod mnygaTr3ATOoq
) SYIOVROTULATOd
MNO sson baer (mpoag) wnyedsTao wnTI3TWOY2A3d
o SVEOVINULINOHDALL
MNN sgou TTE3lE3ILD baer x=2 odurey (odwueg) arT)PIE~gTTTRA mnTuUCSoZTYY
AN geow T1¥e3 ebog gsnexyd x® yonag (apeH) ewroyTuTds unruchozTyy
: HVIOYINODOZIEY
AN 880K TIT80H D (3ooH) emzoy rmod ant3uopodAy
. IVIDNUIIINTYD
XNO 850K Baor (TINH D) wnueyTebueads rmoTOINST
RN , sgom AYTTIS Ted (prId) TISTPIPTTTIq PWOTOUEBIDITE
MNO PTx8 (#Mp=H) snXaTFoOIIuT sndo1Adurey
AVIOYNWHO IA
M¥NO PTId (apeH) gneandind UopoO3EIG]
IYIOVHOIULIA
MNA gsom wmubebyds yosuIog esusdea anubeyds
AVADYNOVHAS
YaI1sSdodsnN
SHTEM
ETZEM
. MANO E/VETEM
AND S/LBTEM
ANN P/LETEM
MNO das antTAydogewes
MND JIOMIBATT ToseTed ds BTIURYIIBN
VAV ILNYHOUYH
MNO de mmrb{ze3dosy
ANO ds PrIOTT T3NS
YAISdODILVYdIH
YILAHAOX ML
ETTER
MNN LETTOUIBR LTZEM
N0 ds wousn
IVAIVANSD
MNN usyosTT eyrT~bung wy3oH (1) graeuowTnd vTIFqOT
‘ < FVIOVIDILS
NN pdT3y 38TIEROS J Toumog (I1J) BPURPTHISOTF eruopeTS
. R AVADVINOAYTO
SANTHOIT
- SALON MOTI LNYE| MOTd  INNG | IV WHOd | HALAVYIS HWYN NOWHOD dsens dNY doFLNY $3103ds VHENID ON
- HLMQYD 2TEOR TI10D
NodsTd M
U1
mmduommumu

mmcommwulmuﬂm pue mmusnﬂuuum Te3TA burpniouT ‘@AaI9s9y aanzeN ebisboa I0J 3sTT saToads

:T xtpueddy



T 4o aNn ozjuny (I33TEM) wm3spundes unzyde30U53S GTIEM
y Yyd ANO wuntedsed jybtadn ws um3euTLstA untedsed 991EM
- TUBMIIYAY :

ey wo g, fsa3Ts KI1p T yo| sTv In {pgerb uowe Kaeg 33ang xe 3jdejs (pnajs) en3jvurbIew vobodoquAy 6ZZEM
v AVHOYOd
AVINCGAATRALODONONH
IYWHAdSOIONY
sazdkobieg

TH| STV¥ In {zeps) uTeEjUNON TPuzx (1) geprossazdna BIUOIBUTIDPTM
ITADYSSIAND

TH| SO Ig (qey ut 30K) 3TV To3seuTd snufd
HYIOUNIA
IIWHIISONWNXO
YLARdOIYWYHAdS

ANO uyny (Qqunyz) eIBTNqER3 umuyoe Ty

RN wnjernjaund Iea ziIeAS wnjerniaund wnuyosTd

XHN p3y2aTyss (yIney) wne3juesTS5 wnuyserg

AND p3ayoseTyss (1) asuadeo unuy2sTH
HYHOYNHOTTE

MNN uIsj BY3IM u3ADS butys (38104) STUICFTIUBTPE BIOWTIH
IVAOWIAI4SY

NN ulaj enbuog - uoIaTH (peiyos) wn3jeisnbue umsgoThoyders
AVIAYAI SO ITUYHOT

XN I@Iayonag (uang) mnordorgiae wuntusdsy
. AYAaOYINITASY

MNN uzeJ po3zjzods T edigooTavm sr3redoaTd
! IVIOVIAOodATIOod

Yo} sV Ip uzrad a13ILW STPTITA IeA T3uead (1) saproxa3d eoETT8d

NN uzad Ieads Z3I8Ms {3BI0J) gIPTITA saYURTTOYD

p:i:11} uzsd suogoed szuny (3 7T) w3P3avy soy3ueTroyd

ANN uzsd Yjo0IMBS 38104 e353Uap s1I03d
AVADVINVYIAY

MNN ured qasm wg p (qunyz) BeIOUT g7393doT38TH

10} STV IP uayoelg uyny (1) wnurrrnbe WnIprIsad
AVIOVIGIVLS INNAQ

BN uzej AuTtg peIYyss esuadra mnT7 Aydousuly
IVHOVTIAHAONINXH

4o AND uIi2d 1eIod urs T ¢ (T) seprorpodiTod BTUOYOTSTT
IYIOVINSHOIATD

9o 4NN ursg pajusss asag (1) unIoIyyeo ETIYOHR

4o ANn|ursd seexn ATIn) Treus JTnEY w3euryoed BORZTYDS

uos| sTV¢ IP uzrsy seexn A1Iind z3xemsg (7T) varuryoed PeRZTYOS
’ AVAOVEVZIHOS

o MANN uzeg Teioy sx00W (1) eIRqING eapo,L
IYIAOVINONSO
SALON MOTd IN¥d] MOTd INYH|ITY WYO4 [ H2LAVIS THYN NOWWOD dS€ENS GNVY HORLOY SHIDIALS WUANHD ON
HInouo dTEON T100

RodsTd
2AT I




w Yo in yajuny erOoOT3UOMT BPTUTOTL ZIDEM
T o AN ID €D sug3sIP ETUTOTS SYLTM
wy 4o In sukase (bxeq) g3snap BTUTOTA L9DZM
sxsuuny 1 Yo ins saaN (T) esoqTng PTUTITS PEZEM
edTPUT eTUTOTI T o Is zZjuny Xeo saaN BITOFTARIQ ETUTDTS SH0EM

a1l3utndey ,
wg'T -1 1 o n {qrng A=xjuoN apexyos (Tyea) Trbzequnyzy SNOSTIEH LPBZM
poas q Yo Is aqxeId € O (TYsA) snzsebuoco SNOSTIBW ZLLEM
mo gp - og {3sTOow T yo Is anead (g3joM) snAyoe3zsdTod egnaxsfgd oTZEM
eysoxvyeyiwy Iqstow T yo S0 IS S88ID IB3S~0T33TIg saoN (qunyx) garIomOTS eydIe) GLZEM
AYADYHI XD
w T {1108 Apues T 4o 1s y3juny TTMOUSPTTTM snmozxg TSTEM
mwe g5 - pg fKap T yoissd 1sn serbey Tuuny TYeA vIqRaE BON3594 E£LZEM
peas ITenuue T yo IS| s=sexo BuTtyend o133TT 1 Touyur B2TIE PPEEM
paam {Tenuue| T ud I1s sgexo buixend 1 PUTXEW °ZTIE BIEEM
ws 96 {77108 pues T yolssa 1sn sexbbutioy enbexdg ¥ uoswepy (3 7T) er7OTUN 2OTYOOTERTd 990CM
1 Yyo| so 1s sexblod !sseas 3yl s9aN (quayr) srsuseded PTIOT20 §GEEM
T yo Is . 1 SRIEUTOO snxnsoudD pLEEM
T fe] IS }oInd 88IwWOD sxagd (1) uor£308p uopouds TZTEM
ws gg f3stow 1] yo Isn 3deas IOTIFTS 8T350I60I [ZGEM
1 Yo s sse1n TTel s3ey yuny (prTIM) srausdes snroqozods (ZBEM
paam {Tenuuw yd Is sezbseen - T 03840 enInbeT TLEEM
u> gz - 0T ‘Tenuue o yo is 88RID pIead Tenuuy z89q (7T) STSUaTTedsuom vobodLT0d £ETEM
3FeTOoW T yo Is sge1n detM seaN x@ Tobueads §TEUSpTAOIUOW 5T380I5Y GTGEM
38TOM T yo S0 IS 96819 ISPUITS uTIg eurTbI®nq 8T38025Y vOZEM
T Yo| ssd In 3I3uc) (pwass) eyjueroe srIewejusdopnosd GVTEM
w [ {peay ardand T yo SO IS ssexn ybnou asuo) (3deys) erTAydfysexq srzeuwjusdopnesd TLZEM
wo Qg T yo| so IS 5T3ISTYSER3Ued DIIZM
m2 0f T o 50 IS ST38TYyoSRIUSd ZEGZM
T Yo H44 IS ssexb-j0uy yoetd 3de3s (yjuay) Trbxequny3 8TISTYIERIUODT YTEEM
yos| sTIVY In 88BID pPad)Te3ls JITEH uojderd (pnaijs) sTSULUTNOTEW 5TISTYO5®3USd D/GEM

Yo} STY In ) ®v3BRIOTOD 8T38TYOdSRIUSd
IsTOW o Yo SO IS egexn BTIed yde3s (s=aN) srsuaded 8T3I8TYDSRIUSd ELI9EM
aTeys yu 4o MNO 889819 ISPUSTS TOputT (soaN) STUIOFTOTOY STISTYOSRIUST GV LZM
yo|ssa 1sn geabpeeapaadoy 3I2uUo0) (seaN) eINnI PISTTNUXNION ZLZEM
Axp T hd 50 IS sexbeeen 1 varTAydofreD BITY ZZEEM
wo gz f3syowm T o S0 IS 298ID TPUISp Pajuads gdeas (utal) cbuoz wnyIuUexoy3uyY L99EM
wo g2 ~ § y o MNN sgerH 3Inl ATInd 3de3s xo yoang BpIOTFTUN BRITRYIUS SHOCM
asusp f{moQp {3eTou w e AN BERID YTT=poay zdeas B31P3IS0ITII BITRYIYR GOTEM
83In3 8auap oy yosissa 1sn S58eI9 pPe3Inji-Xe] sas8N B9O®ES BlIPYIYT DSTEM
833Iny 9suep IjsTowm wt yo| Zdd IS ssexb uoTysnd STWICFTTTF Iva Jdels TUUBWYDT ¥3IeYIyd PSEEM
T yolssa 1sn ssexn Butdsaxd 3de3s TuueLnoI FlIBYIYS STEEM
1 2} SI¥ 1IN BHEID JOO0I~3INN geaN X9 yjuny STUO330 BIAPYIYT LZEEM
poom T o SO IS BIIBRYIYHT B, OTIRWe] e Bglo08309 BIIRYIYT DZLEM
wG'T -~ T T yo 80 1S sexbtod ws euTIATRD RIIBYINT §ERZM
mwg -~ T {jem T up MNN utTIyL wnInoIoRm wn3esTUUSd TLTEM
SHLON| MOTd LINUH| MOTJ INUE|LTY| WYOL|NIALAVIS FWYN NOWHOD dSENS ONY HOHINY SHAIDEAS WaaNao OoN
HILMOY¥D TTHON TI10D

Nods#EY
I



4d HNN OT350y TETEIM
ud 3NN oT3IFey LSOEM
w T 1 ud In -paay 3dTI0ESPUCH q330M snes73rII or3Isey vaLzM
w o In eqolg Ispuals 8UeTTTd STTTUTE OT3Isay 9YYIM
u2 0% yu L) In 8318Q umorg 3JybTT 388N SNprTo0OI@S OTIE8Y PEVIM
w3 Qf f3em YOTYI T yo n areyyed yauny snxatdred OTISQY BBETM
Yo In Swa1E I9puals 1104 STWIOITITS or388y us
oy o In sdump 38Y20R enrbeabe oTISoy BSFIM
Wz {3sTOom u ud In JuBRTD TITA ITRH zedsTp OTI50H E9VEM

1o in qunyg v3pprdsno or3sey
yut 4o In 8qoTH TT®WS 8uUeTTTd TITToyoangq or3sey ES0EM
o gp W uyo in sbng umozg YETT quayrn snprITq OTI58Y YSOEM
wo 0g yur yo In| sbng umorg By4 IeeR ENTIRIIq OT3IS’Y 6TZEM
3eTom yur o n - 38Ry snnbTqure orisay us
. , - ) FYIOVNOIISHY
3stou 1 D In woTqyTes {ATYT wnIy Buazdg (1) gordoryijer ETYO88pajuRZ 0BZEM
IVIDVHY
3sToum T o Is ssern dmems qunyrL pIRARTO XeIvD CLEEM
nxasTq xexe) {3sTow 1 ys NN 10 € o (1yem) unejreds untydrxousoyos 0TOEM
u> 09 w 4o In PaARaT-puUncy EEETY grugoyrounl XT2q3ITSAIYD EVZEM
3IsTOWm o o in paaeaIleTqg T srswedeo XTIY3ITSAI4D OYZEM
3eToW wy ys ¥NO paay BTIJEN sufaal (Tyea) erI030Und BTYO8QUOS2aN OVYIM
39TOW w ys ANN d&s paxei100-)YIBQ I@3yToyd (peay) HNIPpUBXoY WNTISRYI0IOBN SGTEM
uw ¢ T yo HANO PTI®RIZIIOL BOZEM
we't w yo N0 erI®I368L BOTEM
wg't qu yo in jeotutedbrag g o (1) STTPRISYI BTIFIIOL SEDEM
wd> QT ~ yo MNN F3t1oyd (14ea) sdyow3sozoTwr BPTICTIOL LTIEM
uo> 08 — 09 w yo n 10 € O (g330H) eJerTOSRy BTIRIISL TSUTM
w2 05 - Ob m u in I0 9 D> B3eprdsno 8TIPIJOL SPVPIM
w yo In qrissT (T) asdwoo PTIRIIBL GELEM
T yd In 10 € O (peayoas) TrTuuRHINg BTIRIISL EEPEM
w T o 4o In 3oTuted Bxag za33tezd (wet) seprowoIq BTIRIIOL LEZSZM
u Yd| 344 IS I0€ 2 BTTNBOTABIq BTIPZI38L THOEM
Fi-1 Ly 4D MR 15 @ 3 (xosog) stasTnbueapenb snueoyosTdy TQVEM
3T102d endrIog Ij0m 1 Yo ¥NA oTeoTH g o ZeoyrTOZd sTdeTo8T 9.9ZM
®3T6TP ondrisng {3om 1 ys| sIV¥ In oTedTE pPRIYDS v3e3THTPR sTdaToSI 819ZM
T o I8 BTUTOTS LDSEM
T 2 fe] Is PTUTOTd LGIEM
T Yd is ETUTOTd 60FEM
4y ud Is5 BTUTOTA BTEEM
T 4o Is BTUTOTd ETEEM
wo o¢ 1 yo| so 18 F ool ¥ yjusg (peIyss) 5OpoyITI3 BTUTOTS TE6ZM
wrl wd ANN 08> zornburd BTUTOTL 99VZM
BTWICITITF BTUTOTL ’ ym ys| S50 IS Teudey p (pnois) ey3uURbITO eTUTOTS TPYZM
SAYON]| MOT4 INME| MO1A  INYE |ITv WHOd | WALAVIS HWYN NOHWHOD dS€ENS ANV YOBLOV SHIDAAS WHINID ON
HLMOYD 10N TI0D

