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Samples of pods were collected monthly for three seasons from the Clanwilliam and 

Driefontein sites commencing in January 2002 and ending in February 2004 and for two 

seasons from the Calvinia site commencing in January 2003 and ending in February 

2004. At Vanwyksvlei, Prieska, Modder River and Kingswood, pods were collected 

every four months commencing February 2003 and ending in February 2005. Because of 

the indehiscent nature of the pods and their tough exocarp, mesquite pods which are 

produced in mid summer remain intact for many months or even years, unless removed 

by grazing animals or flood waters, (Baes et al., 2001) making sequential sampling over a 

one year period possible. Pods from successive seasons could be easily differentiated 

because previous-season's pods were discoloured, dry and often fragmented, with 

advancing decay and surface weathering while the current-season's pods were naturally 

coloured, more fleshy, entire and with little surface weathering. 

Pod samples, which included enough material to incorporate approximately 1200-1500 

seeds, were brought back to the laboratory. A subsample of approximately 300 pods was 

removed and placed in a -20°C freezer in order to establish levels of seed damage in the 

field and levels of egg parasitism at the time the pods were collected. The remaining 

pods were placed in rearing containers (5 litre plastic boxes with gauze lids) and kept in a 

constant temperature room at 27°C ± 2°C and 40-60% relative humidity. 

Emerging beetles and paras ito ids were counted and removed from the rearing containers 

every 3-5days for a period of35 days after which the pods were placed in a -20°C freezer. 

Terminating the experiments after 35 days ensured that all the individuals, including 

eggs, that were present in the pods at the time of collection had become adults, but that 

adults developing from eggs laid by adults that had emerged in the rearing containers 

would not be included in the counts. 
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In order to compare variations in bruchidlparasitoid activity and density between study 

sites and collection dates the numbers ofbruchids (B) and larval parasitoids (P) emerging 

were standardised by converting the respective numbers to emergences per 1000 seeds 

(BStand and PStand). The total number of fully-developed seeds (STotal) and the total 

number of bruchids (BTotal) was the total count of bruchids that emerged during the 35 

days after collection, so that: 

BStand = 1000/STotal X BTotal (1) 

The conversions were made separately for each of the two bruchid species but all 

larval/pupal parasitoids emerging were considered collectively and irrespective of host 

species. It was assumed that the larval/pupal parasitoid species utilised both species of 

bruchid and because it was not possible to detennine from which bruchid species they 

had emerged the counts were combined under one label 'parasitoids'. 

In order to detennine the seasonal population dynamics of the bruchids, levels of monthly 

seed damage were used to assess the availability of viable seeds on each collection date. 

Any decrease between months in the proportion of viable seeds in the samples indicated 

bruchids were utilising the pods during the previous month. Stasis of seed availability 

between months indicated either larval donnancy or absence of larvae in the seed pods. 

Seed availability (SA vail) at each collection date (t) was calculated as: 

SAvail(t) = STotal(t) - SHole(t+l) + BTotal(t+l) (2) 
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where STotal(t) is the number of intact seeds in the sample (i.e. excluding those with 

emergence holes at the time of collection but including those containing immature 

bruchids on collection, as determined by the total number of bruchids, BTota~t+l), that 

had emerged in the containers) and SHole(t+l) is the number of seeds with bruchid 

emergence holes after the laboratory emergence period .. 

All larvaVpupal parasitoids that emerged were preserved in 80% alcohol to be identified 

later and compared to those collected by Hoffmann et ai., (1992) and Coetzer (1996), to 

establish if additional species of parasitoids had adopted the bruchids as hosts in the 

ensuing years. 

Removal of pods by livestock at the Driefontein, Calvinia, Vanwyksvlei and Kingswood 

sites was prevented by either the erection of exclusion fences around individual trees, or 

by exclusion of livestock from certain paddocks. No livestock were present at the 

Clanwilliam and Prieska sites and at Rooidam farm at the Modder River site. 

Variations in levels of seed damage between years: 

As a result of the degradation of pods with time and the propensity for pods to 

accumulate fungal growth and become weathered, it became increasingly difficult to 

make accurate counts of the numbers of seeds in pods towards the end of the season. 

'Old' pod samples, i.e. year-old pods, were therefore examined with X-rays. The pods 

were mounted on adhesive paper and placed in a Siemens - Elecma, Orbix X-ray 

machine. Seed exposure factors were 40KV, 32mAs and source image distance was 

122cm. AGFA single emulsion film in a 24x30cm cassette with a lx50 speed 

intensifying screen was used. Examination of the X-ray plates made it possible to 

accurately determine the numbers of undamaged, viable seeds in the sample of pods. 

However, this method was not suitable for identifying the cause of damage in seeds that 
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were not intact, i.e. it was not clear whether the damage was as a result of bruchid usage, 

fungal decay or germination and subsequent decay. On average approximately 20% of 

ovules aborted early in their development on an annual basis at all sites. The resilience of 

the seeds with intact seed coats made it possible to assume that any damage to the 

remaining 80 % of seeds was initiated through bruchid larval penetration. 

Chi-squared analyses were used to determine if there was any inter-annual variation in 

levels of seed destruction by the bruchids within and between sites in 2003 and 2004. 

Results 

Seed damage in one-year old pods 

For most sites. high levels of seed damage were recorded in pods that had been lying on 

the soil for one year (Fig. 1.4). Bruchids continued to emerge from the year-old pods. 

Levels of seed destruction in 2002 and 2003 were similar for six of the eight sites, 

averaging approximately 97%, but two of the sites, Calvinia and Modder River, had 

significantly lower levels of seed damage (i'. p<O.Ol) than at other sites in both 2002 and 

2003. Levels of seed damage were significantly higher at Driefontein and Citrusdal in 

2002 than in 2003 (i' :::: 9.29, p == 0.0023 and i' = 7.20, p = 0.0073 respectively) which 

may have been due to the bruchid populations being affected by tree clearing operations 

which were conducted in 2003 at both of the sites. There was no significance in the 

levels of damage in 2002 and 2003 at any of the other sites. 
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Fig, 1.4: Levels of seed damage to pod samples over the 2002 and 2003 seasons and 
collected in February of 2003 and 2004, one year after pod-fall at several 
sites across the distribution of mesquite. Bars with similar letters are not 
significantly different (t, p> 0.05, lower case for comparisons in 2003 and 
upper case for comparisons in 2004). 

Seasonal emergence patterns and subsequent decrease In seed 

availability 

Winter rainfall region: 

At all sites A. prosopis were numerically dominant (Table 1.1). The presence of livestock 

did not appear to affect the percentages of either bruchid species however, the 

percentages of larval/pupal parasitoids were marginally higher at sites where livestock 

were present. 
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Table 1.1: Emergence of each taxon as a percentage of the total insect emergence 
from pod collections at sites in the winter rainfall region in 2003. 

Percentage of total insect emergence 

Site Livestock A.prosopis N. arizonensis parasitoids 

Clanwilliam absent 99.1 0.9 <0.05 

Citrusdal absent 90.2 9.5 0.3 

Driefontein present 89.9 6.4 3.7 

Calvinia present 87.8 11.4 0.8 

The numerical dominance of A. prosopis populations at Clanwilliam (99.1%) is possibly 

the norm in situations where livestock are absent. Algarobius prosopis numbers are 

consistently far higher than N. arizonensis averaging between 88-99% of total insect 

emergence and A. prosopis was responsible for approximately 30% of seed destruction 

by May, at the start of winter. 

The patterns of emergence showed similarities and differences as follows (Fig. 1.5 a-l): 

Algarobius prosopis: 

Algarobius prosopis commenced ovipositing as soon as the pods matured and started 

emerging from pods during January. The numbers of A. prosopis that emerged from pods 

collected June-September, during winter, was similarly low between months suggesting 

there was little oviposition during this period. There was low early season activity at 

Citrusdal (Fig. 1.5 d) but high emergence during winter suggests higher A. prosopis 

activity during this period was a consequence of increased pod temperatures due to solar 

irradiation of pods after tree felling. 
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Emergence of A. prosopis during spring was higher than during autumn. The early pre­

winter peak in A. prosopis activity at Driefontein (Fig. 1.5 g) was likely a result of 

limited pod availability due to active removal of pods by livestock and subsequent 

concentration of the insects on the remaining pods in areas where livestock were 

excluded. This high proportion of April emergence led to higher pre-winter oviposition 

by A. prosopis and subsequent high levels of emergence over winter in the laboratory. A. 

prosopis populations responded to increased seed availability, a result of the second flush 

of pods at ClanwiIliam (Fig I.Sa) during winter, by maintaining high numbers, as evident 

from the second post-winter population peak seen in December. 
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Nettumius arizonensis 

The highest contributions of N. arizonensis to insect emergence in any month was 27% 

and 33% in May and September respectively at Calvinia (Fig. 15k), averaging 18.7% 

during the post-winter period at this site. Neltumius arizonensis populations overwinter 

as adults and not as larvae as there were very few adult N. arizonensis reared from winter 

pod collections except from those collected at Citrusdal (Fig. 1.5 e). There was evidence 

of pre- and post-winter oviposition by N. arizonensis, however post-winter populations 

were higher or at least oviposition on pods was highest, post-winter. This trend was most 

pronounced at Calvinia (Fig, 1.5 k). As with increased A. prosopis oviposition during 

winter at Citrusdal (Fig. 1.5 e), there was a noticeable increase in oviposition by N. 

arizonensis over this same period and adults contributed to 9.7% of the emerging insects. 

Larval/pupal parasitoids 

Parasitoid levels, as a proportion of bruchid emergence, were very low with between 0% 

and 3.7% of insect emergence. The highest levels of parasitism were recorded at 

Driefontein (Fig. 1.5i). Parasitism at ClanwilIiam (Fig. 1.5c), Citrusdal (Fig. 1.50 and 

Calvinia (Fig. 1.51) was low and appeared to be highest early to mid-summer. 

Interestingly, despite relatively high mid-winter (July) populations of both N. arizonensis 

and A. prosopis, there was no parasitism at Citrusdal (Fig. 1.50 over this period. 

Seed availability 

The most pronounced reduction in seed availability at all sites occurred post-winter, 

falling to below 20% by January of the following year (Fig 1.6). High bruchid activity at 

Calvinia reduced the available seed from 92% in November 2003 to 17% by January of 

2004. 
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Fig. 1.6: The percentage of seed escaping bruchid damage during 2003 at 
four sites in the winter rainfall area. 

The relative inactivity of the bruchids during winter resulted in stasis of seed availability 

over the winter period. This is demonstrated clearly by little change in available seed at 

Calvinia between May and September. The increase in available seed at the Clanwilliam 

and Calvinia sites during winter was a consequence of a second flush of pods that feU in 

July and May respectively. 

The patterns of emergence in the winter rainfall region showed a general decline in 

bruchid activity during winter. This is reflected by the levels of seed availability in the 

field with numbers of available seed decreasing during periods when bruchids are active 

and remaining static when bruchids are inactive. Monthly emergence of bruchids in the 

laboratory reflected periods of oviposition in preceding months. 
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Summer rainfall region: 

As with the winter rainfall region, A. prosopis accounted for high levels of seed damage 

(95-100%) in the summer rainfall region (Table 1.2), and N. arizonensis contributed far 

less to insect emergence in this region than in the winter rainfall region, accounting for 

only 0-5% of total number of insects that emerged. 

Table 1.2: Emergence of each taxon as a percentage of the total insect emergence 
from pod collections at sites in the summer rainfall region in 2003. 

Percentage of total insect emergence 

Site Livestock A.prosopis N. arizonensis paras ito ids 

Vanwyksvlei present 96.7 3.1 0.2 

Prieska absent 95.8 4.1 0.1 

Modder River absent 98.4 1.4 0.2 

Kingswood present 99.6 0 0.4 

There was no record of N. arizonensis from the most easterly site, Kingswood. 

Larval/pupal parasitism was very low on all sampling dates accounting for 0.1-0.4% at 

the four sites occurring through the year but no parasitoids emerged from pods collected 

on final sampling dates. 
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The patterns of emergence showed similarities and differences as follows (Fig. 1.7 a-I): 

Algarobius prosopis 

Mid-winter (June) collections showed high A. prosopis emergence from all sites. The 

decrease in seed availability and increased emergence in the laboratory reflected A. 

prosopis activity during winter. However, high June emergence in the laboratory from 

Modder River (Fig. 1.7g) pods was not paralleled by a decrease in available seed in the 

field implying that larval development was slowed during winter at this site. Highest A. 

prosopis activity occurred post-winter as seen by the greatest decline in available seeds 

between October and February, most likely a consequence of high larval activity coupled 

with resulting seed degradation during periods of rain. Despite the high levels of 

available seed at Modder River one year after pod fall there was only low emergence 

from these pod collections. Six times as many bruchids emerged from recently matured 

2004 pods than from the older 2003 pods collected in February of 2004. 

