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Figure 2.1. Reproductive phenology of Acacia cyclops on the eastern coastal plain,
showing the proportion of the various reproductive plant parts over two years for all
sites combined.
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Figure 2.2. Reproductive phenology of Acacia cyclops on the western coastal plain,
showing the proportion of various reproductive plant parts over one year for all sites
combined.
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Flower buds were most abundant during October/November, although they were

present in low numbers on the plant throughout the rest of the year. Flowering peaked
during December and January. however (Towers were sometimes produced at other
times. and occasional [lowers were found on some plants throughout much of the
year. Immature podlcets developed from these flowers and the podlets were held in
small clusters (of up to 40 pods). which slowly lengthened and matured into unfilled

pods during the autumn and winter months.

The reproductive stage that is most utilised for feeding and oviposition by M. servulus

is the filled green pod stage. On both the castern and western coastal plains this stage
is only present during the spring and summer months.  Seed pods in this condition
were present from June through to January during the 1999/2000 season, and from
July to January in the 2000/2001 scason. However the proportion of these pods on the
trees was very small inttially, reaching a peak in October and tailing off into January.
The peak in October coincides directly with the period when ovipositing M. servulus

females arc most active (personal observations, see Chapter 3, Figure 3.3). There is a

window period when the seeds might escape damage. between June. when filled pods
first appear. and August/September, when M. servalus becomes active.  However,
filled pods were extremely scarce during this period (Figures 2.1 and 2.2). Besides
which. these pods. and the sceds within them. only begin hardening into ripe pods

during Scptember. by which time the weevils have started feeding. As M. servulus is

able to utilisc the seeds until the pods have started to turn brown, pods that mature to
the filled green stage carly are not unavailable to the beetles and thus there are no
potentially limiting asyvnchronics between the phenologies of the weevils and their

host plant.

By studving the reproductive phenology of 1. evclops, not only has the synchrony
between the host-plant and its biological control agent been demonstrated in this
particular casc. but phenological studies also provide important information for the
planning and timiny of alternate biological. chemical or mechanical control methods.
Such studies have aiso given bascline data for 1. cielops. both pre-biocontrol (Milton
and Moll. 1982) and with the addition of a single sced-reducing agent, and will allow
future rescarch to monitor the impacts that any additional biological control agents

may have on the reproductive output ol the plant.
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CHAPTER 3

ABUNDANCE AND DISPERSAL OF THE SEED-FEEDING WEEVIL,
MELANTERIUS SERVULUS

INTRODUCTION

For many years, the potential for the utilization of seed-reducing agents in biological
control programmes has been debated. Many biocontrol practitioners have felt that
such agents are unlikely to succeed. because they are required to be consistently,
highly damaging to have any impact, and even in such situations they do not
necessarily reduce populations of the weed (Harris, 1973; Kriticos et al., 1999; Myers
and Risley., 2000). There is continuing controversy over seed-limitation and
propagule pressure as regulators of plant populations (Crawley, 1989, 1990, 1992;
Louda, 1989: Turnbull et al., 2000; McEvoy, 2002). In situations where recruitment
is not seed limited, seed-reducing insccts are unlikely to have a measurable impact on
the plant populations (Crawley, 1989). Julien (1992) lists most of the examples of
insects that reduce the reproductive potential of plants as failures. Despite this, seed-
reducing agents have been frequently used and are widely accepted, particularly to
suppress the invasiveness (i.e., rates of spread and densification) of woody weeds, and
have shown that they can make a substantial contribution to controlling the target
weed when levels of seed destruction are high (Goeden, 1978; Kluge, 1983, 1989;
Harley, 1985; Cloutier and Watson, 1990; Kluge and Neser, 1991; Julien, 1992;
Hoffmann and Moran, 1998). There are other reasons for the selection and use of
seed-reducing agents in biological control of weeds, notably the high degree of
specificity within the guild (Janzen, 1971, 1975; Annecke, 1978); and the chance to
minimize potential conflicts of interest, (De Loach, 1981; Neser and Moran, 1985;

Dennill and Donnelly, 1991; Impson and Moran, 2004).

Seeds are foci for new invasions, and the higher the number of seeds produced, the
greater the threat of invasion into new areas (Harper, 1977; Neser and Kluger, 1986;
Moody and Mack, 1988; Rejmanek, 1996; Williamson and Fitter, 1996; Rouget and

Richardson, 2003). Tree taxa that gencrally display the most rapid rates of spread are
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those that mature early, have high reproductive capacity and long-distance seed
dispersal (Clark, 1998; Caswell er al., 2003), all traits of several of the invasive
Australian acacias in South Africa. Conscquently, by decreasing the number of seeds
being produced by a plant, the rate of spread and colonization of new areas will be
slowed through a reduction in the amount ol seed falling into safe and or un-colonized
sites, and by reducing the distance from the source at which population recruitment
occurs (Janzen, 1970; Harper, 1977; Macdonald and Jarman, 1984; Foster, 2001).
The reduction of seed may also have an important role to play in the overall
management of invasive plants, by substantially lowering efforts and cost of follow-

up clearing treatments after initial clearing has taken place (Moran et al., 2004).

Seed-feeding weevils, all in the genus Melanterius, have been selected and utilised for
the biological control programme against various Australian Acacia species in South
Africa since 1985 (Dennill and Donnclly, 1991; Dennill et al., 1999; Impson and
Moran, 2004). These Melanterius weevils show a high degree of specificity to the
Australian plants in the genus Acacia and the closely related Paraserianthes
lophantha (van den Berg, 1980b, 1982¢; Auld, 1983; New, 1983), and do not attack
any of the African acacias or rclated species (Donnelly, 1992). Within the genus
Melanterius however, the degree of host specificity is less clear. Although some
species are only ever associated with a single acacia host. others feed as adults on
several acacia hosts (New, 1979, 1983; Auld, 1983; Donnelly, 1992). For example,
M. servulus, occurs on both A. cyclops and P. lophantha in the field in Australia and
South Africa (See Chapter 1; van den Berg, 1980b; Oberprieller and Zimmermann,
2001), and during host-specificity tests in cages was found to feed, oviposit and

develop on seeds of eight other Australian Acacia species (Donnelly, 1992).

Subsequent to the first release of M. servulus against A. cyclops in 1991, efforts were
renewed in 1994 to collect and make further releases of the weevil in South Africa
(Dennill er al.. 1999; Impson and Moran, 2004). Experience with the early
programmes against A. longifolia, A. melanoxylon and P. lophantha, had shown that
the weevils were sufficiently host specific, rclatively easy to collect, and readily
available (Impson and Moran, 2004). The usc of M. servulus against the seeds of
A. cyclops in South Africa also had the added benefit of not being opposed by groups

that rely on the plants as a source of income, as would have happened had other types
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of more-destructive agents been sclected. Acacia cyclops is widely used in this
country as a source of excellent firc wood, and it is harvested in many of the areas
where it occurs not only for own use, but also to generate income, particularly among
the poorer communities (Azorin, 1992). By using a sced-feeding weevil, steps have
been taken towards reducing the aggressiveness and spread of 4. cyclops without

hampering its beneficial qualities.

Eight years after the main releascs in 1994, M. servulus populations were monitored
in an effort to understand the impacts that the weevils are having on seed output of
their host. Although establishment of the bectles was confirmed at most release sites
the year following release, initial levels of seed damage were based on visual
estimates of pods in situ. No destructive sampling was carried out because there was
concern that such methods might impact negatively on the newly-established, and
small weevil populations (D. Donnelly, P.P.R.I.. Stellenbosch, personal

communication).

Donnellys’ initial estimates of damage were not at all promising, with many of the
release sites showing an estimated < 0.01% destruction of seeds by the weevils after
three years. and a maximum damage level of approximately 5% which was recorded
at only one site (D. Donnelly, unpublished data). In contrast. the two programmes
that had been initiated several ycars carlicr. using the seed-feeding weevils,
M. ventralis and M. acaciae on A. longifolia and A. melanoxylon respectively, showed
a steady increase in damage over time reaching 79.5% after only a few years (Dennill
and Donnelly, 1991; Donnelly, 1995). These two programmes had also shown that
the insects were relatively slow to disperse away from the release sites into adjoining
infestations of the weeds, indicating that M. servulus would also not spread rapidly.
The Melanterius weevils are winged, so disperse by flying from one area to the next,
although dispersal events may also be assisted by prevailing winds. The initial impact
assessments of M. servulus, coupled with its probable limited dispersal, cast doubts on

the ability of M. servulus ever becoming an cffective biocontrol agent of 4. cyclops.

This study was undertaken to monitor M. servulus more thoroughly by using

destructive sampling methods to assess both the impact of adult feeding on flower
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buds and immature seeds, as well as adult {ecding and larval development on mature

seeds at, and at varying distances from, the original release sites.

METHODS

Impact of M. servulus on immature reproductive growth of A. cyclops

Six 4. cyclops infestations in the Western Cape Province (South Africa) were selected
as sample sites for the study. Three of the sites were on the western coastal plain at;
Langebaanweg, Yzerfontein and the West Coast National Park (33°16.097 S
18°10.054 E), and the other three were on the castern coastal plain; near the mouth of
the Breede River (34°24.443 S 20°49.546 E), at De Hoop Nature Reserve (Potberg)
and near Bredasdorp (34°30.555 S 20°04.064 E) (sce Chapter 1, Figure 1.3). All of
the sites, except for the West Coast National Park and the site near the Breede River
mouth, had established populations of M. servulus, and were the same sites that were
selected for the phenology studies described in Chapter 2. Shortly after the start of
the sampling programme, a large portion of the Bredasdorp infestation was cleared

and this site was discarded.