Nodsay
HHIL




TuzegTuoTEnd fuzg-09 1 13| STV In easTdoN2pPTTM wraqo (ISTTTH) esozsqny oUTING VTIEM
19L& x13 {mo 06 ~ ST 10| sIv In| Tspoydey 3003 B,3I%H 29 3 R (qunyl) sndober oUTqTINg VLSZM
12poydsy
1F 12&{3B97 pPUx Y3 wy Ia3) STY In buTuIoN moTT1e% 3Tnyos ¥ wso¥ (qunyg) PSOARY auTqInd S66CM
17 Umisaaes] pwaiyl Z8/E TA/TT| WY 12| STV 1n 339383y ’ yyuny (3 1) w1janbray ETTeUTqING TTZEM
IVIAOIVTIAOHASY
d xeptdra fETXI Y3 my I MNO sT[joumrexaueH Katzeqqen (1) g3w3ound STIOXTUO S6DEM
1 Io HNO eIjewoaeg pTMaT (bowp) eIOTFTUN PIJOUOSRT TREZM
AYAIVIIHITOD
LY 1 yo AN ygny pagesl-2burag T1=2buazds snrrdAydogsmoT . Smoung 9/62M
we> oy -~ DE yu yas in ysny oden qunyrL sTsuaded snouny GH9TEM
3sTOW ) it in jaTurTRd aekay xo sbsag (3 1) unyeIIesS  WNTUSTA LT6TM
. dYAOVONOr
a3er3lsexd /3eTouw T i) Is atlysumorgyesTaan PUEOTIF® IBA T BPUBSTIFE PUTTOLNOD DZLZM
SYIOUNITAWNROD
€ BTMOUSDTTTM {m | 34 Yo 80 IS 39TIFIURITTIO yjuny xe sasy unejusbre mndrecolera) Zo6ZM
uo pg £8/8 18/2rf w yo in sboysbpag ganexy (qunyy) snje3srae snosTpodAH veVEM
w> 0§ - 09 JyzIou Ly d 42 In SHUTKH 3geN (qunyg) snejuebre gnostpedfy 1TAEM
. w2 gg fYyjiou o o I8 83aTTd Inoiyg 3oen (9saN) 5n3838TIP-OT® gnosTpodAy So6ZM
ma gy u yw 18 30Tpauag-61To (388N} v323761D PITITEIS]ISPH BLGEM
Yo Is FTSyUEq vyoIeqels
us ov E8/P TB/2T| Wl Yo isn yauny (gizou) sodyse3sTp gyoreqeis VEDEM
d or3say {mo g9 Dy | yo In suRTTTd Jayornd snjroyoouweyl Y06ZM
© SNUOOYDTP I ‘WS 0L 1 yo in 3I3IESTEYNEL ToputT (IT04) suesnT gnjxoysouweyl ZZTEM
w 9’1 ipass T yo In JaTINaqg Isey sTuSTSUT snjxoysSouweyYrl EITEM
mo 0L ~ SV EB/€ 18/ZT| 1 o In IBEH ‘srrrorab snjI0yooumel L SZVPEM
w 0L -~ 0V T 42> In IaTIwesaqg bxag SNSOJTINIF SN3IOYIOUWEYL 6S0EM
endzeooadsy f3stouw v8/E T8/2T| yu 1o n JaTImeBag I3puUTT (SUBTTTA) vesPURPIqUeW grsdoTe) GESEM
sndxeoojda] ‘fwo gz w yo IS 1eTIWSESY zaputT (38®N) vIndse sysdoTe) BPGEM
o pfr - T I3sTOM ! y yd 1s erbera L91EM
uw gz Izstow o 4o 1s eTIng usplod abiel sxed (gq3joN) BIITSIAY eT65TS TPTEM
w 7 {39TOW yu yo Is 8TIND uUapTeo ybnoy 19N TT586U eT58TH 0SPEM
. a gz {3am w yo Is STIND uapTod T woounf BT50TH 9ESZM
z073TATEd HiwdpL-DP T o 1s BTIND Uapies STIITI IBEH BaIBTTF e¥ThoTd §LYTH
u 2 1s 9TIN) UAPTOD PeIFNL adteyos (3 uxng) ‘sTsuedro eTboTH STPEM
o g y 4o 15 pasy I2TTTH IUeTd suvTITd (80aN) wnjeuelany  wnTejadoIpuoyd [LSZM
wd 0f w life] 1s pPood ISTTTH WNTPaH sueTITd (35ER) wnNUERTIONOOY wnrejedoIpuctyd) ZOZEM
ws 08 mT o is Po3y I2TITH ebreT sueTTTd (yajuny) mN3Be328Iqe untejedoIpuoyd TEIEM
wd oV wy o S0 IS Paad 3ISTITH TT®WS 330 unjsnap unTe3adoIpuonD [6VIM
ws pEISTOW o o ANA sa)yvus J8Td IapuTT (sueTlTd) STSUBPERIBRD sorneaf38Td PPIER
© eT3say {m> Q9 98/€ 98/ W ya so IS gauos eonxds TapuT1 (pneis) PUrTE8TEN3qO BOTTTAPN QTBEM
wo oL 1 L) in sn dyey pxo1 eyl Aew TapuTT (Yjuny) EURTPREBYSTPRRS sTdeToIAY3ST 6TLEM
gnjeprdend OoT3say 1 Yo in gd1l asoo] zaputT (1) greuvedeo sTdoTox Y28 STEEM
SHION ROTS INYE| MOTd  INYL|ITY Wi0d | HILAVIS SWUN NOHWOO dSENS NV YOHLOW SHI10ddS VAANED ON
HLMOYD HIHON TI100
NOdSTY
14




w2 0z - 01 Ze/t 18/21] 98/ 98/C ur I2] STV IN aTToTpURIg PITTM (bomp) gnsaoTIUSA Snq3IUEITAD PYIEM
w5z I3} STY In K111 23114 23Ty I3TY3S snyjupdnay eny3ue3ads 8IVEM
wo09-0Z{ITF WI06-0V T ID| STY 1IN A17T1 yoaen T FUUGPETTOq STTTAIPWY £862ZM
e gz - 9 T Id STV HD, BeMY TOOY u<——maﬂu_h..nﬂﬁ T QBEE..HOUOU SnJUPIWOFH £86ZM
T 121 sTY IN qzeg (1) STSUeTIRS auTIaN T00tM
SVADVAITIXNYWY

woyqyodey
uwo> 08 Z8/1T 18/¢1} w1 ID| STY INn {ssTemtopg odep 2uTyas % ang (7T) vIRURT BTIIFUET BBEEM
ETIIVIYUNYT
w gt {38m w ap| sTY 14 wIng vxoTITSAILf3 BT IIOPUBYORM ZIBEM
awer pajeerd fwo 0L z8/TT 18/Z1) T I STY In TouRyTOOY wing evieTnorued eTIIOPUSYIEM 99ETM
uxo A)ot13siwaQg9ijem y adf STY In PESH MOTI9X FI BEOOSTA STII®RTFA us
w ¢ @3 dn ssaeal €8/Z1 18/2CT o IO STV 1IN , T8jaonTO0y Jayed TreuerTTd STIJeTTad 96EEM
AVIOVHCIOHIVH
a p’y 1 I} STV In 8Tl397Tq u, bey wraqo (bzed) snpunoyqnx snbfeaedrejozd EZIEM
1 aodi sIY In uraqo (ze3T1es) snjordmods snbexedse3oad Z6TEM
1 ao| sTvY 1In butzopyeen ureqgo (1) snordory3jee gnberedseloId TVSEM
3=eI03 | T ID] STY IN enberedey s39TIOTd mIaqo (qunyr) EUSpURDS wunyTAydrszdy 8reTM
Kpeys 1 ID| STY IN STEURIYTTOIY ' wxaqo (1) un3jeuTTo8p unTTAYydrszAn TevEM
T 15| sTV¥ In domtr1yaeerqaaag PIT1TA (7T) seprobeavder unTTAYdTsIAR 66STM
. AVAOVYOVIVLSY
o GE z8/01 18/21| 1 ID{ STY IN gaTyyeg Faxaed %o YIOTIRN Trazeed ETTEUSYITT YIEEM
98/11 98/Z] 1 I} STV In JajIeg M X0 I3TYaS wurejuow 2TTRUOYORT GZLEM

atl3to0TA
T8/01 18/Z1 1 151 STY IN {eayauTIoUTYD Boep sapTO8IAY] unTebof3TUIO EVEEM
us 01 T x| sTY In so)pedT IS boep mnIreITaUNnf wnTe5OYITUIO ZEHZM
arRYys 98/21 98/Z| w ID| STY 1IN MUTYD MOTT2X 33noR anTqrp unyefoy3TUIO BSLEM
jyomq ploz etejad Z8/t 18/C1 T ad! STY In TnTogynar PTTTM X2 boep eTpau BOUTIq TELIM
o youn mmyefoyiTurp Z8/1T 18/21 1 I3| STY In 11Tnbs uTejunoK Ieyeq Tebazp BaUTSIN LBEEM
WeTXI. z8/01 18/ZT| 1 I STY In gaxoqg Kijussg Tayeq Taedoos vONqQTY ODEEEM
JYIOVHINIDVAH

TaJ0UNSPTTM
u2 gF - ST €8/t 18/¢1 T 0| STY In {07128 PTITA F 1 P@IFTTTE erybeqTnr LSTEM
€8/11 18/2T| 1 I3| STV 1IN STT=TNOTq UTSTH bbsyzom (7T) snueoTIFE snyjuedeby VLIEEM
. AVIONITTIY
T Yo STY In ufmirebieq weT PUTI3022N8 90TV YZOEM
u.m..no.ﬁ y Yo STY¥ I{l|3empies uHO&Onm JoH pay F YeoR H.Hv FTIRPAR GMNOQQ..:HM. 999EM
w g1 98/1 S8/t o D] sTY 1IN wnuradsoTIg TYIEM
mm\ﬂ HQ\N._” T ID STY In gpaag NHHOO&— Iayeq UTI93goaTyos E:EOQMOH_..NW ZZPEM
T 20| sTv 1IN gpaas A1r1oom Y3jo0TIeH wmuen mmmredeoTIg §6TEM
) AVAOVHEAISOIUH
o oY w ID] STY In Tepoydey sewvIn Zugyas v Ing (3 1) 23703002 BTIORD 6SGEM
98/6 S8/2T w xD| STY INn mraqo (zaxeq) srIETNgR] eIpurAyserl GL9EM

TOO}830U30H
0€ {Esexb eI {3om z8/6 18/TT] 1 I3] STY In i9901d Jajey y3juny (1) LELS ZYEE rIpuvAqoral 98ZEM
8113 dand{wapgg~gT Z8/6 I8/21 T 12| sTY In|=beqqed pazamoly-AITRH uzraqo (uoswepy) PIOTITINEITY expusdyoerl BRTEM
- 3®aT ¥oTY3 {wo 09 T8/0T 18/CT 1 ID| STY INn| JI9MOTI abeqqep Axyen qauny (qunys) e3neITy vIpueAyoral g65ZM
w 5] 5TY In|z8MoTd wbeqqed IspueTs wIagqo evuesdAnyrejse ezpurdyoeal (TVZM
SALON MOTd INUE| MOTd INYH LTV WaOd AALAVIS JWYN NOWWOD Jsdns NV dOHILAV SAIDAZS VHINAD ON
. HIMOUD JTION TIOD

Noasay
JHIA




aTeYs 98/21 98/2 ™ x2| STV In a1esoTey sTMaT (33219 X3 TYod) ®3)0TI36 BPTXI €SLEM
hUun me#SBuEleQN Nm\m .nm\N.n Id S1IVY In aT980TEeY T eqg n.khﬂmh.bw.ﬁ eIXT .nmNMS;
1 D] STV IN wotqbuTtoy T gsonxery BTXI ZT6TIH

Aiyqun weiaefmogL~DT 28/6 18/21) 1 15| STY In aresoTey ELCT erqap BTXI TTCEM
Z8/6 IB/ZT T I05f STVY In Iatmesn 19y (boep) B31RTPRX pyurIadsey CZEEM

z8/6 18/2T] 1 15| STV IA wOTqPUBY TaTMeD I2¥ (3 T) esorTd vyjUeIadsoNRYOEEM

wo g1 z8/6 18/21} 1 I3{ STV In aT[ismme TqRueyY JaTaeD Iy (3 T) LR g o eyyuezedsel L9TEM

3IsTowm 98/6 98B/2 w ID| SI¥ In Aoeg Iayeq vazed FZTYIOSSTOD 9L9EM

wo §T ge/6 18/21| Wl I FIV In uT3es YUTd geeIs % yaey (3 wrng) P3R40 BZTYIOSSTOD ERZEM

98/6 98/Z| uwl ID| STV 1A Azveq 33e1qpIoD (I183804) ernprdsTy BZTHYIOSSTOD SLIEM

58/6 98/¢f Y@ D STY IN I3TY_S seproyjuesedsey PZTYIOSSTOH GHIEM

}gTOoW w Id| STV In sITe3Io3EM 343 3JO 3I3ETqPIOD WOIe3598310362 PZTYIOSET8D POVYEM

aTeys 98/Z1T 98/2 u ID| STV In g, TTaysang I9380] TITI®yoINng BZTYIOGESTID PSLEM

FooTH 98/6 98/T7] 1 Id5f{ STY In Butacy seon 3IETqPTIOD eroarf1q BZTYIOSSTOD EBIEM

Z8/6 18/21) 1 2p| STV In Yybnoy !wogis 33eTqPIOD exodsw BZTYIOSSTRD LESIM

. ud gg ‘{3eTom o 15| STV IN| ©B93ETIV pageo-AS9RID I93ed . TI9yLaz BOIETIV 6Z6CM
eded!{z13 yaquniuogg 98/8 98/2 15! STV In . T9TMeD 19y (F T) sTreITds 2O3STIV 699EM
eva3sTIe xaded Z8/ZT T8/ZT| uy ID| STV In B39 TAY POIamMoTI Mad Ioyeg vTeydeoohTITO BOISTIV LEEEM

w gt 1 1yl sTY¥ In TouejanhenoTd eMIIPUY 20 {ew FOETIV £€C9ZM

s> 0S5 ~ Qf {qem L8/1T 98/2 ur IDi STV 1IN ToueyININSNOTH Toyed eTTOFTOUNL BOISTIV GLLEM

u g’y I3sTOom L8/2 '98/2| U 10| STY In 33BTQPIOD BSNFUOD BOISTIV Q6LEM

T Id| sIv¥Y In aT9soqbeBy bBsyyon (7) ' BUBDTIJ® vO3STIVY TG8ZM

w2 op - 0€ u 13| STY In z9¥ (3 T) eyeTpeRrS ¥T3IBYOT BYITM

u gt T IDt STV IN PTI3S X8 J9TTTIO vubivm des 39TTTO ewdorbuoT BT3IRgOg LUEZM

3en 98/11 98/2 I STV In eTizeRqog Fea[~3eld v3erpeTh des aey (3 T) e3erperh ¥T3I8q00 TVLEM

mw 9§ Z8/1T 18/21) 1 23} STY In eTe9Tg TeTmen Iay (3 T) STRIOFTTTF vT3I2qOd ZSEEM

din3 30019 ’

98/01 98/2| 1 x0f STV 1In {dTInI 3ueTD Ainqetres vonaToIyI0 PTISWOH YE9EM

drng 1880

wo Qf - sZ| 98/T S8/21| €8/ 18/21| Wl Id| STV In {d1Ing MoTTRX sniog 1 rrurdreh BTIQWOHN TVSEM

}eTou 98/21 98/Z) U 1| sT¥ In aTaI jebiaboa 33BI9PIOD wnTAREITTBA BSRIOH (LLEM

peyoueIqUN fud> gg g8/6 18/21) wl 15} STV In STII anld TTeUS IaTMen x3y (¥ T) erejedriy vSBION B6ZEM
TF o3ym ‘wo 09 - gz| 98/TT 98/7/Z8/0T 18/21| wl ID} STV IN @tl3uTnboonotg smeT (3 1) e3eprdsnoraz PORION TELEM
92I0TFuT youerq I3am| 98/0T 98/Z|2Z8/TT 18/ZT| Wl xD| AW IS STII JUEIDH aonxg (3 T) FUTES TEOWRT 2ORPION EOLEM
wd 07 -~ 0T 1 Idf STV In 9TII Kateg Tmen 18 (F 7T) voopuoTTTded BOBIOH ZSSEM

wo 05 -~ 0Zf 98/0T 98/Z| ¥8/6 TIB/ZI| W ID5| STV In 8TII MOTTOX STMST LEELY -0 BORIOH 08GTM

eTeys 98/0T 98/2Z| U 25| STY In STII joeTld IaTMBD I9X eprIny PaBPION ZTESEM

o) TT~eTpeaulus g-¢ Z8/L 18/Z1 T ID{ STV In bue3iTnzg Wuld Bog (TXo™) ®xeryax Iwa TYoF (T) rasox BOTOWOY LGTZEM
OT3 23Tysa 10 moTT=4& za/9e 18/21) 1 x>} STY 1IN BueyTnzg 33TYM BAETI IeA S0A op (weT) eARTY BOTNWON TSZEM

SYIOVAIVI

98/0T 98/2] 1 1D} STY In T seproyzuToedy vrToURA> 6TLEM

: AVADVIIHA0DRL

t8/1 98/} 4 ap| sTIV¥ In Ie3s MOTIOK B13IFITT apTEIED (I3ITYSS) e 1Aydouom suexoTTds VYSVIM

eTeys| zB/6 18/2T| 9%8/v 98/¢| uf 23! STV In Ieas moTTax aprezep (8ntod) seprobrInoIns ousxoTTds ygSEM

dry z7¥inatr 31de-¢ z8/% 18/21 1 ID| STY INn Iels uapion aptezep (quunyx) un3earTd untpodirz TEZEM