Neltumius arizonensis 

Emergence of N. arizonensis occurred from pods soon after pod fall, however, there was 

no emergence from pods at the end of the year when pod condition has deteriorated and 

there wais likely to be increased interspecific competition for remaining resources. The 

highest recorded emergence of N. arizonensis appeared to occur in spring 

Larval/pupal parasitoids 

Parasitism was low and appeared to occur in both winter and summer. The highest 

numbers of parasitoids emerged at the Kingswood site in spring (Fig. 1.71) and likely 
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parasitised A. prosopis because no N. arizonensis were reared from pod collections from 

this site. 

The pattern of emergence from the summer rainfall region differed from the winter 

rainfall region by having higher bruchid activity over winter with higher larval numbers 

within seeds and higher levels of seed destruction over this period. 

Seed availability 

At all sites there was a steady decline in available seeds as the season progressed 

(Fig.I.S), but because of having only data for one survey date in winter it was not 

possible to determine ifthere was a decrease in available seeds through winter. The high 

levels of emergence of A, prosopis from the June samples suggested that there was 

continuous ovipositing on pods over the winter period but the paucity of the information, 

-?ft. -'C 60 w w 
fJ) 

CD 
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'2 
'iii 40 
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0:: 

- Madder Riwr 
-.:lID Vanwyks\fiei 
- Prieska 
""C)IIO Kingswood 

Fig. I.S: The percentage of seed escaping bruchid damage during 2003 
at four sites in the winter rainfall area. 
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due to staggered sampling, does not allow us to quantify the development of hatching 

larvae. However, the dramatic decline in numbers of available seeds between June and 

October at Prieska gives strong evidence for high bruchid activity during winter and a 

subsequent decrease in available seed. The highest period of bruchid activity was post­

winter as seen by the greatest decrease in available seed over this period. Seed 

availability dropped to below 10% at Vanwyksvlei, Prieska and Kingswood after one 

year in the field but at Modder River it only decreased to 55% by this time. At the 

Kingswood site, livestock were slow to remove all fallen pods enabling bruchid 

populations to be maintained through the year, however, by late summer, pods were 

restricted to small areas from which livestock were excluded and competition for these 

remaining resources was likely intense. 

A decrease in seed availability during summer in the summer rainfall region may not 

necessarily have reflected an increase in A. prosopis adult numbers but merely that there 

was an increase in the number of seeds containing bruchid larvae, a good proportion of 

which may have succumbed to mortality as a result of seed degradation. 

New larval/pupal parasitoid associations: 

Of the hymenopterans collected during the course of this study at least 9 out of a total of 

13 were confirmed to be different to those collected by Hoffmann et al., (1993) and 

Coetzer, (1996) and are considered new associations with the introduced bruchids (Table 

1.3). The initiation of these "recent" associations cannot be determined conclusively due 

to variations in the intensity and duration of the sampling in the three studies, however, it 

does suggest that new parasitoid-host associations are continuing to be established. It is 

also strange that this study missed many parasitoids found previously suggesting that 
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The effect of egg parasitism on N. arizonensis populations: 

The levels of egg parasitism at all sites was much lower than the values of 58-80% 

reported by Coetzer (1996) and Roberts (2000 unpubl.) respectively. Egg parasitism 

Table 1.4: The percentage of N arizonensis eggs parasitised and the numbers of eggs 
counted on pods (in parentheses) collected at four sites in the Western 
Cape a) Driefontein, b) Clanwilliam, c) Calvinia and d) Citrusdal. Blank = 
no sample. 

Citrusdal Driefontein Clanwilliam Calvinia 
Feb-02 33.3 (3) 0(12) 
Mar-02 0(9) 8 (16) 
Apr-02 9.1 (56) 0(10) 
May-02 18.3 (128) 8.1 (14) 
Jul-02 5.9(101) 0(3) 
Aug-02 5 (49) 
Dec-02 5.3 (17) 
Jan-03 0(2) 0(1) 0(0) 
Apr-03 5.3 (6) 24.1 (39) 50 (2) 29.4 (6) 
May-03 8.5 (25) 28.3 (46) 100 (1) 0(2) 
Jun-03 0(4) 0(1) 
Jul-03 4.3 (41) 24.2 (67) 20 (4) 0(4) 
Sep-03 4.1 (58) 0(30) 0(1) 0(2) 
Oct-03 7.1 (71) 
Nov-03 o (162) 2 (124) 0(1) 11.5 (113) 
Dec-03 0(9) 18.2 (29) 
Jan-04 0(0) 
Feb-04 0(1) 
Apr-04 0(2) 
May-04 0(1) 
Jun-04 35.7(10) 
Jul-04 0(9) 
Sep-04 0(6) 
Overall 4.5 (292) 11.9 (671) 13.2 (78) 6.0 (257) 

appears to be highest in early winter, April and May (Table 1.4) and the highest recorded 

levels of parasitism, on months in which N arizonensis eggs amounted to at least 10% of 

total egg count, was at Calvinia in June 2004 and April to July at Driefontein in 2003. 

The average levels of parasitism at these sites in all years sampled did not exceed 20% 
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and in most instances amounted to <10% of N. arizonensis eggs counted. There did not 

appear to be any correlation (r = -0.166, P = 0.428) between the percentage of eggs 

parasitised and the total number of N. arizonensis adults emerging (the one data point of 

100% parasitism was excluded as there was only a single egg counted from that sample). 

Discussion 

Most New World Leguminosae have acquired at least one and sometimes many bruchid 

species that impact on seed output, often destroying the vast majority of the seed crop 

(Janzen, 1969). As a result of this, there are a number of adaptive features that enhance 

the chances of legume seeds 'escaping' from 'predators', including: 1) mast fruiting 

(Janzen, 1977); 2) asynchronous fruiting (Forget et al., 1999); 3) synchronous fruiting 

(Swier, 1974); 4) seed dispersal mechanisms (Janzen, 1971a); and 5) seed characteristics 

(Janzen, 1975). 

Synchronous production of high numbers of nutritious pods enables a portion of mesquite 

seeds to survive because 'predators' become satiated (Lloyd & Dybas, 1966), a process 

also known as resource concentration (Janzen, 1969). Predator satiation occurs when 

seeds are produced in abundance over a short time span and the natural enemies are 

unable to respond, either functionally or numerically (Janzen, 1971 b), to utilise more than 

a portion of the available resource. 

Selection pressures that enhance the attractiveness of seed pods to potential dispersers 

might in tum increase the survival probabilities of seeds through a process known as 
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predator avoidance, i.e. whereby the seeds are removed from the fruit and dispersed at 

low densities and thus become less-easily detected by granivores (Janzen, 1971b). In the 

case of mesquite, the seeds benefit because most pods are devoured by frugivores and 

many of the seeds are dispersed in dung. The distance from fruiting conspecifics at 

which dispersers disseminate seed may affect the probability that a seed will 'escape' 

from seed predators (Janzen, 1970, 1972; Wilson & Janzen, 1972; Wright, 1983; 

Traveset, 1990; Fragoso et al., 2003). In mast or synchronous fruiting periods, removal 

of seed pods from below fruiting trees by frugivores alters a system from one of predator 

satiation to one of resource limitation, resulting in increased predator pressure on 

remaining resources. The increased predator pressure results in extreme levels of damage 

among the seeds that remain on or around the parent tree (Janzen, 1971 b). 

Where pod removal by livestock limits the numbers of seeds available, seed destruction 

by bruchids should reach higher levels as a consequence of resource limitation. 

However, similar proportions of seeds were destroyed over a one year period at all of the 

sites regardless of presence or absence of livestock. At some of the sites, where pod 

removal by livestock was negligible, A. prosopis populations responded to the prolonged 

abundance of seed by maintaining elevated population levels throughout summer but 

despite this, the levels of seed destruction at Calvinia were repeatedly lower than at the 

other sites. Possible explanations for this anomaly will be dealt with in the following 

chapters. 

The reason for the significantly higher numbers of seeds that escaped bruchid predation 

at Modder River may best be explained by the findings of Swier (1974) where weather 

conditions at sites in Arizona determined levels of bruchid damage to mesquite seeds. In 
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South Africa, the two most north-easterly sites, Modder River and Kingswood, receive 

higher rainfall and have colder winters than the other sites, a dissimilarity which may 

account for differences in bruchid population numbers. Because there was no removal of 

pods by livestock on the Rooidam farm at the Modder River site, pods were able to 

accumulate through the season. This resulted in predator satiation (Janzen, 1969) and the 

bruchid populations were unable to respond to the high availability of seeds after winter 

likely a result of poor over-wintering survivorship and consequently A. prosopis failed to 

respond numerically to seed availability prior to the production of the following seasons 

pods. By contrast, at Kingswood, where the climate is similar to Modder River, high 

levels of damage, similar to those at sites in the more xeric areas, were recorded. These 

differences are attributable to resource availability because most of the pods at 

Kingswood were removed by livestock. The bruchid populations were able to increase at 

the start of the podding season, before livestock gained access to the resource. As the 

season progressed, pod removal resulted in resource limitation, and subsequently higher 

levels of seed destruction on the few remaining pods, which were confined to a small area 

where livestock were excluded. 

Another possible explanation for the low levels of seed destruction at Modder River was 

the non-target effect of insecticides through drift during spraying of adjacent agricultural 

lands. Hoffmann and Moran (1995) clearly demonstrated detrimental, non target effect 

of insecticidal sprays on a weed biological control agent. The close proximity of the 

Modder River study site to arable lands meant that bruchid populations may have been 

curtailed or repelled, or both, as a result of insecticidal spraying. However, emergence of 

A. prosopis from available seed in February 2004, from recently matured pods, was 13% 
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as opposed to 4% from old pods (i.e. from those produced during the 2003 season) that 

were collected at the same time. Numerically this represents 130 bruchids per 1000 seeds 

from new pods compared to 40 bruchids per 1000 seeds from old pods. Thus it seems A. 

prosopis in Modder River preferentially exploited seeds in new pods rather than old pods 

that are often degraded, moist and overgrown by vegetation. This does not rule out the 

possibility of decreased population size as a result of insecticides but does support the 

hypothesis that resource satiation was occurring at this site. 

Temperature is likely to have major influence on bruchid behaviour and physiology in 

xeric environments, affecting life history parameters such as developmental rates, 

fecundity and survivorship. As a means of coping with harsh environmental conditions 

insects employ different strategies including behavioural (e.g. taking shelter in protected 

microhabitats or becoming inactive while conditions are harsh) and physiological 

(obligate or facultative diapause and aestivation) (Tauber et al., 1984; Chapman, 1998). 

Diapause is known to affect life-history traits such as over-wintering survivorship and 

subsequent fitness where, for example, post-diapause females are less fecund and have 

prolonged oviposition periods compared to aestival non-diapause females (Ishahara & 

Shimada, 1995). However, diapause may potentially offer a means of escape for a 

vulnerable stage of an insect's lifecycle. For example, the relative inactivity of an over­

wintering adult may result in it being more susceptible to predation or desiccation than a 

larva in diapause in a seed, where some degree of protection is afforded by the 

microenvironment within the seed coat. The strategies used by A. prosopis and N. 

arizonensis to survive through the harsh weather conditions in semi arid areas have not 
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been ascertained but both species seem to be adaptable and thus are able to exploit the 

variable conditions that arise. 

Although inter-year differences in levels of seed damage were not apparent between 2002 

and 2003 at most sites, Driefontein and Citrusdal had significantly higher levels of seed 

damage in 2002 than in 2003, when the mesquite infestations in these areas were being 

cleared. The felling of trees left pods exposed to sunlight on the soil surface when they 

would normally have been shaded by the adult trees. The temperature of pods in full sun 

can be elevated by as much as 11 °C above ambient (Kistler, 1995), affecting larval 

developmental rates and larval survival within. As a result, during winter, pods exposed 

to sun incur higher levels of seed damage than unexposed pods. Higher temperatures in 

pods exposed to sunlight during winter seemed to induce oviposition in a season when 

the beetles are normally inactive. This was apparent from a comparison of the 

Clanwilliam and Citrusdal sites, which have similar environmental conditions but showed 

very different bruchid emergence patterns in 2003. Clearing of trees at Citrusdal exposed 

the pods that had previously fallen in the shade below the canopies of the parent trees. 

As a result, there was a nine fold elevation in emergence of bruchids from pod collected 

in mid-winter (July), and a four fold elevation in late-winter (September), at Citrusdal 

when compared to Clanwilliam. 