To determine the impact of M. servulus adults on the immature reproductive growth
(flower buds and podlets) of A. cyclops, the terminal section of an indiscriminately-
selected branch, approximately 50cm long. was removed from each of ten trees at
monthly intervals for one year. This was carricd out between September 1999 and
September 2000 at each of the six study sites described above, ensuring that none of
the tagged branches being uscd for the phenology study were tampered with. The
West Coast National Park and the Breede River sites had no M. servulus and acted as
controls. A small consignment of M. servulus was released close to the study site at
the Breede River mouth in October 1999, and although the weevils had established by
the following year, they did not disperse into the study area and thus did not influence

observations or counts undertaken at this site.

28



Each month the 60 sample branches were dismantled, and a count was made of all the
reproductive components on each branch. The flower buds, podlets, and pods were

then examined microscopically for signs of M. servulus feeding damage.

Sweep samples were taken to determine when A servulus adults were active in the
field and thus potentially contributing to the fceding damage that was recorded on the
various reproductive stages of the plant. These samples were taken at monthly
intervals for one year (September 1999 to Scptember 2000) at each of the six main
sites. Each sweep sample entailed shaking a cluster of A. cyclops branches into a
large insect net, to dislodge and capture any free-living stages of insects, from each of
ten trees at each of the six sites. Once again, those branches being used for the
phenology study were excluded from the sweep sampling to avoid possible damage to
the plant parts. A record was made of the numbers of M. servulus and also any other
phytophages caught in the net, and the reproductive phenology of the branches that
were sampled was described (i.e., the presence of buds, flowers, and/or pods was

noted), to ascertain which part of the plant the phytophages were feeding on.

Impact of M. servulus on mature reproductive growth of A. cyclops

During late November to early December, when A. cyclops seeds had matured, and
after M. servulus adults had fed and ovipositcd on the seeds and the resulting larvae
had developed within them, a detailed examination of the seed pods was made to
determine the levels of seed damage. This aspect of the study was carried out
annually between 1998 and 2002 at 14 sclected sites, for the most part where
M. servulus had originally been rcleased (including four of the sites — Langebaanweg,
Yzerfontein, Bredasdorp and Potberg, that had been sampled for levels of damage on

immature reproductive growth as described above). (see Table 3.2).

At each of the 14 sites, between 30 and 50 ripe pods (i.e., filled pods that have just
hardened) were collected indiscriminately {rom cach of five trees. A sub-sample of
ten pods was randomly selected (unsighted. from a paper bag) from each of the
batches of pods, giving 50 pods in total per site. Each pod was opened and a record
was made of: i) seeds damaged by adult fceding (Plates 2a, b and c); ii) seeds

damaged by larvae (Plate 3); iii) seeds on which oviposition had occurred (Plate 4);
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Plate 2a. M. servulus adult feeding damage Plate 2b. Adult feedmg damage as seen
on external surface of green ripening pod.  on external surface of ripe pod.

Feeding
) damage

Plate 2c. Internal view of seed within pod Plate 3. Internal view of seed within pd
to show effects of adult feeding. to show effects of larval feeding.

)viposition v\v , .
sears
Healthy seed
A " -
V§vee o

Plate 4. External surface of pod showing  Plate 5. X-ray sheet showing healthy seed
oviposition scars and the larval exit hole.  and seed colonised with larvae.
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iv) non-viable, sceds (where other forms of damage not attributable to M. servulus

damage had occurred); v) aborted sceds and vi) secmingly healthy seeds.

For the first year of the study, due to uncertainties in distinguishing oviposition damage
to the pods, sceds in categories iii) and vi) were X-rayed. This was done by retaining
the seeds between two sheets of transparent. adhesive paper and placing them on plates
(Agfa Gevaert, 8 x 10”7 Osray-C film), within an X-ray machine (Softex Co. Ltd.,
Tokyo. Japan No. 6701) at 13 KVP and 9 mA for a duration of 60 seconds. The film
was then developed in an automatic developing machine in the radiology unit at
Stellenbosch Hospital. The devcloped film was examined on a light table, and any
seeds containing M. servulus larvae were casily identified (See Plate 5). In the years
subsequent to this, X-ray examination of the sceds was not necessary because with
experience., oviposition scars on the outside and inside of the pod walls could be

distinguished with confidence using a dissecting microscope.

Dispersal of M. servulus

Dispersal of M. servuius rom sceven of the original release sites was measured in
December 1999 and again at sclected sites (Langebaanweg and Yzerfontein) in
December 2001. This was the optimal time to look lor signs of dispersal of the weevil
because, damage by the insccts on A. cvelops pods was easily detectable (i.e., presence
of adult feeding and oviposition scars on the external surface of the pod walls and
characteristic. round, holes through which the fully developed larvae had emerged prior
to dropping to the soil to pupate). The study cntailed inspection of pods on a number of
A. cyclops plants at increasing distances (approximately every 500m) in a 14 km radius
around the original relecase points. Where possible. collections were made radiating
from as many compass dircctions as possible. however this was restricted to a large part
by accessibility of roads and availability of trces. At cach inspection point three people
independently searched A. cyclops trees for signs of M. servulus damage. If no signs of
damage were obscrved within ten minutes, M. servudus was assumed to be absent from
the area, the search was discontinued and no pods were collected. Where damage was
noted, approximately 25 sced-pods were indiscriminately collected from each of ten
trees, and a sub-sample of ten pods per tree was then scrutinized to ascertain levels of

seed damage. Changes in levels ol damage with distances from the release site were
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compared between 1999 and 2000 at two of the sites to determine whether there was an
increase in damage levels and dispersal distances with time. The co-ordinates, for each
locality that was surveyed for signs ol damage. were recorded irrespective of whether

damage was noted or not.

Data analysis

Feeding damage on immature rcproductive growth caused by M. servulus, was
calculated as the overall percentages of cach component damaged by combining counts
from each of the sample months and all trecs at cach site. The relative proportions of
damage caused by adult feeding, oviposition and larval feeding were compared by
Analysis of Covariance (Statistica 7.0), with ycars being the covariable, on arcsin
transformed percentages of damagc in cach category at different levels of overall seed
damage. Linear regression of logy arcsin transformed percentage seed damage on logj
distance + 1 from release sites was uscd to show dispersal distances of M. servulus in
South Africa. Analysis of Covariance, (using distance as the covariable), was used to
compare changes in levels of pereentage damage (arcsin transformed) at different

distances from original releasc points in 1999 as opposed to 2001.

RESULTS

Impact of M. servulus on immature reproductive growth of A. cyclops

Only two indigenous phytophage taxa were recorded routinely together with
M. servulus at all of the study sites in the sweep samples on A. cyclops (Figures 3.1,
3.2, 3.3). These included an unidentilicd pentatomid species, possibly Antestiopsis
orbitalis (Hemiptera: Pentatomidac). which is known to have adapted to feeding on the
immature seeds of some of the Australian Acacia species (Picker et al., 2002). The
other taxon consisted of at lcast two specics of Alydidae, one of which had been
previously recorded and identified as Zulubius acaciaphagus, (Schaffner, 1987), and
both of which are well known polyphages feeding on the mature (hardened) seeds of

both exotic and indigenous acacias (Holmes er /.. 1987a).
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Figures 3.1 a-e show the periods during which time the pentatomids were present on the
A. cyclops trees at the five sites. ‘They were only collected in large numbers at
Yzerfontein, being scarce at the other four sites. Although the pentatomids were
present from spring to late summer, and even into autumn, they showed a preference
for feeding on filled green pods (leaving signs of small pierce marks on the pod walls,
personal observations). Pods in this siage were only available in abundance during
October. The levels of damage caused by the pentatomids on 4. cyclops, although not

quantified, were never extensive (personal observations).
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Figure 3.1. Abundance of pentatomid adults and nymphs on Acacia cyclops, at each of
five study sites; (a) Yzerfontein, (b) Langebaanweg, (c) West Coast National Park, (d)
Potberg, and (c¢) Breede River.
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Alydids were generally more abundant than pentatomids at the study sites (Figures 3.2

a-e), with Yzerfontein (Figure 3.2a) again showing the highest levels of abundance.

Alydids feed, for the most part, on the hardened seeds within ripe pods that have split

open, which explains their peak in abundance in sweep samples from mid to late

summer when ripe pods are prolific. The adults probably also feed on the filled green

seeds, but levels of damage to these seeds were not ascertained. Damage to the ripe

and hardened seeds by alydid feeding is dealt with in Chapter 4.
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Figure 3.2. Abundance of alydid adults and nymphs on Acacia cyclops at each of five
study sites; (a) Yzerfontein, (b) Langebaanweg, (c) West Coast National Park, (d)
Potberg, and (e) Breede River.
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Melanterius servulus adults, despite being the least abundant species in the sweep
samples, are the most damaging of the phythophages present on 4. cyclops. For much
of the year they are inactive and not present on the terminal shoots, and are only
abundant during the spring and summer months (Figures 3.3 a-c), when their
predominant food source (green seeds within filled green pods) becomes available (see

Chapter 2).
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Figure 3.3. Abundance of Melanterius servulus adults on Acacia cyclops, monitored
from sweep samples at three study sites; (a) Yzerfontein, (b) Langebaanweg and (c)
Potberg.

