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ABSTRACT

Invasion by alien woody [ ants is a major conservation threat
in the sclerophyllous shrub and vegetation of the southwestern
Cape Province which is knoun as fynbos. The Australian shrub,
Hakea sericea (Proteaceae)i the most serious threat in mountain
fynbos catchnents. This study comprises four papers and aims
to identify and quantify f ctors controlling the distribution

and population dynamics of icea.

The results of a cartograp lic analy31s of the distribution of
Hake a spp. in the Sontn- =stern Cape Province show that the
most important phy31ograph1c factor characterising infested
areas is the presence of quart21te and sandstone substrates
of the Table Hountain Series. Other factors examined in this
study are annual rainfall, a1t1tude and aspect; The importance
of two natural barriers is discussed and predictions are made
on the rar-= of potential spread of the species in tt Fynbos

Biome.

Hechanical control of H, ¢ ricea involves the felling of plants

and burning 12-18 months later to kill regenerating seedlings.
Burning standing infestations is sometimes proposed as an alternative
control strategy. An experi ent to test the effects of season

of seed release in burnt and unburnt fynbos on regeneration



success is described. No significant differences between seasons
or between burnt and unburnt veld were detected, but this is
ascribed to unusually heavy seed predation on the small plots. Seeds
germinated in winter and re -~oductive success following control
operations in large compartments should be greater following
felling in aut&mn. Felling 1 summer and autumn is most practical
due to weather considerations. It seems that reliance ¢ a fairly
intense fire to kill seed ings is a better control strategy

than manipulation of seedli g survival due to season of felling.

H.sericea is reliant on ¢ ed for reproduction following fire
or felling. The fate of set s released at three-monthly intervals
following felling on four large plots was investigated. After
12 months more than 99% of the seeds had been destroyed by granivores
but stands would nonetheless return to pré-felling densities
if only 60% of these remaining seeds germinate. Germination
on all plots was, howéver. negligible: Implicatio-3 for integrated

contr(~ are discussed.

Large-séale mortality in stands of H.,sericea was first reported
in 1966. Since then symptors of infection by thé virulent fungus
Colletotrichum gloeospor pides haQé been observed throughout
the range of H.§g:igéa i South Africa. The contribution of
ihis gummosis disease to the cohtrol of H.,sericea has been considered

largely opportunistic. A transition matrix model was developed



to quantify and predict the potential of the pathogen for incor-
poration into the integrated control programme. |

82$ mortality is predicted after 10 years at the study site. Pathogen
-induced mortal1ty occurred mainly between October and January
follouing periods of peak fungus actlvity during July and August. No

regeneration was observed beneath or near infected stands.
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PREAMBLE

This study is presented in the form of four research papers
in order to facilitate rapid dissemination of results.

| The style and layout differs betueen papers.»depending on the
requirements of the Journals for uhlch they have been prepared There
is unavoidably a degree of repetition in the '1ntroduction“

and 'references" sections.

Botanical nomenclature follous Bond & Goldblatt (1984) for all
taxa of the Cape Flora (including naturalised species) u1th
the notable exception of ﬂ__g__sgr;ggg Schrad where this name.
has been retained in preference to ﬂ.teguifgl'a (Salisb ) Domin.

Nomenclature for other Australian taxa follous Specht (1981).
References

BOND, P. & GOLDBLATT, P. (1984). Plants of the Cape Flora -
A descriptive catalogue. Journal Sou h Af otan

Supplementary Volume 13. 455 pp.

SPECHT. R.L. (Edltor) (1981). systems of the 1d He ands

and related shrublands - Analytical Stud1es. Elsevier,

.Amsterdam. 385 pp.
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1. FEATURES OF THE CAPE FLORISTIC REGION

The Cape Florlstlc Reglon (Goldblatt 1978) occup1es an area
of c¢. 90 000 km2 at the extreme southwest of the African contlnent
The Reglon is famous for the r1chness. dlver51ty and unusual
composltlon of 1ts plant life. There are some 8 504 species
of seed plants and 74 species of pter1dophytes in the Cape Flora,
about 46% of the total for Southern Africa (Bond & Goldblatt
1984) Limits of the Cape Florlstlc Region were drawn around
the major areas of fynbos. the most distinctive vegetation type
in the Cape Flora. Although the veld types recognlsed by Acocks
(1953) in h1s ploneerlng study of the vegetatlon of South Afrlcan
do not give a satlsfactory descrlptlon of the different vegetatlon
types in the region, the boundary between the heathland vege-
tation (Moll & Jarman 1984b) on the mountains of the Cape Folded
Belt and that of the semldesert to the interior is readily apparent.
'The Cape Floristic Region includes the area between this interior
border and the south and west coasts (Goldblatt 1978, Bond &

Goldblatt 1984).

The northern limit extends from the fynbos on the Nieuwoudtville
Escarpenent ‘to the Gifberg Massif and the Nardouw Pakhu1s -Cedarberg
mountains. The southern inland border runs along the base of
the sandstone mountain belt of the Witteberg, Swartberg, Baviaans-
kloof and the Great Winterhoek Mountains. These ranges.form

an almost continuous chain which run west to east and terminate



‘at_the Indian Ocean near Port Elizaheth. The"Region extends
roughly from 31° to 359 S and from 18° to 27° E. Outliers of
fynbos vegetation at high altitudes ih the Grootrivierberge,
Klein Winterhoekberge and.Suurberge between Willowmore and
Grahamstown are generally excluded from the region (Goldblatt
1978). These have, however, been included in the Fynbos Biome
(Moll & Bossi 1983), an area which otherwlse closely approxlmates

the geographic area of the Cape Floristic Region.

The clihate of the Cape Floristic Region varies from mediterrahean
in the west with wet winters and relatively dry summers,(mostlj
"Koppen (1931) clihatic type Cs) to humid temperatevin.the east
with uniform rain throughout the year (Kgppen climatic type
Cf) (Schulze & McGee 1978). The ranges of folded hountains
1ntercept much of the rain comlng from the Atlantic and Indian
oceans so that the ‘region is comparatlvely well watered Annual
rainfall averages 600 to 800 mm but may vary from less than
half the lower amount to over four tlmes the higher, dependlngv
on slope, aspect and altitude in relation to the rain- bearlng
winds. Mountaln ranges in the region reach an average height
of 1 200m but the hlgher peaks rise above 2 000m. The coastal
plaln is relat1vely narrow and the main ranges are separated
from one another by long 1ntermounta1n valleys of which the
main ones are the 0lifants R1ver Valley in the west. the Breede
River Valley in the south western interior and the Little Karoo
and Langkloof in the south; The meuntains are largely composed

of quartzitic rock derived from the erosion resistant Table



-Mountain and‘Witteoerg Series of;the Cape Geologic System.
Soils are coarse-~grained, acidic, nutrient poor and infertile,
_In contrast. the valleys and the coastal plain generally have'
heavier, richer soils derived from shales of the Malmesbury'
Series of the Nama System or the Bokkeveld Series of the Cape
System. Granites occur locally. especially along the_west coast
at lower altitudes (Lambrechts 1979). Limestones and calcareous
rock are largely restricted to the south coast and support a
distinctive assemblage of taxa (Bond & Goldblatt 1984),

The most characteristic vegetatlon type in the Cape Floristic
Region is fynbos. Fynbos may be defined as “evergreen. sclerophyl—
'lous shrublands on oligotrophic soils comprising essential Cape
'Floristic elements. cons1st1ng predominantly of either functionally
isobilateral picophyllous and/or microphyllous to mesophyllous leaved
shrubs and usually a55001ated with evergreen aphyllous and/or
narrow-leaved sclerophyllous hemicrytophytes" (Moll & Jarman

1984a).

Acocks (1953) recognised three categories of fynbos : "ecoastal
macchia", "macchia" and "false macchia". Using landsat MSS

imagery, Moll & Boss1 1983 and Moll et al (1984) have produced

a refined classification of the vegetation of the Fynbos Biome,
The major categories recognised in mapping vegetation of the
biome are given in- -Table 1. Only the Mountain Fynbos will be
discussed here. These;heathlands occur on sandstone and quartzite

mountains of the- Cape Folded Belt; from the Cedarberg in the



TABLE 1 :
(after Moll et al.

Major fynbos categories recognised in mapplng vegetation of the Cape Floral Klngdom.
1984)

Lowland Fynbos

Sand Plain Fynbos
Elim Fynbos

Limestone Fynbos

Mapped vegetation category Structural Environmental Biogeographic |Floral Kingdom
: Descriptions Affinities:i.. Divisions

CAPE FYNBOS SHRUBLANDS

Mountain Fynbos

Wet Mountain. Fynbos Heathlands on sandstone

Mesic Mountain Fynbos and quartzite mountains

Dry Mountain Fynbos

Grassy Fynbos

Mesic Grassy Fynbos Grassy heathlands on . - Cape Cape

Dry Grassy Fynbos sandstone and conglome=- Communities Floral
rates ' Region

0T
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north Qest to the Groot Winterhoek mountains near Port Elizabeth.
Mesic Mountain Fynbos occupies. by far the greatest area of the
three sub-divisions and comprises open to closed (40-90% canopy
cover) shrublands on seasonally water logged, mesic sites (Moll
gt_gl-1984). ~ There is a‘great_diVersity of blent commhnities
reflecting the influence of geographic factors and.of a complex
landscape (Rycroft 1950, Martin 1965, Taylor 1969, Werger et
al 1972, Kruger 1974, McKenzie é&_ﬁl- 1977.’Boucher 1978, Teylor
1978, Kruger 1979, Bond 1981, Campbell 1983, MacDonald 1983,
Van Wllgen & Kruger in prep) Commuhities are physiognomically
characterlsed by the presence of three elements : ericoid, proteoid
and restioid The er1c01d element comprlses generally rather

low and compact mlcrophyllous shrubs of the genera Erica, Phylica,

'Asgalatnus and other legunes. Rutaceae, Thymelaeaceae, Bruniaceae
etc. Proteoid elements are generally taller. more loosely branched
sclerophyllous shrubs 1-3 m tall mostly of the Proteaceae. Stout,
rather rigidly tufted aphylleus Restionaceae and Cyperaceae
comprlse the restioid element and are very characterlstlc of
the Cape Flora Grasses are usually uncommon. General physiognomy
varies from a low, more or less dense fine-leaved scrub to a
| tall clesed Protea scrub. or to a mixture of these forms (Taylor
1978, 1981). In'many areas, invasion by alien woody weeds has
resulted in the replacement of indigenous elements by stands
of even-aged trees or shrubs and severe dlsturbance of natural
communities. This poses a most serious conservatlon threat in
the region.

Besides their considerable scientific and aesthetic value, the



12

natural-fynbos_communities of catehment areas form the best
and most cost-effective catchment cover (Wicht & Kruger 1973). Areas
identified as catchments (van der Zel 1981) occupy only 8% of
the land surface of South Africa but yield 49%.of the country's
total water‘runoff. Almost 19% of the major catchments of Southern
Africa fall within the Cape Floristic Region, an area comprising

about 4% of the area of the SUbregion (Bond & Goldblatt 1984).
2. THE DEVELOPMENT OF A MOUNTAIN CATCHMENT MANAGEMENT POLICY

Fire has been a feature of the fynbos enyironnent since at least
the late Pliocene to early Pleistocene. Palaeoeoological eyidence
further suggests the deliberate use of fire as early as the
middle Pleistocene (Deacon 1983) The role of fire in'early
land use in the Fynbos Biome has been reviewed by Bands (1977).

Cape farmers learnt the practice of veld burning from the Hottentots
in the early days Fire was however condemned as most undesirable
from the earliest days of European Settlement in Southern Africa.