Both bruchid species increased their activity on pods exposed to the sun at Citrusdal 

during the winter period and N. arizonensis contributed more to total bruchid emergence 

(l 0%) over this period at Citrusdal compared to Clanwilliam «1 %). This observation 

supports the fmdings of Kistler (1995), where N. arizonensis populations were shown to 
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peak under milder conditions and hence avoid temperature extremes that increase egg, 

larval and adult mortality. Kistler (1995) also found no effect of temperature on 

fecundity of either A. prosopis or N. arizonensis between 20-3SoC. However, at 20°C 

adult metabolic rates of both species were very low, increasing significantly at higher 

temperatures. It is therefore likely that temperature effects are more pronounced during 

periods when there are marginal increases in temperatures around 20°C. Although the 

exposure of pods to sun resulted in increased adult oviposition rates, as reflected by 

increased bruchid emergence in the laboratory, the absence of a corresponding decrease 

in seed availability from field-coUected pods implies that larval developmental rates in 

the field remained slow. 

Kistler (1995) found larval developmental times of both N. arizonensis and A. prosopis to 

halve as temperatures rose from 20 to 25°C and larval survivorship increased from 20-

80% over the same temperature range. Estimated developmental thresholds for both 

bruchid species were 14-1SoC (Kistler, 1995). Thus, although adult activity increased in 

response to warmer daytime temperatures within pods, larval development rates did not 

increase accordingly because the advantages of high day time temperatures were offset 

by excessively cold evening temperatures. The maximum and minimum average 

temperatures for June at Clanwilliam were 21°C and SoC respectively but daytime soil 

surface temperatures below trees may be as much as 11 degrees cooler than ambient 

(Kistler, 1995) and therefore below the larval developmental threshold. As a result, low 

temperatures in pods lying in the shade of trees limit adult bruchid activity and reduces 

larval development and survivorship in these situations during winter in the winter 
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rainfall regions. Where pod temperatures are raised, i.e. through exposure to sun, bruchid 

oviposition takes place and larval developmental rates increase marginally. 

Besides felling of trees, tree architecture and density determines the amount of irradiation 

received by pods lying on the ground. The mesquite infestations that were monitored in 

the summer rainfall region consisted mostly of scattered plants allowing more direct 

sunlight to penetrate through the canopy and reach the soil. In contrast, the infestations 

in the winter rainfall region were restricted to drainage channels where the plants were 

more densely clustered with denser shade and cooler below-canopy conditions. As a 

result, oviposition rates on pods in the winter rainfall region declined over the winter 

period while there were higher levels of oviposition from early to mid-winter in the 

summer rainfall region. These differences explain the higher occurrence of bruchids 

reared from pods collected over winter in the summer rainfall region compared to those 

collected over winter in the winter rainfall region. 

Moisture availability may also explain the discrepancy between the winter rainfall region 

and the summer rainfall region in larval numbers in pods during winter. The summer 

rainfall regions are characterised by cool but extremely dry winter periods. In the winter 

rainfall region the adult bruchids are not subject to moisture deficits which may enable 

them to survive through winter in larger numbers and thereby rapidly exploit seed 

resources as they become available in summer. Over-wintering as larvae in seeds in 

winter rainfall regions may be less successful because of mortality induced by rotting-off 

of pods and damaged seeds, and increased susceptibility of larvae to disease, during the 

wet months (Janzen, 1975). Although adult longevity is enhanced with lower 
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agriculture (Hagler, 2000). The effectiveness of introduced herbivores, released for 

biological control of alien invasive plants, might be governed by the rate, and propensity, 

at which indigenous parasitoid species include the introduced species in their host range. 

Nine new parasitoid species were reared from pod collections and differed to the 10 

species identified in two previous studies (Hoffmann et al., 1993; Coetzer, 1996). Two 

possible reasons for this accumulation of additional parasitoids may be: 1) there was a 

period of adjustment needed, Le. the biology or phenology of the parasitoid needed to 

become adapted for existence on the novel host; or 2) the geographical spread of the 

novel host having brought it into sympatry with an increasing number of parasitoid 

species some of which will be able to use it as a host (Cornell & Hawkins, 1993). The 

abundance of the individual parasitoid species will be an important factor when 

considering the importance of additional parasitoid-host associations and host population 

dynamics. Unfortunately the abundance of each species was not determined in this study 

as there was degradation of many of the specimens and these were not identified. 

Although generalist predators have played a more demonstrable role in curbing agent 

efficacy (Goeden & Louda, 1976), the limited success of some weed biological control 

programmes has been attributed to high levels of parasitism by indigenous paras ito ids on 

the biological control agents (e.g. Dodd, 1969; Goeden & Louda, 1976; Baars, 2003; Van 

Klinken, 2005). A good indicator as to the likelihood of introduced insects acquiring 

parasitoids in the new range is the number of closely related insect taxa in the country of 

introduction and susceptibility of insect herbivores to parasitism in their native range is a 

good predictor of their susceptibility in the area of release (Cornell & Hawkins. 1993). 
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Thus, weed biological control programmes are likely to be more successful when these 

criteria are not satisfied. 

The cues by which these paras ito ids locate the bruchid larvae is unknown but it is likely 

that these generalist paras ito ids use one or more of several chemical cues such as the sex 

pheromones or oviposition markers of the adult bruchids (Mbata, 1992; Mbata et ai, 

2004) or from volatiles released by developing larvae and, or, the damaged seeds 

(Howard & Flinn, 1990; Mbata et al., 2004) to locate bruchid immatures. The majority 

(70%) of the parasitoids reared out of mesquite pods in the study by Hoffmann et ai. 

(1993) were generalist species, as was found with the study of the accumulation of native 

parasitoids on introduced species considered by Cornell and Hawkins (1993). This, 

together with the predisposition of introduced endophagous insects to acquire parasitoids 

(Cornell & Hawkins, 1993) explains the rapid acquisition of native parasitoids by the two 

introduced seed-feeding bruchids. The native parasitoid species on A. prosopis probably 

shifted onto N. arizonensis soon after its release in 1994 as the two bruchid species can 

be considered ecological analogues, especially during the larval stages in the seeds. It is 

possible that the eady acquisition of these parasitoids by N. arizonensis prevented the 

beetles from ever becoming abundant and has kept the populations of the beetles at their 

current low levels, as happened with Bactra truculenta on nutsedge in Hawaii (Goeden & 

Louda, 1976) and Procecidochares utilis on crofton weed in Australia (Dodd, 1969). 

Parasitism has the potential to alter the populations of two competing host species, in the 

case of dominance by either altering the competitive outcome (Yodzis, 1986) or by 

causing the exclusion of the inferior species at a local level (Price, 1980; Sikder, 1999). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

55 

Instances of changes in competitive outcome to mUltiple prey species when attacked by 

one or more shared enemy species, apparent competition (Holt, 1977), have been 

reported frequently in the literature (e.g. Holt, 1977; McClure, 1981; Howarth, 1991; 

Resteratis, 1991; Copeland & Craig, 1992; Holt & Lawton, 1994). Low levels of 

parasitism may have little effect on the dominant species 10caUy but may compound 

unrelated deleterious effects that act on the inferior species. In light of the variations in 

larval competitive ability and resource availability, native paras ito ids may be responsible 

for maintenance of the two bruchid species at densities found in this study. When the 

combined bruchid numbers are considered, i.e. those of A. prosopis and N. arizonensis 

together (Appendix 1.1), it is evident that overall larval parasitism is not sufficient to 

impact on the bruchid populations as parasitoids made up only 0.7% of total insect 

emergence in 2002 and 2003. However, the situation changes if one or other of the 

bruchid species is more susceptible to parasitism, especially if the competitively inferior 

N. arizonensis is more susceptible than A. prosopis. 

If the parasitoids' host was confined to either one or other of the bruchid species, overall 

mortality through parasitism would have been 1.6% for A. prosopis or 20.4% for N. 

arizonensis during 2002 and 2003. At the highest levels of parasitism measured in a 

single month at one locality, parasitoids would have accounted for 75% of the N. 

arizonensis mortality compared to 8% for A. prosopis. Support for the assumption that 

parasitism may have been dissimilar on the two species comes from the ClanwiUiam site 

where a 3-fold decrease in N. arizonensis populations from 2002 - 2003 corresponded to 

an 8-fold decrease in parasitoid populations despite constant levels of adult emergence of 

both bruchid species combined. There is a possibility that the relationship between high 
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N arizonensis and parasitoid numbers resulted from optimum environmental conditions 

for parasitoids coinciding with those for N arizonensis but not A. prosopis. However, 

this scenario is improbable as, despite Kistler's (1995) findings of temporal variation in 

population peaks in Arizona between the two bruchid species, we find corresponding 

peaks in populations of the two bruchid species in South Africa. Thus the susceptibility 

of both species of bruchids to parasitism is similar with regard to the time of year. It 

therefore seems likely that N. arizonensis is inherently more susceptible to larval/pupal 

parasitism than A. prosopis and even at low levels of parasitism (20%, see Janzen, 1975), 

the impact on population dynamics of N. arizonensis might be considerable. 

Egg parasitism has not been detected on A. prosopis eggs but parasitism of N. arizonensis 

eggs have been shown to reach 50-80% in some months (Coetzer & Hoffmann, 1997; 

Roberts, 2000 unpubl.). The high levels of egg parasitism recorded by Coetzer (1996), at 

two of the sites also sampled in the current study, occurred at a time when N. arizonensis 

populations were double what they were in this study. Fluctuations in N. arizonensis 

populations occur within and between seasons and also between sites and it seems 

probable that levels of egg parasitism would do so too. Coetzer (1996) determined that in 

1995, levels of egg parasitism varied from 0-58% between sites and that egg parasitism 

levels had dropped from 39% to 0% between 1994 and 1995 at one site. Over the course 

of this study parasitism at the four sites was on average approximately 6% in 2002 and 

2003, much lower than the levels reported in 1995 and 2000 (approximately 35% and 

45% respectively) (Coetzer, 1996; Roberts, 2000 unpubl.). Neltumius arizonensis 

populations remained low between 2002 and 2004. As with the findings of Coetzer 

(1996), levels of egg parasitism were density independent and in addition, there was no 
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correlation between parasitism levels and emergence of N arizonensis adults and thus it 

is unlikely that egg parasitism by Uscana sp. will currently be the major regulating factor 

of N. arizonensis populations. 
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Conclusions: 

In xeric environments, high levels of seed destruction, approaching 100%, can be 

achieved over a one year period and it is probable that few seeds will escape bruchid 

damage and germinate. Low levels of seed damage in the higher rainfall areas are a 

consequence of sub-optimal environmental conditions for larval development and the 

chances of recruitment of new plants into the populations are increased. 

Algarobius prosopis populations are consistently and markedly higher than those of N. 

arizonensis, accounting for 87-100% of bruchids emerging across the range of mesquite 

in South Africa. There does not seem to be any apparent affect of parasitism on A. 

prosopis populations. However, the combined effect of larval and egg parasitism 

incurred by N. arizonensis, its use of pods limited to those of pristine condition (Strathie, 

1995) and the poor competitive ability of its larvae compared to that of A. prosopis 

(Impson & Hoffmann, 1998) are likely to be the main factors regulating N. arizonensis 

populations. In view of the afore mentioned constraints on N. arizonensis individuals 

throughout their lifecycle, it is surprising that their populations managed to establish and 

persist in South Africa. The contribution of N. arizonensis to overall seed damage is 

lower than was originally hoped and reflects the situation in its native range because 

neither release from competition nor release from parasitism has occurred in its country 

of introduction. 

Environmental conditions, particularly temperature, are strong determinants of population 

dynamics of the two bruchid species. The abundance of both bruchid species may be 

altered by changing conditions. Temperature can strongly influence community structure 
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and even leads, in some cases, to reversal in competitive outcomes (Park, 1954; Spence et 

al., 1980). Yet when resource limitation occurs in mesic areas, despite unfavourable 

environmental conditions for both bruchid species, the competitive superiority of A. 

prosopis is exemplified and N. arizonensis is found to be excluded. 

In conclusion, as Kistler (1995) stated: "When considering populations within a guild of 

mesquite bruchids, abundance is a function of resource availability and fecundity­

mortality events, influenced to some extent by larval developmental rates." This is no 

better illustrated than by the population size and dynamics of the two bruchid species 

considered in the current study. 