Although there was only a single record from the sweep samples of one M. servulus
adult being collected in Potberg out of the peak season, adults were observed
occasionally wandering on the extremitics of the branches, away from their usual over-
wintering refugia under bark. On warm, sunny days between January and August,
M. servulus adults become active and feed on any available parts of the A. cyclops
plants (i.e., buds, pollen from the flowers, podlets and young vegetative growth). No

M. servulus individuals were recorded or seen from either the West Coast National Park
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or the Breede river sites. confirming these two sites as weevil-free controls for the

duration of the study.

Monthly destructive sampling of immature reproductive growth showed that some
M. servulus feeding occurred on this stage of growth (Table 3.1). The feeding damage
by the adult weevils was noticcable as small shot holes on the bud and podlet surfaces.
This type of damage was however ncgligible and is unlikely to make a significant
contribution to the productivity of the weed. By contrast the levels of damage
attributable to M. servulus was much higher on filled pods (Table 3.1). Since no
damage was recorded from cither the West Coast National Park or the Breede River
sites, where both pentatomids and alydids were present, the damage observed at the
remaining sites is attributable to feeding by M. servulus. and not the other indigenous

phytophages.

Table 3.1. Damage (%) caused by Melanterius servulus on the reproductive stages of
Acacia cyclops during a onc-ycar period (1999-2000). at five localities. (Numbers of
each of the components examined at each site arc shown in parentheses.)

Locality
Stage Yzerfontein  Langcbaanweg  West Coast De Hoop, Breede River
Natn] Park Potberg
Flower buds 5.3 (187) 0.8 (124) 0 (125) 2.6 (303) 0 (69)
Immature pods 0.1 (5268) 0.8 (4631) 0 (4288) 3.1(2455) 0 (3701)
Unfilled pods 1.6 (749) 6.5 (1077) 0(739) 7.9 (926) 0(971)
Filled pods 45.9 (50) 60.6 (50) 0 (30) 48.6 (50) 0 (50)

Impact of M. servulus on mature reproductive growth of A. cyclops

The damage that is inflicted by M. servulus adults and larvae on seeds within the filled
green pods is of relevance 1o the biocontrol programme (Table 3.2). There was no
significant difference in overall levels of M. servulus damage on A. cyclops seeds

between years (Table 3.2) (Kruskal-Wallis F (4 \ s2,= 1.858: P = (0.76). however, there

36



were highly significant diflcrences in levels of damage between sites (Kruskal-Wallace
Hqa v=52y=39.777: P = 0.0003). Thesc differences were not found to be attributable to
the length of time the beetles had been established at each site (¢ = -0.21; ns, for

damage levels in 1999).

Table 3.2. Overall seed damage (%) caused by Melanterius servulus on filled pods of
Acacia cyclops over a five-year period at different release sites. (blank spaces represent
sites not sampled during that ycar). ‘The approximate number of weevils released at
each of the sites is given in parcentheses.

Release site Release ' Seed damage (%)

date (No.) 1998 1999 2000 2001 2002

Langebaanweg 1997 (1000+) 65.8 674  93.1 50.8
Y zerfontein 1991 (100) 47.3 58.8 61.0 70.0
Bredasdorp West 1994 (200) 26.3 14.9 28.6 29.1
Bredasdorp South 1994 (250) 0.0 14.8 13.2 2.1
Bredasdorp East 1994 (300) 70.5 10.8 23.4 63.5 64.8
Potberg 1994 (200) 74.5 47.8 86.6 94.4

Springfield 1994 (200) 3.0 23.6
Struisbaai 1994 (250) 20.8 28.1 94.0 38.0
Gansbaai 1994 (300) 7.1 31.6 324
Hangklip 1994 (200) 80.8 97.1 70.1

Baardkeerdersbos 1994 (200) 12.5 29.35 14.5 30.6
Hawston 1994 (200) 98.0 98.7 93.8

Stanford 1994 (200) 96.1 82.1 79.0 87.3
Napier 1994 (200) 7.7 1.3 72.1

At some of the sites. damage levels fluctuated markedly between years (e.g., Struisbaai

and Potberg), whilst others were cither consistently high (c.g.. Hawston, Stanford and
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Hangklip), or consistently low (e.g., Bredasdorp South and West). It was notable that

damage levels in excess of 90% were recorded at several sites at least in some years.

Damage to the ripe green seed by M. servulus (resulting in seed mortality), was
categorized into three types: (i) adult feeding, which left a distinctive perforation
through the pod wall (Plates 2a and b), with a cavity chewed into the underlying seed
that rendered the seed inviable (Plate 2c); (ii) feeding damage caused by the larval
stages, which consumed the entire contents of the seed, leaving only the hard exocarp
intact (Plate 3); and (iii) oviposition probes caused a high proportion of seed mortality —
this category was distinct because, although eggs may or may not have been deposited,
the oviposition sequence was incomplete and the perforations had not been plugged as
happened after normal oviposition events. The seeds below the oviposition probes
were no longer shiny black and healthy, but poorly developed, and frequently shrivelled

or mouldy, with an aril that was yellow, rather than red, in colour (see Plate 6).

Healthy seeds

eeding damage

Seed damaged . _
by larva Y P Seeds.dan?e?ged
: - ’ by oviposition

Plate 6. Acacia cyclops pods, showing pod with healthy seeds (top) and an
opened pod with damaged seeds (middle). Oviposition and feeding scars
can be seen on the outer pod wall (bottom).

At all of the sites where M. servulus damage was recorded, oviposition damage
constituted the largest portion of overall damage to the seeds, and was more than three

times greater than both larval damage and adult feeding damage (Figure 3.4).
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Figure 3.4. Percentage damage attributable to adult feeding (#), oviposition (H) and
larval damage (A) by Melanterius servulus on Acacia cyclops at different levels of
overall damage, as measured over a 3-year period at four sites combined.

An analysis of covariance showed that, regardless of overall levels of damage, there
was no difference in levels of damage attributable to adult as opposed to larval feeding
(Fuoy=2.12; P = 0.179), but that oviposition damage was always significantly greater
than adult and larval damage (Fy 14y = 22.66; P = 0.0003)

Dispersal of M. servulus

No previous records of dispersal rates for Melanterius weevils existed, and this study,
carried out between five to seven years post-release of the biocontrol agent, is the first
to demonstrate the level of dispersal ability by these weevils. Dispersal was measured
around seven of the release sites (Figures 3.5 a-g). The pattern shows that the highest
populations of weevils, (as illustrated by high seed damage levels), have remained close
to the release points. There was a significant decline (R” = 0.35, P << 0.0001) in the
levels of seed damage recorded in 1999, with increasing distance away from the release

points (Figure 3.5h).
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Figure 3.5. Dispersal of Melanterius servulus as shown by overall seed damage levels
(%), in 1999, around seven release sites, (a) Yzerfontein, (b) Langebaanweg, (c)
Potberg, (d) Stanford, (e) Hawston, (f) Bredasdorp, (g) Hangklip, five years after the
release of the agent. (h) illustrates all sites combined.
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Figure 3.6. Expansion of range by Melanterius servulus from 1999 (closed circles) to
2001 (open circles) at Yzerfontein, showing seed damage levels (%) at each of the

monitoring points.

100 4

80 -
70
60 *
50 -
40
30
20
10

M. servulus seed damage (%)

QOJ]

[m]

4 6 8 10

Distance from release point (km)

Figure 3.7. Expansion of range by Melanterius servulus from 1999 (closed squares) to
2001 (open squares) at Langebaanweg, showing seed damage levels (%) at each of the

monitoring points.

Figures 3.6 and 3.7 show comparative levels of damage at Yzerfontein and

Langebaanweg in 1999 and 2001. There was a highly significant decline in the levels

of damage with increasing distance from the release sites (Fj20) = 40.19; P <<

0.00001) in both years, reflecting the moderate rates of dispersal of the beetles.

However there was a significant increase in levels of damage between 1999 and 2001

(F(120) = 10.37; P == 0.003), showing that the beetle populations were expanding in the

vicinity of the two release sites.

41



Melanterius servulus populations are probably still under a dilution effect as the
populations expand spatially. 1f so, the sced damage levels recorded in Table 3.2 could
increase and stabilize with time and currently might be an under-estimate of the true
potential of the agent. In 1999, the furthest distance from any release site where
damage was recorded was 9km. This was measured at Potberg (Figure 3.5¢), five years
after initial releasc of M. servulus, showing that the agent is able to disperse, on
average, at least 1.8km per year. It is important to note however that this relationship is
not linear, but dependent on the number of insects released into an area, as well as the
size and density of the weed infestation, and rates of dispersal could well increase with

time.

DISCUSSION

Much of the previous knowledge of Australian acacia seed mortality by Melanterius
species is based on studics in Australia (van den Berg, 1977; Auld, 1983; and New,
1983), and more recently in South Africa (Dennill and Donnelly, 1991; Donnelly, 1992,
1995; Dennill e «l.. 1999; and Impson et al., 2000). More specifically, records of 25%
and 20% seed mortality were reported for 4. cyclops in Australia (van den Berg, 1977;
New, 1983) and it was suggested that Melanterius populations were “rarely likely to
become sufficiently dense to cause other than extremely sporadic competition for
seeds™ (New. 1983). These records arc in complete contrast to the findings of Janzen
(1975. 1980) on central American Acacia species, where high levels (more than 70%)
of seed mortality by bruchid beetles were recorded. Unlike the Americas, Israel and
Africa, where bruchids are the principal sced-feeders of Acacia species (Lamprey et al.,
1974; Carr, 1976; Ross, 1979; Coe and Coe, 1987: Barnes, 2001), weevils in the genus
Melanterius predominate on the Australian acacias (New, 1983). In contrast to the
Bruchidae. Melanterius weevils are not susceptible to parasitism, however it is possible
that low levels of fccundity, coupled with competition from other seed-feeders in their
native country. could restrict their potential lor being particularly destructive.
However, the evaluation of seed mortality in Australia (van den Berg, 1977; New,
1983) did not clarify on what basis mortality was measured, and thus if oviposition
damage was not taken into consideration, this alonc could account for the differences

recorded between Australia and South Africa.
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This study of M. servulus on A. cyclops, together with other evaluations of Melanterius
species on A. longifolia (Dennill and Donnelly, 1991), A. melanoxylon (Donnelly,
1995), P. lophantha (Schmidt et al., 1999) and A. mearnsii (F. Impson, unpublished
data) have providcd insights into the potential of this particular species, and the genus
Melanterius as a whole. as far as biological control efforts are concerned. Despite a
poor prognosis from initial estimates for the impact by M. servulus, there has been a
general trend towards incrcasing levels of sced-damage following release of the weevils
into new areas. Dispersal of M. servulus away from these areas, although relatively
slow, is taking placc. and will probably increase with time as populations of the weevils
build up. The efforts involved in the process, from selection of this weevil species in
its country of origin. through to its release in South Africa, were thus well founded

(Impson and Moran. 2004).