Strict penalties were proclaimed by the Dutch East India Company
for veld burning without special permission Acts preventing
the firing of vegetation that were passed by British authorities
after 1806 sought not so much to conserve the veld, but to prevent
destruction of - crops. buildings and other property. Despite
these laws, veld burning continued. The Forest Act of 1913 provided
legislation to maintain streanflow by protecting the vegetation
of mountain slopes on State land In 1923 a Drought Investigation

Commiss10n expressed the opinion that veld burning was harmful,

é
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espeeially where the water supply of certain areas was adversely
influenced. Tpey proposed that immediate action be -taken to
safeguard certain catchments by forbidding both burning and
grazing in these areas (Bands 1977). Botanists in the early
twentieth century condemned fire (Levyns 1929; Marloth 1924,
Pillans 1924). In 1934 the éovernment was requested to'investigate
the cadse. and to take steps to counter the drying up of the
country's rivers and to generally conserve the country's weter
resources, Researeh into various aspects of veld management
' for the conservation of water, soil and vegetation was initiated.
The spread of ipvasive alien'plants in mountain fynbos catchﬁents
was recognised as a serious problem and in 1937 the Weeds Act
(No 42 of that year) was passed. More than 200 species were
‘declared noxious weeds. In terms of the soil conservation Act
ofr19u6. the Mlnlster of Agrlculture could appoint fire protectlon
committees. The first of these committees was appointed in
1949 and withip a few years most mouptaip fynbos areas were
subject to some form of protection. In 1948 the Department
of Forestry approVed limited prescribed burning in the Southern
Cape as a measure for protectlng plantatlons and indigenous
forests (le Roux 1969). Despite pressure from many foresters
for the rela#ation pf the policy of complete exclusion of fire

from mountain fynbds areas, this‘policy was maintained uhtilv

the late 1960's.

As preliminary'results of research on veld management in fynbos

became available, it was evident that fixed rules on conservation
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of the entire region were impracticel and that separate prescriptions
.,for effective management of the different climatic and vegetation
types were required. In a minute addressed to all fire protection
committees in fynbos areas in Abril‘1967. the head of the Winter
Rainfall Region of the Denartment of Agricultural Technical
Services listed several principles that sheuld serve to.guide
eonmittees to responsible decisions. These recommendations
were based on the findings of an inﬁerdepartmental conmittee
convened to investigate the conservetion of mountain catchments
(Department of Agrlcultural Technical Services 1961). The total
protectlon from flre of vegetatlon in 1ow ralnfall reglons and
in certaln sections of areas of hlgher rainfall was advocated

Controlled burning of "foothllls and parts of the mountain veld
between kloofs, end where no spe01flc or recognised marshes
and perennlal sprlngs occur" was cautlously recommended. The
lack of scientific information to determine optimum season of"
burn and fire frequency te achiewe best reeults was emphaeised.
Fires were only to be initiated under conditions where "complete
control"'could be excer01sed. and 1ntervals between fires were
to be as long as possible until detailed information enabled
the spe01flcatlon of fire frequen01es. The importance of excluding

fire from catchments invaded by Hakea spp. and Pinus n;naster

was stressed.

An important development in the evolution of current mountain
catchment management policy was the promulgation in 1970 of

the Mountain Catchment Areas Act. This Act enabled the Minister
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of Forestry to proclaim land, whether publicly or priVately
owned, as Mountain Catchment on the advice of a technical committee,
This further enabled the Minister to serve on any owner of land
within a decIared catchment. d1rections with reference to the
conservation. use, management and control of such land. The
prevention of SOll erosion, protection and treatment of natural
vegetation and the destruction of vegetation con51dered undes1rable
and any other matters cons1dered necessary or expedient for

\

achievement of the objects of the Act are listed.

Spectacular regeneration of Serruri ﬁlgr;da san endangered
species of the Proteaceae (Hall et al 1980). follow1ng an accidental

fire (Vogts 1982) caused authorities to re-examine the policy
of complete protection of vegetation against fire (Boucher 1980).

In July 1968 the Department of Forestry carried out the first
major prescribed burn for conservation purposes in the fynbos
in the Kogelberg State Forest (Boucher & McCann 1975; Kruger
& Lamb 1978) and in the m1ddle 1970's introduced regular prescribed
burning in mountain fynbos catchment areas (Van W1lgen 1984). 1In
1976 the catchment management plans for the Western Cape Forestry
Region were modified to 1nclude a stipulation that all alien
woody plants were to be felled prior to burning (Fenn 1980). These

plants were mainly ﬂ g a_sericea and Pinus ginaste:.A

3. HAKEA SERICEA IN AUSTRALIA

Hakea sericea , an erect single-stemmed; much branched woody
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shrub of the Proteaceae is endenic to-south-eastern Australia, The
distribution of ﬂ;ﬁgnigga is shown in Figure 1. The climate
of the heathland vegetation zone of eastern Australia where
H.sericea occurs is characterised by long mlld summers (hottest
month with mean temperature below 220C and at best four months
above 1C°C) and uniform rainfall throughout the year (Koppen
cllmatlc type Cfb, Specht 1979) Soils of the heathlands of
east and central Australla are derived from sandstone. qdartaite
and granltlc rocks and are inherently low in practlcally all
plant nutrlents (Specht 1979). Phosphorus levels appear to
be partlcularly low (Specht 1963, Heddle & Specht 1975) and
this appears to be the major controlllng factor in the dlstrlbutlon

of heathland vegetatlon in Australla (Specht 1979).

Fire is an integral part of the Anstralian heathland ecosystem
and the adaptlve responses of vascular plant species to fire
have been w1dely studied (see Gill 1981 for a rev1ew). In the
genus _gxga. woody follicles are produced which open upon desiccation
of the parent branch which usually occurs upon death of the
plant.

For effectlve storage of seed between fires an adequate protective
mechanlsm is essential (Glll 1981). Within the genus Hakea

there appears to be a clear correlation between the extent of-
rellance on seed for regeneratlon and the thickness of the woody
follicle. Species with relatively small follicles (e.g. H,
v gzopingga vy a species of dry scrub in East and Central Australia)

rely almost entlrely on vegetative regeneration while a contlnuum
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The distribution of Hakea sericea in Australia
(Fugler 1979).
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FIGURE 2,

The approximate distribution of Hakea sericea in
South Africa (Fugler 1979).

the relevance of the Breé River and Langkloof
breaks see Paper 1l.

For discussion of
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of increaslng reliance on seed for propagation wlth increasing
thickness of the follicle is evident (S. Neser, personal communic-
ation). Within H.secigga there is great variation invfruit size. The
smallest follieles are borne on plants of a root-regenerating

ecotype in the Australlan Cap1tal Territory (Gill & Neser 1984).

Fru1t productlon in Australla beg1ns at c. U-6 years (Gill &
Neser 1984). In the formatlve stages. when follicles are molst
and relatlvely soft. 1nsect and fungal attack results in mortallty

of a proportlon of the young fruits. Neser_(1968) reports that

in a study of natural enemies of H, §gzlcea. gl Qgs and
H. suaveolgns. plants were found to be attacked by a w1de range

of insects. In some spe01es dlsplaylng the trait of storlng
protected seed in the canopy (e.g. Bank51a ornata). heat is
requlred for the dehiscence of most follicles, suggesting that
the tra1t is adaptlve to the occurrence of f1re alone. In Hakea
SPP.s however. seed is shed without the appllcatlon of heat
and it could be hypothe51sed that the storage phenomenon is

one related to drought, fire or any other agency of shoot death.
4, HAKEA SERICEA IN SOUTH AFRICA

Inva51on by a11en plants is a maJor conservatlon threat in the
fynbos. Slxteen out of 23 terrestrial plant species listed by
Hall & Boucher (1977) as alien weeds are trees or shrubs that
rely on seed for regenerat1on. In the mountaln fynbos, the major

allen plant 1nfestat10ns comprise three Hakea species, and in
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particular ﬂ;sgn;gea..,

H, sericea was introduced to the Cape during the late 1830'5.
It was used as a hedge plant, a sand-binder and was utilised
as a‘source of firewood in the proceSsing of raisins in the
Wolseley area (Neser & Fugler 1978). Although some information
is avallable on the plant1ng of this spec1es in the v1c1n1ty
of Cape Town (Shaughnessy 1980) and around Knysna (unpubllshed
records. D1rectorate of Forestry). there is 11ttle known of
the spread of the species in mounta1n fynbos areas. As early
as c. 1863 it is reported that farmers in the Bathurst district
between Grahamstown and Port Alfred discussed the potentlal
of the species to spread (Ph1111ps 1938). 1In 1914 J.S. Henkel,
Conservator of Forests in the M1dland Conservancy. wrote: "From
observatlons and enqulrles made I feel that hakea is spreadlng
in thls conservancy and w1ll 1f not checked become a serious
pest. 1In the c1rcumstances I would suggest that the plant be
proclalmed a noxious weed". He urged that all sales of Hakea
sSpp. from government nurseries be stopped The latter measure
was agreed to by the Chief Conservator of Forests (unpublished
records, D1rectorate of Forestry) but it was not until 1937
that H, sericea was declared a noxious weed throughout South
Africa. The Weeds Act (No. 42 of 1937) prOV1ded leglslatlon to
compel land owners to eradlcate declared noxious weeds on their
land In the case of H, sericea and other species invading
mountaln fynbos often in inaccessable areas, the Act contributed

very little to stop the spread H, sericea comes from a fire-prone
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environment in Australia, similar in many respects to the fynbos
region and is well adapted to survive fires. Because it was
introduced in the form of seed, it was freed from the:limiting
effects of pre dlspersal seed predatlon. The lack of a definite
catchment management pollcy. and the general attitude against
the use of controlled fire as a management tool, facllltated
the spread of the specles through nearly all the maJor coastal
ranges of the south western. southern and south eastern Cape.
When w1ldf1res occurred in areas 1nfested with H, sericea, profuse
regeneratlon resulted and dense 1mpenetrable thickets of even-aged
plants that smothered the 1nd1genous vegetation became a feature
of many mountaln fynbos catchments. The approxlmate distribution
" range of H.serjicea in South Afrlca is shown in Flgure 2.

There are several records of experlments conducted to compare
the cost efflclency of various control methods (unpubllshed
records. D1rectorate of Forestry). Measures that were tested
in an experlment undertaken by the District Forest Offlcer at
George in 1939 1ncluded a) slashing scattered hakea and subsequent
burning of the area and b) hoeing. heaping and burning. The
first method was considered only for areas adjoining plantatlons
as other areas were completely protected against fire. The
latter method proved successful but the practical and financial
implications were unfavourable.

Several records exist of experiments to test various herbicides
for use'on H, §e:icea (Schutte 1953, Jooste 1967, Theron 1976,
1978, 1979, unpublished records; Directorate of Forestry).

Because of the needle-like leaves of H. sericea, higher than

4
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normal dosages of herbicide were requiredkto kill the-plant.
When plants are killed by herbicide application. follicles open
and seeds are released to be dispersed by wind over large distances,
Herbicides have thus made no 51gnificant contribution towards'

the control of H, sericea.

A biological control programme was initiated by the Department
of Agricultural Technical Services in the early 1960's. In
1962, D. Webb, an entomologist of this Department. visited Australia
to explore the possibilities of biological control of Hakea
spp. in South Africa. The host specifiCity of insects attacking
ﬂagg_ spp. in Australia was studied by Neser(1968) and two species,
the hakea fru1t weeVil. Erxtenn co gut. Pascoe and the hakea
seed moth Ca rg sina agtolog Meyrick were brought to South Africa
during 1970 for the establishment of colonies under quarantine
conditions. The first field release of these insects was made
in 1972- Large-scale introductions of E, consput were undertaken
from 1975~ 1980 and by 1984 some 7 500 weevils had been introduced
(Kluge 1983, 1984). E, consguta is well established in 80 protected
release sites from Wolseley in the west to Grahamstown in the
east At a study site at Goudini near Worcester. where 20 weeVils
were released in 1975. up to 85% of annual seed production was
being destroyed after six years (Kluge 1983). The hakea seed

moth, C, autologa, establishes poorly and only one colony is

still surviving No further work on this species is envisaged
in the near future (R L. Kluge. personal communication). A third

insect, the hakea leaf weevil, Cydmaea binotata Lea, has also
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been introduced (Kluge & Richardson 1983).