In summary, the removal of pods by livestock impacts on bruchids and mesquite 

populations both directly and indirectly: 

1. Removal of seeds away from tree infestations enables a number of seeds to escape 

predation and potentially increases the chance of dispersal to safe sites. Ingestion 

of seed containing larvae results in seed and larval death. Increased competition 

for seeds that are not removed is intense resulting in total destruction of the seed 

in these pods by bruchids at most sites. 

2. Resource limitation resulting from seed removal increases the likelihood of 

competitive interactions between the two bruchids and N. arizonensis populations 

suffer as a consequence. 

3. The concentration of resources to livestock exclusion areas is likely to increase 

the pressures of parasitism on N. arizonensis populations because of reduced 

search times for the parasitoids. 
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Considering these points leads into my next chapter where I investigate the maintenance 

of A. prosopis populations despite the supposed absence of resources resulting from pod 

removal by livestock. 
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Chapter 2 

Destruction of seed contained within dung by Algal'obius pl'osopis 

Abstract 

Algarobius prosopis utilises dung-borne seed for larval development extensively through 

the year accounting for an estimated 50-70% reduction in dung-borne seed. Exploitation 

of dung-borne seed during winter was highest on exposed dung as the temperatures in 

these situations were closer to optimum. However exposed dung was not exploited 

during summer as temperatures were above the upper temperature limit of 45°C for one 

out of three days. During this period exploitation on shaded dung, below mesquite trees, 

was highest. There did not appear to be a distance effect on exploitation of dung-borne 

seed during winter as even dung placed 170m away from the closest mesquite stand were 

heavily exploited, suggesting that A. prosopis adults were active, dispersing during this 

period. Larval development during winter was continuous in exposed dung, giving rise 

to two generations and resulting in 81-99.6% damage to seeds. Larval development 

appeared to be greatly reduced in shaded dung during winter. High levels of parasitism 

of A. prosopis in dung-borne seeds in exposed areas were recorded over winter 

accounting for mortality of 38-60% of late-instar larvae and pupae. Two Pteromalus 

species were responsible for 88% of the parasitism of A. prosopis in dung-borne seed and 

neither of these wasp species was reared from pod collections. 
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Introduction 

Only a small proportion of mesquite seeds are destroyed by A. prosopis whilst the pods 

are still hanging on the trees and most damage is caused while the pods are lying on the 

soil surface. However, wherever livestock have access, almost all ofthe pods are grazed 

within a short period of falling to the ground. The rapid removal of pods by livestock 

prompted Moran et al. (1993) to postulate that the vast majority of seeds produced each 

year never become available to the bruchids. Although approximately 85% of the seeds 

that are eaten by sheep are destroyed during chewing and passage through the digestive 

system (Harding, 1991), pod production is high enough to ensure that the surviving 15% 

that are passed in dung make a substantial annual contribution to the soil seed bank. 

Historical assumptions that seeds in dung are unsuitable for bruchid utilisation has proved 

to be incorrect and recent observations have shown that A. prosopis, but not N 

arizonensis, emerges from seeds in sheep (pers. obs.) and donkey (Hoffmann, pers. 

comm.) dung collected in the field. Traveset (1990) noted a similar occurrence in Costa 

Rica where the bruchid Stator vachelliae emerges from seeds of the leguminous tree 

Acacia farnesiana contained within horse dung. The average levels of damage were 

24.2% of seeds affected, but reached 57% in some dung piles (Traveset, 1990). A. 

prosopis females were observed oviposit one to many eggs in the cracks and crevices of 

dung pellets regardless of a seed being located with the ovipositor (pers. obs.). The eggs 

hatch and the mobile larvae tunnel through the dung pellet where upon finding a seed the 

larva tunnels in and remains for the remainder of its development. 
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The numbers of eggs oviposited on dung samples in the field and laboratory could not be 

accurately quantified as this would require destructive techniques and, in addition, 

predation of eggs in the field would affect actual counts and hence the term 

"exploitation" is employed and is a function of number of eggs laid and survival and 

development of immatures and is determined by the number of adults emerging. 

Post-dispersal seed predation studies have demonstrated that frugivores may influence the 

probability that a seed is found by a granivore depending upon (1) the distance from a 

fruiting conspecific at which the seeds are disseminated with a decrease in seed damage 

with increasing distance (e.g. Janzen 1970, 1972; Connell 1971; O'Dowd & Hay 1980; 

Wright 1983, but see Forget et al., 1999); (2) the habitat or microsite where the seeds 

land (Janzen 1971,1972, 1986; Schupp 1988); and (3) the local post-dispersal density of 

seeds where the levels of seed damage is positively correlated to seed density (Wilson & 

Janzen 1972; Janzen 1982). The extent of seed destruction by A. prosopis is therefore 

likely to be influenced by dispersal patterns of dung containing mesquite seeds. 

Although seed damage by seed-feeding insects usually decreases with distance from the 

parent plant (Janzen, 1972; Janzen et al., 1976; Wright, 1983; Howe et al., 1985.), in the 

case of mesquite, livestock congregate and deposit high concentrations of dung with 

seeds (from here on referred to as "dung-borne seed") below trees (pers. obs.). The 

accumulation of seeds could provide an easily-accessible resource for the bruchids and 

result in higher levels of damage on seeds under trees. Indeed, Traveset (1990) found 

that levels of seed damage were not correlated with host plant position for bruchids that 
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utilise A. farnesiana seed in horse dung. Seeds in dung that is deposited in low densities 

away from the parent plants may be more obscure and less likely to be located and 

utilised by the bruchids (Janzen, 1975, 1985). In addition, the degree to which utilisation 

of dung-borne seed occurs may vary if temperatures in the exposed pellets are extreme 

enough to affect survivorship of the larvae (Traveset 1990; Kistler, 1995). 

Mesquite is mainly distributed in the arid to semi-arid areas of South Africa where 

daytime temperatures are extreme. The number of summer days where the maximum air 

temperature >31.5°C (=45°C in exposed dung pellets, pers. obs.) is 106 out of 182 and 

shade is generally sparse because trees are lacking in the landscape. Therefore, during 

summer months, high mortality of sessile larvae within seed in exposed dung was 

expected because of elevated temperatures through irradiation by sunlight. Traveset 

(1990) recorded levels of 97% mortality oflarvae in seeds during the dry season, mainly 

due to heat and desiccation and more bruchids emerged from shaded or partly shaded 

dung piles than from exposed piles. Conversely in winter, warm temperatures in dung 

pellets exposed to sunlight was expected to lead to an increase in bruchid emergence 

because of extended periods of oviposition activity, and, or, increased larval survivorship 

in these warm situations compared to the colder environment in the shade of trees. 

Temperature is likely to mediate bruchid activity in both winter and summer months 

through regulatory effects on both physiology and behaviour. Kistler (1995) studied the 

temperature relationships in A. prosopis. The optimal temperature for A. prosopis larval 

development, as determined by peak larval survivorship, was found to be between 30-
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35°C but declined at higher temperatures. The developmental threshold for larvae was 

14.6°C and only 20% of larvae survived at 20°C. Although cold periods strongly affected 

adult metabolic rates, females showed little variation in fecundity between 20-35°C. 

Temperature extremes are therefore likely to affect development and survivorship of the 

immobile, endophagous larvae to a greater degree than that ofthe adult bruchids. In light 

of the effects of temperature on larval physiology it is probable that the developmental 

rates and survival of larvae in dung-borne seed would vary as a result of seasonal and 

spatial differences in the internal temperatures of the dung pellets. Temperatures below 

20°C may also affect larval survival indirectly by slowing development and increasing 

the chances of mortality due to an increase in exposure time to parasitoids (Clancy & 

Price, 1987) and infections (Anderson, 1979). 

Bruchid emergence numbers should peak during periods when dung temperatures in the 

field are close to optimum. Conversely, larval mortality would be high when 

temperatures of dung in the field are extreme (i.e. dung exposed to full sun in summer or 

being fully shaded in winter) and not many adults would be expected to emerge from 

these samples of dung from these situations. The number of beetles that emerged from 

dung samples, which was the product of numbers of eggs laid and immature survival, was 

used to assess the extent to which bruchids were exploiting dung-borne seed. In addition, 

because temperature will determine developmental rates of larvae in the field, the timing 

of adult emergence in the laboratory from dung collected in the field will reflect the 

developmental stage of the larvae at the time of collection. 
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There are no reports in the literature of bruchids within seeds contained in dung being 

parasitised and it may be that bruchids in dung escape from parasitoids by occupying 

enemy-free space (Lawton & McNeill, 1979, Price et al., 1980). Because of the large 

structural difference between the pods and dung, parasitoids of larvae or pupae in dung­

borne seed would need to rely on semiochemicals, rather than physical cues, to locate the 

bruchids (e.g. Law & Regnier, 1971; Mbata et al., 2004). It is possible that a certain 

percentage of the larvae might escape parasitism as only those in superficial seed in the 

dung pellet may be susceptible to parasitism and those in seeds away from the surface 

may be exempt from parasitism. Another possibility is that certain parasitoids have 

evolved an ability to utilise bruchids that develop in dung-borne seed of African acacia 

frugivores (see Bames, 2001) and subsequently there may be an assemblage of 

parasitoids that exploit this niche. 

It might be that the ability of the parasitoids that utilise bruchid immatures in dung-borne 

seed will be affected by factors such as the location of the dung, time of year and 

resource density and thus similar patterns of emergence of wasps and bruchids may 

appear. 

Based on the prediction that A. prosopis popUlations will not decline in areas where 

livestock remove seed pods because the beetles are able to utilise dung-borne seed, the 

aim of this part of the study was to quantify the extent to which A. prosopis relies on 

dung-borne seeds as a food source when seeds in pods are scarce and how this use is 

mediated by temperature regimes in dung and by paras ito ids. 
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Methods 

Observations revealed that in no instances did N arizonensis emerge from dung and so 

this species will not be considered at all when dealing with events in dung. In addition, 

owing to the distribution of mesquite in the arid and semi-arid areas of the country where 

livestock is predominantly sheep, dung of other livestock and indigenous mammals were 

not considered despite evidence that A. prosopis also utilises dung-borne seed from these 

animals (pers. obs.). 

A. prosopis emergence from random field collections of dung 

In order to establish the degree to which season and position of dung affected exploitation 

of dung-borne seed and larval development within this seed, samples of sheep dung were 

collected at monthly intervals from the Calvinia site between April 2003 and July 2004. 

This study site supported a large flock of sheep and although most dung was concentrated 

below the trees, dung was also deposited in reasonable abundance away from trees. The 

site had been ploughed at least five years prior to this study and supported no perennial 

vegetation apart from scattered mature mesquite trees with very few young plants. Dung 

samples were collected from below mature trees, referred to as "shade" from here on and 

away from trees, referred to as "exposed" areas. Exposed dung collections were at 

suitable distances, 10 metres or more, so as to be sufficiently distant from trees to avoid 

possible shading except from very early morning and late afternoon sun. 
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The soil below mature trees contained fragmented dung, accumulated and crushed by 

sheep trampling activity, interspersed with whole dung pellets of varying age. The 

broken-down dung lay above a compacted soil layer, similar to soil away from the trees. 

All dung and seeds situated below trees were contained within the uppermost 10cm layer. 

On deposition, sheep dung is concentrated initially in piles (approximately 15cm in 

diameter) containing approximately 50-120 pellets. These piles dry out and get trampled 

and scattered with time. To estimate the density of dung pellets, a 20 x 20cm quadrat 

was thrown below trees and into the exposed areas in September of 2003 and the 

numbers of pellets on the surface were counted. Averages for the number of pellets per 

m2 were obtained from 5, 20 and 10 random throws of the quadrat below mature trees, 

lO-30m and 170m away from trees into the exposed areas respectively. Only surface 

dung was counted because dung buried below the surface was considered inaccessible to 

ovipositing bruchid adults. 

Scoops of soil and dung from below mature trees containing on average 600g (1800 

pellets) of dung were collected from Calvinia on each sampling occasion. These were 

sieved through a 5mm mesh sieve and any pod segments were removed to ensure that 

emerging bruchids did so solely from dung samples. The same process was repeated for 

dung in the exposed areas. These samples were placed in brown paper bags and sealed 

shut with staples for transport back to the laboratory. In the laboratory the samples were 

transferred to plastic rearing containers and kept in a constant temperature room at 27 ± 

2°C and 40-60% relative humidity. Emerging beetles and paras ito ids were counted and 
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removed every 3-5 days for a 35 day period after which the containers were placed in a-

20°C freezer to terminate further development of any larvae within the samples. 

On removal of the dung from the freezer, sub-samples of between 40-70% of total mass 

of dung were crushed and sorted with a 2mm sieve to separate any seeds contained 

within. The samples were processed with care so as to avoid crushing the brittle hollow 

husks of seeds that had been utilised by the bruchids. Counts of damaged and 

undamaged seeds that were obtained provided a very close estimate of the total number 

of seeds in the dung sample and the proportion that had been destroyed by bruchids. 