HYIOVAIXOdAH

SEION| MOId IN¥d| MOTd INNG|ITY| Wuod |¥EIAVIS HWYN NOWKOD ds€ns aNy HOHLAOY SRIDAAS VHaNTD ON

HIMOUD| STHON TI00

NOASTY
HAId




mw ¢ {3BTOUW u 15} STV IP Kapurl %5 112YydoIng esornpuerh e5Td TITEM
{13 xd’wopZ~0T ‘38M L Id| STY IP qunyxr (3 1) BYUIOITTTF ©5F7g ELTEM
o1F pax {ud p§ - 0z o ID| STV Ip e8Ta I92390TD as (qunyr) vaurbnrzay esTa €SLIM
98/0T 98/2 o ID| STV 1IP PTYSIO ®BAPUBUSPY KoTpurT BIETISRF PaTd BOIEM
- jead 98/0Tt 98/Z| mw ID| STV Ip ag (quayy) eI TIPUTTA2 eSTa 9S0LEM
8 uogpIeu M NYiiuogE w ID] STV Ip BETJ PAUIoOH mug (1) ©30UIO0D ©sTA SB6CTM
o gg f38m 98/TT 98/Z] uw 13| STY IP zutyos 3 ang (3 T) ®3BATRATY eSTQ OPLEM
w pg {3am u 1| STV 1P arl3odey| . AsTpurT wnnbrrqo umTpPOZTYS 008ZM
916 13!{pesx wasluoge 98/0T 98/2 wu XD} STY IP 11eH (T0®@ E) wnjexporepaTraexqg des KaTpull amrejedouazs wnyxA3es GO0LEM
98/1T 98/¢] © Id| STY IP Katpurt mn3eI3s0x unTIL38S TYLEM
Z8/6 18/2T 1 | sTY IP eMAaTIeMMT Ka1pur wnsnyex wunrzf3es TZEEM
PTY2I0 Pax fud pg 98/0T 98/2f uw Idi STY IP La1pur] wnurrndnt wnTIA31es TOLEM
98/11 98/Z u ID] STV IP Ka1putl erruny emyxf3es gyiLEM
buzolzeat yy3jiwoyy 98/6 s8/2T| W I3} STV IP “s unYIOFTTION mnyzd3es ug
(*3*1) wnyeajoerq S 98/0T 98/Z 1 xo| sTvY IP braqunylL mnsorreaTq wnTIL385 609€M
us ZT =~ 6 98/2T 98/C Y ID] STY Ip sntog H TyuTypoq g23Tyo2ed 99LEM
o 6T ~ 8 o ID| STV IP pTYs10 I3pTdS Tzueexy (enied H) eeTIS}D BUTTO IR GTLEM
1 I2| sTVY IP erydiry KsTput1 ESOTTTA XTIYIOTOH PZ6EIM
1- Axreyluage-grizen zg/ot 18/z1| T 12| STV IP eTydiaL sdiayog (3 wang) enuIes XTIYIJOTOH ESEEM
IYEDVYAIAIHO
Feor T fw 'y w{ I3} STV In L1717 axtg enjoqd 7 TTuvewardwsy ETSUBTTTId 668TM
€8/6 18/TT}] T 15| sTv 1In sTdAdrouey ontog 1 uvoydraousais PTUCEIBN STEEM
Y3 JT 2bpatwapg-pE u I3} STV 1In etdidiouey sntod 1 FIejyoerTyas BTUCSIEM ZL6ZM
a1eys fwo g5 ~ 0Z 98/0T 98/Z o 3| sTVY In atdAdrouny entod 1 Trexebox PTUOSIOM BTLEM
w s‘t - 08 a 0| sTY In at1dAdTouwy 3deas (apuy) e3epruwidd BTUOS3EM ESTEM
aydAd 3ubrt z8/TT 18/2T] T 15| STVY In xaxeg (3391 xa yakeu) eyjuvIOTW erenozredeT SSLEM
atdrnd fwo gy - ot 1 10} sTY In vsoquizos des Tmes zax (7) evsoquixod ersnoITedeT ZI6TM
3om {8/€ 98/2] w ID| STV In atdAdnotqreta 8TmaT (Iaxegd) snTroyTaUnf BnYJUBTSIOUL GHLEM
oTdAd 3aep ‘fwo Qg Z8/ZT 18/21 u xD| STV In aTdAdnotg staoT (ueT) gn31eT0e32RIqg SNYIUBTEIOYL PEEEM
ID] STV In aT(3sumorqrata Ig 3 N (xoxeg) sneounf SNYIUBRIOTH OTLEZM
x2! sTV 1In T(youuoTqIata woTx23 (1) sepToxnsedore SNYIUBIITH OTLIM
Iam L8/T 98/2 o ID] ST¥ In IIBTGPTOD BUETSWEFT[TA 8radoTuClTIL 9LLEM

ad, y3tm yesTiwd op IDi STV IN IIETqPIOoo (3 maIng) BaOT37I3 stedoTuolrIL
LB/Z S8/21 o I0] STV In at1dAdTooy IISTYPTOD (T3yed) exyarnd eTedoTUCITIL DBLEM
Ixd 13iusA sarlmogp ot x0| STV In o1& 338 TqpTeo (qunyxr) ggoaTeUu grsdoTUO3TIL T86ZM
b1 moazeu g~1{3sTOm Z8/v 18/21| wy 5| sIV In atdidiyaTy p3ET I®A 8TMOT (BnTog T) ejeT sTedoTUOITIL 000EM
wo pg - ST gs8/et 18/21] 1 ID| STV In atdAdisTy 8TMaT (8TNT) TTPPOP sT5dOTUOITIL G66EEM
usos ou {wo g - GZ zZ8/6 18/2T 1 ID!l sTVY IN atdAg snjerniound IBA YUBIYS snjernjound BENTOTPETS DLZEM
1 x| sTVY 1IN mraqo (wexbul) snuzeqTy des 3Jaams snjeTnoew ENTOIpPeTO ZI9EM
20813 TINP!WOQ8~0OL 98/8 98/Z] Wy IDi STY In gnjernoew des 39ams sn3eTnoewr ENTOTPETYD £6ETM
edaeu f{uwd ¢9 -~ O ol x| sTVY In Ape1 pajurted I28MS N 3EETYO0D IvA IaY STITYqsp SNTOTPETD 9EBIM
ateys {u [ I3om 98/0T 958/C L | Id| sTVY In Ape1 pajuted ' aysoIeTad gneuxed SNTOTPERTD LOBEM
wo 0f - St w T3] STV 1n 11°9anTg uopated sTaoT X9 (quoyl) sn3erTng SnTOTPRTY VGBIM
3IeTow o ID| STY In eqn uowyes &T3IITT 8TRIT sngn3rasiq snToTPETD ZV6TM
w2 g9 - ST 1 3] STV INn atdig 8Tsa] JouTw Iea boep SATTOFTABIG SNTOTPETD 066ZM
1 x5! sTv In touwyInns g a N (T) esrdoryier SYIUEHMIBPYD SZOEM
SHTLON MOTA INMgG|ITY WHOL | YILAYIS dWYN NOWWOD 4sdns NV ¥OHILNY $3I53dS WIINTD ON
HIMOHD TI90N T100

NOdsdad
DIg




mo Qg Yo 50 IS s8W sT3cgeydindes PIINIIOS [EEZM
us Qg o Yd| sTVY 1IN sTepoqdoyeuutdg ag o sTTN®STIgNT eTaINIISG GLEZM
aTeBoq

wo gg - 0S 1 Yo S0 IS ~doysuutdsusaqbue] Id o e3ebuore BTINITISS YETEM
Kap LL/OT ¥L/ET 1 Yd|{ SO IS aTssoqdoysuutds suspyeospe Iwa I1g N (weg) sUopURSSpE BTINIIBS GLETM
w1 {Lap 08/P ¥L/ZT w eN s0 IS soqepaad 1Ag (mareds) snueTARisnb-uniydes EnWoUBIPd 666CM
' FYIOYILONd
38TOW 1 yo! sTY IN Axzoqxes jeaToouel e vIRIISE BOTIAH GTIVEM
1 ej| STV INn aresoquAdbeey 1 eTroFFoTond eOTIAN TETEM
, 1 uN} STV In Axzogxem JeoT-TRAQ IQUETIKW X9 IabuTyong wURTSENRIY BOTIAN G9EEM
AVEDVOIUIN
8ITJ BPTOAPE SOOI 1 IS pFN3eI IBA I381d ¥ (F T) esnN3ea erwogodod pSLZM
: HVIOVI4Id
TINOATTALODIA
jead q 1d| STVY IP PTYSIO MOTTSX sntog H (3 T) srIRTOQR] erydoTny £LGEM
mwo Qg -~ QT {38TOM 98/Z1 98/¢ u ao| sTvY Ip at(3eumoTqpuey p3vernooe des Pusads (3 1) P3ROTNOR erydorng us
Kap u 1p] IV Ip PTYoI0 Yoeld Tog ¥ I3Ty3s (10w H) v3eTNISN erydoToIoy 908EM
Kap o IDi STV IP PTY210 umoag|adioyss (TpuTT) ®Pierrowel Iea dInold (bHzag) gTsusedes eTydoToIOY G99ZM
aTeys 98/9 98/2 o IDt STV Ip KeTpurt sTsueded sTaedTT S99CM
eTeys 98/11 98/g| um Id| sTY IP PTY2I0 usein e31ou (puos) uwnsouTHIqNRI unyTofI0n gTLEM
3am 98/01 98/2 w an| sTIY IP e3Toy (Tputl) wNsouUITD untoAI0D QTLEM
Lf Io| sTY IP KeTput1 esoqorh BIpUR3®ISL E0TEM
Kap 98/0T 98/Z| u 1D} STV IP zuTyos ¥ zng (1) LELE =1 BIDURIBRIBD LOLEM

atddexeuno .
98/0T §8/21|%8/0T 18/ZT| Y I} STY IP {1e713 Pateod TPUTl umyroyrinoe unypobArend vgSeEM
LT 98/0T 98/¢7f uw Il sTY IP 838U 2H Keazeg esopared eTI8dsSTa 9TLEM
Kxp 98/0T1 98/2| w ‘xd| STV IP atddexysepacu us (3 T) sysuadeo sTIodETT TTLEM
. ‘uw 0| sTY IP Kotputt (qunyL) sUassaynl BTUBDRUCH us
Azp 98/11 98/2f W Ip| STY IP zuTyss 3 pueandg (1o® H) eovubid ©FUSPRUOH 9ELEM
Kip 98/6 98/T w 25| STV IP Katpuii popdaido eTUSpTUON ug
Azp 98/11 98/Z w xD] sIY Ip Tzuwaly (108 H) v38IBFUOD PTUBDRUON VZLEM
. Z8/6 18/21 | STV Ip 2UTYss § pueInd (Ms) LELEEELS{ 4 BTUSPPUOH BOEEM
w I} sTY IP a31od (I3TY2s) BUBRTSNI DG eTUSPEPUOK SOBEM
jead u 15| STV IP a310d (I31YoS) suaqnioile ETUBDRUDK [Z9EM
1 I3 STIVY IP Tzuaeay (Tog) susosexndind BTTOYOSION PI6CM
ateys o ID| STV Ip errOoFTUTWR IS eTTONOSIaH ZAGZM

I0| sTY IP PTYS2Io umorg adrayss (TputT) BTTAYDEIOH
wo g9 f3am o 101 STVY 1P weTq pay -3 ET eIoTFTUN eSTA LLETM

wo pg -~ 0T {3em 0| sTVY IP gnfod H e3@UTOUN BETA
us g 38m 15| sV 1P ®ETQ apTsumRaIlsg geprore3iedray des 1g @ N (3 T) seprorejadray BETO TP&EZM
6 fTomoTz ouTd I3°m 98/1T 98/Z| w 15| STV IP 31 epsomesEr EETd OELEM
13 Tekiuogr-g f3om u 1| sTY IP qunyr (3 1) . 8suejed BSTQ TILZM
3sTOW 98/6 98/Z 1| sTY IP Aatpuil esn3go BETd DBICM
3eTow 98/01 98/¢ o ID} ST¥ IP sniog H - BJRaUTT PETT PLIEM
SIION MOTd OINHE| MOTd INUE|ITVY WHOA [ YaLAYIS HWYN NOWWOD dsans dNyY JOHLOY SAIDALS YYINID ON
HIMCHD TIGON TI0D

NOdsSTd
YT .



1 oBx1 fu p’T {poem yo Is yooQ pRTINd b sndsTIo xauny S9TM
09 tpoas jurd {Kip T 4y>| 324 1Is putItneyey 3oI1TOq sn3gpIos Xouny vreZM
paas Z8/9 TH/ZT 1 yd Is Texics deays qIny sndaeaorbue xoumy [LTCEM

‘ SYIOVNODATOd

@z u EN| ST¥ In Inoytoox suted (qunyg) gsojuswo3 2TqqnIg BSSIM

19M w Yo 50 IS soqpedyTyS erToyTUTIRPWsOI des Bxeg BTTOFTUTIRWSOT eTqqnIg S0SEM

SYEOVIFaEnyD

us Qp u yp| @ga us|moreeyg snoyiAydorsieg we unjebara warseyl OSGTM

us og w yd>| Fad Ms a939oTlPTT 1 anjesrds unysoyL 60STM

aTeys {uwo Qg o yo| mdd ds unTseyL pueqayeys sukasT x@ DA ¥ wnTToyTPOS WRYSAYL ETLZM
us 09 1 yo{ add us unTeayr AyeaT puocs unzorFenbutnb unFEeyL BYSIA

unyeayr

wd 05 - 0T £8/€ T8/TT| 1 ‘yo! =Hdd uS ayTTYo0y I9puaTs 1 ereuny unTESyL STYEM
wo oz o liF] SO ¥s unTeayl ssayyes oa v seprorsexydne UNTSOYL ZOVZM

w z {Kzp w eN S0 ¥s unTeayr [rel T seprorqIoydns wnTeaL 0LSIM
s g - ST 1 Yd| 344 ¥S unTeSYr pagea(~1Ivus oa ¥ unyroFIITIS WnTSeyL BEOEM
ws g {Kap €B/TT T1B/2T{ 1 ys|{ Tdd S unteayr o3e3yde)d T wn3ejydes WnFSeyL 9LSEM

1 yd>!{ S0 uS TITE M ¥ souTwr UNTPTSOYL DELEM

Z8/s TB/ZCT 1 Yyo| STV I mTd PTTM umag (ITTIE M ¥) mmsoroeds uoodTod GTZEM

m p {Kap T eN] sTY In yorung odmp Baog umggexduroo voodTon BPEEM

- AVAOVYIVLNYS

-  onyy uo azyseaed 1 yd SO ¥uS 8038738 TH eguedes des 7 1 esuades WNOSTA DLTEM

AVIOVHINVHOT

eN] SO ID| BOYBH Y20y A= (HS) evsoqqyh voNETH

Kxp 8L/ZT PLfET| Wl eN S0 ID Ja3sng Iayleas xg ¥ (quoyr) vlerToqQuUn XETOY BGSTM

mwg =T u eN so ID goqgeatddoulTasd anyss ¥ (8234 0) snuoloyjuex voxpuspeonaT TO8ZM

w gt eN| ST¥Y In goqreabrats| wmorToFrastds sweTT(TM (3YETuy xo geTTES) mmyTozTss1ds UOIpURPRONST 608TM

oz 1 yast sIv In 33014 UTYBUNS bxag ! wnubrres UoaIpuepesnaT £9LTM

ws Qg 6L/L YL/2ZT| | yo! so 1D 8aTYOTIS zuTyos § pued (puep) umTeydooIsyw tHoIpuUspEoneT OVOEM

w gfT w eN S0 ID soqreabbied pu®y X0 zZUTYss t3ebopueb UvoapuspeanaT §TBTM
butdsaxo {Kzp o yo S0 IS 83014 IINUTKW eyanoy euejuow des ayanoy (bxag) P3RITIOATD eTTO39PTA §69ZM
qeu {Lxp w Yo S0 IS 20gesSTSTINT3RTd ayanoy (3ybTuy %o qoITTes) eTroeh unmradsoonaT GZT9TM

w g 1 eN SO IS anoyrednesy ayanoy umprara des yaeng (7)  UozpuspodirsoUod unmradsoonaT E£SGEM