Biological control using seed- attacklng insects only will not
remove the exlstlng infestations but it has the potentlal. by
llmltlng the reproductlve capaclty of the plant. to reduce the
risk of re-infestation and spread and p0351bly reduce the density

of subsequent generations of the weéd (Neser & Kluge 1984),

The most 1mportant development for the 1mmed1ate control of
ﬂ* sericea has been the active eradication pollcy adopted by
the D1rectorate of Forestry (Fenn 1980). With the acceptance
of the role of fire in mountaln fynbos. and the 1n1t1atlon of
regular prescrlbed burnlng. proclalmed catchments were d1v1ded
into management un1ts (compartments). usually 800- 1 500 ha in
extent These compartments are burnt about once every 15 years.
All alien woody vegetat1on is felled before burnlng The accumulated
seeds of ﬂ,ser;cea are released A large proportlon of seeds
are consumed by rodents and birds but some germlnate. Nine
to 12 months after the felllng operat1on the compartment is
burnt. Seedllngs are killed before they have produced any seed.

B1enn1al follow~-up operatlons are carried out and surviving
plants are uprooted To date some 140 000 ha of mountain catchments
in the Southern Cape. Western Cape and T51ts1kamma Forestry
Reglons have been cleared in this manner and it is predlcted
that, at the present rate of progress, most of the areas for
which the Directorate of Forestry is responsible will have been
cleared w1th1n the next 10 15 years. This, in terms of a recent

amendment to the Mountain Catchment Act includes hakea on private
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land up to 5 km. around any declared catchment area (Kluge-&
Richardson 1983). | | _ |
Large scale mortality of H.sericea has been reported throughout
the distribution range of thevsoecies in South Africa. The causal
organism has been identified as a strain of the fungal oathogen
QglLgmuujghum_gggguumrlgldgs (Morris 1982 8,b). Active human
dispersal of spore suspens1ons of the. fungus have been undertaken
(Morrls 1983). Large scale tr1als have. however. been dlscontlnued
as symptoms of infection are already evident in all stands of
ﬂ.sgrigea (M J.Morris, personal communlcatlon. Slebert 1984)
Desplte the encouraglng results ach1eved in the 1n1t1al stages
of the blologlcal control programme. mechanical control w1ll

remain the most 1mportant short-term control measure in the

foreseeable future.

5. AIMS OF THIS STUDY

The D1rectorate of Forestry is respon51ble for the control of
H.ser ;gea within State Forests and in declared mountaln catchment
areas and may.,accordlng to a recent ammendment to the Mountaln
Catchment Areas Act, clear H,serlcea on land within 5 km of
declared mountaln catchments.

_Thls study aims to 1dent1fy and quantlfy factors controlling
the distribution and populatlon dynamlcs of the species, with
a view to improving it's integrated control in mountain fynbos

areas.
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SYNOPSIS

Results of a cartographic analysis of the distribution of ﬂakea
spp. in the South-Hestern Cape Province show that the most important
physiographic factor characterising infested areas is the presence
of quartzite and sandstone substrates of the Table Hountain
Series. Other factors examined are the annual rainfall. altitude
and aspect. The 1mportance of two natural barriers is examined
and predictions are made on the range of potential spread of

the weed.
INTRODUCTION

Hakea sericea, H.gibbosa and H.,suaveolens were proclaimed noxious

weeds in South Africa in terms of proclamations 161/1938 and

171/1940 (Stirton 1978)

H.serlcea presents the most serious problem and has 1nfested
nearly all major coastal mountaln ranges of the Cape Prov1nce
(Fugler 1982). The hlstory and autecology of this species in
South Africa are discussed by various authors (Phillips 1938,
Neser 1968, Neser & Fugler 1978, Fugler 1979 & 1982 and Shaugnnessy
1980). v

It has been suggested that the potential range of spread of
H.serlcea "corresponds roughly to the areas of Mountain Fynbos
and to sandstone and granite areas that receive their rainfall

in winter or throughout the year" (Neser & Fugler 1978). 1In
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the present study, hakea distribution (no distinction is.made‘
between the three species) in the Western Cape is examined in
terms of several physiographic factors.

Distribution studies (Fugler 1979) have revealed that some important
areas still remain uninfested by ﬂ*sgrigga, He lists the Cedarberg,
parts of the Langeberg and the area north of the Langkloof. of
particular interest are two natural barriers° the Bree River
Valley and Langkloof breaks. which it has been proposed. should
be used to prevent the spread of hakea to areas to the north

The obJect of thls study is to determlne which factors characterlse
the areas 1nvaded by ﬂggg_ Spp. and. in the light of thls 1nfor-

matlon, to make predictions on the range of potential spread

METHODS

In 1977 the D1rectorate of Forestry completed the mapping of
hakea-infested areas in the Western Cape Forestry regionQ W1th
the aid of aer1a1 photographs and 1:50000 topocadastral maps
an area of 960000 ha was covered. All hakea-infested areas en-
oountered were sketched as accurately as possible onto maps
at a scale of 1:50000 (Fenn 1980). A number of these maps were
randomly selected for detailed analysis. A list of the maps
used is given in Table 1.

An overlay of 1 km grld squares was used to randomly select
10 p01nts per quarter degree square. One quarter degree square
covers an area of approx1mately 670 square kllometers.

At each point the following information was recorded:
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TABLE 1 ¢+ List of 1:50 000 topoégraphical maps used in the survey.
Maps marked with an asterisk were selected for a more
detailed analysis (Sge Text)
) § :
i
Map Title : Number
Baardskeerdersbos i 3 419 DA and DC
Bain's Kloof™ ) 3 319 ca
Barrydale H 3 320 DC
caledon™ " g 3 419 aB
Cape Town i 3 318 CD
Ceres § 3 319 AD
Franschhoek™ é 3 319 cC
Grabouw™ : 3419 An
Greyton i 3 419 Ba
. Hangklip i 3 418 BD
Hermanug™ E 3 419 AC
Jongensk1lip B 3 419 BC
Paarl ? 3 318 DB
Riviersonderend % 3 419 BB
Scheepsrus : _33200D
Simonstown ; 3 418 AB and AD
Somerset West 3 418 BB
Stanfora™ 3 419 AD
Stellenbosch 3 318 DD
Stormsvlei H 3 420 AA
Tulbach i 3 319 AC
villiersdorp™ £ 3319 D
Worcester™ H 3 319 CB
!
{
i
TABLE 2 : Symbols used to denote geological types
Symbol Explanation é Series system/Formation
Cl Quartzite, Shale, tillite ; Table Mountain Cape System
c2 Shale, sandstone § Bokkeveld Cape System
c3 Quartzite, shale i Witteberg Cape System
N Quartzite, arkose, limestone, shale, Nama System
phyllite, tillite, lava, tuff '
AGY9 Granite, syenitic rocks, quartz Cape Granite
porphyry
u/c Unconsolidated superficial deposstq Tertiary to Quaternary
K1 Conglomerate, greywacke, shale Klipheuwel
C.P.G. Coarse porphyritic granite. Cape Granite Instrusive rocks older than
: Klipheuwel formation but
M younger than Malmesbury forma-
s tion
R.T.G. River terrace gravel § Quaternary
MAl Massive subgreywacke holgat Malmesbury
E.G. Equigranular granite Cape Granite Instrusive rocks older than

TP oS,

Klipheuwel formation but
younger than Malmesbury forma-
tion

RV, VNP ROITN
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'-Grid reference to nearest 5 seconds

* Presence/absence of Hakea spp.

. Altitude (m) | _

* Aspect (degrees) : taken at right angles to the
contour

¥ Geology (determined by reference to the 1:125000
geological maps). Symbols used to denote geological
types are explained in Table 2.

® Mean annual ra1nfall (mm/a) (determined by reference
to the 1:125000 isohyetal maps ; based on the
period 1921 to 1960).

Points were divided into two categories for analysis. namely
"all points®" (all random points examined) and "positive strikes™"
(points at which hakea was encountered). Because of the preponderance
of p051t1ve strikes on quartzite. shale and tillite substrates
(C1), positive strikes on a random sample of eight maps were
subjected to a more detailed analysis by referring to the 1:250000
geologlcal survey maps in conjunction with aerial photographs. Maps
selected for this purpose are marked with an asterisk in Table
1. P051t1ve strikes on C] substrates were then divided into
the following categories: ‘

a) Quartzite and sandstone with thin bands of shale

and conglomerate (C192).

b) As in a) but with sporadic basal conglomerate

(€191).
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¢) Shale, frequently micaceous, with thin bands
of sandstone (Q1§2). | |
d) Tillite, grit and conglomerate (C1G). _
The twovbreaks-diStinguished by Fugler (1979) were carefully
plotted on to the 1:25000 geological maps and a trahsectional

analysis was made of the geological types.
RESULTS

Géoloky

The results of the analysis of geological types in felatioh
to Mall boints" and "bositive strikes"™ are summarised ih Table
3 and a-gfaphical fepreséntatioh appears in Figure 1.

While in thé entire survey, quartzite, shale and tillite substrateé
of the Table Mountain séries (C1) made up 6hly 36.7% of the
total, 77.2% of positive strikes had C1 as substrate. An analysis
of the aééociatibné between hakea occufénce ahd geological substrates
is bresented in Table 4, |

A positive aééociation (Significant at the 0,001 lével) was
found to exist between Hakea distribution and the occurrence
‘of C1 substrates.

Further detailed analysis of "positive Strikeé" on C1 subétrétes
~revealed that most Hakea infestations are encountered on soils
derived ffom quartzite and sandstone with thin bands of shale
and conglomerate, occasionally with basal conglomerate (types

C192 and C1Q1).

Negative associations were found to exist between Hakea distribution



TABLE 3 1 The distribution of geological types determined by a

sample of random points,
the presence of Hakea app.

Positive strikes indicate

Geological type | All points Positive etrikes | Positive strikes
as & of all

points

Cl 83 44 53,3
c2 52 1 1,9
N 32 1 3,1
u/c ‘27 1 3,7
AGY 18 7 38,9
.3 10 2 20,0
K1 1 0 0,0
C.P.G. 1 0 0,0
MAl "1 0 0,0
EG -1 0 0,0

TABLE 4 Statisticél relationship (chi-square) and nature of

association between geological substrate and Hakea
occurrence

Geological type Chi-square value Significance Nature of asso-
clation
Ccl 53,730 4 wnn Pogitive
c2 20,555 3 " Negative
N 10,780 1 nn Negative
Jd
u/c 8,647 5 e Negative
" AGY 1,347 5 N/S -
c3 0536 8 N/S -
K1 3,013 4 N/S -
C.P.G. 3,013 4 N/S -
MAl 3,013 4 N/S -
EG 3,013 4 N/S -
Footrnote: Level of significance: swx = 0,001
wx = 0,01
n = 0,05
N/S not significant
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and the occurrence of QZ. N and usc substrates (significantwﬂ
at the 0,001 level for the first-mentioned and a£ the 0,01 level
for the remaining two).

No sighificant-association was found between Hakea distribution

and the occurrence of other substrates,

Rainfall =

The results of an analysis of mean'annual rainfall (mm) in relation
to "bfbvide strikes" aﬁd nall boihts" are summarised in Table
5. |

A fegfesaion of "poaitive strikes"™ as a percentage of "all poihts"
(Y) agaihat rainfall per anaum ih'mm X 100(X) gave y ='—1.884
~+ 0,037X (r = 0,786; n = 226).

Altitude
The results of an analysis of altitude (m) in relation to "p051t1ve
strikes" and "all p01nts" are summarlsed in Table é A regre551on
of “p051t1ve strlkes“ as a percentage of "all p01nts" (Y) against
the altitude class midpoints (m) (X) gave y = 0,801 + 0,064X
(r = 0.822} n = 226).