Only seeds that were intact and assumed to be viable and seeds that were entire but with 

an adult bruchid exit hole were collected. Fragment of seeds that were destroyed during 

passage through the gut were not included in the counts. Adult bruchids that had not 

successfully emerged from the dung or from the seed within the dung were encountered 

at times and were included in the counts of the "total bruchids emerging". Their presence 

in the dung was attributable to the fact that they had developed at a slower rate than 

usual, or they had come from first-instar larvae that had taken a longer period to locate a 

suitable seed within the dung or they had ecloded but had become entrapped in the dung 

pellet or seed. The seeds that contained larvae or pupae were included in the 

"undamaged" category because these immatures would have originated from oviposition 

events in the laboratory. 

To track the seasonal effects and availability of dung-borne seed on the population 

dynamics of A. prosopis, measurements were made of the levels of seed damage by 

bruchids that completed their development in the field (determined by the percentage of 
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seeds with visible bruchid emergence holes), the percentage emergence ofbruchid adults 

from available seeds (allowing estimates of exploitation of dung-borne seed in the field 

for the month prior to collection) and the average number of seeds per pellet. 

To calculate the total number of seeds (STotal) in the original sample of dung from which 

adults had emerged, the mass of the whole sample of pellets (MTotal) was divided by the 

mass of the sub sample (MSs) and then multiplied by the numbers of damaged and 

undamaged seeds per sub-sample (SSs), so: 

STotal = MTotal x SSs 
MSs 

(1) 

The proportion of seeds available to the bruchids (SA vail) at each site on each collection 

date (t) was calculated with the same equation used in Chapter I : 

SAvai~t) = STota~t+l)-SHole(t+l)+BTotal(t+l) (2) 

Where STotal is the total number of seeds in the count, (SHole(t+I» is the number of seeds 

containing emergence holes at the end of the experiment (t+ 1), and (BTotal(t+I» is the 

number of bruchids that emerged by the end of the experiment (t+l). Thus, on each 

collection date, the percentage of bruchids emerging from available seeds (BErn) was 

calculated by: 

BErn = BTotal(till x 100 
SAvail(t) 

(3) 
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The dung for this experiment had been collected from the Calvinia site in June 2003, the 

majority of which was from the 2003 podding season, and stored in a freezer at -20°C for 

a month to terminate any bruchid development in seeds. Twelve cages were placed 

below mature mesquite trees (designated as "shade" batches), 10 of which were shaded 

totally by the trees and two were placed at the edge of the canopy and were thus 

subjected to morning sun. 

Seventeen cages were placed at varying distances away from the mature trees (designated 

as "exposed" batches), from a distance of 10 to 30m, into a previously ploughed area 

with no perennial vegetative cover. Another set of two cages was placed 170 m away 

from the mesquite stand in an area with no vegetation cover. Of the 17 cages placed 

between 10 and 30m ttom the trees, seven were artificially shaded by being covered with 

80010 shade cloth on 25 x 25 x 15 cm stands. 

The dung samples were re-collected on a monthly basis and replaced with fresh samples. 

Any plants that had germinated within the cages since the previous collection date were 

removed but if they were mesquite seedlings that had germinated from the batches of 

dung, they were recorded and then removed. This experiment ran from July 2003 to 

September 2004 and a summary of collection dates and initiation of various treatments is 

given in Appendix 2.1. 

On collection, the batches were sieved through a Smm gauge sieve to remove soil and 

any adult bruchids that may have been on the pellets. The remains were then placed in 

self sealing plastic packets for transport back to the laboratory where the batches were 

transferred to 110 mm diameter clear plastic tubs with gauze lids and placed in a 
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controlled environment room at 27°C ± 2°C and 40-60% relative humidity. Emerging 

insects were counted and removed every 3-5 days. Soon after being placed in the 

controlled environment room, and prior to the dung drying out, a number of seeds 

germinated from the moist dung collected during, or soon after, periods of rainfall. These 

seeds were removed and inspected for bruchid larval damage to the endosperm. After 35 

days, the tubs were placed in a -20°C freezer to terminate any further development of 

larvae within the batches. 

The batches of dung were sorted through a 2 mm mesh sieve and all retained seeds were 

inspected to determine the levels of bruchid damage and the condition of the seed. Seeds 

without emergence holes were dissected to count larvae, pupae and adults within. Larvae 

and pupae within the seeds at that stage must have originated from eggs laid by females 

that emerged in the laboratory and deposited eggs before being removed from the cages. 

Seeds with larvae and pupae were recorded as "undamaged" seeds because this was their 

status on collection. Seeds containing unemerged adults were included with "damaged" 

seeds because they would have had eggs or small larvae at the time of collection. 

Seasonal variations in larval development in the field 

The developmental rates of larvae in the field were determined from the emergence 

patterns of adult bruchids from randomly collected samples of dung (i.e. samples that 

were collected from the field at different times of the year). Development time from egg 

to adult is known to take about 38 days at 28°C (Kistler, 1985), the conditions in the 

insectaria where the dung samples were kept. Thus the timing of adult emergence from 



Univ
ers

ity
 of

 C
ap

e T
ow

n

74 

the dung samples will depend on the stage of development that the larvae were in on 

collection. Adults that emerged soon after collection were assumed to be late-instar 

larvae or pupae at the time of collection. Conversely adults that emerged almost 38 days 

after collection of the dung samples were presumed to be either eggs or early-instar 

larvae at the time of collection. The length of time taken for 50% of the adult bruchids to 

emerge from a dung sample was used to calculate an adult emergence index (AEso), 

equivalent to the LDso used to rate insecticides (Maddox, 1975). If the AEso was close to 

19 days (i.e. half the development time under insectaria conditions), the population of 

beetles in the dung sample was assumed to have an age distribution which included equal 

numbers of individuals in all stages of development. An AEso below 19 days indicated 

that the sample had a high proportion of late-instar larvae and samples with AEso values 

above 19 days had a high proportion of early-instar larvae. The development rates of the 

immature beetles in the field could be estimated by relating the AEso values to 

exploitation patterns (see the previous section). 

Survivorship of A. prosopis larvae in exposed sites during summer 

To test whether the lack of A. prosopis emerging from dung was a consequence of larval 

death rather than avoidance of these dung piles by ovipositing females, the wire mesh 

cages used in the previous experiments were modified and a clear plastic covering was 

glued to the top and two of the sides of the cages. The remaining two sides were covered 

with gauze, small enough to prevent adult bruchids from escaping but large enough to 

enable airflow over the pellets. Four cages were placed out in the field for the month of 
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November, 2003. The dung placed in these cages originated from two different 

treatments: 1) dung from shaded areas and 2) dung from exposed areas. lfthe bruchid 

larvae in dung placed in the exposed areas survived, there would be either emergence in 

the cages or later in the laboratory. The samples were collected from the field after one 

month and, after being inspected for adult bruchids, transferred to rearing containers. 

The samples were left for a period of one month in the constant temperature room after 

which time they were crushed and all the seeds were removed and dissected to check for 

either bruchid larvae, pupae or adults. 

Extent of seed damage in dung samples left in the exposed areas over winter. 

Removal of dung samples on a monthly basis enabled estimations of the extent of 

exploitation by bruchids of dung-borne seed during those periods but failed to give an 

accurate account of the levels of seed destruction that may be achieved by A. prosopis 

over time. When ovipositing females are allowed continued access to a sample of dung 

in the laboratory, the larvae are capable of destroying 94.9% of the seed in the sample 

(pers. obs.) and it seems likely that the bruchids are potentially capable of destroying 

almost aU of the seeds in the field over a season. In order to determine the levels of seed 

damage achieved by the bruchids during winter on seed in dung dispersed away from 

mature trees, eight rigid wire cages (dimensions 180 x 180 x 70 mm with 10x30 mm 

gauge mesh) housing dung were placed in the exposed areas, 30m from mesquite trees, 

during March 2005 and collected 4 months later during July 2005. Although this period 

did not cover the full winter season, it was deemed a suitable length of time to reflect the 

fate of dung-borne seed in the exposed areas during this season. On collection, the 
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samples of pellets were removed by hand and placed into self sealing packets for 

transport back to the laboratory. Many seeds had fallen to the ground below the dung 

piles because a number of pellets had split open as a result of some seeds swelling 

through imbibing moisture or germinating. The fallen seeds were also collected and 

placed in the packets. On transferral of pellets from the packets to the rearing containers 

any loose seeds were removed and immediately dissected to assess the numbers of insects 

within and the condition of the seeds, any pupae of hymenopteran paras ito ids were 

removed and placed in Petri dishes to rear to adulthood. The containers with dung 

samples were placed in a constant temperature room at 27°e ± 2°C and 40-60% relative 

humidity and checked on a daily basis for insect emergence. Any insects (including 

parasitoids) that emerged were recorded and removed daily. The experiment was run for 

a 35 day period after which time the containers were placed in the -20oe freezer to 

terminate any further larval development. Dung pellets were then carefully dissected by 

hand and the condition of the seed contained within was recorded. 

Comparison between air temperatures and temperatures in the soil and dung: 

consequences for survival and development of larvae 

On survey dates, prior to dung being collected from cages small holes were drilled into 

pellets using a 1.5mm drill bit. These pellets were placed back into the same 

environment from which they were taken and left for a minimum of 10 minutes to anow 

temperatures to equilibrate. Four replicates of six temperature readings were taken for: 

air (below trees); soil surface (below trees), 5mm below surface; soil surface (in exposed 

areas), 5mm below surface; dung pellet (below trees); dung pellet (in exposed areas); 
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dung pellet (below shade cloth). For dung temperatures in the exposed areas, two 

old/grey pellets and two fresh/dark brown pellets were included to establish a temperature 

range. This data allowed me to determine the relationship between air temperature and 

the temperature within the dung pellets and thus calculate a value for the slope of the 

relationship using least squares regression analysis. Maximum and minimum 

temperature data sourced from the South African Meteorological Department could then 

be used to estimate the maximum and minimum temperatures to which the larvae within 

dung would have been exposed in the different treatments while the samples were in the 

field. The monthly maximum and minimum temperature values were then correlated 

with bruchid emergence from those months in order to determine the effects of 

temperature on larval development in dung-borne seed. 

Upper temperature limits of larval development: The upper temperature limits of A. 

prosopis are unknown, but a study by Lale and Vidal, (2000) on two other species of 

bruchid, Callosobruchus maculatus and C. subinnotatus found that there was 100% 

mortality of larvae exposed to a temperature of 50°C for 2hours. The upper temperature 

limit of A. prosopis larvae developing in dung-borne seed in the field was expected to be 

of a similar value. 
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Results 

A. prosopis emergence from random field collections of dung 

Dung pellets were more abundant below mature trees (2141 pellets.mo2
, 0 = 857) where 

sheep congregated. By contrast, there were 358 pellets.m-2 
(0::::: 241) 10-30 m away from 

mature trees and no pellets were found 170m away from the mesquite stand. The fates of 

dung-borne seeds situated in shade and in exposed sites through the season are shown in 

Figs. 2.1 and 2.2. Dung samples from exposed and shaded areas are dealt with separately 

because of a marked difference in temperatures of these two situations through the year. 

Soil temperatures in the exposed areas can be double that in the shade of trees during 

summer months (pers. obs.), reaching 60°C compared to soil temperatures below trees 

that do not rise above 30°C. 

The fate of dung-borne seed in shade (Fig. 2.1) 

The emergence of A. prosopis in the laboratory varied through the year indicating 

variations in the degree to which the adults exploit dung-borne seed. Algarobius prosopis 

utilise dung-borne seed in the shade continuously through the year and although a higher 

percentage of dung-borne seeds in shaded areas are destroyed during summer than in 

winter (21.5%,0=5.56 and 12.7%, 0=2.12 respectively), this is not significantly different 

(ANOVA, F(1,D) = 3.98, p>0.05) and in only one summer month, November 2003, was 

emergence significantly higher than any recorded in winter <:x2, p < 0.05). The highest 
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Fig. 2.1: Percentage emergence of A. prosopis from dung-borne seed collected from below mature mesquite 
trees, as a percentage of available seed, and number of seeds per pellet. Dung samples collected between 
April 2003 and July 2004. Bars with similar letters are not significantly different ('l, p>0.05) 
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Fig. 2.2: Percentage emergence of A. prosopis from seed in dung collected from exposed areas, as a percentage 
of available seed and number of seeds per pellet. Dung samples collected between April 2003 and 
July 2004. Bars with similar letters are not significantly different (X2
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recorded emergence from dung-borne seed in shaded areas was in November 2003 where 

bruchids emerged from 45.8% of the available seeds and the lowest emergence recorded 

in shaded areas was 5.4% in August 2003. 