W oZT y Yyo| sTY In| ®e3lold pepaeag-umoig T (1) vsoroeds Pa30Id SOOEM

L1p 1 Yo| s In va3014 jesT-ybnoy Ig o eIqeas PB3OIL 96LEM

ST1880qIayINg

1 eN| SO ID fysnqrebng T (1) susdex B830Id GILIM

weg~T1 1 THW|{ SO ID5N wooqem ISTTTH epraTU B930Id T9LIM

u N so I B2a3oId @3TyM TTews YosZ0TH rrpunm vojoId LLDPTM

wyz -1 o eN SO ID ®9301d popIvagyIEId 7 (1) wozpuspodreooprdsT B930Id 9LVTM

L4 o BN SIY HU_H ®”8301d juerd T A-Hv DW“#OHQE&.U ¥a30xg TTIOEM

yazaou ?{Lap yu Yot sTv In ®930ag podeysiaesH qunyg g382pPI0D vejoxd BTZEM

- u> gt Ly Yo S0 IS uojueM SNOIITAIND 3ybTuUY X3 QOTTES eTTOFTAIND erTezeds pE6TM
u eN 0S8 IS F MooH xa waddea I ECULET sSnUWeYI0IO SEETM

y yo! so IS atdmossuTe(y ybTUd X5 geTTES srx3snTed 5338WTH GLEEM

wo gf fw geT w Yol sIv¥ In atdwogstooy ag u (71) gnjernono SoJolUTH BTN
eN S0 IS aTducysdwoTy ag ¥ (1) sn3eTn3rdes S239WTHN 66CZEM

SALON MOTd IN"d| MOTAd LNNE|LTY WO | HALAYIS HHYN NOWROD dsdans gNY HOHLOY SAIDAAS WJENTD ON

HIMOUD T1dON TT0D

NodSad
JNId




8)yoox {ud g w Yo Is vTOusS8eI2 Mooy srI3sednz dee quayl grI3sadny BTNSSERID HOO9CM

T [ te) IS| eTneseI> psume}8-aIeg sTTRESTPNU IvA T sTTnRSTRPNU PTNSERID ZLECEM

hd o 1s aThiaxe1g Bx=g pleTaworh FPTNSSPID GECEM

w2 op 1 Y| Fad 18 BINSERID 83TUN wer 8TIRTNOTOSEF PINSSRID S98ZM

1 yo Is BIN9EEID 2INUTH suaqunoep Iea quUDYL suaguUNoap eTNSsRI) LS0EM

201 ury us I8 BINSIRID pay T BEUTO50D PTNESBID TL6EZM

us ot o uo Is dorpmoug ade) srsuedes 1eva TTT®A (1) srsuedro BTNSgRI) QEZEM

1 4o S0 IS worqdTTy Meg e3pueTdrg BTNESRI] GTLTM

‘T T T yo IS ielah 4:F% NMGH:UWQ.NO Iea T vleTnargro EOWUNNUQU pPS6CZM

A TYIOYINSSYYO

w T {39M o BN S0 IS Iay>3e0~-AT3 3UETH YoueTd seTUObION eTnPTION 06LZM
IVIOVTINATHOY

Iymiesaeat yo j3escx z8/6 18/21 1 yd| sIv IP mopune aT33T1 Buaidsg PAIBUTIZ RIBSOIg LT6TM

Jam w yo| sIv IP - Joayud M H TTYO0TS eJeso0xg

3001 daap fud g7 1 Yo| sT¥ IP mepuns butimexds PIY2ITYSS ¥ wWeyd srIRTTIY BIeS0IG DLBTM
ud pg ‘we3F uo ITeY wy yo| sI¥ IP mepuns Apocopm utajys (aze) sedrxqerh vIos0Ig (Q3I9TM
® JyesT oufwajzse yqun z8/6 18/2T 1 yoi sI¢ IP wotqueqg 1 RIOTFTISTO BIDFO0IQ Q6PEM
FeaT !{ma o7 i3sTOW u Yo sIV IpP goTqnod Imepung by § stsuades BPI350IF GE6TECM
nd ay1def{sasT jesox w yo| sav¢ 1P 2801 pUNoOIH jeweld ¥ orTOTT® BISE0Tq GE9ZM
. . AVIOVEaSoNd

we 0g ‘Axp T 4o MNO aTyyeqnoTd|W (Da Xa ping) vyTOoFTIREUTT IvA 20 (qunyl) sETIROUTT eTTydoTToH LIPEM
HYIADVDISSVEE

paam Yo ANQ Kzo03TuUng Bnig ysoy x2 puos srreInW pravang QZCEM

AVIONIYYHAL

ajrsexed w 1 Ia €88891L 8.1TaRA :EETH BIPTOTTTS ey3d550) GLEZM

. AVIDTEANL

1 yd| STV In zeeTqetIpaTlaeey weey m P38PIOD BTUOITMOUN [6LTM

T Yo STV IN IERTqPUEIg yang (1) sysuades ETUOITMOUY QEGZM

ud 09 98/6 98/¢ o Yol sI1¢ In aucwsuy adep >2a (3 1) BRTTOFTNUS] SUOWAUY LLIEM
YADTINDNANTN

paam Z8/6 18B/Z1 T yo I8 unt3seres adep puosg eguades uNTISRIOD PIZEM
AVEDYTIAHOANYD

z8/1T 1B/2T) T yd Is 2g 3 R (109 T) snazng snyjueIdereT CLEEM

Lo 0 - ST 1 yo s oTbAA snjeurSreme xea Id d N (7T) snjeurbrews snyrueadwe] 169ZM
8)3201 w o Is eTbAA uaTo (1) sepro3Tep sngauvadueT QT6ZM

uw pg t8/€ 18/2T| T g 1s atbia uasqooer () JoT027q snyjuedueT BIYEM

wo gz q q s Tod 1 (x19bxag ¥ IITYSS) rredesdxo ersdeIT 68LEM

B> o¢ 1 4o s atbAaphaTyY Juemy28 (meq) sUspnNETOUT ersdexs 9z6TM
o ys| so 18 atbkabiag 108 1 Teoyo3s unmey JUPSOIq BEZIEM

o yo 850 ¥a BbTd uTejunoy 109 1 Freuerrrd snzoxqodIe) pSIEM

jew burtdears 1 qd qNN BTd 303us330H 108 T (7T} srTNps snjoaxqodis) ¢98ZM

N SCIOYHWEHINYAIGHASHH

5g/2t 9%g/2 T o 4NN T PIpUR DO gooeTo34dd TILEM

TYIOVOOVIOLARA

butdssxs 1 uo 1s voswepy (o a) mn3ebuote unaseuIRyd B0SZM

A1p 1 yo| ZJH IS sonxg (F T) e3eIouoTh riuOIGOUSPYRGEEEM

ICIOVOZIY

SALON MOT4 INHG] MOTd INN4G LTV IO | HILAYIS FHYN NOHWROD dsens GNv HOHLAV SaIO0FdS YEANTD ON

HINOWD| ZT4ON ) TI0D

HOdSTd
qdId




mw g’y ZE/TT 18/2T| ym Yol s1v 1In vag AxTeR ) 1 STITTTD snyjeredsy OZBEM
o Yo MN Bagd ATyoTId 213311 32b61yeq JoFrTnurds dse z % I sppajeq snyjeredsy PEBEEM
w> gy - QF yu yd} ST¥ In eed A13oT2d sspojeq dss z % I sapojeq gnyeTedsy ETSZM
wo oZ] o8/ZT 98/Z|Z6/1IT 1B/ZT o ys 80 IS vag I9A71TS ebTyeq (1) seproyjeredae sniy3eTedsy TSLEM
w QF EB/TT 18/ZT 1 o S0 IS wooxg qunyr euUTjUeTqR snyyerTedsy YISEM
968/L 98B/Z ur YD dad Is I3M0Td vad pelsTaL 1069 H (azeH) TT3ybraa BTyo8qeT TTLEM
T Yo| za4a IS 1o€ H vIRTFUT eIX>8qeT £69EM
uBU?MUH EQOQAOU"E T mm\m wm\N o Yo STV IO Wﬁmmon“—._Oﬂ—Uﬂom qunyg, vIrTOFTaUND BTUFBY S09ZM
LB/6 9B8/2|28/0T 18/ET T HD} STY In Z 9 d e3e6ITA eoTeITYdIY EOBEM
) 1 HD| SO IS Z294d ETpeWILJUT vorsyITyday ZOBEM
wd Qs - OF o HD ‘08 IS erroyrorIe des z % I eTTOFTITIO paTPyITYduy GETEM
w z izsTow m yd| STV In wed I8ATTS > d (quoyl) e3r3g9a e4oT359TId E0ETM
BD SO IS BBd IoATTS BuTrieeTd 1069 H euTOoATRD vdoT3IsaTId YVEZM

L £E8/B 1B/ZT Yo} sTY 10 pesy ButppoN abueio 3TM °p % sog (Z % =) eyjuemod dss "
3TM ©p % sog p p (3 uxng) suapuerds srIedIT €BDEM
u BN| STV In soqreddery ykez ® Tyod gsoroeds eTadTepod BEDEM
1 BN S0 IS aT[3110-8PTTM EULTN eTTOFTOUND erafTepod T6VEM
o £ {geTow EN| so IS soqaTt{3zg PITITM e3613dATR2 erIdTepod 808ZM
wo oL wT yo| STV In wvog AauocH seprojsyueb zea ag ¥ (1) saprojsTuUsbH erdorsfs T1BZM
w p Ipeam 1 TH| So IS woogInay uoeuwepy ejeoTIRATP eTrrbITA GFTEM
FvaOvEYd
steys fw T w o ¥HN wyam ®10T1I38 BTIIOFFITTD 6T19EM
oz yu yois1v In Wu—..ﬂ.m|0ﬂ00ﬂ0m MOE:'_.-EN-HU Iea 3 T MOE...HE.N-ND eTJICIITTO LSPEIM
ot u Yo SO IS pusTia szaqurld wToM ejezje PTIIOFITTD TTVZIM
opeys uﬂ@ﬁ? nUW..ﬂOE T L} o] STY IN soqurevag nﬂdnﬁ_ﬁﬂhﬂ PITTM m:uwcﬂw.nw sogny [L9EEM
FTISVYSOH
w Z f3stow yu yo ‘9NN yeng zepids ykez 9 Tyo= (TpusM) FoprTOoUyORIR BPITOZI9H BSSCM

eN 80 IS egoxenbs eTTOZIOg
w T yu eN| sV In 8suUO33Ng ISPUDTS PIY2eTYas exgnx vrreozIed FLIZM
w g i3em T BN S0 ID To)TON ubuoxg (7T) esourbnuer BTT22308 BLOZM
u T Y BN| STV IN aresoqdouydT 1y sueTITd eAINOUT eTTezI8g ZOOEM
7 uedo abxeT {wd Q6 o BeN| STVY In E8TETNIISTOA T BIOTFTPOU erunIg TPZEM
{81TRq ®b1eT {woge w yo| sTY In eTduo3s - quayg spaeeT erunig cSeTM
o g't {39m w eN S0 ID gaTaIag pay qunyr seproanredoT® BTUNIE (0GSEM
w g ‘oM N SO IS yeng aayjod adTTTTUd erOTITqT® erunag 08TZM
asTOou qu yo Is erunig jeal-jieaq nzuo9paTtN (3 wxng) vjEpIOD erXs08qopnasd® SCEM
W g f3o9m w BN Is ysng weaiis suey1Td (3 wmrng) PUROTIFE pryY2PqOpPnNesd ZOSEM
wo 9B 1 yo| sIv In sTesoqpiaTy 1yeq (1) BIFTPET - ©TAPEIS EEOEM
Teq TTews fw 1 {Lxp w i fo IA aTdwoasbzag q0oms (bxag) rospaTRd BPITOqON GOSEM
sjoex {wo Q6 y 4o MNO Iepa) 2818d uboxg {(quonyz) erTdydoxoTm eTTeds®y [LBSEM
. AVIDVYINONE
T TH 8S7TY 1IN sT9TOON umﬂoummhﬂu‘#ﬁﬂ b hﬂh:&ﬂu vrUCUND QLZTA
HYADYINONND
L 4 ze/v 18/2ZT| T BN STV 10 soqzreddetybaeg qunyg, eeoeTTAydodIro BTUTIUOH EEBIM
 EYADVINIINOW
SAITON MOTd LNYd] MOTd LNYNG|LTY HYO4d | METAYIS dWYN NOWHWOD dsdns aNY HOHIAY 531D03ds YHENED ON
HLMOUD HT4ON TI0D
NOdsa¥

ATA




untuobzerad
uTI per (WO Qg ~ SI z8/8 18/Z1 1 Yol soO IS uTe3juUncy 8Tqel geties (aed) anjebuore antuoSiered LLZEM
y Yo} sT¥ In anTuchIeTsa utejuUnON JusyosToA wnrroyrhrris des 3TIsm. T (T) mn3errnons wnruobIeTed LLEEM
obpa pax { m ¢ z8/0T 18/7I T EN SO IS5 BATCURPTTM wnyerrRoNno dss 3TI2H.T (1) wn3jerraons wnruobaeTed BEEEM
Butimexds z8/6 18/Z1 T yo s0 1S5 untuobieTag BurjaaTd boep mnyroyfIperureyo unTuobIETEeS QOTEEM
ow> 06 ~ Of wy 4Yd| s0 IS 3Tx2R.7T (1) wnjeyrdeo wnruobIeTed GLLEM
{TeTtuuaxsd ‘Tenuue T yo S0 1Is jo00d 8.2a0Q T eTTOW wNIURIOD GYTEM
AVHOVINTIED
18dasao ze/oT 18/Z1) 1 1| sTVY In aT(3z0-apTTIM spraa (1) snsoubTT uobSodr@ TVEEM
L8/8 98/2 T 1] STY IN AIRH PTTOFT3snbue Iea yjuaeg serogooneT ersoyoudyy 008EM
ze/6 18/z1| 1 1] STV In atT(3ra~yuTIg y3uag seTosoonar ersoyoudyy [6ZEM
Tamo1F moTr24 z8/6 18/2T| 1 T} STY In ZuTyss (ming) sTsuedes ersoyoufyy Ze6zZeM
98/6 98/¢! W1 yd| sT¥ In yyuag serososdIyo ersoyoudyy 989eM
ateyYs 98/€ SB8/ZT ys| sV 1In oa erToyr3isnbuw eTgoyouAyy SV9EM
Ze/B 18/2T| T Yo} sST¥ In oTl1T0-2pTTA feas 1 s (1) ?IneITy - PTOTA GIEEM
’ T Yoy ST¥ In srsuedes IeA SIad greuedes prgozydal Z9SEM
Yo} STY In ) qunyg (1) sueoTInIy wnTgoTOoy 30 M
ateys 88/1 98/z] yu yoj sTVY 1IN wuooxg butdsam uo3ITIS e3e3TSn BOTRIOSS POBEM
€8/8 18/21 T uo 80 IS 8388815 €,US8ITS Z2 %3 seprorisex BaTRIOSd HSPEM
) T TH|! ST¥ In wooxq ybnoy T v38aTNoR vaTRIOST )
LWy igem €8/2Z1 18/21 T ™ 80 IS soquTajuoyg T ejevurd roTeIOSd PZSEM
weg -1 158 eN|] S0 Is| aIneynolg {wooxg anTg 1 errdAyde eoTRIOSd 99GTM
98/TT 98/Z o yo Is F I BSOJUaLIRS ©18y05TPUT BELEM
98/2T 98/zf W Yo} d4a 1s seproandedore aea D g (7 wrng) seproxndedore exa30bTPUI LSLEM
©w z I3sToWm L18/¢ 98/Z| yu yo Is ead qradnsg uo3lIT3s egradng BIoJOSTPUY GEVITM
98/Z1 98/Z| U Yp| 2dd Is wad jesT~puncy qunyz LELL ®RI0JOLTPUI ZZBEM
o yd 15 vag butTmeads qunyr (1) EOTUR3TINRW exaJobTPUI PSSZM
s gg {3sTom €8/0T 98/% @ Yo 1s ®ag s,uol Uo3ITIS § BTATEL TTUeT ewroyobTPUT TOZEM
IsTom qu yo 1s vad Iopuals Tabuaxds sTTToRIb eI0JObTpUT H96LEM
us 0z £€8/0T 18/2T| T ys| =44 IS =ad KaTen Lon T LELE L) 4o eI9305TPUI EG6HEM
3eTOoW 98/11 98/2 uw uo Is Bad 888TFES8T STIITT 3ITe5 IOUTW Tea quTYL BTTOITTTY vIaJobTPUT 6SLEM
oz Ijem 1 Yyo| add 1S wag BeaTFedT qunyzg BITOFTTITS ®I0305TPUI E9SEM
98/21 s8/Z! 4 4o 1sn ATRR PIITY Iwa 3ITY E22ETI03 ©Iago5STPUI B9LEM
o T L8/ 98/ 1 Yo Is qunyg saprostido EI0FO5TPUI ZGELEM
o Qf €8/0T 18/2T| T ys| Iad IS a1lquocoqepTTa eTroyrisnbue Tea 1 eTTOFTISnbUE ©Y830bTPUT BEVEM
paas !Tenuur 1 Yo 1s TTRI-Auung »uTg T mnyTroyrisnbue wnfTOFTIL GOEEM
paam z8/6 18/eT| 1 Yo 1s I3A0TD IIng T eydrowfTod o5voTpaN ZEEEM
ws Qg z8/6 18/Z1| T yd| add 18 wad pajeal-23I05 T1Ted (surs) snTTOFTPTT®XO snydATesodAy ggzeM
BbutTmeads €8/1T 18/21 T yo 1s wad butdesrn 313371 IbTURg gusdiros snyjeredsy GIGEM
te/6 18/21 1 Yyd: sI¥Y In Bod payouwIq-TUTW AeW 3T eS0T nuex snyjeredsy 6OEEM
iy 4 ) 1 ud is wa2d ISpue1s zbTyea erToyTAUCTgO snyleTedsy [8LEM
98/21 98/2|Z8/TT 18/Z1) ym o n B34 PaAwST~prROIG Kaazeg epjeutlizem enyjeTedsy LT9EM
wT yo %N 109 B STIBTTPAIGIUT snyjeTedsy CZoEM
T i fe) MNN aTosoqgseTlysuuoTgoEM eprdsty dss qunylL eprdsTy snyjeredsy pe6ZM
LT @3T8 !m gfg 68/6 98/Z| 1 eN Is ®ad pejuss 9oM§ Ib1YRd BST30X3 snyjeredsy S6SZM
L8/ 98/¢ u 4o is wed A1TTS zbTyeq xa uol8TY PURTUODSUND snyjeredsy [GLEM
SALON| MOId INd"| MOTd JI¥E | LTV  WOJ |¥IIXVIS HWYN NOWWOD ds€ns ANY HOHLNY sd103ds VYEANED ON
HIMOHD ATG0N TIOD
NOdsSTd
THIA