Aspect
Results of the analysis of aspect (degrees) in relation to "positive

strikes" and "all points" are summarised in Table 7. The distri-

bution of Hakea spp. appears to be independent of aspect.

DISCUSSION



TABLE 5 ¢+ The distribution of mean annual rainfall classes determined

by a sample of random points.

Posgitive stri

+« the presence of Hakea spp.

kes indicate

Rainfall All points Positive strikes |Positive atrikeJ
(mm/a) as & of all
. points
0 - 200 2 0,0
201 ~ 400 35 5,7
401 - 600 78 5 6,4
601 - 800 46 15 32,6
801 -~ 1 000 29 15 51,7
1001 - 1 200 14 6 42,9
1 201 - 1 400 2 1 © 50,0
1 401 - 1 600 8 5 62,5
1 601 - 1 800 0 0 -
1801 - 2 000 4 4 100,0
2 001 - 2 200 0 0 -
2 201 - 2 400 6 3 50,0
2 401 ~ 2 600 0- 0 -
2 601 - 2 800 0 0 -
2 801 - 3 000 2 1 50,0
TABLE 6 : The distribution of altitude classes determined by a sample
of random points. Positive strikes indicate the presence
of Hakea spp.
Altitude class All points ] Positive strikes Positive strikeJ
(m) as % of all
points
0 - 100 27 1 3,7
101 - 200 47 3 6,4
201 - 300 40 6 15,0
301 - 400 30 8 26,7
401 - 500 22 12 54,5
501 -~ 600 11 1 9,1
601 ~ 700 14 4 28,6
701 - 800 13 7 53,8
801 -~ 900 4 2 50,0
901 - 1 000 9 7 77,8
1001 -1 100 2 1 50,0
1101 - 1 200 1 0 0,0
1201 - 1 300 3 3 100,0
1301 - 1 400 2 1 50,0
1l 401 - 1 500 1 1 100,0
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It is useful, in the light of this information, to examine the
two breaks as defihed by Fugler (1979). The Bree River break
runs from the vicinity of Rbbeftson nqrth-westwards. along the
Wwine-producing valley of. the Breé River to Worceéter and on
to Tulbagﬁ and Gouda via Goudiniweg and‘W01$eley.v

Geological types occurring along the break are, in order of
importance, unconsolidated, suberficial deposits (u4g>{ quartzite,
arkosé. limestone, shale, phyllite, tillite, lava and tuff of
the Nama system (N); conglomerate, greywacke and shale of the
Kliphéuwel Fbrhation (K1); shale and sandétone of the Bokkeveld
series (L2); conglomerate, sandstone, shale and limestone of
the lbwér séries (Crl); and quartzite and shale of the Witteberg
Series (C3).

The importance of this break in halting thé spread of Hakea
from the Du Toitsberge and Riviersonderend ranges in the south
to favourable Substrates of the Hex River, Skurweberg and Cedarberg
"ranges to the north is clear.

Thé Langkloof break consists of a narrow band of Shale and sandstone
(C2) and stretches from St Francis Bay westwards to Volmoed
in the vicinity of Oudtéhoorn. Land use along this line is
chiéfly agricultural, with the important Langkloof apple producing
region being centred in the area. The fact that the geological
'type along almost the entire break is shale ahd sandstone (C2),
shown to be strongly negatively associated with Hakea occurrence,
suggests that this natural break is indeed important in preventing

the spread of Hakea from the Outeniqua and Tsitsikamma mountains
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in the south to the,Kammanaseie and Kouga:mountains to the north.
The area to the north of the break should be closely examined
and all Hakea eradicated as soon as possible.

de important gaps are evident in the break and the spread of
Hakea in these areas should be prevented at all costs.. The
first is along the Krom River from Assegaaibos, south-eastwards
for a distance of 20 km, and the second from Louterwater to
the north of Nature'e Valley, north-westwarde to Misgund, a
d1stance of approxlmately 13 km,

Extrapolatlon of the observed assoc1atlons between geologlcal
types and Hakea occurrence requ1res caution for two reasons.
Flrstly. the study of the d13tr1but1on of any (weed) spec1es
requlres cognlzance of the fact that the non-occurrence of the
species under con51deration at a given site does not necessarily
mean that 1t is unable to exist there (Shaughnessy 1980).
Secondly. areas under Table Mountain series soils are generally
mountainous, inhospitable regions unsuitable for cultivation

or urbanisation, Hakea has therefore been largely unhindered

in its spread. Any Hakea encroaching on land with economic
potential would receive much more urgent attention.

The analysis of rainfall and altitude data must be considered
in conjunction with the geoldgical data.

The "positive strike™: "all points" ratio is positively correlated
with both ralnfall and altitude.

It should be realised that the high mountainous areae (largely
C1 and AG9) receive the highest rainfall and that the positive

correlation that exists between Hakea occurrence and rainfall
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_is.probably due to the preSence of favourable sandstones and
'quartzite.substrates rather than td'the'higher rainfa;l per
se. The results do show, however, that Hakea occurs over a
wide range of’annnal rainfall regions (200 to over 3 000 mm).
With an increase in‘altitude and a corresponding increase in
rainfall and the probability of encountering‘the favourable
substrates mentioned aone. an increase in the probability of
scoring a positive strike is evident.. |

Again, despite the strong relationship between altitude and

the "pos1tive strlke"' "all points" ratio. it is clear that

Hakea is found over a wide range of altitude classes (from 0

to over 1 500 m above sea level).
CONCLUSION

The major factor limiting the distribution on Hakea spp. in

the South-Western Cape appears to be the presence of shale ~-bearing

N and U/C) surroundlng the

—

and unconsolldated substrates (C2,
areas under quart21te and sandstone of the Table Mountain Series.
Hakea spp. coming from a roughly 51m11ar. low nutrient, f1re-prone
mediterranean type reglon in South Eastern Australla are best
adapted to the low nutrlent soils derived from quart21te and
sandstone substrates. Both altitude and rainfall are c¢losely
related to gedlogical type and therefore also show positive
correlations with Hakea occurrence. Hakea distribution eppears
to be independent of aspect.

The importance of the two natural breaks defined by Fugler (1979)
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is emphasiséd. The Skurwebergr Kouebokkeveld and Cedarberg'
ranges to the norﬁh:df the Bree River break and the Kammanassie
and Kouga ranges beyond the Langkloof break appear to possess
all the characterlstlcs necessary for invasion by Hakea spp.
The reason for the absence of Hakea spp. in these ranges appears

to be historical rather than ecological.
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SYNOPSIS

ﬂ_kga ;gz_cga is an aggressive woody invader of fynbos communities.
Clearing operations aimed at the control of th1s Heed are conducted
in mountain catchment areas. Thls paper describes an experiment
to test the effects of season of seed release in burnt and unburnt
fynbos; No 31gn1ficant d1fferences between seasons or between
burnt and unburnt veld were detected. but this is ascr1bed to
unusually heavy predatlon on the small plots. Seeds germlnated
in winter and d1fferences in reproductlve success following
control operations in large areas should be similar to patterns
observed for 1nd1genous serotinous Proteaceae after fire. Hhile
more data from actual control operations are necessary, it seems
that re11ance on a fairly intense fire to kill seedlings is
a better control strategy than manipulation of seedling survival

‘due to season of felling..

INTRODUCTION

Hakea sericea. an Australian member of the Proteaceae, was introduced
‘ to South Africa in the early n1neteenth century (Fugler 1979). 1t
has 1nvaded nearly ‘all the major coastal mountaln ranges of
the Cape Province (Neser & Fugler 1978). The infestations are
largely restrlcted to quart21te and sandstone substrates of

the Table Mountain Series (Richardson 1984). H.sericea succeeds

i



q'as a weed because.of its prolific seed production and the lack
of predispersal seed predation by insects. EVidence on weedy
'shrub recruitment (Louda 1983) suggests that significant seed
losses are caused by insect feeding. and that exclusion of flower-
and seed- feeding 1nsects leads to increased maturation and release
of viable seed. Bond (in prep) has found that in many indigenous
Proteaceae with canopy stored seed (serotiny), the contribution
of seeds of more than two years o0ld towards the total viable
seed reserve is small This suggests a Significant loss of viable
seed due to predation by 1nsects. H.sgcicea in South Africa.

by comparison. retains almost all of the seeds produced during

its lifetime in a viable state. The seeds are borne in heat-resistant

woody follicles and are released only when the parent plant

dies.

Properly managed fynbos is the most cost-effective cover for
conserVing the water resources of the Cape mountains (Wicht
& Kruger 1973). The converSion from low plant communities (fynbos)
to closed hakea shrubland results in a decline in streamflow
(J.M.Bosch personal cOmmunication). Invasion of natural vegetation
by alien species is also incompatable with nature conservation,

and for these reasons H,sericea infestations should be cleared.

The Directorate of Forestry began clearing invasive alien plants
within proclaimed mountain catchments in the Western Cape Forestry
region in 1976 (Fenn 1980). Prescribed burning is carried out

at intervals of 12-15 years in mountain catchments to reduce
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fire hazard, cohtrol‘woodypﬁéeds and £6 }ejﬁvenatehthé Vegefétion.-l
Prior to. each burn all woody invasive plants aré felled., Felled
H,sericea plants aré left oh the ground and the accumulated
seed load is released within'a.week..Dispersal of the winged
seed 1is reduéedvbecause adult plants are not upright. Some of
the seeds suffer predation and most of the reﬁaindef'gerhinate. The
area 1is bﬁrnt 12 to 18 months after clearing and the remaining
seed and immature seedlings_are killed. Such oberations with
régular fol;ow—Up measdres result in the.virtﬁal eradication
of H.,sericea but a variable degree of sﬁécess has beeﬁ noted.,
It iS ;ecéssarﬁ to determine whether seéson of seed release
after felling céﬁ influenée’subseduent regeneration of H,sericea
and theréfore thé_degree of guccess achieved in control operations.
Bond (1984) has shown that season of seed release in indigenous
serotinous Proteaceée influences subSequent regeneration because
of differences in the tihe that seeds are exposed to predation
béforé gerMination. H.seriééa seed also suffers predation, and
observations on small plots (one ha) show that ub to 99% of
released seeds can be consumed by granivores (Richardson, unpublished
data). The seeds of indigenous Protea species germinate in winter
(Deall &.Brbwn 1981). Seed release in spring therefore results
in poor regeneration, whilevseed release 1in autdmn results in
good regeneraﬁion as Seeds are not exposed to predation for
a long period (Bond 1984). If germination patterns are similar
in H,Sericea and indigenoué Protea speciesy» then it would be

theoreticélly possible to influence reproductive success through
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séason of felling.

vBurning H.sericea infestations standing is sometimes proposed
as an aiternative control strategy. While this method is much
cheaper than felling, it is usualiy ineffective and séedvreléase
after the fire results in pfofuse regeneratioh of the weéd. It
Qould nonetheless'be of interest to determine the effects of
fire season on the regeneration of standing H,sericea so that
the éffects of unplanned fires in hakea infestations could be
predicted. This studj was therefore designed to test the following
null hypotheseé: a) Season of felling-has no effect on the subsequent
régeneration of H,sericea; and b) germination is equally effective

on fecently burnt and unburnt sites.
STUDY AREA

Thé study took placé‘in thé Zachafiashoek Expériméntal CatchAents
on La Motte State Forest (330 4g' S» 192 02' E). The experiment
was laid out in a firebreak adjacent to thé southern side of
thé Zachariashoek'éubcatchﬁent at an altitude of 520 m.