The numbers of seeds per pellet followed a pattern, increasing during pod-fan and then 

generally decreasing with the lowest values recorded just prior to the next pod-fall. The 

increase in August 2003 coincided with the falling of a second flush of pods in June and 

July. The percentage of seed destroyed by A. prosopis in the field, estimated as the 

percentage of seeds containing adult emergence holes on collection varied through the 

year and there was no distinct cumulative increase in bruchid damage to dung-borne 

seeds between collection dates. Degeneration of seeds through weathering of dung 

pellets means that the use of proportions of intact seeds with emergence holes as an 

estimation of bruchid activity would lead to underestimations of the impact that A. 

prosopis would be having. Thus the decrease in number of seeds per pellet between pod­

falls is a more accurate account of the impact of A. prosopis on seed numbers as, despite 

little evidence for similar proportions of adult emergence holes in the field, it is likely 

that larval penetration of a proportion of seeds resulted in their loss from the system 

without the need for larvae to develop to maturity. 

The fate of dung-~ome seed in the exposed areas (Fig. 2.2) 

The usage of dung-borne seed by A. prosopis in the exposed areas was almost exclusively 

restricted to winter periods when temperatures of exposed dung pellets were not 

excessively high as during the summer months (November 2003 to February 2004) where 
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significantly fewer bruchids emerged from dung-borne seed (ANOVA, F(l,122) == 19.44, P 

< 0,001), The two highest peaks of emergence of A. prosopis occurred in July of 2003 

and 2004. 

The levels of seed destruction by A. prosopis varied through the year and was the inverse 

of that found for shaded areas, The numbers of seeds per pellet varied substantially with 

the availability of seed in the system and significantly higher numbers of seed occurred in 

pellets during the period of pod-fall (Mann-Whitney, Z == 2,89, P == 0.004). High bruchid 

activity during winter would explain the 45% reduction in available dung-borne seeds 

between June and November of 2003. However, the most dramatic decrease in the 

number of seeds per pellet occurred between February and April 2004 with a 65% 

reduction. This decrease could not be attributed to bruchid activity as it occurred at a 

time when bruchids were largely inactive in the exposed areas. This large decrease in 

seed availability coincided with above normal and aseasonal summer rains at the site 

resulting in seed loss through germination and decay. Seed loss during winter was 

probably the result ofa combination of both high bruchid activity and rainfall events. 

Seasonal and spatial variations in exploitation of dung-borne seed 

Through controlled manipulative experiments the patterns of bruchid emergence in the 

laboratory from seed in dung batches placed out and collected from the field reflected the 

seasonal and spatial patterns of exploitation of dung-borne seed (Fig 2.3) in the field. The 

three spatial situations were "exposed to fun sunlight", "exposed under shade cloth" and 

below trees == "shade". 
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Fig 2.3: Seasonal variations in the exploitation of dung-borne seeds by A. prosopis, expressed as 
percentage seed damage in: shade (below mature trees); exposed - in full sunlight; and 
exposed - under shade cloth. Experiment conducted between August 2003 and August 
2004 at the Calvinia site. 

The effect of distance on monthly emergence of A. prosopis 

Exploitation by A. prosopis of seed in dung exposed to full sunlight was restricted by 

high summer temperatures. During this period, there was no distance effect on 

exploitation by A. prosopis of seed in dung placed 1O-30m away from mature mesquite 

trees in exposed areas during winter periods (r = 0.002; p = 0.65) and therefore the data 

were combined for distance treatments (Fig. 2.3). However, there was a significant and 

positive correlation (r = 0.369, p = 0.036) between distance and percentage emergence in 

one of three months in winter, June of 2004, when dung samples were also placed at 

170m from the mesquite stand. The utilisation of dung-borne seed situated far from 

mesquite stands coincided with a period when usage of seed in dung in the proximity of 
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mesquite trees was 4.5% lower than other stages during the winter period suggesting A. 

prosopis exploit seed contained in isolated piles of dung during this time. 

The effect of treatment on monthly emergence of A. prosopis 

The difference between levels of exploitation of dung-borne seed in exposed areas and 

shade was not found to be significantly different over winter (Hest for independent 

variables, t = -0.572, p > 0.05) but was highly significant during summer (t-test for 

independent variables, t = -21.490, p < 0.0001) (Figure 2.3). A/garobius prosopis 

avoided dung in exposed areas during summer. Dung placed below shade cloth in the 

exposed areas had significantly more eggs (t-test for independent variables, t= -4.008, 

p=O.OOOl) than exposed dung but significantly fewer eggs than dung below trees (t-test 

for independent variables, t = 10.36, P < 0.0001). A two-way ANOVA on levels of 

exploitation with different treatments and times of year showed that collection date 

(F(8,276) = 15.45, P < 0.001), treatment (F(I,276) = 65.18, P < 0.001) and the interaction of 

the two factors (F(3o,276) = 14.33, P < 0.001) are all highly significant for explaining 

differences in emergence levels. 

Seasonal variations in larval development in the field 

AEso values for adult emergence from shaded dung remained well above the 19 day mark 

during most of winter in 2003 indicating slowed larval development (t-test of means for 

significance against 19 days, t = 7.61, p<0.05), and only toward the end of winter, when 

temperatures rose, was there any noticeable increase in larval developmental rates (Fig. 

2.4). A similar trend was not found over the same period in 2004 despite the average 
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maximum temperature for 14 days prior to collection being 23.0°C, 3.5°C higher in 2004 

than in 2003 and with little difference in the average minimum between the two periods 

(data from South African Meteorological Department). These differences are likely a 

result of differences in rainfall where high winter rains occurred in 2004 but there was an 

almost absence of rain in 2003. 
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Fig. 2.4: The median of A. prosopis emergence (AEso) from dung samples collected at 
the Calvinia site between April 2003 and September 2004, indicating winter and 
summer periods. 

Between September and January, the AEso was more frequently than not around the 19 

day mark suggesting that there was an even distribution of instar stages during summer 

(t-test of means for significance against 19 days is not significant, t == 0.251, p = 0.818). 

However, December exhibited a higher proportion of late instar larvae possibly as a result 

of the shortening of developmental times and presumably more defined popUlation peaks 

in summer compared to winter where larval development is prolonged and larvae may 
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have arisen from multiple oviposition events, therefore, the timing of field collections in 

summer would strongly influence the AEso. 

Larval development in exposed dung during winter appeared to be continuous and hence 

the decline in the AEso values from this dung between April and June 2003, April and 

May 2004 and July and August 2004 as these larvae matured and this may potentially 

have given rise to two generations of adults during the 2004 winter period. Active 

oviposition on seed in exposed dung and thus higher proportions of early instar larvae 

would explain the movement of the curve away from the 19 day mark during winter. 

There was no emergence from dung in the exposed areas during the hot summer months. 

Survivorship of A. prosopis larvae in exposed areas during summer 

On collection of dung samples left in cages in the field for the month of November 2003, 

there were neither adult A. prosopis in the cages nor was there any evidence of bruchid 

emergence from the dung. In addition, there was no emergence of adults in the 

laboratory over the 35 days that followed yet there was emergence from control samples 

in the laboratory. On dissection of the seeds in the samples left in the field, 3 - 13% of 

seeds contained bruchid larvae, originating from oviposition events prior to the samples 

being placed in the cages, but these were all dead, presumably as a result of extended 

exposure to sunlight. 
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The fate of seed in dung samples left in exposed areas over winter. 

No unblemished seeds were found in a subsample of 686 seeds ~ 50% of total seeds in 

dung pellets placed out in the field) that had fallen out of the pellets on or prior to 

collection. Dissection of the seeds showed that A. prosopis larval entry into seeds caused 

81 % of the damage (Table 2.1). The cause of damage for the remaining seeds (19%) was 

not established but bruchids or pathogens could have been responsible. 

Table 2.1: The fate of the subsample of seeds removed from dung left in the field during 
four months of winter. The numbers of A. prosopis (=Ap) in various stages of 
larval development, number of paras ito ids and the numbers of seed 
germinated as a result of larval entry are represented. No viable seeds were 
found in this subsample. Average percentage (± lSD) that each category 
contributes to damage of seeds indicated. 

Seeds Seeds 
A.p. Early Late Dead Degenera- genni- germ i-
exit Ap. Ap. A.p. A.p. Ap. Parasit- ted seed, nated nated total 
hole instar instar Pupa Adult larva oids unknown with with cause entry larva hole 

1 6 14 35 2 1 20 15 14 1 3 111 
2 1 10 22 6 1 21 23 15 2 6 97 
3 2 6 8 5 0 12 18 22 1 0 74 
4 1 6 12 3 0 3 18 21 3 4 71 
5 0 6 12 1 0 11 14 17 1 2 64 
6 0 14 28 10 0 30 17 5 1 2 107 
7 6 17 15 13 0 18 16 18 1 2 106 
8 1 2 12 0 0 11 2 20 2 6 56 

mean 2.25 10.19 20.30 5.27 0.24 17.74 17.92 21.41 1.94 4.01 
(%)± ± ± ± ± ± ± ± ± ± ± 
ISD 2.21 3.79 6.65 4.20 0.45 6.66 7.40 10.55 1.28 3.38 

Of the seeds that were classified as bruchid-damaged, 71 % contained bruchids in various 

stages of development, 22% contained hymenopteran parasitoids (of which 99% were in 

the pupal stage and 1 % were larvae), and the remaining 7% were seeds with partially 
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developed radicles but that had failed to germinate and all of which contained larval entry 

holes and some stilI contained early instar larvae. 

Over the 35 days in the laboratory the eight dung samples yielded 228 insects (Fig. 2.5). 

Of these 37.7% were hymenopteran parasitoids. The emergence patterns indicate that 

only late-instar larvae and pupae were suitable for parasitoid development because aU the 

parasitoids emerged within 18 days. However, average parasitism levels during the first 

14 days amounted to 61 % of total insect emergence. 

39 

3 2 1 0 1 

Average number of individuals emerging per sample.d·l 

II Parasitoids 

taA. prosopis 

2 

Fig 2.5: The numbers of A. prosopis and hymenopteran parasitoids, emerging daily in 
the laboratory from dung samples left out in the field during winter, March­
July 2005. 

Using the proportion of bruchids and parasitoids per seed obtained through seed 

dissection (see above), it was anticipated that the 714 seeds in the dung sample would 

yield 507 A. prosopis adults and 157 hymenopteran parasitoid adults. However, only 142 

bruchids and 86 parasitoids emerged from the samples. Thus unaccounted pre-

emergence mortality of the insects was high and amounted to 72% and 45% for A. 
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prosopis and the parasitoids respectively. The reason for the mortality of bruchids and 

parasitoids was not established but may be a result of infection by pathogens, drowning 

of larvae through water-logging of seeds or other unknown factors. 

A lack of beetle larvae that were sufficiently mature for the ovipositing parasitoid 

females to use at the time that the samples were recovered would account for the lower 

than expected proportion of emerging parasitoid adults (37.7% rather than 61%). Of the 

86 parasitoids that emerged 99% did so within 18 days (first record of Fig. 2.5 was on 

day three) and this was assumed to be the period of pupation as dissection of the seed 

revealed 99% to be in the pupal stage on collection. Identifications revealed that three 

pteromalid parasitoid species emerged from dung: two Pteromalus and one Dinarmus 

species but that the two Pteromalus species accounted for 87.7% of the total parasitoid 

emergence. The Dinarmus sp. was identified as the same species (Dinarmus altifrons) 

that was reared from pod collections. However, neither Pteromalus species had ever 

been reared from pod collections either in this study or others (Hoffmann et al., 1993; 

Coetzer, 1996) and appeared to be confined to bruchids in dung-borne seeds. Only five 

viable seeds were found out of a total of 1400 seeds, a reduction of 99.6% of dung-borne 

seeds over the four month period in the field. 