The current study has certainly not answered all the questions regarding the potential
effectiveness of M. servulus as a biocontrol agent of A. cyclops seeds, but rather
provided a framework on which to build additional information. Further investigation
is required into inter- and intra-site differences in sced-damage levels. In particular, the
role of changes in annual seed-production on the plants, extraneous disturbances of the
sites (e.g., removal of trees for firewood, clearing operations, occurrence of fires, and
dust from roads and roadsides), dispersal of the wecevils and habitat characteristics (e.g.,

soil type. climatc ctc.) needs to be ascertained.

In order to evaluate the full potential of M. servi/us as a biological control agent of
A. cyclops it would be nccessary to investigate whether the reduction in seed
production, as mcasured. translates into a reduction in A. cyclops populations or at least
a reduction in its rate of spread. Providing that seed-production is reduced and
consistently maintained below a certain critical fevel. it could be expected that the plant
populations would demonstrate a corresponding dccline, particularly in the case of
plants with relatively short-lived seed-banks (Hoflimann and Moran, 1998). Australian
acacias in general arc reputed to have very large and long-lived seed banks. and thus
even with levels ol 80-90% sced-damage, biocontrol of the seeds alone is likely to be
ineffectual. Such arguments have been supported by models based on a study of seed-

feeders on A. nilorica (1..) Delile (Kriticos er al., 1999), and observations of a flower
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bud-feeder on Sesbania punicea (Cav.) Benth., (Hoffmann and Moran, 1991). In the
case of 4. cyclops. there are still uncertainties about seed dynamics, and although it is
believed that the sced-bank is probably relatively short-lived in comparison to some of
the other invasive Australian acacias (i.e., 4. mearnsii and A. saligna), further studies
are required on sced-banks, seedling recruitment and plant population dynamics to

verify the potential role of seed-feeders in the system.

The actual value of sced-reducing agents in this, and other, systems may only be fully
realized by determining what is meant and required by “effective™ biological control
(see the Synopsis to this thesis). Seed-reducing agents are likely to play an important
role in terms of integrated weed management. In South Africa, where large-scale
mechanical clearing opcrations are being undertaken. such as those by the *Working for
Water’ programme. this strategy is belicved to be playing a substantial role in the
overall management of invasive plants. Where seeds of invasive species are at reduced
levels, it is believed that there will be a corresponding decrease in costs and effort of
clearing per unit arca. particularly during follow-up treatments to remove seedlings or
young plants from previously cleared areas, and this is likely to enhance the chances of
permanently combating the weeds concerned (Moran ¢t al., 2004). A reduction in
propagule pressure should also reduce the rates of spread of plants and reduce their
ability to colonise ncw arcas (Foster, 2001; Rouget and Richardson, 2003). Despite the
fact that M. servulus populations take several years to build up to the point where seed-
reduction becomes consistently high, and that dispersal rates are relatively slow, this
study has shown that the weevils have the potential to make a positive contribution

towards the biological control and management of 4. cyclops seeds.

(Footnote: Rescarch presented in Chapters 2 & 3 has been published as Impson ef al.,

2003).
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CHAPTER 4

IMPACTS OF FEEDING BY NATIVE ALYDID BUGS, ZULUBIUS SPECIES,
AND BIRDS ON GERMINATION OF ACACIA CYCLOPS SEEDS

INTRODUCTION

A prolific production of long-lived seed characterizes many of the alien plant species
that have become naturalized in South Africa. Many soil-stored seeds are capable of
surviving in a dormant condition for several years, and an estimated 85% of the
Fabaceae have water impermeable seed dormancy (Rolston, 1978). The mechanisms
that control this dormancy within the acacias are varied and a number of studies have
implicated seed characteristics, i.e., size, shape, composition of the testa (Hanna,
1984; Morrison et al., 1992), while others have focused on environmental and other
factors such as scarification, various wet and dry heat treatments (including fire), use
of acid and exposure to microwaves (Jones, 1963; Clemens ¢t al., 1977; Tran, 1979;
Hendry and van Staden, 1982; Pieterse and Cairns, 1986a, b; Auld, 1986; Jeffery ef
al., 1988). The effect of passage through the gut of various vertebrate species on
germination of seeds is also well documented (Phillips, 1927; Janzen, 1971; Lamprey

et al., 1974; Noble, 1975; and Glyphis et al., 1981).

The seeds of 4. cyclops are borne in pods that develop in clusters. Once these pods
split open during summer, the dark brown/black seeds are exposed and retained unlike
many other Acacia species that shed their seeds soon after the pods dehisce. The
seeds of A. cyclops, which can be held for up to six months on the plant, are
surrounded by a bright red, fleshy arillate funicle (aril), a colour combination which
has been demonstrated to be attractive to birds (Turcek, 1963). Glyphis et al., (1981),
recorded a number of potential avian dispersers of 4. cyclops seed in South Africa and
showed that passage of the seed through bird gut enhanced germination. This
endozoochory, together with the high annual seed-production of the plant, has

undoubtedly enhanced the successfulness of A. cyclops as an invasive species.
Several studies in South Africa, including aspects of this study. have shown that

whilst exposed in the canopy-held pods, the ripe 4. cyclops seeds are subject to attack

by seed-sucking alydid bugs. Such feeding by hemipterans was not unexpected since
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alydid adults and nymphs are known to be generalist feeders on seeds of leguminous
plants (Holmes er al., 1987a), and exploratory surveys in Australia had also recorded
a number of species of hemipterans on 4. cyclops. Of these, nine were either common
or abundant, with one species, Coleotichus costatus (F.) (Scutellaridae), accounting

for 25% seed damage (van den Berg, 1980c¢).

In the case of alydids, the feeding holes that pentrate the seed testa, enhance the seeds
ability to imbibe water, and depending upon the severity of the feeding damage the
swollen seeds will either germinate or rot (Neser, 1984). Holmes ef «/., (1987a) and
Holmes and Rebelo (1988), investigated the effect of alydid - (Zulubius species)
feeding on the viability and germinability (i.e., readiness to germinate in the presence
of moisture, as opposed to dormancy) of A. cyclops seeds, and looked into alydid
distribution across the range of 4. cyclops in South Africa. The first of these studies
showed that there is a corresponding decrease in seed viability with increasing alydid
feeding-intensity, while the second study demonstrated that although germinability
was not correlated with levels of alydid density and feeding damage, seed rotting
during the germination trials was positively correlated with alydid damage. Zulubius
acaciaphagus (Schaffner), which is the most abundant of the Zulubius species
recorded from A. cyclops was also found to occur throughout the plants distributional
range in South Africa, although it was most abundant in the hotter, drier areas, and in
one such area was recorded as being capable of damaging up to 84% of the annual

seed crop.

Although information was available regarding the impacts on germination of
A. cyclops by these Zulubius species, in addition to the enhanced germination of seed
having passed through bird gut, no studies had investigated the interaction between
these two effects acting in combination. Feeding by alydid adults and nymphs on
A. cyclops seed has no impact on whether the seed is shed from the plant, thus when
both alydids and birds are present in an area, at least some of the seeds will be fed on
by alydids prior to being removed from the pods by birds. The nature of the
interaction between bird passage and alydid damage was considered to have potential
implications for biological control of 4. cyclops in South Africa. It was hypothesized
that when birds feed on seeds that have been previously fed on by alydids, the net

effect would be a higher reduction in dormancy (than would be seen with no previous
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alydid feeding), and in turn an increase in the germinability of that seed. Thus, a
study was undertaken to ascertain how combinations of these treatments might affect

the viability and germination of 4. cyclops seeds.

METHODS

Definition of terms

Viability is a measure of whether a seed is still alive (with no consideration of
dormancy). Seed viability can be measured by clipping batches of seeds, (and thus
breaking seed coat induced dormancy), and determining the number that germinate.

Those that do not do so within six weeks are not viable and never grow.

Germinability is a measure of whether the seed is alive and not dormant (i.e., it is
ready and able to imbibe moisture and initiate growth). Germinability of seeds is
measured by exposing entire seeds (i.e., not clipped), to moisture and determining

whether or not they imbibe and start to grow within eight weeks.

Dormant seeds refer to those seeds which may be either viable or inviable, but that do
not germinate spontancously despite conditions being favourable (ie., certain
mechanisms are required to release such seeds from their dormant condition). In the

case of 4. cyclops, dormancy is imposed by the hard seed coat.