The vegetation of the catchment has been described by Van Wilgen
& Krﬁger (in prep.). Thé plant community of the study area consists

of mid-dense or open graminoid shrublands (vide Campbell et

al. 1981).
The climate of the areé is typical of the mountains of the winter
rainfall zone., Annual rainfall in nearby Kasteelkloof varies

between 930 and 2300mm with a mean over eight years of 1458mm
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(Van Wilgén & Kruger 5981). Rainfall records for ﬁhé dUrat;oh

of the study are bresented in Figure 1.
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FIGURE 1 : Rainfall (mm) for the duration of the study. 2achariashoek
upper raingauge (1)..

Sandstones of the Table Mountain Group predominate (Van Wilgen
& Kruger 1981). Soils are shallow (from 30 to 70 cm), apedal
and sandy. Soil forms include Mispah,Glenrosa, Clovelley and

Constantia (MacVicar et _al. 1977).

METHODS

Experimental design

Sixty plots, each 5x10m, were paired and grouped into five blocks
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»

of six pairé<each (a two‘by six factorial in a split-bléck'layout)Qv

Paired plots within each block were seleétéd'at‘fandom. Thé'

layout of blocks ahd‘plot pairs is shown in Figuré 2. Treatmenﬁs

consisted of’éowing H.sericea seed every two months from November

1980 to September 1981. One plot in each pair was burnt a few

days prior to sowing. -

5 4'_ -3

LA out of Blocks

6/1 - 5/1 .41 . 3/1 2/1 1/1

Rlot Pairs

Individual Block

r

FIGURE 2 : The layout of blocks and plot pairs
(A two by six factorial in split=block layout)

Seed collection and souihg

Seed was collected from Stellenboschberg in the Jonkershoek
valley thrée weéks brior to each sowing; The fruits were opened
by drying in the Sun. The seed was stored in a cool dry environment

until sowing. Seed was sown in five burnt and corresponding
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unburhtvplots. Eight hundred seeds were sown in each plot..A
portable grid was used to facilitate eVenfsowinglthroughout
the plot. The seeds were Iightly pressed into the ground.
Seed germination test
‘A trial to determine the viability of the seed was conducted. Three
hundred seeds collected on Stellenboschberg were SOwn in a mixture

of vermiculite and sawdust (six trays of 50 seeds).

E;Qﬁérétioh 6f biots

Ploté wére inébeéted at two-monthly intervals from January 1981
té September 1983. The total number of live seedlings present
in éaéh plét waé recorded.The presence of fldwers was noted

at each observation.

RESULTS

Seed germination test
Germination of seeds sown in vermiculite and sawdust began within
one month after sowing and at 60 days after sowing 100% germination

was recorded.

Regeneration patterns in the field
Regeneration patterns in the burnt veld are depicted in Figures
3 and 4 for seeds sown in January 1981 and July 1981 respectively.

Seeds sown in November 1980 and March 1981 showed a similar
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FIGURE 3 : Germination pattern for seed sown in January 1981 in burnt veld,
: : Similar patterns were observed for seed sown in November 1980 and
March 198l1. Vertical bars represent standard deviations of the

mean, {n = §)
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FIGURE 4° : Germination patterns for seed sown in July 1981 in burnt veld. Similar
patterns were observed for seed sown in May and September 1981,
Vertical bars represent standard deviations.of the mean., (n= 5)
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response to those sown in January 1981. The pattérn’of response
illustratedwin Figure i adequately descfibes the resbonse of
seeds sown in May and September 1981, The total number of live
seedlings remaining in the plots is plotted'against the date
 Qf éach two-monthly observation; In the case of the unburnf
plots, location of seedlings proved most difficult in the early
stages. .Comparable cﬁrves for unburnt plots have not been con-

istructed as data collected prior to March 1982 are inaccurate.

TABLE 1 ;3 ANOVA table for the 2 x 6 factorial -in split-block lay-out.

Source of variation S.S.’ D.F. M.S. F

Total E © 3145,92
Blocks 329,42 4
Factor A (Season of sowing) 510,66 5 102,13 2,67 N.S.
Blocks X A . 765,83 20 38,29

: ’ 29
Factor B (Burning) 40,33 1 40,33 1,39 N.S.
Blocks X B 116,17 4 29,04

5

A B Interaction 788,42 s 157,66 5,30™""
Error 595,08 20 _ 29,75

"*"A B Interaction significant at 0,005 level

An aﬁalysié of vafiance (Tablé 1) fbf live seedling numbers
after two winters revealed ﬁo significant differences for the
six sowing dateé or betwéen burnt and unburnt veld. The hypotheses
that season of seed release has no effect on subséquent regeneration
and that germination success does not differ bétween burnt and
unburnt veld are adcebted. A significant difference (P<0.005)

was however found for the interaction between the two factors.
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Treatment means are presented in Table 2.

TABLE 2 1+ Mean number of H., sericea seedlings aurviving in plots after
. two winters following sowing at two-monthly intervals in
burnt and unburnt veld.

Sowing Date

Nov,., 1980 Jan. 1981 March 1981 May 1981 July 1981 September 1981

Burnt 23,0 14,0 18,4 11,0 19,2 10,4

Unburnt 11,4 8,8 6,8 10,8 18,6 10,6

Germination and flouering of H.sericea séédlihgs

Obéérvations on the devélopment of H.sericea seedlings in thé
burnt veld are summarised in Figure 5. Thé tiﬁe between'sowing
and the oﬁSet of germination and flowering is plottéd for the

six sowing dates. Fruit development was not monitored.

25+
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104
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GERMINATION AND FLOWERING

MONTHS BETWEEN SOWING AND ONSET OF

=T T T T y T —
) JuL SEPT NOV JAN MAR MAY

MONTH OF SOWING

FIGURE 5: Time elapsed between sowing dates and the onset
of germination and flowering. ’
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_DISCUSSION

Germination patterns

Seeds sown between November 1980 and March 1981 show a dlstlnct
germlnatlon peak between May and July 1981 (two to six months
after sowlng) Seed sown between May and September 1981 germlnated
malnly between September and November 1982 (12 to 16 months
after sow1ng) The d1fferences in total seedllng numbers after
two winters are not significant in the analy51s of variance
(Table 1). Thus while we have shown that seasonal germlnatlon
patterns are 51m11ar in 1nd1genous Proteaceae and H,sericea,
we were unable to detect any d1fferences in germlnatlon success.
similar to those shown for 1nd1genous Proteaceae by Bond et
al. (1984) and Van Wilgen & V1v1ers (1984). This is an unexpected
result but it can be explalned by weaknesses in the exper1menta1
design. The burnt plots where sowing was carried out were small. The
adjacent unburnt vegetation would provide cover for diurnal
rodents and these ,» together with nocturnal rodents and birds,
would deplete the seed store to an unnatural degree. Secondly.
the sowing density 1in the experiment was low (16 seeds/m2).
compared with about 200 seeds/m2 in moderately dense H,sericea
stands (Richardson unpubllshed data). The numerous seeds released
in large burnt areas (over 500 ha) would probably not suffer
predation from diurnal rodents deprived of cover, as these rodents
usually dlsappear 1mmed1ate1y after burns (G.J.Breytenbach pers.

comm.) This would result in greater germination succéss in
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1_ large burnt areas when compared. to small plots.

The failure to detect differemces between burnt and unburnt
‘'veld can also be attributed tb the nature of‘the experimehtal
design. The "unburnt" treatmént cdmbrised sowing seed in a firebreak
of low plant biomass (estimated at below 250 g/m2). Mature fynbos
stands usually support avplant biomass of between.1000Aand 3500
g/m2 (Van Wilgen 1982,1984 a). Factors affecting germination,
Such as available moistﬁre. light, competition and rodent densities
would therefore be vastly differént in a firebreak when compared
. to mature fynbos. Differences in germinatioﬁ smccess between

burnt and unburnt fynbos could therefore not be detected as

the unburnt plots were more representative of burnt areas (low

biomass) than of mature fynbos standé.
We are unable to explain the significant interaction between

season of sowing and burning.

Hénagement implicatioms

Certain intuitivé implicationé for the management of weed populations
can be drawn from results of this study. Peak germination of
H,sericea seedé takes place'in mid-winter (for Seeds sown between
November .and March) . Felling in winter and spring when the
cue for germination haé paééed will expose seeds to maximum
predatidn before germination occurs .This would appear to be
the best time to conduct felling operations. The time between
seed release and the attainment of reproductive maturity (Figure

4) is maximised. This generalisation does not apply to all areas

e mtanwr A rosm =
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of the fynbos.biome however. For example} Leggadendﬁgﬁ_xgntﬂgggngg
- showved nc response to season of burn at Lebanon near Grabouw:
(Kruger 1972). This is probably due to quick germination after
burning. Van W1lgen ( 1984 b) shows that seasonal fluctuatlons'
in the climate of the fynbos biome are far less marked ‘along
the southern coastal areas (Langeberg and Outeniqua-ranges). Season
of felling may have little effect on the germination of H.secicga
in these areas as germination takes place soon after seed release
in any_seasonr

A prcblem faced by managere in the south-western Cape is that
weather conditions suitable for clearlng operations are rare
in winter and sprlng. Clearing operatlons should therefore be
undertaken between spring and autumn (September to March) and
tne area burnt in the following autumn (March to April).Thia
is the best time to burn inland fynbos (Bond et _al 1984, Van
Wilgen & Viriers 1984) and a fairly'intense fire should ensure
that the seedlings are kllled This stddy has concentrated on
vexamlnlng the effects of season of fire and felling and has
1gnored the element of fire intensity. Prescribed burns are
tlmed to result in "safe" fires; such fires are often of low
intensity and many’small H,serigea seedlings survive. Fires
should be sufficiently intense to achieve adequate control. The
ability to Select conditions which will result in the desired
fire intenaity would be an advantage. This 1is poéaible using
systems based on Rotnermel's {1972) fire model (Van Wilgen gt.
al. invpress) and managers should be encouraged to make use

of these aids. Reliance on the fire to kill seedlings would
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seem to béla better weed.confrol-étretegy than manipulation

of seedling survival due to season of felling. Where dense infes-

tations are cleared, the massive fuel load can result in except—'

ienally"intense fires with heet concentrated near the soil surface.
The effect of such fires on fynbos recovery is not known and
warrants investigation.

It is encouraging to note that the hakea ffuit weevil, Eryvtenna
consputa Pascoe, an introduced biological control agent, has
destroyed more than 80% of the annﬁal fruit production of H.sericea
at a studj site near Worcester (Kluge 1983). The weevil is now
well estébliehed in 80 brotected release sites througheut the
distribution renge of H.sericea in Seuth Africa (Kluge & Richardson
1983). This meene theﬁ seed loade could be reduced freh around
100-200 to 20-40 seeds/rﬁ2 in regeherating stande. This is close
te the density used in this experiment. Although the seed used
in this experiment wae 100% viable, germinatien and survival
in the field was very\iow (¥£1.7%). due to predation by rodents

and birds. Once the dense infestations have been cleared, biological

control should limit seed production of plants of subsequent

generations. This, eombined with the heavy mortality of seeds
prior to germination.such as we have observed, should significantly
reduce the invasive potential of this‘weed, Future research
should concentrate on documenting the degree of success achieved
in actual management operations and deducing the reasons for
this, rather than on the plot experiment approach (with.all

its inherent difficulties) that was adopted here.

——
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i : " PART 4.

PAPER 3: SEED DYNAMICS FOLLOWING FBLL_ING OF HAKEA SERICEA
AND IMPLICATIONS FOR THE INTEGRATED CONTROL- OF THIS WEED

D.M.RICHARDSON
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SYNOPSIS

Hakea seric ea, an invasive woody shrub in the fynbos, is'normallf
entirely reliant on seed for reproduction following fire or
felling. In this study, the fate of seeds released at three—monthly
'intervals in large plots was investigated Host seed released
after death of the plants falls straight to the ground and felling
reduces dispersal over large distances by wind After 12 months
less than 1% of seed had escaped granivory, but stands would
nonetheless return to pre-felling densities if only 60% of these
remaining seeds germinate. A study of seed longev1ty and factors

affecting germination is required to pred1ct germination success

in order to achieve optimum control
INTRODUCTION

Hakea sericea, a woody shrub of Australlan orlgln. is an aggressive

1nvader of mountain fynbos ecosystems in South Africa (Neser
& Fugler 1978). Mechanical control of this weed in proclaimed
mountain catchments is'undertaken by the Directorate of Forestry.
The control involves felling the plants and then burning 12
to 18 months later.