Effect of air temperature on soil and dung temperatures and the 

consequences for survival/development of larvae 

Differences in the levels of exploitation of dung-borne seed situated in shaded and 

exposed areas may be determined by differences in the temperature regimes in these two 

situations. Kistler (1995) reported the optimum temperature for A. prosopis to be 

between 25 and 30°C with mortality increasing at lower and higher temperatures. 
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There were close correlations between ambient air temperatures and those of soil exposed 

to sunlight (r = 0.927), soil in the shade (r::: 0.956), dung in sunlight (r = 0.962), dung in 

shade (r = 0.974) and dung under shade cloth (r = 0.960). It was assumed that by 

extrapolating meteorological air temperatures the temperatures of dung pellets could be 

gauged. Neither the extrapolated absolute minimum temperature nor the extrapolated 

average minimum temperature, obtained for a 50 day period prior to collection, correlated 

with the percentage emergence of A. prosopis from dung situated below trees (~== 0.158, 

p::::: 0.159 and r2:::::: 0.007, p:::::: 0.783 respectively). By contrast, there was a significant and 

negative correlation of numbers of beetles emerging and the extrapolated maximum 

temperatures of dung pellets in exposed areas (~::::: 0.752, n = 14, P < 0.0001) (Fig. 2.6a). 

However, there was no correlation between the numbers of bruchids emerging and the 

extrapolated maximum temperatures of dung in the shade (~ = 0.023, n ::::: 14, p :::::: 0.61) 

(Fig. 2.6b). The levels of damage caused by A. prosopis on dung-borne seeds were 

significantly lower in dung pellets that reached maximum temperatures in excess of 45°C 

one or more times than in dung pellets that never reached this temperature (Mann­

Whitney, U == 259.0, Z = 8.36, p<O.OOl). 
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Fig. 2.6a & b: Percentage emergence of A. prosopis from dung-borne seed correlated 
with extrapolated monthly maximum temperatures of dung between 
Apri12003 and July 2004 for dung in a) exposed areas and b) shade. 
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Discussion 

The extent to which A. prosopis utilises dung-borne seed is governed by the time of year 

and the location of the dung i.e. below mesquite trees or in exposed areas. The highest 

recorded damage to dung-borne seed by A. prosopis in anyone month was 35% and over 

the course of the year levels of damage would likely near 100% under ideal 

circumstances. However, trampling by sheep results in breakage of dung and burial of 

seed and thus the overall damage to seed by A. prosopis is reduced In addition to 

bruchid damage, rainfall also contributes highly to removal of seed from the system such 

that: rain falling over summer periods when temperatures are high results in germination 

that has the potential to remove 65% of the available resources for the bruchids through 

enhanced seed germinability after passage through the gut of sheep (Peinetti et al., 1993); 

alternatively, increased microbial action after rains (Janzen, 1975) in winter, when seeds 

do not readily germinate (Scifres & Brock, 1969), can lead to decay of those seeds where 

larval penetration of the seed coat has occurred. 

Summer temperatures are too extreme for A. prosopis larvae to survive in exposed dung 

but seeds in dung located in shaded microsites away from mesquite trees are susceptible 

to bruchid damage during this period. Traveset (1990) reported that a greater proportion 

of Acacia farnesiana seeds contained in horse dung were damaged by the bruchid Stator 

vachelliae on shaded dung and that oviposition on seeds in exposed sites was much 

reduced. The effect of solar radiation on the survival of bruchids within stored 

leguminous crops has been investigated (Lale, 1998; Lale & Vidal, 2000; Chauhan & 



Univ
ers

ity
 of

 C
ap

e T
ow

n

- --- ---- - -~-----------------------

92 

Ghaffer, 2002). This study demonstrated A. prosopis larval survival to be substantially 

reduced at temperatures above 45°C, a temperature that exposed dung pellets reach in one 

out of three days during summer (October to March). However, at times when 

temperatures were mild it was beneficial for bruchids to utilise seeds in dung in exposed 

areas where solar radiation keeps dung temperatures close to optimal, circumventing the 

inhibitory effects of the colder temperatures of dung in shaded areas on larval 

development, and leading to damage of 99.6% of dung-borne seed in exposed areas. 

Despite the majority of literature (Janzen, 1972; Janzen et al., 1976; O'Dowd & Hay, 

1980; Wright, 1983; Howe et al., 1985, but see Forget et al., 1999) on post-dispersal seed 

predation pointing towards reduced predation rates with increasing distance from fruiting 

conspecifics, it does not seem to be the case in this system and in fact to the contrary, in 

one month there was an increase in seed predation rate with increasing distance. 

Although utilisation of dung-borne seeds is restricted to shaded areas during summer, A. 

prosopis adults continue to disperse between stands of trees over this period, as shown by 

exploitation of seed in dung placed below shade cloth in exposed areas during summer. 

The main questions to corne out of this study are therefore "Why do A. prosopis utilise 

dung-borne seed during winter when these bruchid populations were previously thought 

to remain inactive over this period" and "What drives A. prosopis to search for dung 

away from mature mesquite trees"? 

The first question essentially deals with the opportunistic behaviour of A. prosopis. As 

was demonstrated in the previous chapter, given suitable environmental conditions as 

when trees are felled, A. prosopis exploit pod-borne seeds in exposed situations during 
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winter when they normally remain inactive. Thus, in absence of pods A. prosopis exploit 

dung-borne seed preferentially selecting dung below trees in summer when temperatures 

are too high and exploiting seed in exposed dung during winter when the temperature of 

the exposed dung is closest to optimum. But what drives the bruchids to search for dung­

borne seed with increasing distances from mesquite trees? Is it to avoid intraspecific 

competition when oviposition intensity may be high around mesquite trees or is it to 

avoid paras ito ids that are associated with these areas? Where dung is concentrated below 

mesquite trees parasitism may be expected to be higher because of a decreased host 

search time by parasitoids. Thus, the use of dung-borne seed dispersed away from 

mesquite trees may be a means of avoiding parasitoid related mortality, increasing the 

likelihood of escape of A. prosopis from parasitism by moving into enemy-free space 

(Oppenheim & Gould, 2002). However, the highest recorded levels of parasitism (38%, 

with estimates of 61 %) were found to occur in dung-borne seed in the exposed sites 

during winter. Although a contributing factor to the high rate of parasitism observed in 

this study may have been that, by ensuring that the dung remained in piles, host search 

time by parasitoids was reduced yet the parasitoids were nevertheless able to overcome 

the hurdle of host dispersal and were still able to locate hosts that were at the suitable 

stage of development i.e. pupal stage. However, examination revealed that 87.7% of the 

parasitoids emerging from the dung were two species of the genus Pteromalus 

(Pteromalidae) found to have been collected only from dung samples and not pod 

samples. Therefore, the possibility exists that the parasitoids reared from A. prosopis in 

dung may have evolved to exploit bruchids in seed associated with dung and not in 

association with pods. This makes sense when considering that many of the African 



Univ
ers

ity
 of

 C
ap

e T
ow

n

- ----- ---------------

94 

acacias have coevolved with seed dispersers and that in many instances the highest 

proportion of seed is contained within dung and not pods for much of the year. 

The data arising from this study allow for predictions of the temporal escape of seed from 

A. prosopis and the consequences of variability of the timing of rainfall on the expansion 

of mesquite infestations. 
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Chapter 3 

A Comparison of use of dung- and pod-borne seed by A. 

prosopis 

Abstract 

Algarobius prosopis emergence from pod and dung collections at sites where livestock 

were present, revealed that two thirds of the beetles emerging from the available seed did 

so from dung and this was the trend for most months. Laboratory studies also indicated 

that higher numbers of A. prosopis emerged from dung samples when females were given 

a choice of pods and dung, particularly if the females developed within dung-borne seed, 

suggesting that higher oviposition occurred on dung. The oviposition on sheep dung 

appears to be an inherent trait as even those beetles originating from populations that do 

not have to compete with sheep for the pod resource, showed higher offspring emergence 

from dung than from pods when parents were presented with a choice. Olfactory cues are 

an important means by which the A. prosopis females locate their host and the results of 

"Y"-tube experiments supported those of the oviposition trials showing that offspring 

emergence was indicative of female preference for oviposition on dung over pods. 
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Introduction 

Many insect herbivores are generalists, utilising a variety of resources for larval 

development (Feeny, 1975). In some instances the larvae are able to utilise different 

plant species within and between instars but others may be restricted for their entire 

development to the plant on which the first-instar develops (Thompson, 1983). In most 

cases it is the maternal host choice that restricts the larva to a particular host for its 

development and which may be influenced by a number of proximate (behavioural and 

ecological) and ultimate (evolutionary) factors. Proximate factors that influence an 

individuals decision may include host plant on which the adults developed (e.g. Phillips, 

1977; laenike, 1983; Barron, 2001), previous adult - host plant experience (Vet & van 

Opzeeland, 1984; laenike, 1988; laenike & Papaj, 1992; Vet et al., 1995; Barron & 

Corbet, 2000), variability of host resource in time, space (e.g. Hunter & Price, 1992) and 

quality (e.g. Strong et ai, 1984; Johnson & Kistler, 1987),and orientation of the resource 

(e.g. MacLellan, 1962; Atienza et al., 1996; KUhrt et al., 2006) and probably the most 

important factor being innate host preference (Messina & Slade, 1997; Fox et al., 2004). 

Factors that lead to the evolution of host choice include avoidance of inter- and 

intraspecific competitive interactions (e.g. Wilson, 1988; Minkenberg, 1992; Ohsaki & 

Sato, 1994; Strathie, 1995), and predator and parasitoid avoidance (e.g. Ohsaki & Sato, 

1994; Tschanz et al., 2005). AU of these factors may be critical in insect population 

dynamics (Price et al., 1990). 
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In tum, the choice of the adult as to where eggs are deposited may influence the fitness, 

survival, developmental rate and incidence of contact with competitors, predators and 

parasitoids, for immatures. Resource-use tactics of adult insects are critical in population 

dynamics of herbivorous insects (Price et al., 1990) where variable resource-use can 

influence insect popUlations in two ways: performance and preference (Ohgushi, 1992). 

Performance is an immediate influence on survival and reproduction of the insects. In 

contrast, preference is defined as the evolutionary responses of insects to variable and 

heterogenous plant resources that improve individual fitness (Thompson, 1988). The 

relationship of adult and immature characteristics and the question of 

preference/performance has lent itself to many studies and debates on the evolution of 

host specificity (Wiklund, 1975; Bush & Diehl, 1982; Futuyama & Peterson, 1985), 

selection for enemy-free space (Lawton & McNeill, 1979; Price et ai., 1980; Ode, 2006) 

and host shifts in aHopatric and sympatric insect populations (Bush, 1975; Futuyama & 

Mayer, 1980; Wood & Guttman, 1983; Thompson, 1988). 

According to the oviposition-preference - offspring-performance hypothesis (Jaenike, 

1978), oviposition-preference patterns are supposed to correspond to host suitability for 

offspring development (but see Scheirs et al., 2000), which may have residual effects on 

performance for more than one generation (Andersson, 1978). 

In the web of mesquite tree - sheep dung - A. prosopis interactions it is expected that 

female A. prosopis habitat and host selection are dictated by the suitability for offspring 

development. As A. prosopis are monophagous, "host" refers to the choice of pod- or 
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dung-borne seed. It is assumed that larvae should develop equally well on dung-borne 

seed as on pod-borne seed because the seed will not have changed internally during 

passage through the gut of a sheep. Thus adults emerging from dung should be no 

different in terms of their fecundity to those emerging from pods. 

Choice of oviposition sites by females would disclose which seed type (pod-borne or 

dung-borne) was most acceptable as a larval food source, and survival rates of the 

immature stages would disclose which seed type was most suitable, under different 

conditions. However, these could not be quantified separately because the samples 

would have had to have been destroyed to locate the concealed eggs and the endophagous 

larvae. As a result, the number of beetles that emerged from seed samples, which was the 

product of numbers of eggs laid and immature survival, was used to assess the extent to 

which bruchids were exploiting the different resources available to them. 

The observations that A. prosopis utilise dung-borne seed for larval development raises 

the issue of whether or not this species is primarily associated with either pod-borne or 

dung-borne seeds and, if so, whether the females only resort to the alternate seed type 

when nothing else is available. If the beetles are not primarily associated with either seed 

type but use both equally, is parental choice influenced by the position of the seed in 

which larval development took place (i.e. do females that emerged from dung-borne seed 

show any preference for, or avoidance of, seeds in dung and do females that emerged 

from pod-borne seed prefer, or avoid, seeds in pods)? A series of choice experiments 
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were conducted in the field and in the laboratory to provide answers to these questions. 

The results are presented in this chapter. 