. 3001
wo £ z8/Y IB/ZT w ID| sV In JITW peaeeT-aualTs jsems (meg) ETTOFFUBTTE erqroydng 0Z8ZM
jewe fwd oL fAIP 1 ys|{ STV 1In peobsta JuTT euTIyIL IS erqaoydng GE8zM
wo 09 yu yd| STV 1n BTINTD FES[~MOITEN T sepTouobArod ®TINTD TVOEM
N aTeys 98/9 98/%] w yo IA BTINTD Jee[-pEOIg £9pTOUI®3ITP IBA 7T S8pTOUISIETR BTINTD 999EM
AVADVIAHOEANI
wo pg -~ oFv 1 yo I8 aTesoqis-aTp~ut~dAg o a (1) BTIO035T®Y BTITBINN BBLIM
q Yo 1s vr3eany doaess suAaDT STEUsuUopeT®s Iea D d (qunyg) STMIOFTITF BTITRINN LSTEM
98/TT1 98/Z| U Yo| =ad I8 ) sufaeq BABDUOD BPTITEINN OSLEM
TODTIO "W ‘fwo gT-0T z8/ZT 18/Z1| W1 up STV In BI3}[EINW 33OS aufaeT rTenTaq PTITRINN GLO9ZM
w2 pv {Lap 1 ys s0 Is I9)ed XTTW paxe3snitd T g3eT TEqWN eTebATog z.8ZM
oz T 4o ANO gsoqlaquajdas T PTTOFTIIAm eTebATOod STBZM
s> Ov - OE 1 Yo} 8TV 1IN TANEN NTTHW oa Turozeb erebdrod zigZM
uo 0g w Yo} so 1Is a1l3zedweys 1 ejeTORlORIq eTebAToq SS5ZM
: AVIOVTTYOLTOd
wy - ¢ y Yo S0 IS nyang asyed ereays (3 T) exeTnedeatun wnzneTdmg EH0EM
z8/v 18/21| u yo| sTY In scbaoq-83374 T errezr3rsoddo PUEOTY BYETM
> 0§ -~ OF T ~yo| sTVY IN @obeog Bsjojuejjon T pINsSITY pHSOTd §6IZM
¥oox ‘m g 1 Yol so IS Aeny aden M 3 € {(qunyl) wngre PWaUOSTO) ZOIEM
wo 0g s8/L z8/Z1| U ys| sV In IOMOTF BUTYD A¥OTIS z23 3 EpTa8TA BIPUBUSPY BTIEM
mw g 1 Yo} so IS TamoTy BUTYD pTIT™M (T) eIOTFTUN B2IpURUIPY $08ZM
38 TOW 1 yd SO IS nysng peawey buct yjeaads (sT3aInD) BTTOFTIRITDS pwsoy3REY LEGTM
wd 0f - 6Z 1 ys| STV In nyong PITM PTITA (T) #3eaTIqQUIT vweoyIeby GETTM
v KIp 1 yo| sv In nyong biog eonza (1) 8TIBTTTS rwsoy3evby ZEGTM
wo pg 1 yo| STV 10 ) srsusded pwsoy3eby LCZZM
w3 Qg u Ys| sao 1n nyong utejunoW Tpuapm 3 (3red (boer) BpTFTq pmeoy3IBSY 9LTEM
HYIOVILM
wo o5 {KIp 1 Yyd>| 444 IS XeTd 29 4H Frbzequnyy wnuTT TLSZM
ITIOYNIT
ID} STV 1IN ETTBXO LVYLEZM
1931108
Z8/5 T8/ZT| wl | STV 1n yoeg-Axten ordang bBoer vrn3eounyy 8FTEX0 LEZEM
wos gf T | sTv In eTTAydATod zea bawp errdydiTtod STTEXD S59EM
b jos01 maawal!us 8 1 10| STV In 121305 MaTT2x * bowp eToe3ny STTRXO 9€ZEM
1 23| sTv 10 133108 23TUH T 238UIROUT STTBXO LYTEM
98/6 98/Z] T 20| STV In 131108 pe33Ing o a v7TAydozejey STTEXO VB9EM
z8/5 18/2T 1 I3} STV In 1oaz0e oydand . 3185 FIepuos Iea Tsaid PUETURTYO@ STTEXO SEZEM
p epeys {wopgfisTow Z8/6 T8/2ZT 1 ad| STIY IN Butans {1exxos boep gjejusp ETTRXO LYLZM
T IDi sIY In 911eX0 JuLaqUNICIZ T v3E8TNOTUIOD STTRXO
TYAOTAITEXO
T uo so IS UNTUBISO PRiulns 3TI98.T (1) uneovuprTrded wnruchIeTed 909ZM
98/1T 98/Z|Z8/1T 18/2T T Yo! sTv¥ 10 unTuobreieg pepaeeq Boep (3 wang) wntroFrbuot unyuobIvTed EVLEM
. umtuobawTed
Iea unyroyTyIzAW g -1 Yd| sTv IN peaeaT Yazhw boep eTneoTbUOT umntucbIvTed LO9ZM
SALONR MOTI IN¥d| MOTd LINYN€|ITY Wiod [ YR ILIwIS YN 202200 4sdnS ANY HOHLAOW SdI03AS WHIANTD ON -
HIA0NO| gTaOR TI0D
Nodsmu ) -




zaedapaen !i1wad pavH

-3 he s

T TH| STV In pozny (T) rsOjUSA PTUTTO LOOZM
FYIOVINITO
I €8/6 58/Z| T eN| 9T¢ In 278980439 TTA yooTTnd (1) BT702001¥8 ©IS3ITES TBZIM
u yd| SIV In esrUSd TnITinesg BTyeqg (puos) m::Eﬂ:uOhmunom BOOEM
w3 g - ¢ m BN so Is IIMOTA AooH puos grr3sedn voydrsdyseag 9veTM
s Qg 1 eN| STY In dunty yulq) gsnp (qunyr) sninow voydrsAyowIg 09ZZM
wuo Qg [eg yo| STY In eABUS] UTEIUNOW T plEUCIDONW o vorUuad STEZM
m g !3stom ] eN so IS worUSd WEdIls BTueq pr7OoFTo8NnI dAe gqIiesl wmIoaud PeeUSRd EQGEM
, FVIOYNEd
T W] ST¥ In InoYeIay {yoesad pTIM T PUROTITR erIeTobBTY 9EZZIM
FYAOVIMNODVIA
wo g T yos| sIV¥Y In I2TOTA PITM sUequUNIsp IeA T suequnIap ETOTA 6VZEM
; AVEIVIOIA
eTUURTISY
us 09 T eN S0 IS pajeaT-eTATeES BPTTOFITATRS IvA J T BITOFTITATES PTUUPWISH ZZETM
Lp 1 yos{ SO 1Is BTUURWIaE XOT3S 19 2 N sTpni PTUUPLLISH EZBZM
: z8/6 18/TT1| T 42| SO IS aTsaoqssauabsepiby 1 vrrozrdossdy PTUUBIISH BOEEM
FYIDVI'INDUILS
AT # TF Te4& ‘fwo §¢ 98/s 98/¢ T qd SO IS . T wNYuUoTI] SNOSTQTH 099EM
. 98/€E 98/2 1 Yo STY 1IN BOOINCIFBPTTM gnordoTylee IeA T snordoTyjer gnoSTQTH 6P IEM
8Tqiy ayTT {mg ~ 2 1 Yo SO IS MoTTER aded gajeg (7T) psoIqROS ®IUOPOSTUY STIBZM
’ TYHIVATYH
T eN| ST¢ In| ®5Tndris y3Tm eoTTAUd b srreTndris worTAiyg cvezh
‘wo gy fAap Eq/T T8/2T| T Yol sT¥ I1n| eor1dud 3ynad-A1Toom pucs edrgooTseT eoTTAYd SZPEM
za/s 18/21| T Y| sTY In BoTTAyd seatpIeag srqiroquy Iea baag sTqISqUT voTTAGd 8ZZEM
us 0§ BL/T vL/ZT] W eN| SO IS ga)eld mous 1 €0pTO2TId eoTTAYd 8TYIM
wE-¢2 1 eN|ssd 1SN xog PITM T erTOFTXNg eITTAYd LELZM
. AVHOYNHYHY
. ®3jepTHIP °V !38TOWm wt | sTY In y&M uea g v (ueerg) se34dpody 8TBEM
) FYADYNIDYDI
1 TH| ST¥ IN ancysdsT ppod (bBuaxds) gsproutTyIs eTTSr503IvH LY ETM
b TH{ SI¥ In poom uorjyjes paejlseg T pnferad QUTSERD TGLZM -
a z T TH] STY 1In pooM K1xeyd psH drem (gQunylL) enjerjsox 80135 Te20103d §V6TM
wy gp~ 0t ‘A3Ip 1 TH| STV In jeeueibapiTm TAzskzs (7) eueovIfd BTY¥OTTI833Nd LBOEM
| eN| STY In dred A)TTS ejeuTUMOP IBA 8807 (F T) PlERUTEINOR snualAvH CELTM
TYIOWUISYTED
. 1 TW| STY In| 3noyata {LATToH edTIzy yTpey (1) §TITW XTI VIYZM
TYIOVITOIINOY
1 TH| STY IP URIIND PTTM 1 vE03UBWO] enyy LIEZM
o BN| STV In snyYy paramoTy pou zvd eTTAydo3fas snyy 6SZEM
£8/8 18/2T] T TH| ST¥ In soqTeel T epTonT SOYY EGPEM
T BN} STY In soqTuUao no T quuyL vonerH snyy GSGZEM
SUSTITRWISISX
w9 Izem u TW| STY In fuT3TEN UOII qunyL sTsuedes sni7AydoIney 8YTEZM
: SYADVIAUYOUNY
"'SAION| MOTA IN€E| MOTd INNE|LIV| Wyod|¥EIXVIS TWYN NOWWOD d4sens daNY ¥OELNY SHIDE4S YHENED O
BIMOUD| ®THON T10D
NOdSTY



o2 0t ot ud 80 IS T BT TOFTIOD B2TIZ ToBIM
wEe't fKap 1 BN SO Is Io3Tnd (1ed H) m:oumm.ﬂ:& Iea 1 FOUTR002 BOTIT [GLTZM
m2 66 u BN S50 IS o€ ¥ H BIPTJUT JIBA I B3UTO002 BOTIT DISIM
uo B w uN s0 IS FPEUTID03 IBA T POUTIO00D POTIH GILIM
w BT ZB/C 18/1 w Yo| STV IN ®OTIH pod geproyjurIas Jei goproyjurIss BOTIF LBLTIM
u g lLxp T ud S0 IS 1 EIFFED BSTIH 009TM
wd a9 y 4o S0 IS qsTTes X8 puelos erroyTABIq BOTIT 9GGEM
TOo4 GQNU AhHCO JI0TId o T09 1 FPURBOURTY BOTIH T69BO
| yo S0 IS YleaH TINL BTY&yueq Iea Ipuy ersyueq BOTIF 618U
w> ok w i fe] S0 IS qetTes BT7OFTOTRZR BOTIZ BEZEIM
HDHﬂhﬂU-JHUOvIOMnUﬂk o i o] 80 IS MWHNH:D.._..U.HN IBA T m“ﬁHGHHUMuHN. BOTIH LSSTM
wos 0g ~ 0T w qo S0 IS Bl1B3ETIR IBA JIpUy gleljsrIe BO2TTH DI8CZM
IYIDVYOTHA
1 TW| STY In oai1y teebassy ug ¥ D (3 wxng) BJEBJUSP BISTIIND BICEM
VIOYNYOD
aT1I81ae biog )
8373y {w g {3oyTom 1 yo! sTv 1IN {ysng 1238714 ¥ MooH % yauag (17T) wnueqresb wnuepeaned ZL9ITM
ysng
Aap FA T I3 STV IN 2338TIE SYTT~ToUuUa3 wnaoPTNISF IeA puos (qunyr) umaseTnIay omuepasned EIPEM
1 eN| STY INnjysng Xa35T1€ SYTI~XTEB puos (Z % H) unmpTHTIT IevA QUDYL wnaserrTdRo anuepaonad L[GLIM
T8/11 18/21 1 Io| STV INn ISITTTS&qUA IFPUSTS F3ToM (ureT) STUIOFTTTF erTerbrequnyl £9ceM
L8/T 98B/T yd| 8TV 1IN SPULIOH [[[EM
wo~g¢ €8/1 18/ZI o Yo} STV In IevTqTe3Uo3UTaTY FT v3ev3juepenburnb EPWIOH 1TVEM
BIOTTTA °*H ‘W T T eNl STIV¥ In IwETqTajuUoL T ejexadnedep SBULTISH 689TM
Z8/11 1B/21 L dg| sTVv 1n|3yee1~3apuTl psbpe quop FI BIBTTTO SRILISH SHSEM
L yd| sT¥ ID puos (Z ¥ d) BOUTUIW I8A F 1T e3e3rdes SBUWISH OV IEM
N e1eys WQ\HH WE\N w yo d3d IS BITajuad I9pusls Guﬂ&h:.—.} IRA IPUIJ AN .Hv Nuﬂ&h.ﬂ\w vITO3UDD GELEM
yw Yyo| STV In ssmed Apped epnaqg (qunyy) FqOTTI3 BITe3ua) 006ZM
Kap ) u Yo SENN eTT23u3d ¥ood uosurepy (g 3 d) srx3Iedna BTTO3USD [BEZM
} w yo| "dd IS surd 213371 PYaUBTIO IBA opnIg (YoT1d) PYIURTIS BIIP3USD TESTM
Kzp ge/L 18/e1} wl yo| =Zdd IS amed AITeH uoswepy (Z 3 J) STWIOFITP BITO3USD BSZEM
ITADVIAY
a8 eTjusine] {3sTOw T Yd| sIv In wraqo (uxetH) wpoddyowvaqg dee Basg suedax vrbIoqueaneT [E9EM
GVaOVJIDTHOTYR
wZ 1 . eN SO IS BUUOH Aepoyg srIebTnA BUTIOSERT pTITM
mo Gp wm{ eN 50 IS eTbbrUswBOy apuy PEO3USmOS BTOTYINIIS 65U IM
ysng MoITIa {m g wy o S0 IS weY 803 TUTSIAW BTOTHINTIS GSLSZM
sxsmoT3y AxtTey E8/8 1B/ET T 4o 50 IS TTRL 238D IM H DO FERyuUOD BETOTYINI3S LBYEM
uo og ‘Kxp m Yo} 0 IS ev3erryo dee wet (7) e3BPTITD BTOTYINIIS 95OTM
o T za/I1 18/T1} WL yo| sTv In| asddrizs Burznoxdssy T erroyrurd BIPTUD [GEEM
38 TOm ¥8/0T 18/Z1| U yo| so IS ysnIg juted anid USTaW X3 IYSTI ejerrrorued BTPTUD BYGEM
w g i3em w ®N| S0 IS aaddtiys sprsweai3s T ®TTOFT3Fsoddo BIPTUS T9GTM
3sTou o Y| SO IS xeddrIas 873371 usTaH BTTTWNY BIPTUD TLSEM
yjzou o o S0 IS zoddTI3s MOTT2X M H D rrurdreb ETPTUD LZBZM
IVIDYITTIWAEL
SHLON MOTE  INHG| MOTd LNHH | LIV W04 | HATAVIS FWUYN NOWWOD dsens aNY JYOHINY SIIDA4S WANTD ON
HIMOND HTEON TIOD
NoOdsT