H.sericea relies on its large reserve of viable seed for pro-
liferation. The large seed store accumulates due to the lack
of pre-dispersal predation by insects. The seeds are borne

in woody heat resistant follicles and are released upon death
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of the parent plant. Gill (1§81) has suggested‘that for_some
species the simuitaneoos releese of_canopy-stored seed may be
analagous to mast fruiting and be'a meansvof escaping seed pred-
ators. Bond (in prep) hes provided.evidence to support this
hypothesis for indigenous~fynbos Proteaceae with canopy-stored
seed reserves. H, icea, from a similar fire- prone environment
in sootheastern Australia, shows similar fire- surv1va1 adaptatlons
(Neser 1968).

Insect seed predatlon (together w1th the lack of growth promoters
such as cytoklnlns) in fynbos Proteaceae result in a typlcally
low percentage germlnatlon (Van Staden & Brown 1977, Van Staden
1978 a&b). The absence of specific insect enemies of H.sericea
has contrlbuted to the accumulatlon of large reserves of seed
whlch are 100% viable (Rlchardson & Van Wilgen 1984), As in
the case of indigenous Proteaceae (Bond 1984), no soil-stored
seed reserves accumulate between fires.

The 1ntroductlon from Australla and successful establishment
of several host-specific insect enemies of H,sericea has significant-
ly lessened its invasive potential (Kluge 1984)., As a result,
the need for active containment and follow-up measures after
formel initial control programnes will be reduced and may eventually
be unnecessary. The Directorate of Forestry is however still
faced with the problem'of large, densely infested areas. Mechanical
control will remain the most important control measure until
the large infestations have been cleared. Plants severed below
the lowest growing.shoot display no vegetative regrowth. H.sericea

is therefore normally entirely reliant on seed for re-estab-

i
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| lishment following.effective fellinéioperationshorVfire;'Althorough
knowledge of the seed biology and the,dynamics’of,the seed bank ~
inithe immediate post-release phase‘will assist in optimizing
'control.'In'this study seed loads in moderately dense stands
of H,sericea were determined to provide baseline data for use
in further studies on the integrated control of.the species.
The fate of seeds released from: felled plants in large (100

X 100m) plots at different times of the year was examined

METHODS

Studies were conducted on four 100x100m plots in a moderately
dense H,serlcea stand on the Vergelegen Estate near Somerset
West. The physiography of the study area is described by Richardson
& Manders (in press). The density of H,sericea shrubs on the
four plots ranged fron 0,48 to 0,90 plants/n2.

All H,sericea shrubs on respective plots were felled at the
following tines: October 1982 (plot 1), January 1983 (plot
3), April 1983 (plot 2) and July 1983 (plot 4). The seed load
on each plot was estimated by countlng the number of mature
healthy follicles on 15 randomly selected shrubs harvested from
each plot.‘The basal diameter of each of these shrubs was measured,
The relationship between these two variables was investigated
by fitting linear, exponential, logarithmic and power curves
to the data for each plot. For all plots, an exponential curve

yielded the highest coefficient of determination (r2). The slopes

4
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of_the four curves_uere compared byﬂmeans of an analysis‘of
covariance.'The differences-innregression relationships among~
three of the four curves were not significant. For plot 4 the
low coefficient of determination (Table 1) indicated that relatively
little variation in log number of follicles is explained by
. the linearised»relationship to basal diameter; Similarily low
re values uere obtained for all other curve forms fitted to
data from this plot. Data for the other three plots were pooled
and used to_fit a common curve.

The number of seeds (number of follicles X 2) per shrub on each
plot was estimated as follows: The basal diameters of 200 randomly
selected shrubs were measured within that plot and thevexpected
' number of seeds/shrub was estimated by using the exponential
equation for the pooled data. A mean number of seeds per shrub
was estimated from these values. Prior to felling the number
of H.,sericea shrubs were counted on two 10 X SOm transects sited
'at random in the plot. This, together w1th the estimated mean
seed load per shrub. was used to estimate total seed load for
the plot.

Plots were enumerated twelve months after felling. Each plot
was divided into four sub-plots of equal size. Preliminary surveys
showed that seeds were located almost exclusively under felled
shrubs. Only 1;2 seeds/m2 occurred between shrubs compared to
more than 500 seeds/m2 under felled shrubs. A grid (50 X 50m)
was laid out in the centre of each plot, with five lines 10m
apart in both directions. The proportion of each line in the

grid that passed over felled shrubs was used to estimate the
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area of eech.plot covered*by prostrate H;sgniggg shrubs{

Twenty five random litter samples were taken from beneath felled
ﬂ¢§gﬁi_e_ shrubs in eéch sub-plot. A metal ring (area=0.0573
m) was used tb demarcate sampllng s1tes. The litter and a thin
5011 layer (c. 2cm) were collected. The samples were then oven- drled
and sorted.'All H.serlcea seeds were recovered and d1v1ded 1nto'
"fuil seeds" and "ehpty seeds". The forher were defined as those

having a firm, undamaged endosperm.

RESULTS

Exponentlal curve equatlons for predicting the number of follicles
. from the basal diameter in the four plots and for the combined
data of plots 1,2 and 3 are shown in Table 1. Data for the
estimation of seed loads for the four plots are presented in
Table 2. Data from the seed samples collected 12 months following
the felllng operatlon are presented in Table 3. The 1n1t1al
estimates of seed load (Table 2) are adjusted in Table 3 to
estimate seed load per unit area for the whole plot by multiplying
by the proportion of the total area in which the seed is concen-
trated. In this_nay figures comparable to those in Table 2 are
Oobtained. This assumes that no seeds occur on areas between
felled shrubs.

If the meansbfor the four plots in Tables 2 and 3 are compared,
Vit is evident that for three of the plots, the estimates of
seed load using regressions are within 50% of the seed load

as estimated by sampling litter 12 months after felling. (The
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Exponenéial curve equations for-predicting the number of follicles $rom the

TABLE -1
' basal diameter of Hakea aeticea shrubs on four lha p!otn at Vergelegen,
Somerset West
Plot Date of Felling - Exponential curve Equation Coefficient of
determination (rt)
1 October 1982 y = 4,33 0206 0,94
2 Aprll 1983 y = 1,52 9009 0,81
3 January 1983 y = 4,57 9707 0,83
4 July 1983 y = 5,54 e9705% . 0,42
Pooled - y = 3,04 0007 0,82
data for
plots 1,2
and 3
TABLE 2 ; Estimation of geed load in moderately dense stands of Hakea sericea
at Vergelegen, Somerset West (See Text)
Plot Estimated mean number Estimated number of Estimated number
of seeds per shrub H. sericea shrubs/ha of seeds/m? for plot
1 152,33 5910 90,03
2 316,52 4825 152,72
3 99,43 5560 55,28
4 194,21 9000 174,79
TABLE 3 : Estimation of the aoil seed store of H. sericea 12 months after seed release.

Seed was collected beneath felled shrubs and the data adjusted to estimate he

seed load for

the plot (See Text)

Total number of Percentage of Estimated number Number of full Estimated number
Plot seeds/m? under plot covered of geedg/m2 for seeds/m2 of full seeds/m?
felled shrubs by felled H. plot for plots

sericea shrubs -~
1 331,14 28,17 93,29 0,70 0,20
2 747,17 30,13 225,14 7,34 2;21
3 664,21 38,44 255,32 0,87 0,34
4 370,44 39,&8 146,24 2,62 1,03




76

| method underestimated seed load by 3, 6¢'ahd'ﬁ7 ug for piots
1 and 2 and overestimated seed load by 16 3% for plot 4.)
Dlscrepanc1es of this order should be expected as neither of
the two methods estimate seed loads accurately. For plot 3,
the estimate of soil stored seed was 362% greater that the estimate
for the canopy stored seed.

It is clear that most of the seed released after felling falls-
straight to the ground and is not dispersed over large distances
by wind. The'spread of.seed to adjacent areas is considerably
reduced. Of ﬁhe seed collected 12 months after felling, only

between 0,13 and 0,98% remained whole (Table 3).
DISCUSSION

Examination of seed remains suggests that rodents were responsible
for seed_destruction (S.A.Botha, pers.comm.). No small mammal
‘trapping was undertakeh at the site but striped field mice (
Rhabdomys pumilio) were frequently observed beneath felled shrubs.
Diurnal rodents are afferded shelter from predators by felled
shrubs and other vegetation and consume large quantltles of
seed (personal observation). Thls is in contrast to the situation
in burnt veld where diurnal rodents are deprived of cover and
the seeds therefore suffer less predation (cf Richardson & Van
Wilgen 1984),

Sommerville (1977) found no significant difference in germination
success between H,sericeaz seeds incubated after one and after

14 weeks of desiccation (259C at an unspecified constant humidity).



No’data areiavailablenﬁn iongevity of seed‘Beybnd this périod. No
dormancy strategy has been reported for H,§ggigga and it is
generally assumed that germination,takes place as sbon és favourable
micro~- and macro-climatic conditions are realised. Richardson

& Van Wilgen (1984) found that'péak germination occured between

May and June for seeds sown in burnt veld between November and

March (2-7 months after sowing). Seeds sown between September

and November showed no dlStlnCt germination peak but some germination
took place between September and November of the follow1ng year
(12 to 16 months later). This suggests that fresh seeds rely
on a winter germination cue.

Althéugh_germinatién waé negligible on ail plots 12 months after
félling in this study, this is noﬁ the case in all areas (personal
observation). Estimates in Tablé 3 show that an average of
0,945 full seeds/m2 remain 12 monthé after the felling. If 60%
of these seeds survive to germlnate,'the number of plants iﬁ
the ensuing generation will be the same és the previous generatibn
despite heavy predation. The reason for the failure of seeds
"to germinate in this study remains unanswered but it is obvious
that a sound knowledge of these factors would enhance our ability
to conduct succeséful control operations. Further work on this
aspect is identified as a research priority.

_ Laboratbry trials (Van Staden 1978 b) and field studies (Bond
1980) have shown that for several species of serotinous Protea,
seed is short lived after release from the cone. H,sericea,
Qith similarily thin-walled seed, probably displays similar

early seed mortality in the absence of conditions suitable for

{

sl - -
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germination. ﬂ,serigga seed is well adapted to germinatevin
post?fire fynbos-environments.~hut may not survive for long
under felled stands. Thus -a determination of seed longevity

is also a priority for research aimed at optimising control.

Fires through areas where dense H,sericea ihfestations have
been cleared can produce intense heat near the surface due to
the concentration of fuel‘in this stratum (personal observation).
Such ihtense fires result in oxidisation of organic material
of the surface so0il horizons. drastically modify physical properties
and often lead to accelerated erosion (Kruger .& Bigalke 1984).
Adverse effects on the structure of indigenous vegetation following
such a fire are also evident (Richardson in prep).

Once seed longeVity and the factors controlling germination
are known, it may be possible to leave dense felled infestations
for longer periods before burning to allow for decomposition
of the fuel loads, thus minimising the impact of the control:

burns on the ecosystem.
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PAPER 4: PREDICTING PATHOGEN-INDUCED MORTALITY IN HAKEA
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SUMMARY

The uoody shrib ﬂakga_sezigga is an. aggressive invader of natural
vegetation in South Africa. Large-scale die-~- back in ﬂ;§ggiggg
is attributed to a form of the fungus lelgtgtz;ghgg_glggggggn_
The progression of symptoms of the disease were monitored over
21 months. Results were used to construct a tran31tion matrix
model to predict further progression of the disease. 82% mortality
is predicted after 10 years. Pathogen 1nduced seed release occurred
mainly between October and January. No regeneration was observed
beneath or near infected stands of H.sericea. The model will
be useful to managers when identifying priority areas for weed

control operations.