Viability & germination experiments

Several hundred seed-pods were collected from trees at Yzerfontein during March
2001 and transported back to the laboratory in bags with as little disturbance as
possible.  Seeds were carefully removed from the pods and inspected under a
microscope for signs of alydid feeding turrets (i.e.. characteristic white extrusions of
an unknown exudate, possibly liquefied, partially-digested cotyledon, that flows from
and hardens in a turret shape around the penetration holes made by feeding alydids)
(Plate 7). Feeding turrets were counted and seeds were then separated into categories

according to the number of turrets they bore.
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Feeding
turrets

Plate 7. Acacia cyclops seed showing alydid feeding turrets

Prior to setting up the main germination experiment, two preliminary experiments
were carried out to verify that the current procedures provided results that matched

those from previous studies of Holmes ef al. (1987a) and Holmes and Rebelo (1988).

a) Breaking seed coat dormancy

A series of 100 healthy seeds were used for trials to ascertain the best method for
breaking dormancy. Of these seeds: 25 were clipped (i.e., the testa was incised at the
mycopylar end), and treated with a 6ml benomyl solution (a fungicide to protect
against soil-borne pathogens); 25 were unclipped (i.e., left complete and not cut at the
mycopylar end), and not treated with an anti fungal agent (and hence were potentially
exposed to soil borne pathogens); 25 were unclipped, and treated with a 6ml benomy]l
solution; and 25 were boiled and treated with a 6ml benomyl solution. The seeds
were maintained in unsterilised moist sand in petri dishes in the laboratoryunder
ambient conditions, and observed at least every third day over a six-month period for
signs of germination. For all of the experiments carried out as part of this study,
germination was considered to have taken place when the radical had developed to a

length of 2mm or more (see also Pieterse and Cairns, 1986a).

b) Effects of alydid feeding on the germination and viability of A. cyclops
This experiment was set up to measure the effect of different densities of alydid

feeding turrets on both the viability and germinability of 4. cyclops seeds. Seeds
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subject to these treatments fell into one of six categories; i) those with no turrets, ii)
with one turret, iii) with two turrets, iv) with three turrets, v) with four turrets, and vi)
with five or more turrets. Fifty seeds were used for each category. Half of the seeds
from each category were clipped to measure viability, and the remaining seeds were
left intact to measure germinability. All seeds were placed on moist sterilized sand
for the duration of the trial. Seed trays were maintained at 25°C during the day and
night with a 12h day:night photoperiod. The sand in the germination trays was
sprayed with a fungicide and also kept moist with regular watering. Any of the
unclipped seeds that had not germinated by the end of the trial were clipped and left
for a further eight-week period in the germination trays, to determine whether they
were viable or not. In some instances these unclipped seeds were imbibed and

swollen, but no radicle had emerged and in most cases they were found to have rotted.

c) The effects of alydid feeding and passage through bird gut on germination of
A. cyclops seeds

Once the above experiments had been completed, and a satisfactory method of
initiating germination had been ascertained, a detailed laboratory study was set up in
2002. Seeds were placed into the following categories; a) seeds with no turrets, b)
seeds with 1-2 turrets, ¢) sceds with 3-4 turrets, and d) seeds with > 5 turrets. One
hundred seeds were selected for each category. Eight red-winged starlings
(Onychognathus morio) were then taken on loan, courtesy of the World of Birds
(Hout Bay). and maintained in large walk in aviaries at the University of Cape Town.
Half of the seeds (i.e., 50) in each seed category were fed to pairs of starlings, in a
mixed diet of fresh fruit and wheat cereal. The secds were subsequently recovered
from the droppings. Records were maintained of gut retention times. As soon as this

part of the experiment was complete, the birds were returned to the World of Birds.

Of each of the groups of 50 seeds that had been digested by birds, half were clipped at
the micropylar end to break the seed-coat induced dormancy. and hence test the
viability, and the remainder were left un-clipped, to investigate the germinability.
The remaining 50 seeds that had not been offered to birds were treated in the same

way (Figure 4.1).
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Figure 4.1. Diagrammatic representation of experimental design for each seed
category used in the viability/germination experiment

For the laboratory trial, seeds from each category and treatment were placed singly in
sieved, field-collected sand in polystyrene germination trays and placed in a phytotron
unit. The temperature was maintained at a constant 25°C during the day and night
with a 12h day:night photoperiod. The sand in the germination trays was sprayed
with a fungicide and also kept moist with regular watering. The seedling trays were
covered with a layer of clear plastic sheeting to keep the sand moist. Trays were
monitored weekly for 77 weeks and details of seed germination recorded. Any
germinated seeds were removed from the trays. The percentage of clipped seeds that
germinated provided a measure of viability, while the percentage of unclipped seeds
that germinated within eight weeks provided a measure of germinability. The
proportion of seeds that were viable in the germinability experiment was calculated

from the proportion (%) of seed that germinated in the viability trial.

Dara analysis

Linear regression analyses were used to demonstrate (a) the correlation between
alydid feeding intensity and numbers of seed germinated (and rotted), and (b) the
additional impact of passage of the seed through bird gut on these factors. Analysis of
Covariance (Statistica 7.0) on arcsin transformed percetage viability was used to
compare the effects of bird and alydid feeding on the viability of 4. cvclops seed

(using number of feeding turrets as the co-variant). Yates corrected Chi squared tests
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(Statistica 7.0) were used to determine the relationships between bird and alydid

feeding on germinability of A. cyclops seeds.

RESULTS
a) Breaking seed coat dormancy

The preliminary viability and germination trials showed that the best method of
breaking seed coat dormancy was to clip the micopylar end of the seed and 100% of
the seeds germinated with this treatment. Healthy seeds. which were either unclipped

or boiled, irrespective of treatment with anti-fungal agent, remained dormant.

b) Effects of alydid feeding on germination and viability of A. cvelops

There was a strong negative correlation (R” = 0.93) between alydid feeding intensity
(number of turrets per seed) and seed viability (i.e.. germination of clipped seeds)
(Figure 4.2a). When seeds were left unclipped, germination was low regardless of
feeding intensity (Figure 4.2a), but there was a trend towards decreasing germinability
in batches of seeds with either no damage or with high levels of damage. There was a
positive correlation, (R* = 0.97), between alydid feeding intensity and seed mortality

(Figure 4.2b).

Both of the preliminary germination experiments gave results that correspond with
those of Holmes e/ al., (1987a) and Holmes and Rebelo, (1988). The trials showed,
that seed coat dormancy is easily broken by clipping the seeds, and that whilst alydid
feeding may break seed dormancy allowing some seeds to germinate, a far higher
portion of alydid-damaged seeds imbibe moisture, but fail to germinate and eventually
rot. Hemipterans have been recorded as being vectors of fungi (Green and Palmbald,
1975). which might explain the high correlation between alydid feeding-intensity and
seed rotting (Figure 4.2b). However, rather than being vectors of fungi. feeding by

alydids may merely be allowing ingress of fungi into the punctured seeds.
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Figure 4.2. Germination (a) and rotting (i.e., the non-dormant portion of seeds that
imbibed but failed to germinate) (b) of unclipped Acacia cyclops seeds fed on at
different alydid intensities.

¢) The effects of alvdid feeding and passage through bird gut on germination of

A. cyclops seeds

Gut retention time of 4. cyclops seeds by the captive red-winged starlings was mostly
short and 84% of the seeds were passed within 24 hours of being eaten, while 98.6%
were passed by day three, and the remainder by day six. Bird feeding had no impact
on the viability of completely intact, healthy, seed. As was shown in the previous
experiment (b), there was a strong negative correlation between feeding intensity and
seed viability, however this was irrespective of whether seeds had passed through
birds (R* = 0.8668), or not (R* = 0.7386) (Figure 4.3). An ANCOVA on arcsin
transformed percentage viability showed that there were no significant differences
between seeds that had not been eaten by birds compared to those that had been eaten
(F15=0.6948, P = 0.443). However in both treatments, alydid feeding intensity had
a significant impact on the viability of the seed (£, 5, = 22.56, P = 0.005).
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Figure 4.3. The effects of bird passage and alydid feeding-intensity on the viability of
Acacia cyclops seed under controlled laboratory conditions.

The results of the germinability trial (Chi-squared analyses) showed that there were
significant differences between the bird and no bird trials, with bird feeding
significantly impacting on the germinability of the viable proportion of 4. cyclops
seeds (Figure 4.4). Alydid feeding intensity on the other hand, did not have any

significant impact on germinability of seeds, supporting the data shown in figure 4.2a.
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Figure 4.4. The influence of bird passage and alydid feeding-intensity on the
germinability of Acacia cyclops seed. Letters above bars indicate similarities between
data.

It is interesting to note however that unlike the situation in the no bird trial, bird
feeding actually increased the germinability of seeds with five or more alydid feeding

turrets. Despite an estimated 30% of the seeds (i.e., seven of the 25 seeds) with more



than five alydid turrets being viable in the no-bird trial. no seeds germinated in the

experiment.

From the trial, it was also possible to investigate the impact of bird feeding on seed
germination over time. In order to simplify the presentation of the data, the analysis
combined all the alydid feeding categories (from 0 to >5). Where seeds had been
passed through bird gut, there was a clear increase in germination rates between week
four and week six, supporting the hypothesis that bird passage reduces dormancy and
thus enhances germinability causing a much larger proportion of the bird-digested
seeds to germinate within 77 weeks (Figure 4.5). This is in contrast to the situation
where no bird feeding has taken place, where there is a slow accumulation of

germinated seed, and lower rates of germination.

‘—o—No bird
—e— Bird

Cumulative no. of seeds germinated
W
o

Figure 4.5. The effect of bird feeding and digestion on the germination of Acacia

cyclops seed over time.