FdI14




mw> Qv - 0E u yo S0 IS g TN SIOBUOCD ENTTOUI0WTS €TLZM
S8/t 18/21 1 o S0 IS yjeag Asuog T 58pyoorIe ETIOETH EBSEM
- wd 0 W i fo) S0 IS 1@ T N BIOTFIA®Ig IvA TpPUSM gsownp BeTIDRTA $OLEM
c8/2 18/21 T yo S0 IS yjeag Aysng psounp Iea TpuoMm egounp BTISETH COYSEM
w> gp - 0f {3sFou Ly Y| so IS y3jeoH papIeeq uod 4 (qsTrES) exefirqIeq PTIOBTH TOLZM
a Y| s0 IS ds BOTIY TSCEM
mo Qb - Qf 1 yo so IS ovddoydey Ipuy BSOTTTA POTIT TO9CZM
wus Qg w Yol so 1s T vIrojTnusy POTIY £BEEM
w3 GE o ys>{ s0 1S Tog H BITSUe3 IeA IpuyY Lagiio] BOTIT E69TM
w2 Ot -~ 02 S8/z 18/Z1 T uo S0 IS Tod B I0TTToRIb IeA IPUY BTTOUS] BOTIH BLSEM
w gz o ysp! so IS yiueg X3 TpuaM e3rngyrns ®2TIT PISEM
wo g ~ 0Z !{eTeys w uw S0 Is T gsounds BOTIF LEBZM
mwS g5 {3sTOuw ol yo| sIv ID BIOTFITTSSas Jea J 1 BIOTFTTISSOE B2TIH L69CM
s8/¢ t8/2T 1 4o 80 IS eyjueTedoyr rea I9ITng eyjueTedoys BOTIT TBCEM
wo gz i3sfoum . o ys| so 1S 13T%Q susyjueuofod BOTAT 6I0EM
w eN S0 IS T0€ H ®38UTIROTG IEA T Tr3suexntd BOTIT 905TM
wo 9§ -~ 0E 1 o so IS eT[310bueH T330uexnTd 1A T TT30UBXNTd BOTIT VELEM
wy Qg m ud S0 IS yjeoeg jurubarg qeTIes BIOTITIU8OETd EDTIT SBLIM
w Ys| soO 18 Yauag eT rAydosdyd vOTIH BLTH
w Yyo: so IS , 1068 H errydoxjed pOTIT  vsed
y o so IS weT sraprorjed BOTIH usa
w g‘r - 05 {3sTOW m o S0 IS yjeosg Luusd sutyN Yluag EITOFTIET IEA TpUSM enoydsxsd EDTIH BZLZM
w ¢’7 I3sTOW 1 yo S0 IS yaeag Auued x1s enoardsasd 1ea Tpusm enordsaed BOTIT GVGEM
w O -~ §¢ w ys2| so IS wOTIH Y20y 109 ¥ yainp ernazed . BOTIT €SLIM
us 0L 1 y>| so Is eIOT3TATRd TEA 7T er0TITATRd BITIT LODZM
a2 oL ~ OV 'Y o S0 IS epTal Jaeejqbue] geTI®ES BIOT FTWSOUO BOTIT [ZLZM
] ys| S0 18 yjued Xs ys8z3oTd p3Psn3qo BOTIY- TSEEM
- w 0F .- OF m yp! so IS qunyL enbrTqO BOTIg Z0LZM
mw gf - 0z f{eTeys Yo} so IS 1 eIOTFTPOU BOTIHT EE5ZA
uwo 0t o yoi SI¥Y In Yjuag Jourd I8A I T Fruossew BOTIT THITM
ws Qv 1 yo| so 18 YyjesH MOTT®A bxeg ga3nT BOTIT pZUZM
w o wy o S0 IS Yjuag evjelsTIeTiUOT BDTIH L65ZA
1sTOW w ya| sIv In y3jeeH ButppoN TI1®ws 88w I9ATTO PUPTUOT BOTIS 0BSEM
y yo{ soO IS 1 B3BOTIquUIT BOTIT GZTYEM
Azp w ys| so 1S Ipuy vsourhnuer eOTIT Q9LZM
38T0W m w S0 IS BOOTIOEOTOY IeA gBTIRS ra@dTIGSOTOY BOTIH 6EQZM
wy BN S0 ¥d BeTnprdsTy Jea 1 eTnprdsTy EDTIT STAZTM
3sTow w Yo S0 IS 1od H gFuedrjusaocon Iwa T e3eTbrysey BOTIT LGHTM
w2 gg - ob {Kxp 1 yo 50 IS JOTOS8TP IBA IPUY IOTO28TP BOTIT 60LZM
w ozt quw uo S0 IS jud ¥ E P3eTO82IN Jea Yyjuag vlfjurwgap BaTIT SCLZM
mw o ym w S0 IS STIISOITATND IBA JITTES STI3SOITAIND BOTIF T9VZM
w Qg f{3syoum o Lt S0 IS . eIOTFFTAIND IVA T ®IOTFTAINS BOTIH £L8ZM
wo op {3sTow w Yo} S0 IS qsTTes vIOTFTINUWND ®OTIH ZEZITM
n2&d -3 fuo op - 0O€ w o S0 IS IszTNd LEEET-) & £ BOTIS STLZM
w Qg yu yo| so 1s qsTTEs 8TTepAI00 BOTIS LG6ZM
SALON MOTd INu"E| MOTd LRH | LTIV W04 | MALAIVIS FWYN NOWKOD ds€ins ANY HOHILOY SAIDIAS WHANTD ON'
HIMQuD| =TdON TI0D
NodsT

HHId




L4 W eyl sTv 10 ° sboysbpal qunyy grsuedeo BTZ39H DOSEM
AVADVI 21aY9
peoan T i e} 1s IeRTIUTISI00TD T Xoxagy BeIn3eqd 91ZEM
posM T| qnays Is speysiybTu >oETg TRUDd WNXeryoI3sx InuUeTos pYLIM
paan . 1| gnays} sTVY 1In wopes yo e1ddy Teung FTUURLLIBY unuUeTOs DESEM
R i VIDUNYIOS
q809103 {opeys T yo 1s pTEsogeTdiey T vordoryjor sAyoe3s E88ZM
i AVADVIHYT
oW qnayse S0 IS aqITas ooy uojdimo) sTa3sednr 9GTT3S 9L0EM
’ X IYADVETILS
o g 1| qnrys 15 8 TssoquInmnog yong (o Q) snur3uom uowe3s0qoT E€6LIM
. IVADUNIOVHOT
u|31ezed SO ¥S epPoqg wyabug e3eTnbUR E3BDSND DE9TM
AVIDVINATOANOD
T qIey ANN moTgsey {Jueld PROL meg (1) vivborIva ?2GI0 TEGIM
1 1| ST¥ In adoy Kexuol se3TNYsS TruTdre sucme298 NSTEM
9B/2T1 58/ T 15! s1¢ I0 Bxag edeTIo seTdeToSY €9LEM
9B/E 98/Z] 1 I STV In iy KoW 3 unyrAydozajey ungsoTSoprdsy ZS9EM
1 I938ng Joyjea4q so3Tayds (3 1) enIoTFFI3 snueydalsy DPFEM
IYIOVAVIGTIOSY
oM o ys|ssd 1sSn STTTId moTI8X TITIIoH (3300H) srsusdes BTSIBITTA TZBIM
Kxp w o Is BTUOITYD A¥oT3S 3 I euoberjel BRTUOTTYD SPEIM
3IgTOM ur Yo Is BRTUOITYD opTSweaIls ey erToyraddwerew BPTUOITHD DPETM
€8/11 18/21 T yo> IS BTUOITYD JIEM] uzoopxap vuer des T FapTOUTT BTURATYD 9TLEM
3eTON . u yo| mad 15 eTuoITYD REIRT] 1 saprouTwsw eTUCITYS TZITM
T yo Is PYIUBRIOTW IBA ZUTYSS (PIYoaTyas ¥ weyp) PIURIOTE ESEQDS N_vmﬂl
y o Is| worqeat{3T2eN !{earqges 3Tnyes ¥ weoW (3 1) v9IN® g9RGaS BOSEM
) TYIDVNVIINIED
€8/T 18/Z1 T TH{ STY In jnoyIazex {poomucsI stsueden des T sTguaded BOTO PIPEM
T H MNN| POOM UOXI PRARIT-SUTA sn3eT09403 dss ureazs (Kay 3) En3er0eA0y gRYIUREOTHS TPSEM
- IYIOVITO
Z8/0T 18/2T1| 1 eN| STV In ysng Axizagenig x53uTA 8p (1) vxqerh soxAd=soTq LOVZM
1 eN| sTY 1In TIZENH BES Kexzon B5QWOORT eaTong 0DZIEM
1 eN| sTY In soqerey uzetH x2 Aew ¥ (7 T) wapuefrod eaTONg SLVEM
AYIADVNIGT
1 TW| STY In WoOQINOYNTIR T omrouUy uoTAX0I9pTS TTIEM
FVIDVLOANS
T TH{ STY In Inoyuayeog @sdeey zow (1) soeoTgdour Tow rourdbPy QGZ9TM
. 1 eN| sT¥ In Butaxfn f{9731&W aded T PUBDTII® SUTSIAN VLEZM
: . AYIDYNISHAW
wo G2 R . ur Yo so IS IoYy3jeag S89TY3IOM yoo1Tng (quoyr) snjeazas sndIwaoTohEN ZSOEM
uws 0y 58/% 18/21 1 yn SO 1S dno-ays~L8soK " @sanig (3TVW) gs0o5nm oudboydAos pESEM
T1 e3wyrejTdesimopg q yo| so 18§ g6m ISATTO ERIOTSUETTTFM ezorduds gzizm
w2 0§ 1 yo| sO IS @onxg (gerres) STTETQET erarduds ggsem
SELON MOTd [LNY€| MOTd IN¥E|LTY WH0J | HIIAVIS GHYN NOWWOD ds€ENs aNy dOHINV SHIDI4s YHANED ON
HLMOWD HIEON TI0D
NOJSTH

TdId




1 Yo I8 13TYsS sTTT99P uoposoydys 896ZM

Lt8/e 98/z| 1 ys Is - snd2eo03vsTIg 98LEM

w 1w IS ST[TBE98 JeA UOTYOH STTTS868 sndzeoozeusTId £56ZM

€8/v 18/21( 1| 4o Is uoswEpY Ta83yseTyos  §ndIvsoleWETIg EZVEM

B 1 2 Is - oa v sngoTTASIq sndapo03PWETId STVEM

€8/ 18/21 1 Yyo| =34 IS BITH0Y 83TUM I3TY>5 # T rydomresd PTTo0H £ZPEM

Lxp 88/1 398/t ym o Is © eT120y Lssoy 31 vsoIsnW BIT20H GOBEM

€8/T 18B/2T T Yo| gad Is BIT®Y 3nig BPAINSUT I®A DQ W eaAInouT BIT90U OT6EM

KLz1p o Yo STV In 1Te3-xX03 onlg uosuwepy (I13TY2S) pexnr IBA DG ¥V (F T) rrfOoFTNUS] BIOTOTON LEGZM

“&ap 28/1T 18/2ZT| 1T Yo!| sTY 10 1Te3-X0d 33TYM soav wgoroldeT eISTITAN GBEEM

- ’ o IVIOVINNY dWYD

1 T} STV IN Kuodig vuwvu 1wa ubop (werT) vURY STIF0IPON LLSEM

1 T ANn saT[pameq vixqess des puos (F T) vIqRos ETIOUYSZ ZLEEM

P ; - - IVIDYLIAUNDIND

wo g 1 qo 1s sniqeas| PTIA T BUBOTISE §FOTROS ZBOEM

HVEDYDUSJ1Id

z8/9 18/21| uw yd| sTv 1n I831ES e3srreuTsea aooapdIRD 1Z9EM

R ELRE a o 18 voooorwrads des puog (3 qyoTey) veoosvrmIeds onoowrdIRy BO9ZM

£2p wmy qo 1s seTTIND 108 T (yeong) eydiowrosazey eooovdIBl SLOEM

- wZ ~:5'r - T yo 18 . wmjerny3leds des buaiads m3eznyjeds wnuzedsoy3uy TLOEM
’ mw pz| 1 4o is F3nd (223X 0) wnryoFrxsryes dss 3 quoTay seprorreb unuredsoy3uy LI6ZM
wog’t 1 4o 18 b wnordoryjer emmzedsoyIUy ZLOEM

- , AesOVIENY
TeOnUUR {38M u 4o 18 18I0MIOPRETH NURIYDS ejrurnbsTg EYIBINOTIIN PBETM
AVAOVINYING T INIT
s3tseIed lAap o] Yo ANN| ereeuley {smerd 9,3ed I vournbues syouerqoly 6Z8ZM

: uoTqiur Tooy i

-~ e3reRIRd LIp T yo ARG {ekoarwyg pay UISTH X& ATIRH egorngny BloATen TL9ZM
a3Tseawd IKxp| o 4o ANN {moTqul {ekasTwH 93TYM XOOH grsuades eAaATeH 0L9ZM

om {o3Teexed !3sTOW o yo MNN IomoTd SA0T Bxeg ‘WNIqEo8 PUWSETON CL6ECTM
~yozng (*T) BIQNP ¥ 1 Yyo| maa 1s Lotoyd (quuyg) erroFT3Isnbue 57dTey3eby £65ZM
z8/11 T8/21| T L] aad Is : 31 eooFUAqIoA .05®T9S 985ZM
i{Tetuuarad ‘/renuue 1 L{ 2ad 1S 1 erands obvTes VL5EZM
o WO Of ut 4o 18 8T EB0QIRE~NOTE bxag ®3PITAE oberes SOLZM
TeTuuazed ‘TEnUUER Z8/6 18/Z1 T yo 15 am3er7r5 dag Kstoyp (bxayg) un3eTTIo PWSTYSSTA YASZM
, - AYTOUNIOVIES
€) e3ejuap giTenuum| T yo 15 aT[youmoTqIToA dren (1) arsuedes vdysuvTZnTRZ ZEVEM
’ mw gr 1 yo 1s : PURIESATOd TV8ZM
1 yo| dadd IS I8MDTd Asuog asnzq (quoyz) eprdeTy BI93INS 9VYSTM
1 yo I1s I9MOTJ PUBH snureylueg UISTH eupTIRYIUST POTNUERN £P3ZM
1 eN 1s ydoxog 3somg boog (1) BUPOTIFE BTIFO 8VBIM
mw oz’ . w N IS SOMAUTIS Tydropny eprany . BTPRAL GLBZM
68/6 S8/Z| LL/L wi/fet] T ™ 1n| FATOo3TM !{ETSyong sai1g T eprany PrISTIEH STEEZM
3IsTOoW ZB/6 18/TT 1 Yo} =Ad 1S STHXSqUaLTITM Y3ueg esnyyrp RTSOWON GLIEM
Tenuue {3sTOoW Z8/6 18/TI1 1 o ‘18 SI940Td MOTTI9X Auty TitzxaW {(T3noH) vEoWODwRY STIOWTWOH 5[ZEM