INTRODUCTION

The problem

Hakea sericea Schrad, (= H.tenuifolia (Salisb.) Domin) (Proteaceae)
was introduced to South Africa from Australia in the 1830's
as a hedge plant (Neser & Fugler' 1978). Since then it has
invaded nearly all the maJor mountaln ranges of the south-western,
southern and south- eastern Cape Prov1nce (Fugler, 1982). It.

is typically.an erect single-stemmed. much-branched shrub 2-3m
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high. In-thickets- however, it may grow into a slender, more
or less unbranched tree up to 5 m in height. In places it forms
a dense, impenetrable cover which threatens the indigenous fynbos
vegetation. Fynbos is characteristic of a large part of the
Cape Floristic Region (Goldbiatt. 1978) and includes types described
by Acocks (1953) as macéhia. false macchia and coastal macchia.
Fyhbos is floristically rich and unique and is thus of considerable
~ecological importance. Invasion by woody wéeds is a major con-

servation threat in this vegetation type (Kruger,1981).

H.sericea iS particularly well adapted to survive the periodic
fires whiéh are a feature of the fynbos environment (Neser,
1968). Thé lack of specialised pre—disperéal seed predators
ensures a large seed load (Kluge,1983). The winged seed is retained
in woody heat-resistant follicles and is released ohly on death
of the parent plant or branch (serotiny sensu Le Maitre, 1985).
Standing plants killed by fire libérate Seed within a few days. The
seeds may then be dispersed by wind over great distances. The
copious seed production and serotinous habit ensure prolific

regeneration following fires.

The control of H.sericea

Mechanical control combined with burning is undertakén by government
agencies as a conservation measure and has been largely successful
in controlling H,Sgricea (Fenn, 1980). The method involves the

felling of plants and burning 9 - 12 months later when the surviving
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seeds have germinated (a large proportion of seeds are consumed
by granivores) but before the seedlings héve produced seed.
Seed is released nearer the ground after felling and dispe}sal
by wind over large distances is less likely. This method.is
extremely expensive and control programmes are generally reduced
during ceriods of budgetary restraint. Tﬁe additional fuel 1cad
of dead H.sericea plants in areas_where control measures have
beec carried oct cah result in exceptionally intense fires which

may have a detrimental effect on the recovery of fynbos elements,

Several highly spec1flc natural 1nsect enemies of H,serlcg
have been 1ntroduced from Australla (Neser & Annecke, 1973). Bio=-
'loglcal control should, in the long term, lessen the risk of

re-infestation by reducing seed loads (Neser, 1968; Kluge, 1983).

D1e-back in H.sg:; cea

Large- scale mortality in H,serlcea stands was first noted in
1966 (S Neser and R.L. Kluge. personal communication). The causal
organism was identified as a form of Colletotrlchum gloeosporioides
(Penz.) Sacc., a virulent fungal pathogen (Morris, 1982a). Sub-
sequently symptoms of this gummosis disease have been observed
throughout the range of H,sericea in South Africa (Morris, 1982a,b).
The characteristic SymptomS'of the disease'are stem and branch
cankers exuding cuantities of gum. These cankers girdle the
stem, killicg the host plant. The girdling often occurs near

ground level but some individual branches are also girdled and
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breék off. Sheot tips of\maturekplants may be infected and die ..

back progressively. Growing‘points of seedlings are attacked
resulting in necrosis extending down the stem and killing the

plant (Merris. 1982§)

Actlve human dlspersal of spore suspen51ons of C,gloeosporioides-

was tested (Morris, 1983) Large scale tests have been discontinued
as the pathogen was found to spread adequately unaided (M.J. Morrls.
personal communlcatlon) The contribution of this dlsease to
the control of ﬂ. sericea has been con51dered largely opportunlstlc

(Kluge &'Richardson. 1983). No attempt has yet been made to

quantlfy or predlct the potential of the pathogen for 1ncorporatlonv

into an 1ntegrated control programme. ThlS paper deals with
the development of a tran51tlon matrix model to predict the

mortality of H,sericea through infection by C,gloeosporioides.

Transitien hatrix hodele hate beenlUSed extehsively for tree
bopulation_dyhaﬁics (Usher 1966, 1969; Hartshorn, 1975; Enright
& Ogden, 1979; Enright, 1982). They hate aiso been ehployed
for the dynamics of other plant forme (Bierzychudek, 1982) and
plant parts (Maillette. 1982). Catwell (1982a,b) has used transition
matrices to describe thevdynamics of populations with complex
life cycles. The model sheuld be of use in planning H,sericea

control programmes;
STUDY AREA

The Vergelegen Estate (340 02's ,180 56'E) is situated on the

© ———— e ket -
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western (sea-facing) slopes of the‘Hottentots-Holland mountain
range near the town of Somerset West in the south-western Cape
Province. Altitudes range from 375 to 1590m. The lower slopes
on which the study sites are located are underlain byrsandstones
and sandstone-granite mixtoreo, Climate is tyhically mediterranean
and is characterised by warm dry sunmers and cool wet winters. Mean
annoal rainfall is about 1200 mm. No detailed climate data are
available for the study site. The shrub Hakea sericea forms
a contlnuous and 1mpenetrable cover smotherlng the 1nd1genous
sclerophyllous vegetatlon which was orlglnally a 2-3 m tall
open shrubland comprising tall (2m) shrubs of the families Proteaceae
(Erotea necllfg; dominant), Erlcaceae (Elgh__ spp ) and Bruniaceae
( un' odiflora). The understorey (whlch survives to some
degree below the H.ser;cg canopy) contains smaller shrubs of
the Asteraceae (Stoebe sSpp. and Metalasia muricata) with a sig-
nificant restiod (Restionaceae and Cyperaceae) component. Nom=-

enclature follows Bond & Goldblatt (1984).

METHODS

Honitoring of infeotion ntaten

Four plots were sited on the lower slopes at elevations ranging
from 400 to 450m, to represent the various physical and vegetation
condltlons evident. A summary of plot characterlstlcs appears
in Table 1. Within each plot, a one metre wide path was cleared. One
hundred randomly selected llve Hakea sericea shrubs within 1

m of the path were tagged. The shrubs were examined at 3-monthly

¢



88 .

.

_intérvals from April 1982 to January 1984 except during the

6-month period-January'-'July 1983 when no observatipn_was'hade.

Symbols used to denote observation times are explainedAin,Table

2. Each'shrub was assigned a code number according to the degree

of infeétion as follows: 1; dead leaf tips only; 2= cankers

on branches but not on the main stem; 3= cankers and/or gum

exudation on the main stem; 4= plant dead (all follicles open). No
uninfected shrubs were found.

Table 1., Summary of plot characteristics

Piot Density Mean height of H. sericea Slope
(2. sericea plants/m?) -(14 July 1982) (m) {degrees)
a 5,24 1. 1,45 s
B 1,27 ~ ' : 1,49 0
. c 4,73 1,38 30
D 4,56 - ) 0,96 26

.Table 2. Symbols used to denote observation times

Symbol : . Observation

- April 1982
July 1982
October 1982
January 1983
July 1983
September 1983

e I I B I |
T I T I S )

January 1984

Development of the tramsition probabilty matrix
In order to predict the fate of infected stands, the fungal

infection on each shrub was considered as a unit in a population. The

\ .
. —— r——A—— . -

'
— e
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fact that all:plants in the sample were infected precluded the

‘use of an eoidemie model (sensu Hoppensteadt. 1974) whieh aims
to predict the ultimate size of an epidemic. The_intention to
predict the fate of specific stands of H,seéericea precludedlthe
use of standard regression techniques or populotion‘growth models,
These methods do not allow for the effects of the initial dis-
tribution of stages (in this case the development stages of

the infection) on the development of the population,

The transition matrix model used here is based on the Leslie
matrix model (Leslie, 1945, 1948) but differs from the standard
apolioation-(Williamson. 1972; Jeffers, 1978) in that there
are no fertlllty rates 1nvolved and therefore no contrlbutlon
to the flrst class. The dominant eigenvalue and eigenvector
therefore have no meanlng,Aas for all cases 1~ will equal 1
(there is no increase in numbers and the stable age structure
is achieved when all the sampled states of infection progress
to the last'state of infection). The model proposed is therefore
not a model of population growth; but rather a model to predict
the development of a population of degrees of infection, based
on the intial distribution of categories and is limited by the

maximum number of host plants available.
CONSTRUCTION OF THE TRANSITION PROBABILITY MATRIX

The observed dlstrlbutlon of 1nfect10n states at the 1n1t1al

obserVatlon and the subsequent progre551on of tagged plants



.through infection states were used‘to fit a transitlon matrix
model. It was necessary to test the stationarity ‘of trans1t10n
probabllitles over the chosen intervals for the four plots and
also between plots (Bishop, Fienberg & Holland, 1975). For
this purpose. transition count matrices were constructed to
'dlsplay the change in infeetion state of 1nd1v1duals over the
given 1ntervals. As 1nfect10n state progre551on appears to be
strongly seasonal., it was considered necessary to examine transitions
over 3, 6 and 12 month 1ntervals. Only those 3~ month tran51tlons
for Whlch observatlonal data were available were examlned. (No
‘ observatlon was made between January and July 1983.) As insufficient
data were available to test two" dlscrete 12 month 1ntervals.v
it was necessary to include a 6 month overlap. Cursory examination
of the 3 month transition count matrices reveals that infection
progression is largely concentrated over the period July to
October. As the two compared 12 month 1ntervals have unlque
perlods of such maximum 1nfectlon progression, the comparlson
is deemed valid.

Transition count-matrices for 3, 6 and 12 month periods for
plots A+ By C and D are presented in Flgures 1. 2 and 3 respec-~
tivel&. Flgures in the transition count matrlces represent
the number of plants staying in infection states (column headings
indicate initial infection states) and progressing to other
infection states in the interval (row headings indicate final
infection states). Column and row totals represent the number
of plants in each infection state at the begining and at the

end of the interval respectively. The total number of individuals

3
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Figure 1.

Transition count matrices for 3-month

e

used to denote ohservation times Lee

Table 2

. transitions for the 4 plots. FPor axplanation of symbols




1 2 4 1 2 3 4 1 2 3 4

N 3 0 0 0 1 2 0 0 0 1] o 0 0 0
‘n\ ﬂ 1 1 0 0 2 1 1 0 0 2 0 1 0 0
3] 9 5 49 0 3 1 1 63 0 3 1 1 47 0
4 o 0 7 0 4 0 0 1 7 4 0 0 9 8
1 2 3 4 1 2 3 4 1 2 3 4

11 9 0 0 0 1 5 4] ] Q 1 0 0 0 0
2y 2 ] 4] 0 2 1 0 0 0 2 [ 0 0 0
3 9 9 27 0 3 1 2 43 0 3 3 0 37 0
4| o 0 5 1 4 0 0 1 6 4 0 0 5 7

’

1 2 3 4 1 2 3 4 1 2 3 4

11 1 0 0 0 1 0 0 0 0 1 0 0 0 0
(:: 2] o 0 0 0 2 0 0 0 0 2 0 [ Q 1]
310 [ 84 0 3 1 0 79 0- 3 0 0 62 0
410 [ 10 (] 4 4] Q 4 10 4 [ 0 9 14
1 2 3 4 1 2 3 4 1 2 3 4

1] s 0 0 0 2 2 0 0 [ 1 ] 0 0 0
21 4 1 0 ] 2 0 3 0 0 2 ] 0 0 ]
318 3 48 0 3 3 2 59 0 3 2 2 57 0
410 o 4 1 4 0 0 0 5 4 0 0 3 45

Figure 2., Trangition count matrices for 6~month transitions for the 4 plots.
.