DISCUSSION

Under natural circumstances in South Africa, feeding on 4. ¢yclops seed by birds or
alydids or a combination of the two, is quite likely to occur. Acacia cyclops is well
adapted for bird dispersal, and thus the seeds are able to cope with passage through
bird gut. This study demonstrated that bird feeding enhanced germinability of

A. cyclops seeds by breaking seed coat dormancy, and increased the likelihood of
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early germination. Likewise, intensive feeding by alydids enhanced the germinability
of the seeds but this was offset by a substantial reduction in the viability of alydid-
damaged seed, and many of these seeds failed to germinate. Potentially, alydids could
be having a detrimental effect on the health of seed banks of A. cyclops, particularly
where alydid feeding-intensity is high (five or more turrets per seed). However where
alydid feeding-intensity was relatively low (one to four feeding turrets per seced),

germinability increased relative to undamaged and heavily damaged seeds.

Although the potential effects of alydid feeding and bird passage on 4. cyclops seed
have been demonstrated, alydid abundance and feeding intensity may vary both
spatially and temporally in 4. cyclops stands. The frequency of removal of ripe seed
by birds may also vary, and has not been quantified. Holmes and Rebelo (1988)
showed that there was considerable variation in alydid feeding intensity both within,
and between sites. 1t is also believed that alydid populations build up from late spring
into the summer, so those seeds which mature slightly later could be prone to higher
levels of feeding by these insects (Gill, 1985). Seeds that mature early and remain
hanging in the pods on the plant are also subject to increased alydid damage over
time. There is little known about the impacts that alydids and/or birds are having on
seeds produced by isolated A. cyclops plants, or in young stands, where seed
production is likely to be lower per square metre than in the mature stands. Studies
thus far have focussed on dense mature stands and have been carried out over a short

term.

The real impacts that birds and alydids are having in the natural situation can only be
rcalised through a better understanding of the distribution and population dynamics of
the Zulubius species, and the various avian seed dispersers. Whatever these impacts
may be, 4. cyclops populations are unlikely to be measurably affected by alydid
feeding alone. However the effect of birds (either in combination with alydids or
alone) on the dynamics of 4. cyclops is potentially of greater concern. Not only do
birds enhance the germinability of 4. cyclops seed, but they also disperse the seed
allowing colonisation into areas where there are “safe sites™ (c.f. Harper, 1977), and

the seeds can then be recruited into existing or new populations of the weed.
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CHAPTER 5

INTERACTIONS BETWEEN NATIVE, SEED-FEEDING ALYDID BUGS,
ZULUBIUS SPP., AND THE INTRODUCED BIOCONTROL AGENT,
MELANTERIUS SERVULUS, ON ACACIA CYCLOPS

INTRODUCTION

In addition to overscas surveys to identify potential suitable agents for biological
weed control. obscrvations of the target weed within the country of invasion should
ideally be undertaken, to determine whether native insects and pathogens might be
exerting some form of pressure on the weed. Surveys of A. cyclops in South Africa
have shown that there are several vertebrate and invertebrate seed-feeders on the
plants. Rodents probably play the most important role in seed removal and
destruction, in particular the striped fieldmouse, Rhabdomys pumilio (Sparrman), and
the gerbil. Tatera afra (Gray) (David, 1980), which feed on ripening and mature
A. cyclops seed. T'wo species of doves, Streptopelia senegalensis (L.) and S. capicola
(Sundevall), the Cape weaver, Xanthophilus capensis and the Bully seedeater Serinus
sulphuratus, have been recorded feeding on mature 4. cyclops seed (Winterbottom,
1970; Glyphis et «l.. 1981). Several other bird species, in particular the red-winged
starling, Onychognaihus morio, are attracted to the nutritious bright red aril
surrounding the sced. and although they feed on the aril and seed, the seed passes

through the gut unharmed, and enhances subsequent germination (see Chapter 4).

As far as invertcbrate sced-feeders are concerned, an unidentified species of tortricid
moth (Tortricidac: Olcthreutinae), has been recorded from A. cyclops seeds (Donnelly
and Stewart. 1990) and both adults and nymphs of an unidentified pentatomid
(possibly Antestiopsis orbitalis), have been observed feeding on the green ripening
seed pods of the plant (personal observations, see Chapter 3). There are also a
number of specics from at least four genera within the Alydinae (Hemiptera:
Alydidae) that occur on both exotic and indigenous acacias (Schaefer, 1980). At least
one genus, Zulubius. is present on A. cyclops, with the species Zulubius acaciaphagus

{Schaffner, 1987). becing the most abundant. Since alydids commonly occur on the
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seeds of native leguminous plants in South Africa, those that now occur on 4. cyclops
are believed to have moved onto this food source from one or more indigenous plant

species occurring ncarby (Holmes et al., 1987a).

The locally-occurring Zulubius species are temporally and spatially too sporadic to be
able to provide alonc a reliable supplementary role in reducing the invasiveness of
A. cyclops.  In fact substantial control of weed species through the action of
indigenous insccts or pathogens, although not impossible, (Cruttwell McFadyen,
2000; Edwards er «l. 2000; De Clerck-Floate ef al., 2000), is certainly not common
(Julien er al., 1984).

Alydids are present on A. cyclops trees from October through to June, during the
period when sceds arc available to them to feed on, and are most abundant from
January to March (scc Chapter 3). Adult alydids enter the pods through splits that
develop as the pods begin to ripen and dehisce (in October), and the females lay their
eggs in clusters on the internal walls of the pods (personal observations). The alydid
nymphs that emerge soon afterwards, feed on the hardened, brown seeds, leaving the
characteristic small white turrets that mark the feeding sites of both adult and

nymphal stages.

Although a certain amount of information was alrcady available regarding the type
and extent of damagc that Zulubius species cause to A. cyclops seeds (Chapter 4), and
when and where the alydids occur on the plants, nothing was known about how the

indigenous alydid insccts might impact or interact with M. servidus.

Zulubius specics utilisc 4. cyclops seeds that have ripened and turned hard.
Melanterius servulus. on the other hand exploits the resource at an earlier stage and
only utilises the green ripening seeds before the testa turns hard. Thus although there
is no direct competition for seeds between the two groups of insects, the feeding
activity of M. servulus determines the abundance of seeds that eventually become
available to the alvdid bugs. Besides the direct damage caused by the weevils,
M. servulus may have an indirect cffect on the availability of seeds for the alydids.
Adult and larval fceding by the weevils causes general pod degradation, . which

prevents the sced pods from opening properly at dehiscence, so that even healthy
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seeds remain conlincd and inaccessible within the pods (personal observations). The
consequent decline in absolute numbers of available seeds might affect the alydids in
a number of ways. Ol special interest was the possibility that levels of damage caused
by alydids might increase after the release of M. servulus. It was hypothesized that if
population levels of alvdids remain stable in areas where M. servulus is active, the
number of sceds available per alydid will decline, resulting in greater levels of
damage per sced. A scrics of surveys were carried out to determine how the
introduction of M/ servulus has affected the alydids and the levels of damage they

cause on 4. ¢cyclops.

METHODS

Three 4. cyclops sites were selected to monitor damage by Zulubius spp. Samples
were taken from the center of the sites, where seed-damage levels by M. servulus
were known to be high. and at an equivalent point where M. servulus was scarce or
non-existent. On the western coastal plain, high and low damage sites were selected
at both Langebaanweg and Yzerfontein. On the eastern coastal plain, the Potberg and
Breede River sites were paired as the high M. servulus damage and M. servulus-free
sites respectively even though the two sites were much further apart (approximately
15km) than the paired sites on the western coastal plain. The sites were used for other
aspects of this study (sce Chapters 2 and 3) and are illustrated in Chapter 1, Figure

1.3.

Each month from November 2000 to June 2001, branches bearing mature seed-pods
were collected indiscriminately from ten different trees at each of the representative
sites. (due to an oversight, no sample was taken from the “low™ M. servulus site at
Yzerfontein during January 2001). The quantity of plant material collected from each
tree was standardizced. by using large plastic bags (520 x 470 cm) that were opened
and, as quickly as possible, placed around a cluster of branches. The open end of the
bag was gathcred around the stems of the branches, which were then cut. The cut
stem ends werc pushed down into the bags, which were sealed and transported to the

laboratory where they were kept in a freezer (at -18°C) until being scrutinized.
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Each sample bag was opened separately and a count was made of all the alydid adults
and nymphs. as well as M. servulus adults trapped within. The pods were removed
from the branches. counted and replaced in the bags before a sub-sample of ten pods
was removed. unsighted. from each bag. Seeds within each of the selected pods were
then assessed for A/ servulus damage (see Chapter 3), and remaining, ‘healthy’ seeds
were examined under a microscope in order to make counts of alydid feeding turrets

(Plate 7, Chaptcr 4). on cach of the seeds.

An attempt was made to quantify alydid feeding on sceds that had been shed from the
canopy at each ol the sampling periods. This was done by placing a circular wire
measure, (30cm in diamcter), on the ground under trees that were bearing seed pods.
The leaf litter and sceds from the surface layer within the circular measure were
collected, and any alvdids and seeds were removed and counted, and seeds were

inspected for signs of feeding turrets.