: SVEDVISWINHIOUDS

SAION MOTI  IN¥E| MOTd INNE|ITVY WHOJ | yaLAvIS HWYN NOWKOD dSENS ANV MOHINY SHIDHEAS YYENED _ ON
HLMOYD HTHON TIOD

NOASTY
AT



1 42| Zdd Id . 1 snjeTreqwn OTo0USS SEIZM
, 1 4o 50 IS 99339106UTL Katmoy 9 suadex “ OToaues ZYLZM
uw T {K1p €8/v 18/2T1| 1 yo| Fad I1a sTssoqeaybox T snzebrqnd oroeuss TEPEM
©owo gz - ST {Axp wl . yd| STV IN entroyrurd OTO8UBS DELZM
w g {3sTOoU z8/0T 18/2T 1 qd IS Tombey FI sn3exAT OTO0UdS E99TM
uysni IS wo TqIebuocy ATBH SNTnpTdSTYy IvA quUnyL snax033TT OT29UIS TIZSEM
- Kap ze/s 18/2Z1] 1 yd| sTVY 1IN s8a1 (qunyx) snrroyrIsey orseuss TOEEM
w ot _u yo Is ATRR enTTOFTITTF OTO0USS DSSEM
Kxp 98/€ 9B/Z 1 yos| s1v In £US255GNTS IBA ITY gnaosceqnio OTOBUBS (QS9EM
gB/6 18/21 T ys| sTV¥Y In ssa1 (qunyy) -  snrroyrrIeTequds OTO0UdS ZOEEM
Kzp B o w IS POOMIIION JIeMmg sonxqg (bxag) esorrd eTddIH 9EDEM
- STRIINUEY

T uo I8 {poomMuLION TIRUS 1 (1) susosselnIy eTddTH 9LSTM
Axp z8/9 18/21} T o Is soyeuen srad (1) g3rpUTqINg eTUSD ESZEM
a9M w eN IS LsTRqQ O9pRYyS Bpuog BTTOITI®T wntTAydouTmeyL TGSSEZM
poes . y Yo Is 8OQBANOTSRRTY 1 (1) 2382InITI3 BTERURHIY BGOEM
Axp €8/6 18/2T| 1 4o IS Asteq a1drainN 3T exsyrrOId BIGPOO ZETEM

qd SO IS sTsusded vIOpPEO
w gt o eN| STY 1IN eTed {£eTEqQ UTERjUNOW see1 (bieg) EBpPTOOSTIDISE sTsdo3TWED PBLIM
£8/T TB/2T| wl 4o| sTY 1IN eTnRIYe el Fowe1g (T) exye 5T5do3TWeO STVEM
T8/ZT T18/2T] 1 ys} s1v¥ In AsTRQ Noou . sonag (3 T) BUSTTE 8T5deToI5I0H BEEEM
98/0T 98/%Z} U 4| STV¥ In - vrTdydoxeiey des ese1 (qunyg) errdydolazey STXTIYIY QOLEM
q dm S0 IS Ksteq @sON sudase (drg yos) saproTpodosAT eydromodIg ZITEM
Kxp 1 yd| SO IS soqUOTY FeST~SUTA 2a erroyrrydraes ETSETEION EGSZM
o w gt 1 TN, So Ia soquoTg uea.a (1) e3eoTINW eTERTRISN STTIEM
ud cog {KIp w eN{ ‘SO IS soquoTg FesT-)YDTYL ATRg erroyTqUAo BTSETRION ZISZM
. Kxp w 4o Is aa eTTOFIX®T obexedsTa 606ZM
Z8/6 18/21 1 yoa2| s1v In 8se) edresaTser obfezedsT@ LTZEM
- U 0g 1 Yo} =44 10 8897 srreards 8q9035 0SLZM
al - OF o Yo Ia sogqbuets quoyyr {71} egomgntd ogeo3s L66ZM
w> g5 - op {Aap o 4d| dad 14 qunyr 2URDUT 6g903Ss DIVPIM
ateys {wo gL ~ 0§ u ys>! =ad Ida 9T980QI9390USITRRA qunyrn P2IoUTO egqeo3s 966ZM
wo 0f 1 Yo S0 IS bieg v3v3Tdeo 2qeo3s TIZLZM
1 Yys| so 1Is soqeatddouy b eordory3zae 2qe03S 609ZM
£8/TT T8/2T} T Yo| mdd 1a preT1TR (1) sopTOuWREas eTpuowps TIGEM
w ys| so 1S PIBTTIITH (weT) grroyrurd eTpuowps TEIZM
o yos| STV In PIETTTITH (Ipuy) 2382TOSRY _BIPUOWPZ 90LZM
A1p uns&IyoTTeH w eN| Fdd Id BbutysetIaam edep Aou woo pioN g (7T) e3r3804 eydzeouds 0Z9ZM
ateye w 42 15 33208 3 pIeTTTE (qunyg) un3auT 3 umeAIYSTTOH VOSEM
€897 WN31ernNdTINE *H T eN Is pecbTooy)sy0juajjorp . Yueryos wnyroyranpued wnsAIyoTI8H 9T6ZM
aTeys u yo Is burjsetasaz Lqeg ATeH (2Q) WNeATU IBA 8@ grnjeuoIonw E:mb:uwﬂom 0S6ZM
) u 1| add 1a arl3Ive(omas 1°€ H erezo3IT wnsdIyoTTOH TS6ZM
Tenuue 1 yosi . 158 QISH 2A@ATSA uosItatao (1) ' wmoTPUT unsAIysITOH 060EM

yo| =ad 1s : erruny wnsAIyI2TTOH
1 " yos| sO IS obes uspTon smsouds dee uog g () unmsouk> mnsAIYSTTOH ZBLEM
SHLON MOTA LNH"E] MOTd INHE | IV YOI ME@HW TWYN NOWHWOO dS€NS ANY HOHLOW SdIDH4S WAANAD ON
HIMOYD TIEON TI0D

Nods3TyH
ANIL




Appendi;: 2: Permit . ' 1
PERMIT -
TO ENTER YOGELGAT NATURE RESERVE

Neme: hss ChvepuL == e G=
.Ad.a'ress:v?" % (:JSA.(O '
-( . : '_’-' -

PERMISSION ' is* hereby given. to the abovenamed
person or his wife, or son, or-daughter. accompanied
by his or her party to enter the Vogelgat Private
Nafure Reserve.’ /5/fG~ 31 /%/qo

This permit is not transferable to anybody else, and
thé total number of persons at any one time entering
the Reserve under this permit is to be limited to ten.

The holder of this permit undertakes to obey the
rules attached hereto relating to this Reserve and
-furthermore to be responsible for seeing that all mem-
bers of his or her party obey these same rules.

This permit is issued on behalf of the Board of
"Vogelgat Nature Reserve (Pty) Ltd, by Dr. lon Williams.
29 Tenth Street, Voélklip 7203. :

SEo

( Signed:

Director

3
DoGt

introduce into the Nature R‘e\5 e or .be in
possession, or in MS within the
Nature Reserve, unless er proper control. Any
foose-running dogs found in the Nature Reserve

will be destroyed;

damage, climb over or through any wire fence,
or other fence, within or bounding the Nature
Reserve; : )

at any time unnecessarily or unreasonably mqke
or cause to be made a noise, or do anythnpg
which may be a nuisancg, impediment or hin-
drance to other persons, or which may give
offence to any person within the Nature Reserve.

camp within the réserve, )
sons found contravening these rules will be pro-
sted under the Nature and Environmental Conser-

on Ordinance of 1874,

By Order of the. Board of Directors,
Vogelgat Nature Reserve (Pty) Ltd.,
29, Tenth Street, Voélklip 7203.

NOTICE

 an express condition of your visit to this Reserve
the Company known as Vogelgat Nature Reserve
Ltd., shall not be responsible for any bodily injury
her fatal or otherwise, nor shall the Compan.y.be
onsible for any damage you may suffer arising

the loss or damage to your property brought

YOGELGAT:NATURE RESERVE

RULES
No personshall:” o
1. enter the. Reserve without a ‘permit to do so:

2. ;ntroduce into or be in possession of any flora
auna, weapon, trap, explosive or poiso ithin
-the Nature Res'erve; p. . within

3. remove from the Nature Reserve an
A . y flora, fauna,
nests, objects of historical, archaeological or
scientific interest or.any property-therein; :

4. damage, injure or destroy any flora, fauna o
s i fauna -
nests within the Nature Resewe);l ' 2

9. .damage, dgstroy or deface in -any manner any
-natur:al. object or any property, including that
belonging to the Municipality, within the Nature
Reserve.;

6. ‘make a fire within the Nature Reserve o i
t r commit
any act whereby a fire may be caused therein;

7. introduce into, operate or use within th
) : e Natur
Reserve any class of vehicle; ¢

8. discard any refuse whatsoever within the Nature
Reserve;

9. in any way pollute or throw anything in
~within the Nature Reserve; yihing into waters

into the Reserve irrespective of whether such bodily
Injury, loss or damage arises as the result of fire
theft, floods or from the negligence or intentional aci
of any person whether or not. in the employ of the
Company, or caused by any animal in the Reserve.

All visitors, whether or not they occupy accom-

mpdation within the Reserve are deemed to contract
with the Company on this basis.

HERBARIUM

The Vogelgat Herbarium is available for plant iden-

tification and lists of species may be had on request.

AVIFAUNA

A check list of birds to be seen in the Reserve is

available on request.
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Appendix 4: Table of relevés at eighteen months post-~fire

3574435833
1091321293
B

3644
4189

775555
014795
D

7221222332214
60214576 707
E

98513349
2481 59
F

1817
7394

Thaminophyllum latifolium
Berzelia rubra

Restio perplexus

Retzia capensis

Grubbia tomentosa

Penaea cneorum eep ruscifolia
Tetraria brevicaulis
Laurophyllus capensis
Cliffortia atrata

Erica coccinea var coccinea
Lampranthus emarginatus
Pgoralea aculeata

Lebeckia inflata

Euryops abrotanifolius
Restio dispar

Indigofera superba
Hiddringtonia cupressiodes
Monadenia bracteata
Indigofera filifolia
Lobelia chamaepitys
Gladiolus bullatus

Brunia albiflora
Hypocalyptus oxalidifolius
Struthiola tomentosa
Protea lepidocarpodendron
Pillansia templemanii
Berzelia squarrosa

Ficinia oligantha
Carpacoce spermacocea
Schizaea pectinata
Polygala bracteolata
Indigofera glomerata
Phylica ericoides

Bobartia filiformis
Hermas depauperata
Ehrharta rehmannii var filifolia
Ehrharta ottonis

(SRS BN BN S B )
~

171 117
3772
7777

Osmitopsis asteriscoides
Geissorhiga ovata
Hermas ciliats

Gnidia oppositifolia
Ursinia eckloniana
Erica brevifolia

11
77

~ =~

Chondropetalum mucronatum
Erica fastigata var coventryana
Blaeria barbigera

Chironia jasminoides

Disa patens

Restio filiformis

Hermas gquinguedentata

Brunia alopecurocides

= el N

Chondropetalum ebracteatum
Pentaschistis colorata
Erica longiaristata

Erica cerinthoides var caerinthoides
Thamnochortus lucens
Disparago lasiocarpa
Ehrharta setacea
Indigofera ovata

Cantella difformis
Corymbium cymosum
Leucospermum gracile

72

77 7




Appendix 4 (cont)

3574435833
1091321293
B

3644
4189

775555
014795
D

7221222322214
60214576 707
E

98513349
2481 58
F

17
62

1|1817
4]7294

Motalasia cymbifolia
Ceratocaryum argenteum
Erica coccinea var inflata
Syncarpha speciosissima
Senecio pinifolius
Anapalina W3776

77 77

21

77 7
77 7

Restio sarcocladus
Helichrysum litorale
Lightfootia axillaris
Berzelia incurva

Erica coccinea var pubescens
Stabercha banksit
Leucadendron gandogeri
Aspalathus aspalathoides
Chondropetalum deustum
Corymbium scabrum forma filiforma
Hypodiscus argenteus
Euphorbia silenifolia
Restio similis

Stoebe incana

Mimetes cucullatus

Restio bifarius

Aspalathus oblongifolia

~I

7
7
2727 7
773 77
7 M
737 3
777 7
177 1
177 7
77 7111
7 77
777
71 111

Lobelia erinus
Brachylaena neriifolia
Calopsis asper

Sutera hispida

Disa cylindrics
Monadenia ophrydea
Linum thunbergii
Edmondia pinifolia
Elegia thyrsifera

Thamnochortus pulcher
Roella incurva

Disa cornuta

Rafnia cuneifolia

Erica tenella var tenella
Restio ambiguus

Brunia laevis

Corymbium congestum

1171

Staberoha distachya
Watsonia schlechteri
Protea cynaroides

EBrica onosmiflora

Drosera glabripes
Indigofera alopecuroides
Anaxeton laeve

Erica aristata

Centella triloba

Schizaea pectinata
Micranthus alopecuroides
Thereianthus bractsolatus
Osmitopsis afra

Merciera tenuifolia var azurea
Mairea coriacea

Drosera aliciae
chondropetalum hookerianum
Merxmullera rufa
Tritoniopsis doddii
villarsia capensis
Phaenocoma prolifera
Edmondia sesamoides

17 17
7177
77 77
7 77
77 1 7
7 317 17 7

1177 717
7
7 717 71717177
77 7
17
7 777
17771 11
;
7 7 717
1 7 77
71
771777771
17 77 7
7 71
7 77
77 7

11

12 7
777
77
7 77
77
7
777

77
7 717
71

77
7 777

177

7 7
777 7
71 2
2 7
7111 7
77
723
77 7
7 7

77112 11
77 77 17
77 7

77 77 7
72 171777
7 77
77 7
7 37177177 17
77 1
3
77 771N
177
777 171171717
7 77 1777
77 7 17
2 712 11
1717777771771
7777717177717 7
7717717
777777
77 17

11 11
171 777
7

7 177

77 7

7

7

1 7

7

7 7
171

11 11

777171777

777 7177

1
77 7
77 7

777




Appendix 4 (cont)

3574435833
1091321293
B

3644
4189

775555
014755
D

7221222332214
60214576 707
E

T

98513349
2481 59

62

1{1817
4]|7354

Dilatris pillansii

Frica cumuliflora

Nebelia paleacea

Drosera clstiflora

Lobelia jasionoides ver jasionoides
Gerbera crocea

Hypadiscus albo-aristatus
Mastersiella digitata

Elegia filacea

Ficinia monticola

Pentaschistis capensis

Erieca plukenetil var bicarinata
Blaeria dumosa var brevifolia
Anthospermum aethiopicum

Disa bivalvata

77

12

221 7

77

77

Aspalathus excelsa
Selago serrata

Myrsine safricana
Lapeirousia corymbosa
Spiloxene curculigoides
Protasparagus compactus
Roeleria capensis
Ficinia brevifolia
Rumex cordatus
Cyanella hyacinthoides
Brica lanuginosa
Gelissorhiza aspera

NN N N e

Eriospermum nanum
Protea repensg
Hermannia salviifolia
FPelargonium longicaule
Colpoon compressum |

NN N NN

Struthiola tomentosa

Aira caryophyllea

Cotula turbinata

Festucs scabra

Gazania pectinata

Pentaschistis thunbergii
Lightfootia longifolia var longifolia
Wachendorfia paniculata

Erica villosa

Agathosma ciliaris

Helichrysum pandurifelium
Geissorhiza byricola

Drosera hilaris

Castalis nudicaulis var nudicaulis
Eriospermum schlechteri

Senecio repens

Crassula biplanata

Phylica lasiocarps
Chrysanthemoides monilifera

NN N N g N

NN N

NN NN

Pelargonium cucullatum var cucullatum
Pelargonium elongatum
Ornithogalum juncifolium
Nemesia diffusa,

Rhus lucida

Selago spuria

Montinia caryophyllacea
Lachenglis peersii
Arctotis semipapposa
Cymbopogon marginatus
Commelina africana
Diospyros glabra
Passerina vulgaris
Rapanea melanophloeos
Psoralea pinnata

711272
711
711

72
7 77

121
11

P R RN BN BN RS IR SRS |




Appendix 4 (cont)

3574435833|65|3644|775555|7221222332214|98513349|17 1817
1091321293 4189)|014795] 60214576 7072481 59 }62 7394
B A C- D E F G I
Gnidia galpinii 77 7 . 7
Selago verbenacea 77 7 7 7
Gerbera piloselloides 7 1 7 1 7 1 7
Moraea ramosissima 17 1 7 1
Myrica quercifolia 7 7 7
Spiloxene monophylla 7 7 {7 7 7 7 7
Trachyandra revoluta 1 7 7
Erica azaleifolia 7
Corymbium enerve 1
Carpacoce heteromorpha 7




Appendix 5 : Table of species not recorded prior to fire

Communities B A |C D E F G {H|I
3574435833|65[3644]775555{72212223322214{985133659117{1|1817
1091321293 4189)014795] 602145764 7T07]2481 59 6247394