For explanation of szmggla used'to denote observation times See
Table 2 .
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in each-piot shows a'deciine with time}as several taés Qééé
lost. | |

'Stationarity was tested by.means of chi-square analysis iZar;
1974). The null hypothesis in each case is that given the state
at the start of a transition. the state at'the-end of the transition
is 1ndependent of the location of that transition in the temporal

continuum representing the entire observation period of 21 months.

Initially the following categories of change in infection state
over the given 1ntervals were considered: (a) No change. and
(b) promotion from an 1nfectlon state (j) to an infection state
(j+i) wherée j = 1,2,3 and i = 1,2,3 for j = 1, i :}1.2 for j
= 2 and i = 1 for jJ = 3. The latter category represents the
total number of individuals that showed an increase in infection
severity during the interval. Cemparisons for 3, 6 and 12 month
tran51tions are presented in Table 3. ‘For all chosen intervals.
the null hypothe51s was reJected. Due to the small number of
plants remaining in classes 1 and 2 at the end of the 21 month
observation period (between 0 and 1,8 % for the ferher and between
0 and 2,6% of the population in each plot for the latter), it
was not possible to test the stationarity of transitiqns for
these classes individually. As individuals occdpying class
3 make up the greatest part of the population, it is appropriate
to compare transition from this class over the different intervals
(Table 4). Statienary probabilities are evident only for the
12 month intervals.

Differences between plots were tested over the intervals T1-Ty

i
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,T&ble 3. omparison of 3, 6 and 12 - month transitions to test whether infection state

advancement is_independent of the temporal location of the trngsition over the
21 month observation period

Transitions o Degrees of Freedom- -~ 3

(3=-monthly intervals)

April - July 1982, July - October 1962, 5 | 10,350
October 1982 =~ January 1983, July =
August 1983, August 1983 - January 1984

(6-month1ylintervals)

July 1982 - January 1983, January = ’ 2 35,851
July 1983, July 1983 = January 1984

(12-monthly intervals)

July 1982 - July 1983, B | 5,9185
January 1983 - January 1984

Table 4. Comparison of 3, 6 and 12 = month transitions to test whether advancement

from infection state 3 is independent of the temporal location of the
transition over the 21 month observation period

Transitions Degrees of Freedom X ?

(3-month1j intervals)

April = July 1982, July - October 5 21,044
1982, October 1982 -~ January 1983,
July to August 1983, August 1983 -
January 1984

(6=-monthly intervals)

July 1982 - January 1983, 2 ' 16,952
January - July 1983,
July 1983 - January 1984

(12-monthly intervals)

- July 1982 - July 1983, 1 0,01890
January 1983 - January 1984 ' .
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and T3-Tg by comparing transitions from class 3~by‘meah$ of

chi-square analysis (Tablé”S)L

Tﬁble S. Comparison of transitions from class 3 for the 4 plots over intervals
Tl - I‘ and T3 - TG

Plots B ' Degrees of Freedom '
A, B, C and D" y 3 2,574
A, B, C and D¥ ’ .3 - 4,855
A, B and c* 2 0,2202
A, B and cf 2 0,5725

i ” -
Transit{on T1 T4

? Transition T, = T4

For both intervals, deviations from the éxpected values for
plot D provided the greatest céntribution to the chi-square
value and resulted in rejection of the null hypotheses at the
50 and. 75% confidence limits respectively. Removal_of plot
"D frbm the contingency tablé resulted in the null hypotheseé
being accepted. Data from 12 monthly transitions over intervals
T1-Ty and T3~Tg in plots A, B and C were therefore uéed to construct
the matrix of transition probabilities (Mi,j) for incorporation

into the model.

The diagonal coefficients of the transition probability matrix
(where i=j) are the proportions of individuals remaining in
state j over the interval. The subdiagonal coefficients where
iz j+1 (M 2,9 ; M 3,2 DM 4,3) are the annual proportions of

individuals moving up one state. Similarly, coefficients in
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the second'subdiagonal where i:vj+2'(M»3 ivé M 4,2 ) are the
annual proportlons of 1nd1v1duals mov1ng up two stages. The
th1rd subdlagonal coeff101ent where i -J+3 (M y4,19) is the annual
' proportlon of 1nd1v1duals mov1ng up three states. The coefflclent
M y,y is equal to one as death of the host plant is the final
stage. As no 1nd1v1duals regressed a state between observatlons.
all other coefflclents are zero. The comblned transition count
‘matrix for intervals T1-Ty and T3-T6. the derived transition
probablllty matrix and the initial infection state structure

at Tg are shown in Flgure y,

Infection State at T° ’ T0
1 2 3 ‘ 4
r——' ~ r,—' S~
1 0 0 0 0,2188 0 0 0 ‘ - 54
o .
<+
-1 .
3 2 2 1 0 -0 0,0625 0,0769 0 - 0 v15
& .
)
5 - | 5 »
j 3 23 12 152 0 0,7188 0,9231 0,8398 o 230
o ;
LTI
3]
[a] .
4 0 _0 29 1 0,0000 0,0000 0,1602 1 ’ 0
~— - ~— —
(a) - ‘ (B) (e}

Figure 4. The combined transition count matrix for matrix for intervals T1 - T4 and T3 - T6 (A), the derived

probability matrix (B) (See text) and the initial infection state structure at T0 ()

Entries in the transition probability matrix were derived by
taking each entry of the transition count matrix as a proportion
of the total of the entries in that column. In the model, the

progression of the population of infection states through each
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unit'of'tihe'(one yeari wasveétimaféd by premuitiplying”ﬁhé
| populationistructure at the begining of the peribd by the transitiog'
probability matrix. : |
Tablé 6 shows the predicted distribution of’infection states

for 10 years.

Table 6. The gredicted.distribution ofvinfgction states for
10 years. Fiqures represent the percentage of the

population in each infection state

Infection State
Year 1 2 3 4
() 18 5 77 0
1 3 1 84 T2
2 0 0 75 25
3 0 0 62 as
4 [ 0 52 48
5 () 0 44 56
6 0 0 37 63
7 0 0 31 69
8 0 0 26 74
9 () 0 22 78
10 0 0 18 82

DISCUSSION

Infection state progression

Elementé of the transition probability matrix were derived from
data from 12 month transitions as both 3 and 6 month transitions
were found to cdntain non-stationary transition brobabilities; Data
from three of the four study plots were found to yield transition
probabilities that did nbt differ significantly from one another.

As observations were carried out for nearly two years, it 1is
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conSidered thaticonfidence can be expressed in the predictions
for at least 10 years. Although 18% of the population remains
alive at the, end of the predicted 10 year period. these plants
are all severely infected (infection state 3) and may be presumed
to have a high proportion of dead branches. Although no data
vare available on the effects of climatic fluctuations and fire
on the development of the disease, it is considered that the
model described here Wwill be of value in planning control
operations. |

The parameters in the transition matrix are ideally estimated
u51ng maximum likelihood In future work. data should‘be collected
over a number of discrete 12 month periods. All the parameters
could then be estimated simultaneously using maximum likelihood. A
vector of (estimated) initial proportions would then be multiplied
by the matrix of transition probabilities to give the estimated
distribution of infection states at Tg + 12 months. To + 24
months etc. These proportions would then be used to caiculate

the likelihood for the observed data at Tos Tg + 12 months ete.

A factor contributing to the success of Hakea sericea as a weed

in South Africa is its serotinous habit which leads to massive
and simultaneous release of canopy;stored seed after fire or
felling. A significant proportion of seed is consumed by granivores
following seed release when sparse infestations or small patches

of dense H,sericea are cleared (D.M.Richardson, unpublished

data). When large areas are cleared, granivore satiation (¢f

Bond, 1984) occurs and a large quantity of seed remains to
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germinate.

Seed is short-li&ed and the prolonged abSence of.eoﬁditions
conducive to,gerhinatioﬁ can lead to substantial seed loss and
failure of the population to re—establish itself., It has been
demonstrated (G.J.Breytenbach, unpublished data) that the redent
fauna in dense H,sericea thiekets is at least as rieh. both
in numbers and in speeies as nearby uninfested areas.
Progreesion of H.sericea plants to infection state 4 and the
subseqeent release of seed is largely confined to the beriod
October te January (Tp-T3 and T5-Tg iﬁ Figure 1). Peak germination
of H.serieea seed occure in May/June (Richardson & van Wilgen,
1984).-Seeds released ffom‘OCteber to January are steadily depleted
by rodents for 4 to 7 monthe before'germination. No seedlings
were obeerved beneath the canopy and it is concluded that the
sporadic seed release induced by Colletotrichum gloeosporicides
coneiderably reduces the eficacy of the serotinous stfategy. A‘
study to determine the effect of the level of seed release on
germination weuld provide data neceesary to enable the predictien
of levels at which granivore satiation would occur. This would
facilitate the development of a model to predict ﬁhe fate of

seeds released at different rates.

Practieal applicatiene

Mechanical control of H.sericea ie expeneive. time-consuming
and possibily detrimental to fynbos regeheration. The infection
statee of a given H,Serieea population may be determined simply

and rapidly enabling the fate of the stand to be determined
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using the transition matrix'modelt
It is proposed that an estimate of the seed release 1nten51ty
required to ,achieve significant recruitment should be used in

onJunction with this model. This will fac1litate prediction

1of the stage at which a population of H,sericea w1ll cease to

maintain 1ts numbers through seed regeneration. For certain
stands, therefore. felling before burning may be unnecessary.
Alternatively, delaying a proposed fire for a year or two may
allow the seed crop to decline to below aAcritical level. -The
transition probability matrix derived fron the data presented
" here may not be applicable to all stands of H,sericea, At the
study site all plants showed signs of 1nfection. which may not
be the case in all areas. It may therefore be necessary to collect
. data in different areas to formulate a standardised transition
probability matrix, or to define areas in which different matrices

‘are applicable.
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The analysis of physiographic factors characterising areas infested
w1th ﬂaxga spp. (Paper 1) should be seen as a preliminary 1nvest-
igation of biogeographic features of the species in South Africa.
Detailed analySis of bioclimatic. geological and habitat features
in the natural range of ﬂ,s ericea in Australia and the 1nterpolation
- of results to South African conditions should provide a valuable
insight on the potential range of the species. There is an oppor-
tunity to develop more effective management strategies by combining

work on the characteristics of invasive species with that on

the characteristics of invaded ecosystems (Ferrar and Kruger

1983).

Much of the research effort on alien invasire species in South
Africa has been directed towards those vascular plants of economic
importance in the agricultural sector. H.sericea in South Africa
is confined to mountain fynbos. natural or semi- natural ‘areas
of low economic value (despite their 1mportance as mountain
catchments). For this reason, extensive control measures must
be effectively integrated with veld management practices. Fire
is. the most important management tool in fynbos and a thorough
knowledge of the relationship between fire and the ecology of
the species is essential for effective control. To date some
140 000 ha of mountain catchments,in the fynbos biome have been
cleared of H,sericea and it is predicted that, given the current
rate of progress, most areas for which the Directorate of Forestry

is responsible will have been cleared within 10-15 years (Kluge
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),'and.Richardson 1983). Ip,this:stqdyp.aspects pfvthe reproductive .

ecology of the spécies were examiped*and reéommendations made
oﬁ ways to improve tﬁe efficiency of contrpl measures (Papérs
2 and 3). .

Accurate scientific monitoring of control operations should
be initiated so tha£ comparisons can be made between different
methods. The lack of such data made it necessary to a adopt
a plot experlment approach in these studies which caused certain
dlfflcultles (see Paper 2).

Tha machanical conirol programme will remain the most important
control measure until the.largé. dense infestations have been
clearad. Thé cohtribption of biological control by means of
introduced insects and'an indigenous fungus will increase in
impprtance aa the emphasia shifts froh one of systematip; large

scale clearing to one of containment.

Detailed guidelines for managers on optimum use of integrated

. measures are required.
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