Data analysis

To clarify that pod abundance did not vary significantly at sites comparing low and
high M. servulus damage. factorial analysis of variance was used (using site and
density as the variables), (Statistica 7.0). Factorial ANOVA (using site and density as
the categorical factors and available sced as the dependent variable) was also used to
compare the amount of healthy seed available to alydids at each of the sites for all of
the months sampled. Main effects ANOVA on arcsine transformed data of percentage
seed damage was uscd to compare the amount of sced utilized by alydids at the low

and high M. servulus sites.
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RESULTS

The experiment (o investigate alydid numbers and feeding on the A. cyclops seed on
the ground did not achicve its anticipated goal. Firstly, the feeding turrets are fragile,
and easily broken off the seeds, and consequently there were no turrets on the
approximately 80.000 ground-collected seeds. Secondly, although alydids are
occasionally obscrved on the ground, only one alydid was ever collected in a sample,

indicating the insccts do not frequent the leaf litter.

Despite the fact that there was some variation in pod abundance (and hence numbers
of seeds availablc) between trees at each of the sites. a factorial analysis of variance
showed that the pod abundance per site (ie., from bagging ten trees) was not
significantly dillcrent between the selected “high® and “low’ M. servulus areas at
Yzerfontein (/7 u5, 0.725, P = 0.396) and Langebaanweg (F(; 90y = 0.005, P = 0.94),
(Figures 5.1 a and b). This was not the case for the two sites on the east coast where
there were significantly more pods in the ‘low” weevil-damage area than in the ‘high’

area, (F(j 08, = 9.46. I =0.002), (Figure 5.1c).

There were significant differences in numbers of pods collected on different dates at
Yzerfontein. (ANOVA. Fisogy = 9.92, P < 0.001) and Langebaanweg, (ANOVA,
Flasoy = 3.53. P - 0.01). however this was not the case for the east coast sites,
(ANOVA, Fisox, 0.393. P = 0.85). Despite the differences in pod numbers at the
east coast “low’ and ~high’ areas, the greater number of pods at the ‘low’ area,
allowed for the original hypothesis (i.e., more pods and hence seeds being available to
alydids) to be tested. Disparities in patterns of pod abundance between the three main

sites necessitated that cach site was analysed separately.
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Figure 5.1. Mcan (+ standard error) number of Acacia cyclops pods collected from
ten trees through the vear at ‘low’ and ‘high® Melanterius servulus sites at (a)
Y zerfontein, (b) T.anecbaanweg and. (c) east coast.
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The total counts of alydid adults and nymphs from the bagged samples showed
considerable variability indicating that alydids were patchy in their distribution and
generally low in abundance (Table 5.1). Although the method gave an indication of
presence or absence of alydids within the area at a particular time, it was considered
to be too unreliable for assessing alydid density and to use as a comparative tool with

the seed damage analvsis.

Table 5.1. Numbers ol alydid adults and nymphs collected monthly from the ten
Acacia cyclops trees at cach of the study sites (H — “high® Melanterius servulus, L —
‘low’ M. servulus).

SITE ~ Alydids Oct | Nov Dec | Jan  Feb | Mar | Apr | Jun |
E.coast(H) ~  Nymphs 0 | 0 | 2 11 | 13 0

L , !

E. coast (H) Adults I 0 0 ] 1 2 ol

| | i

JE coast (L) Nyvmphs 0 0 2 | 4 4 32 001

—_ [

\E. coast (L) Adults 0 0 0 0 4 8 0
IR B 2 Y 4 . ) 2

|Yzerfontein (H) Nymphs 0 | 0 115 16 10 0 0

! S . O S R
Yzerfontein (H) Adults OJ 0 0 1 5 .4 .0 0
Yzerfontein(L)  Nymphs . 0 9 | 19 | 5 | 1I j
Yzerfontein (lj Adults 7| 0 4 ‘ i 6 wj 12 0
Langebaanweg (H) Nymphs 0 | 0 ﬁ(ﬁo‘Tﬁﬂ%P‘
gLaTgebmeg (1) Adults 0 ;7)”"0 o o o
jLangebaaﬁ@gi(L) Namphs 08 4 20 |
R . . | — |
Langebaanweg (1.) Adults 0 0 ' 1 0 0 | \

Seed damage levels attributable to M. servulus (Figures 5.2 a-c) were significantly
higher in the sclected “high’ weevil areas compared to the "low” weevil areas at all

three of the selected sites.
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Comparisons of the numbers of healthy seeds available for use by alydids at each of
the high and low M. servulus sites are shown in Figures 5.3 a-c. A factorial analysis
of variance confirmed that there were highly significant differences between numbers
of seed available at Yzerfontein (F( 085y = 545.4, P <<0.0001), Langebaanweg
(Fiios7) = 193.37, P << 0.0001), and the cast coast sites (/) 2175) = 396.97, P <<
0.0001). In all cases more seeds were available for use by alydids at the "low’
M. servulus sites, particularly at the critical time when the alydid adults would have

been laying their eggs towards mid-summer (November and December).

Melanterius servulus adults utilise the fully developed. green. 4. cvelops seed to
oviposit on during September/October, which explains the reduced number of
available seeds after this time at all the “high’ sites. Towards the end of the study
period, both “high™ and “low" sites reflected similar numbers of available seed, due to
the fact that by this time healthy seed had started dropping or had been removed from
the canopy held pods at all sites. This pattern was enhanced by the [act that pods
damaged by M. servulus often remain closed and healthy secds are trapped, hence the
numbers of healthy seeds in samples from the "low™ and ~high® weevil areas begins to

equalize.

At Yzerfontein (Figure 5.4), at the start of the summer season (November), none of
the available seeds were fed on by alydids. However as summer progressed seeds
werce utilised in both “high® and “low” arcas. Using main effects ANOVA on arcsine
transformed data. significantly more seeds were utilised by alydids at the “low’

M servulus site (I 5y = 7.69, P = 0.03), than at the “high” site.
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Figure 5.4. Percentage of available seeds used by alydids in “high® and “low’
Melanterius servulus areas at Yzerfontein.

Similar analyses for Langebaanweg (IFigure 5.5) also showed significantly more seeds
being used by alydids at the “low™ M. servulus site (I, s, = 8.3, P = 0.03). Overall,
very low numbers of alydids (and hence corresponding damage levels) were observed

and collected from Langebaanweg, particularly at the “high™ M. servulus site.
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Figure 5.5. Percentage of available sceds used by alydids in ~high® and “low’
Melanterius servulus areas at Langebaanweg.

A comparison of the numbers of seeds utilised by alydids at the *high™ and “low’ cast

coast sites showed no significant differences between the two areas (Figure 5.6),

(Fus=0.017. P =10.9).
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Figure 5.6. Percentage of available seeds used by alydids in “high’ and ~low’
Melanterins servilus areas at the east coast.

The highest usage of seeds was recorded in March at Yzerfontein where M. servudus
levels were low (Figure 5.4), and then at the east coast (IFigure 5.6), where
respectively, 46% and 44% of the available seeds had feeding turrets. However the
average number of seeds that were used by alydids during the season was less, with
17% and 6.9% respectively at the low and high M. servulus sites at Yzerfontein, 1.9%
and 0.3% respectively at the low and high sites at Langebaanweg, and 6.4% and
13.7% at the low and high east coast sites. At all three of the sites the percentage of
available seeds that had turrets increased between December and March (Figures 5.4,
5.5, 5.6). However, subsequent to this, the level of usage of available seed dropped at
both Yzerfontein (Figure 5.4), and the east coast (Figure 5.6) rather than increasing as
might have been expected. Once again this was probably due to the fact that available
seeds were not limiting and also that alydid populations had declined before the late
sced ripened. At [Langebaanweg, no sceds were left on the trees in May. and thus there

is no record of the numbers of seeds used by alydids.

Although the results showed a trend towards higher levels of alydid feeding damage
where M. servidus levels were low, (and thus increased numbers of seed were
available), it was necessary to ascertain whether this translated into higher feeding
pressure (i.e., number of turrets) per sced. and whether there was any variation from

the beginning to the end of the season. This was considered to be important because
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levels of five or more turrets per seed prevented germination of much of the seed in

this category (see Chapter 4).

Counts from all three of the sites showed no apparent changes in the number of alydid
turrets per seed as the scason progressed (FFigures 5.7 a-c). despite a decline in the
numbers of ~available™ seeds on the A. cyclops trees. Even with this decline there
were still many un-utilised seeds that were available to the alydids on the trees. Thus.

availability of seeds is unlikely to be a limiting factor for alydids.
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Figure 5.7.a The frequency of Acaciua cyclops seeds with turrets (%). and numbers of
turrets per seed as measured from December to Junc at the ~high® and “low’
Melanterius servulus areas at Yzerfontein.
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At Langebaanweg, there was only one record of alydid feeding in the “high® M.
servulus area during January (IFigure 5.7b), and at no other time was alydid feeding
recorded from this area. At all of the sites, the majority of the sceds utilised by
alydids had between one and three feeding turrets per seed. Although these low levels
of alydid feeding can reduce the viability of the seed, and increase the chances of
failed germination, it has also been shown that a percentage of these seeds germinate,
particularly with the added impact of bird feeding, and passage of the seed through
bird gut (see Chapter 4). The germination experiment demonstrated that only much
higher levels of alydid feeding (i.e., more than five turrets per seed) had any real
impact on the reduction of viability and germinability of the seeds. The proportion of
seed with five or more turrets per seed was relatively low at all of the sites (Figures

5.8 a-¢).
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Figure 5.8. Percentage of seeds with five or more turrets per seed at (a) Yzerfontein,
(b) Langebaanweg, and (c) east coast.
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For all three of the sites, February and March were the two months during which the
highest levels of alydid feeding per seed were recorded. however. overall throughout
the season a relatively low percentage of seeds had five or more turrets at any of the

sites

DISCUSSION

Although the evidence presented herc shows that M. servulus could be impacting on
alydid abundance in areas where the introduced biocontrol agent is abundant and
causing high levels ol damage, the overall impacts may only be realized once the
beetles become established across a wider range and over a longer time period.
Apparently the interactions between the two insect taxa do not have any noticeable
negative consequences for the biological control of 4. c¢yclops. Several studies have
demonstrated wide variation, both at the site level and between sites, in pre-dispersal
seed attack by alydids (Auld, 1983; New, 1983; Holmes and Rebelo. 1988). Owing to
the inconsistent and sporadic nature of alydid presence and attack. the interactions
between the introduced and indigenous insects are quite likely to vary from one year

to the next.