Lebeckia inflata 7
Indigofera superba 7 77 . 7
Monadenia bracteata 7
Indigofera filifolia 7
Lobelia chamaepitys 7
Gladiolus bullatus 7
Hypocalyptus oxalidifolius 7 7
Struthiola ciliata 77
Carpacoce vaginellata 7 7 7
Bobartfa filiformis 7

Hermas ciliata 7
Gnidia oppositifeolia 7

Pentaschistis colorata 177 7 72 7 7
Disparago lasiocarpa 77 7 7
Indigofera glomerata 77 7 7
Indigofera ovata 1 71
Polygala bracteolata 7 7 7
Centella difformis 7 7 7
Corymbium cymosum 1 7
Gelssorhiza ovata 7 77
Pillansia templemanii 12 7 7

Helichrysum litorale T
Lightfootia axillaris 7
Aspalathus aspalathoides 7 7 177

Corymbium scabrum 1 7 777 7 7
Euphorbia silenifolia 777 71 7 7
Aspalathus oblongifolia 7 7

Sutera hispidula 7
Disa cylindrica 7 7

Roella incurva 7
Disa cornuta 7 7
Rafnia cuneifolia 7 7
Chironia jasminoides 7 7
Disa patens 7 7
Corymbium congestum 7 ’ 7

Centella triloba 7 77 17777} 747 P77 717 |7 3'[7777 377 7177
Micranthus alopecuroides 7 7 7 77 7 7 777
Thereianthus bracteolatus 7 777 T M7 7177 7 17777} 77 7
Merxmuellera rufa 77777771 [7117177|7111 7{17177777711771177717777
Lobelia jasionoides . 7717 7 7 7 77
Elegia parviflora 1 1 7
Ficinia monticola 7 7 77

Spiloxene curculigoides
Ficinia brevifolia
Rumex cordatus
Cyanella hyacinthoides
Geissorhiza aspera
Lapeirousia corymbosa
Koeleria capensis

R I RN BN B S |

~N ~

Hermannia salviifolia 7
Aira caryophyllea
Cotula turbinata
Gazania pectinata
Lightfootia longifolia
Wachendorfia paniculata
Helichrysum pandurifolium 7
Geissorhiza bryicola 7
Festuca scabra 17
prosera hilaris | 7
Cagtalis nudicaulis 7
Senecio repens 7

~N NN




Appendix 5 (cont)

Communities

B
3574435833
1091321293

3644
4189

D

775555
014795

B
72212223322214
602145764 707

F

98513369
2481 59

1817
7394

Pelargonium elongatum
Ornithogalum juncifolium
Nemesia diffusa

Selago spuria

31
72
21
71

711

72

Zantedeschia aethiopica
Dipogon lignosus

Restio cuspidatus
Ficinia W 3313

Senecio cymbalariifolius
Lobelia seétacea

~

galpinii
juncifolia
coronopifolia
othonna quinquedentata
Ficinia W 3547
Ehrharta ottonis

Ixia dubia

Anapalina triticea
Selago verbenacea
Disa bivalvata

Gerbera piloselloides
Moraea ramosissima
Spiloxene monophylla
Trachyandra hirsutiflora
Senecio pinifolius
Anapalina sp nov
Monadenia ophrydea
Linum thunbergii
Edmondia pinifolia
Corymbium enerve
Carpacoce heteromorpha

Homeria
Aristea
Lobelia

77717 1 77
7777 7
77 77

17

7777

~

77777
7 77

1777177777777777

77171777777
7 7 77 7
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APPENDIX 6:

Pre~fire cover-abundance
(No. relevés lost from)
communities (See text:

Table 2.1 for abbreviations)

B a C D E F G
Erica tenuifolia 2(1) - - - - - -
Leucadendron spissifolium 15(1) - - - - - -
spp. spissifolium
Cuscuta angqulata - 2(3) - - - - -
Blaeria ericoides - 2(1) - - - - -
Staberoha banksii - 2(1) - - - - -
Thesium spicatum - 0(1) -~ - - - -
Erica azaleifolia - 4(1) - - 0(1) - -
Erica corifolia - 0(1) -~ - - - -
Carpha glomerata - 0(1) -~ - - - -
Thesium ericifolium - 0(1) - - - - 2(1)
Thesium virgatum - 1¢(2) - - - - -
Osmitopsis afra - - 0(1) - - - -
Erica coccinea var coccinea - - - 1(1) - - -
Diastella divaricata ssp. montana- - 3(1) - - -
Thesium capitatum - - - 1(1) - - -
Thesium euphorbioides - - - 1(1) - - -
Thesium quinqueflorum - - - 1(1) - - -
Tetraria brevicaulis - - - 1(1) - 2(1) -
Pseudopentameris macrantha - - - 1(2) 1(2) - -
Erica rhopolantha - - - 1(1) 3(1) - -
Agathelpis angustifolia - - - - 1(1) - -
Serruria rubricaulis - - - - 1(1) - -
Erica longiaristata - - - - 0(1) - -
Erica villosa - - - - 1(1) - -
Protea repens - - - - - 2(1) -
Tetraria cuspidata - - - - - 1(2) -
Metalasia cymbifolia - - - - - - 2(1)
Pentaschisis capensis - - - - - - 19(1)
Phylica stipularis - - - - - - 8(1)
Ischyrolepis gaudichaudiana - - - - - - 2(1)
Cassytha ciliolata - - - - - - 19(1)
Thamnochortus gracilis - - - - - - 2(1)
Knowltonia capensis - - - - - - -
Tephrosia capensis - - - - - - -
Mohria caffrorum - - - - - - -
Erica lanuginosa - - - - - - -
Leucadendron salignum - - - - - - -
Pellaea pteroides - - - - - - -
Lobelia erinus - - - - - - -
Metalasia muricata - - - - - - -
cliffortia atrata - - - - - - -

Aspalathus serpens
Disparago laxifolia

Species lost from relevés post-fire
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Phylica buxifolia
Lampranthus emarginatus
Psoralea aculeata
Passerina vulgaris
Protasparagus compactus
Hypodiscus albo-aristatus
Pterocelastrus rostratus
Prionium serratum
Brachylaena neriifolia
Calopsis asper

_ Berkheya armata

Erica aristata
Scyphogyne muscosa

Column a: Noble and Slayter classification
Column b: Bell et al. Fire Response Categories

Nomenclature after Gibbs Russell |

4(1)
5(2)
()
1(L)
1(1)
4(1)
1(1)
1(1)
2(2)
4(1)
10(1)
1¢1) .
1(1)
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APPENDIX 7:

Mean post-fire density wvalues rounded to

nearest hole number (Table 3)
species communities (See text: Table 2)
(Number relevés sampled)

A B C D E F G H I
Geissorhiza ovata 1(2) 0(1) - - - - - - -
Hermas ciliata 0(1) - - - - - - - -
Gnidia oppositifolia 0(1) - - - - - - - -
Pentaschistis colorata8(2) 0(4) 0(1l) 0(l) - - - - -
Corymbium congestum 0(1) - - - - 0(1) - - -
Drosera glabripes 0(1) - - - - - - - -
Centella triloba 0(1) 0(8) 0(2) 1(4) 3(9) 0(4) - - -
Osmitopsis afra 2(1) 1(7) - 1(3) - 0(2) 0(1) - -
Mairea coriacea 0(1) 0(5) O0(1) 0(4) 0(7) 0(2) - - 0(1)
Drosera aliciae 0(1) - - - - - - - -
Merxuellera rufa 2(2) 1(8) 1(4) 2(5) 1(13) 1(8) - - -
Drosera cistiflora 0(1) 0(2) - - - 0(1) - - 0(1)
Gerbera crocea 0(1) - - - ~ - - - -
Ficinia monticola 0(1) 0(1) - - 0(2) - - - -
Disa bivalvata 0(1l) 0(1) 0(1) O(1l) 0(2) 0(1) - - -
Homeria galpinii 0(1) 1(7) 0(3) 0(5) 1(13) 0(4) -~ - 0(2)
Aristea juncifolia 0(1) 0(5) 0(2) 0(3) 0(9) 1(4) O(1) - 0(1)
Lobelia coronopifolia 0(1) 0(4) 0(2) 0(3) 0(5) 0(¢(3) - - 0(2)
Ficinia W 3547 0(1) 0(1) 0(1) - 0(2) - - - 4(2)
Bobartia longicyma 8(1) 0(2) - - 0(1) - 1(1) - 0(1)
Spiloxene monophylla 0(1) 0(1) 0(1l) 0(1) O(l) O(1l) -~ - 0(1)
Osmitopsis asteriscoides - 0(1) - - - - - - -
Lampranthus emarginatus - 0(1) - - - - - - -
Psoralea aculeata - 0(1)y - - - - - - -
Lebeckia inflata - 0(1) - - - - - - -
Indigofera superba - 0(3) - - - - - 0(1)y -
Monadenia bracteata - 0(1) - - - - - - -
Indigofera filifolia - 0(1) - - - - - - -
Lobelia chamaepitys - 0(1) - - - - - - -
Gladiolus bullatus - 0l - - - - - - -
Hypocalyptus oxalidifolius -0(2) - - - - - - -
Pillansia templemanii - 2(2) - - 0(1) 0(1) - - -
Carpacoce spermacocea - 0(2) - - - 0(1) - - -
Polygala bracteolata - 0(2) 0(1) - - - - - -
Indigofera glomerata - 0(2) 0(1) - - - - - -
Bobartia filiformis - 0(1) - - - - - 7 - -
Ehrharta rehmannii - 5(4) - - - - - 3(1) 0(1)
var. filiformis
Ehrharta ottonis - 0(4) - - - - 0(1) 1(1) -
Erica cerinthoides - 0(2) - - - - - - -
Thamnochortus lucens - 0(1) 1o0(1) -~ - - - - -
Indigofera ovata - 0(1) 1(2) - - ~ - - -
Centella difformis - 0(l) 0(1) 0(1) - - - - -
Corymbium cymosum - 0(1) - - 0(1) =~ - - -
Metalasia cymbifolia - 0(1) - - - - - - -
Aspalathus aspalathoides ~0(1) - - - - - - -
Corymbium scabrum - 0(1) - 0(l) . 0(4) 0(1) - -~ -
watsonia schlechteri - 0(4) 0(2) 0(3) 0(6) 0(6) - - -
Pellaea pteroides - 0(4) 0(1) 1(2) 0(3) 1(2) - - -
Micranthus alopecuroides -0(2) 0(1) 0(2) 0¢(1) 0(4) - - -

Species gained in relevés post-fire
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Thereianthus bracteolatus - 0(4) 0(2) 0(4) 0(7) 0(3)

Merciera tenuifolia var. azurea 0(1l) 0(l) 0(2) 0(9) 0(1) - -
1(5) 0(1l) 0(3) 1(12) 0(6) ~

Anapalina triticea -
Erica cumuliflora -
Lobelia jasionoides -
Pentaschistis capensis -
Erica plukenetii -
Pelargonium elongatum -
Nemesia diffusa -
Rhus lucida -
Selago spuria . -
Aristea major -
Haplocarpha lantata -
Osteospermum rotundifolium
Othonna quinquedentata -
Rhynchosia capensis -
Lanaria lanata -
Ixia dubia -
Brunia alopecuroides -
Selago verbenacea .-
Gerbera piloselloides
Moraea ramosigsima -
Myrica quercifolia -

Penaea cneorum ssp. ruscifolium 0(1l) - -

Protea lepidocarpodendron-
Chironia jasminoides -
Disa patens -
Disparago lasiocarpa -
Ceratocaryum argenteum
Staberoha distachya -
Erica lanuginosa -
Ischyrolepis capensis -

Pseudopentameris brachyphylla

Thamnochortus gracilis -
Syncarpha speciosissima -
Senecio pinifolius -
Anapalina sp nov -
Chondropetalum deustum -
Stoebe incana -
Erica tenella var tenella-
Dilatris pillansii -
Elegia parviflora -
Metalasia muricata -
Clutia polygonoides -
Hermas depauperata -
Disa patens -
Hermas .quniquedentata
Erica cerinthoides -
Metalasia cymbifolia
Helichrysum litorale
Lightfootia axillaris
Aspalathus aspalathoides -
Euphorbia silenifolia -
Mimetes cucullatus -
Aspalathus oblongifolia -
Roella incurva -
Disa cornuta -
Rafnia cuneifolia -

0(1)
0(4)
0(1)
0(1)
0(1)
0(2)
0(1)
0(2)
0(1)

0(1)

2(7)
0(2)
0(3)
0(3)
0(1)
0(2)
0(2)
0(2)
0(2)
0(1)

0(1)

0(2)
1(1)
0(1)

0(1)

0(1)
0(1)
0(1)
1(1)

1(1).

0(1)
1(1)
4(2)
1(1)

0(2) -
5(1) -
0(1) -~

0(1)
0(1)

- 21(2) 0(1) 10(1)

- 8(2)

- 0(1)
0(1) 0(1)

2(2) 0(1)

2(2) 0(1) 0(1)

0(1) 1(2)
- 0(2)
0(l1) -

- 0(1) 1(1)

0(2)
2(3)
4(2)
0(2)
1(2)
0(2)
0(2)
0(1)
0(1)
1(1)
0(1)
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Lobelia jasionoides -
Aspalathus serpens -
Ehrharta rehmannii -
Lobelia setacea -
Aristea oligocephala -
Tetraria compar -
Tetraria cuspidata -

Lobelia pinifolia var. pinifolia-

Anapalina triticea -
Corymbium enerve -
Carpacoce heteromorpha -
Indigofera glomerata -

Chondropetalum ebracteatum

Mimetes cucullatus -
Lobelia erinus - -
Brachylaena neriifolia
Calopsis asper -
Sutera hispidula -
Disa cylindrica -
Monadenia ophrydea -
Linum thunbergii -
Helichrysum humile -
Elegia thyrsifera -
Brunia laevis -
Protea cynaroides -
Ischyrolepis capensis
Ficinia W 3313 -

Senecio cymbalariifolius -
Ischyrolepis gaudichaudiana

Ursinia paleacea -

Pseudopentameris macrantha -

Gnidia galpinii -
Selago serrata -
Lapeirousia corymbosa -
Spiloxene curculigoides

Koeleria capensis -
Ficinia brevifolia -
Rumex cordatus -
Cyanella hyacinthoides
Gelssorhiza aspera -

Ornithogalum juncifolium -

Lachenalia peersii -
Arctotis semipapposa
Psoralea pinnata -
Ehrharta erecta -
Dipogon lignosus -
Aulax umbellata -
Tetraria thermalis -
Indigofera angustifolia

Protea repens -
Hermannia salviifolia -
Colpoon compressum -
Pelargonium cucullatum -
Zantedeschia aethiopica

Ehrharta rehmannii -
Restio filiformis -
Ehrharta setacea -
Leucadendron gandogeri
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Hypodiscus argenteus - - - - - -
Chondropetalum hookerianum- - - - - -
Aira caryophyllea - - - - - -
Cotula turbinata - - - - - -
Festuca scabra - - - - - -
Gazania pectinata - - - - - -
Pentaschistis cf thunbergii- - - - - -

Lightfootia longifolia

var. longifolia - - - - - -
Wachendorfia paniculata - - - - - -
Helichrysum pandurifolium- - - - - -
Geissorhiza bryicola - - - - - -
Drosera hilaris - - - - - -
Castalis nudicaulis - - - - - -
Eriospermum schlechteri - - - - - -
Senecio repens - - - - - -
Phylica lasiocarpa - - - - - -
ornithogalum juncifolium - - - - - -

Protea nitida - - - - - -
Phylica stipularis - - - - - -
Stachys aethiopica - - - - - -
Oedera capensis - - - - - -
Myrsiphyllum declinatum - - - - - -

Lobelia setacea - - - - - -

Leucadendron xanthoconus -

Pseudopentameris brachyphylla - -~ - - -
Hypodiscus aristatus - - - - - -
Syncarpha vestita - - - - - -

Penaea mucronata - - - - - -
Nevillea obtusissimus - - - - - -
Saltera sarcocolla - - - - - -
Agapanthus africanus - - - - - -

Column a: Noble and slayter classification
Column b: Bell et al. Fire Response Categories

1(1)
1(1)
0(1)
0(1)
1(2)
0(1)
0(1)

0(1)
0(1)
0(1)
0(1)
0(1)
0(1)
0(1)
0(1)
0(1)
2(3)
0(1)
0(1)
0(2)
1(1)
1(1)
0(1)
1(3)
0(1)
4(1)
0(1)
0(1)
1(1)
0(1)
0(1)