The possibility of alydid-feeding supplementing biological control of A. cyclops
seems to be limited due to the low levels of utilization of available seed by this group
of insects. Although alydid damage reduces the viability of A. ¢yelops seed and
increascs seed rotting. particularly when feeding levels are high. it is unlikely that the
alydids are having any measurable cffect on the population dynamics of the plant.
Annual seed-production by the plant is very high. and consequently large amounts of
seed are not damaged and accumulate in a seed bank (Cloutier and Watson, 1990;
Myers et al., 1990). Under the circumstances, the necessity for a dependable, and

more destructive, biological control agent was unquestionable.

Despite the fact that alydids can, in some circumstances (i.e.. high densitics and
intensive leeding), play a small supplementary role to M. servulus by reducing the
viable seed-crop of A. cyclops, they are not consistent and thus the introduction of the

biological control agent, M. servilus was well founded. The nature and timing of the
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utilization of A. cyclops seed by this insect and indigenous alydids have meant that
there are no direct, or potentially competitive, interactions between the two taxa.
Furthermore, unlike the alydids, M. servulus populations remain consistently present
at (and spread from), release sites from one year to the next. A pattern has also
emerged showing that seed-damage levels at these sites increase over time, and will
probably continue to do so until they reach a point where the populations of weevils

stabilize.
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SYNOPSIS

The invasion of the fynbos biome by alien vegetation has been of concern for almost a
century (Woods, 1957; Taylor, 1962; Hall and Boucher. 1977; Macdonald et al.,
1986). Acacia cyclops, which is considered to be one of the main environmental
weeds within this sensitive biome (Macdonald and Jarman. 1984), was targeted for
biological control some 30 years ago (Neser and Annecke, 1973). Despite the fact
that the presence of dense infestations of 4. cyclops threaten biodiversity in the fynbos
(Holmes, 1989; Esler and Boucher, 2004) and cause an increased fire risk (Stock and
Allsopp. 1992), the economic importance and widespread use of this plant as a source
of firewood, was of crucial consideration in the sclection of potential biocontrol
agents (Impson and Moran. 2004). The selection of potential agents thus focused
primarily on phytophages that reduce the reproductive capacity of the plant. whilst not

damaging the vegetative parts of the plant and compromising its economic use.

Seed-reducing biological control agents have for many years been the subject of
discussion and debate, and from the early days of biocontrol programmes many
practitioners have not been proponents for their use (Huffaker. 1964: Harris, 1973;
Goeden, 1983). At least theoretically, such agents need to consistently destroy a high
proportion of the seasonal seed crop in order to reduce the density and rate of spread
of woody invasive weeds, particularly in situations where large numbers of long-lived
seed are produced (Noble and Weiss, 1989; Hoftmann and Moran, 1991; Sheppard et
al., 1994: Kriticos er al., 1999). Models based on studies of scotch broom (Cytisus
scoparius) showed that a reduction in the reproductive capacity of the plant could
reduce its density if the disturbance rate was high, and plant fecundity and scedling
survival low (Paynter er al., 1996; Rees and Paynter. 1997). These latter
characteristics are not attributes of broom, and it was concluded that seed-feeders
would be unlikely to reduce populations of the plant (Paynter er /., 1996). Other
studies have indicated that even with moderate to high levels of seed reduction,
population densities of the weed are not necessarily reduced, and may, in fact, even
increasc (Powell, 1988; Myers et al. 1990; Kelly and McCallum. 1995; Hoffmann and
Moran, 1998; Myers and Risley, 2000). Thus, the debate over the effectiveness of

seed-reducing agents continues, and perhaps each programme needs to be considered

74



and evaluated in isolation, rather than making generalizations about seed-reducing

agents as a whole.

The economic implications (i.e., the costs of clearing and reducing spread and also
costs to the environment in terms of water loss and biodiversity) of invasive plants are
increasingly being recognized, and evaluation studies, which are a critical aspect of
such cost-benefit studies, emphasize whether particular control methods and agents
are adequate. or whether more are needed. Cost-benefit ratios are increasingly being
drawn on when assessing whether particular weed control measures are justified, and
in all cases the benefits of biological control greatly outweigh the costs of the weed
(Coombs et al., 1996; van Wilgen et al., 1996; de Wit er al., 2000; McNeely, 2000;
McConnachie ef al., 2004).

Although in many situations, and particularly where seed-feeders are concerned, it
may be difficult to evaluate the benefits of a biological control agent. simulation
models may be useful in predicting the potential of an agent (Withers er al., 2004) and
also the rates of spread of invasions (Higgins ef al.. 1996; Clark et «l., 2003) as well
as the impacts of invasions on biodiversity (Higgins et al., 1997). By using such tools

estimations regarding the economic consequences of alien trees can be made.

[n addition to modelling and evaluation studies in biological control programmes
using seed-feeders. the question of what is meant by “effective™ control should be
clarified from the outset (see Moran er al., 2004). Traditionally, biological control
programmes have not been considered successtul unless there has been a reduction in
population density of existing stands of the weed. Using this yardstick, the
introduction of a single species of seed-reducing biological control agent, such as M.
servulus, is unlikely to achieve the goal. With the large seed loads that are produced
annually by 4. cyclops, even high levels of seed destruction mean that sufficient seed
will still escape to find safe sites and then the selt-thinning principle (Silverton and
Lovette Doust. 1993), applies to limit the population density of plants. When agents
that affect plant fecundity are being used. success may be better gauged if effective
control means that spread away from infestations is reduced. and that the long-term

management of the weed becomes easier, and cheaper. through an integrated
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biological and mechanical control operation (Moran et al., 2004), then it is possible

for a seed-reducing agent like M. servulus to have a positive impact.

Bearing in mind that there were constraints placed on the type of agents that could be
used. the selection of M. servulus under the circumstances was well founded for
several reasons: 1) the use of a seed-reducing agent was totally acceptable to those
people wanting to use 4. cyclops as a source of firewood; ii) the programme in South
Africa using seed-feeding weevils against Hakea sericea. had shown promising
results and set a precedent for the use of such agents (Kluge and Neser, 1991); iii)
seed attacking agents were accepted because of their tendency to be very host-specific
(Janzen, 1971) as well as being easy to collect and adapted well to South African
conditions and, vi) seed-reducing agents should theoretically reduce the rate of spread
and thus contribute to the control of the weed (Harper, 1977; Macdonald and Jarman,
1984; Harley, 1985; Neser and Kluge, 1986; Moody and Mack, 1988). Whether the
reduction in seed production of 4. cyclops by M. servulus will ultimately translate into

a reduction in population density remains, at this stage, an unknown factor.

This study was undertaken to determine levels of seed destruction in canopy-held
pods of 4. cyclops. and to look at the dispersal abilities of M. servulus, and its
interactions with indigenous alydid sced-feeders, as well as the effects of alydid and
bird feeding on subscquent germination of the seed. The results showed that
M. servulus has the ability to achieve and maintain very high levels of seed
destruction annually, unlike the native alydid seed-feeders, which are too sporadic and
generally infrequent. In addition, unless there are constraints which exclude them
from some regions. M. servulus will in time spread throughout the range of 4. cyclops
in South Africa. either unassisted, or via re-distribution efforts. The full potential of
M. servulus has not yet been realized since populations of the weevil are still

increasing and spreading, however the prognosis for the future is promising.

The role of M. servulus in the control of 4. cyclops is seen as being part of a larger,
integrated, management programme, which includes other biological control agents
combined with mechanical clearing. During the latter part of this study a second
biological control agent, the flower-galler. Dasineura dielsi (Diptera: Cecidomyiidae),

was released against A. cyclops (Adair, 2004). This agent also suppresses reproductive
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growth by ovipositing on the flowers, which then form galls rather than seed pods,
and has rapidly become widespread on 4. cyclops in South Africa (Adair, 2004). The
release of the second agent has provided much scope for future research, and it is
hoped, as with Trichilogaster acaciaelongifoliae and M. ventralis on A. longifolia
(Dennill and Donnelly, 1991; Donnelly and Hoffmann, 2004), that the two agents will

be much more effective in combination than alone.

Despite the recent introduction of D. dielsi into the system. this study on the impacts
of M. servulus, has laid the groundwork for an investigation into the effects of such
seed-reduction on future management prospects for 4. cyclops. A long-term study has
recently been initiated to look at seedling recruitment and survival of 4. cyclops
growing in different situations both with and without the influence of biological
control. Through such a study the impact of M. servulus on 4. cyclops populations,

should become apparent.

The control of invasive trees and shrubs is probably one of the biggest tasks managers
and landowners in South Africa are faced with in the future, and without the
integration of biological control in the system, there is little hope of sustained success.
In addition, with the introduction of the “Working for Water™ initiative in South
Africa, and the mechanical clearing of large areas of invasive plants, it is critical that
biological control is recognized, incorporated, and maintained as a crucial component

of the programme, and through this the benefits will be reaped long into the future.
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