Methods 

Seasonal and spatial variations in usage of seed in pods and dung 

The following experiments were conducted at the Calvinia study site commencing in July 

2003 and ending in September 2004 to establish the seasonal variation in exploitation of 

pod- and dung-borne seeds by A. prosopis females and the choices exhibited by these 

ovipositing females. Pods were placed in the field concurrently with dung samples as 

described in the previous chapter. Three pod allotments were placed below trees and four 

were placed at distances 10 - 30m away from adult trees. The pods had originally been 

collected at the beginning of the 2003 podding season and had been placed in a -20°C 

freezer to terminate any developing larvae originating from previous oviposition events 

in the field. Each pod allotment weighed 40g and contained on average 184 seeds and 

each dung allotment weighed 40g but contained on average only 35 seeds. The allotment 

sizes were determined on weight and not the amount of seeds they contained i.e. not 21 Og 

of dung that would likely yield a similar number of seeds, as this would create an 

unnaturally large dung pile and introduce another variable. The allotments were left in 

the field for a period of a month after which time they were collected and replaced with 

new allotments. On collection the pods and dung were placed in sealable packets for 

transport back to the laboratory. Once there, the allotments were transferred to 110mm 
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diameter clear plastic tubs with gauze lids and placed in the constant temperature room at 

27°C ± 2°C and 40-60% humidity. Emerging insects were counted and removed every 3-

5 days. 

Counts of emerging bruchids were used to establish seasonal trends in exploitation of 

pod- and dung-borne seed and if there were differences in the extent of exploitation in 

shaded or exposed sites, and if any differences existed between usage of pod or dung­

borne seed for larval development. 

Laboratory choice and performance experiments with pods and dung 

The intention with these experiments was to investigate if the larval food source of an 

ovipositing female, pods or dung, influenced her host choice. In addition, the potential 

for choice reinforcement from one generation to the next was tested. 

The pods used in these experiments were inspected and any aborted seeds or any having 

been damaged by bruchids were broken off and only segments containing 5-10 pristine 

seeds were used. Each pod segment had two sites for oviposition, one at each end 

(Swier, 1974), amounting to approximately 35-40 oviposition points in the pod samples. 

In order to establish the preferred oviposition sites of A. prosopis females, equal masses 

of pods and dung (20g) were placed in an arena and made available to females. The 

arena consisted of a 5 litre rectangular plastic box (34x15cm) with a gauze lid and when 

dung and pods had been placed inside there was a minimum distance of 20cm separating 

the allotments. Four one-day-old females were placed in the boxes together with two 

one- day-old males. The boxes were then placed in a constant temperature room at 27°C 

± 2°C and 40-60% relative humidity and left for 5 days after which time the six adult 
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bruchids were removed. The allotments, of dung and pods, were then placed separately 

into 110 mm diameter clear plastic tubs with gauze lids in which they were left for the 

remainder of the experiment. The tubs were checked on a daily basis and any emerging 

A. prosopis adults were counted and removed. This process continued until bruchid 

adults stopped emerging (35days) after which, the tubs were placed in a -20°C freezer to 

terminate any further development of bruchids within the samples. In conducting the 

experiments in the laboratory it was assumed larvae utilising seeds in pods and dung 

would have similar rates of survival and thus the numbers of adult bruchids emerging 

would be proportional to the number of eggs laid on the allotment. 

To reduce the effects that may influence female oviposition choice and ensure that 

oviposition choices in the trials were the female's primary choice, several factors were 

adjusted for: i) the use of one-day-old females and allowing them only five days to 

oviposit was based on the work of Hoffmann et al. (1993) which showed female peak 

oviposition rates were only reached five days after mating (by limiting oviposition time, 

it was hoped that potential oviposition sites on one or other seed source would not have 

been limited by overcrowding of eggs and thereby limiting suitable "egg-free" 

oviposition sites on a particular choice); ii) only 2 males were placed in with the females 

so as to avoid oviposition and mating interference by unmated males - each male could 

mate more than once (pers. obs.) and mating frequency increases the numbers of eggs 

that A. prosopis lay (Hoffmann et al., 1993). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

102 

Algarobius prosopis used in these experiments were sourced from two populations, the 

one population from Calvinia where sheep were present and removed the pods and the 

other from Modder River where there were no sheep. 

The origin of the adult bruchids from Calvinia was from either dung or from pods 

collected in the field from the Calvinia site. Replicates of the choice experiments were 

run in 2003 and 2004 to determine if parent origin affected exploitation i.e. of dung- or 

pod-borne seed (Fig. 3.1). The process was then repeated using the bruchids emerging 

from the first experiments to determine if the larval food source of grandparents 

contributed to any variations in exploitation by parents. Limitations imposed by the 

numbers of bruchid females that emerged in the second generation did not allow the same 

number of replicates for the second set of choice tests (Fig. 3.1). 

First generation adults 
presented with: 

!Pods! ~ 
~ ~ 

Second generation adults presented 
with: 

6~6~ 
~ ~ ~ ~ 

First generation adults 
presented with: 

~ ~ 
~ ~ 

Second generation adults presented 
with: 

6 l]U ~6~ ~ ~ ~ 
Fig. 3.1: Source of the first generation bruchids collected at Calvinia and the numbers 

of oviposition choice replicates (in parentheses) presented to them and to 
their offspring. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

103 

To confinn that bruchid emergence from dung reflected host preferences of the parents 

and not a result of forced oviposition arising from a lack of "egg-free" space on pods, the 

percentage of unused pod segments was detennined. At the end of these experiments, the 

numbers of pod segments were counted. Each segment was considered as having two 

points of oviposition (i.e. the fractured ends), therefore, segments with emergence holes 

were counted as utilised and those with no emergence holes were considered unutilised. 

This was done to get an estimation of the percentage of oviposition sites on pods that 

were not exploited. It was assumed that any oviposition on a pod segment would give 

rise to successful development and emergence of bruchids from that pod segment under 

ideal controlled insectary conditions. The same was not done for dung as each pellet 

could be considered as having a multitude of potential oviposition points and many 

pellets may not have contained seeds. 

The numbers of males and females emerging from dung and pods was measured for 12 of 

the replicates to confinn that host choice did not influence sex ratio. 

The above experiments were repeated for A. prosopis originating from the Modder River 

site, where there was no removal of pods by sheep and thus no chance for A. prosopis to 

utilise dung-borne seed (Fig. 3.2). 

Eleven replicates of the first generation choice tests were conducted but it was only 

possible to test bruchids emerging from pods. Choice tests (10 replicates) were then 

conducted on the next generation emerging from dung to see if the seed source in which 

the females developed influenced the degree to which they exploited each host choice 

(Fig. 3.2). The purpose of doing the choice test trials on two A. prosopis populations, 
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from Calvinia and from Modder River, that have to contend with varying seed sources 

was to determine whether either population exhibited a stronger tendency to exploit 

dung-borne seed. 

First generation adults 
presented with: 

~ II~ungJ LiiiJ (11) 

Second generation adults presented 
with: 

~ 
l1iJ ~ l][J 

Fig. 3.2: Source of the first generation bruchids collected at Modder River and the 
numbers of choice replicates presented to them and to their offspring. 

OlfactOIY preferences for dung or pods. 

Mated A. prosopis females were used in an experiment in an attempt to determine if they 

use olfactory cues to distinguish pods from dung and if they exhibit preference for one or 

the other. A constant air flow of 16 mBar was passed through two chambers, each 

connected to an arm of a "Y" tube. The seed choices being presented to the bruchids 

were placed in the chambers. The three sets of choices (Left and Right) were:, nothing 

and pods, nothing and dung and finally dung and pods. A single bruchid female was 
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introduced into the "yo. tube for each trial. Her first choice, the time it took to make this 

choice and her position after 5 minutes were noted. Twenty replicates were made for 

each set of choices. For each of the replicates, 10 were done with the seed choice in the 

left chamber and 10 with that seed choice in the right chamber to determine if there was 

any preference for one of the arms over the other. The same 20 bruchid females were 

used for each set of choices throughout the trial. The choices made were weighted such 

that a positive choice was allocated "+ 1 ", negative choice "-1" and no choice "0" and it 

was hypothesized that they would exhibit an even distribution of choices - non choices 

made i.e. a ratio of 1: 1 : 1. The sums of choices were then used to demonstrate the 

proportions of choices made. 

Oviposition on "non-mesquite" dung 

A number of experiments were run to see if A. prosopis, having emerged from dung, 

would oviposit on dung that i) had no traces of mesquite in it and ii) came from sheep not 

exposed to mesquite but the pellets of which were hollowed, filled with 1-3 seeds and 

glued together using a water based wood glue. The number of seeds placed within these 

pellets was similar to the numbers of seeds typically found in the dung of mesquite-fed 

sheep. These experiments were done in order to establish if A. prosopis oviposition 

reflected their opportunistic behaviour and, in addition, if their larvae and emerging 

adults were able to tunnel through a possible barrier that "non-mesquite dung" might 

provide. 
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To establish if A. prosopis oviposited on dung containing no traces of mesquite, two 

mated, day-old females were placed in each of five Petri dishes containing five sheep 

pellets collected from an area without mesquite. An additional six Petri dishes containing 

the same dung type had one mated, day-old female placed in each of them. The dishes 

were left for five days after which time the pellets were dissected under a dissecting 

microscope and the eggs counted. 

To determine if the females could exploit mesquite seeds artificially inserted into non­

mesquite dung containing no natural traces of mesquite, two day-old females and one 

male were placed in each of nine Petri dishes containing five pellets and left for five days 

after which time the adult bruchids were removed. These experiments were placed in the 

insectary to see if larvae developed successfully, and emerging adults were counted and 

removed daily. After 45 days, the dung pellets were crushed and the fate of the seeds 

recorded. A control of 5 replicates was run concurrently on dung, naturally containing 

mesquite seeds, which had been cut in half and glued back together to see if there was 

avoidance or an inhibitory effect of the dung containing glue. 

Results 

Seasonal and spatial variations in usage of seed in pods and dung 

The numbers of beetles that emerged from both pod-borne seeds and dung-borne seeds 

varied from month to month (Fig. 3.3 a & b). It appeared that beetle exploited dung­

borne seeds over pod-borne seeds as on average, 18.0 and 10.6 beetles emerged per 100 
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seeds in dung and pods respectively in shaded areas and 10.0 and 5.5 beetles emerged per 

100 seeds in dung and pods respectively in exposed areas however, in neither shaded nor 

exposed areas were these differences significant (Mann-Whitney, Z = 1.41, P = 0.15 and Z 

= 0.52, P = 0.60 respectively). The numbers of beetles emerging per 100 seeds in pods 

exceeded emergence from dung-borne seed in only one month in both the shaded 

(February 2004) and exposed (October 2003) areas. The following section deals with 

normally distributed data and therefore ANOV A could be used for statistical tests: In the 

shaded areas, the highest emergence from pods and dung occurred during summer 

(October - February) where, although not highly significant (P < 0.05), it appeared that 

significantly higher numbers ofbruchids emerged from dung (ANOVA, F(I.61) = 3.77, P = 

0.056). Although bruchids continued to utilise both pod- and dung borne seeds in the 

shade during winter, oviposition on pods was significantly less (ANOV A, F(I,62) = 7.14, P 

= 0.009). In contrast emergence from pods and dung in exposed areas was restricted to 

winter, during which time significantly higher numbers of bruchids emerged from dung 

(AN OVA, F(I,103) = 21.32, P < 0.0001). Low emergence from pods between May and 

August may be a consequence of the lower temperatures of the pods compared to dung in 

both the exposed and shaded situations and although there was no emergence from 

exposed pods for the majority of summer, the highest record of emergence on pods in 

exposed areas occurred during October 2003, at the start of summer. This happened at a 

time when temperatures of dung pellets would have been too extreme for larval survival 

while the pod temperatures, because oftheir light colour, were probably more suitable for 

the developing larvae. A factorial AN OVA revealed that: i) date; and ii) choice (dung- or 

pod-borne seeds) and location (in shade or exposed) both contributed significantly to the 
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a) 

8 
N 

40 

b) 

8 
N 

40 

-~---~------------

30 20 10 o 10 20 30 
Number of A. prosopls emerging per 100 seeds 

30 20 10 0 10 20 30 
Number of A. prosopis emerging per 100 seeds 

SHADED 

40 50 

IliIPODS 

III DUNG 

EXPOSED 

40 

~PODS 

III DUNG 

50 

Fig. 3.3a & b: Seasonal trends in emergence of A. prosopis (mean + lSD of numbers 
of beetles per 100 seeds) from dung and pods left in the field at 
Calvinia for one month in situations a) shaded from sunlight and b) 
exposed to sunlight. Trials conducted from August 2003 to August 
2004. 
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variation in levels of seed damage (p < 0.0001 for all effects) (Table 3.1). There was also 

a significant (p<O.OOOl) interaction between the two factors. A post-hoc Tukey test of 

the combined factors, "date" and "choice and location", revealed most variation was 

explained by the high levels of emergence from dung in September and from both dung 

and pods in October. This is probably due to the post-winter rise in adult emergence of 

A. prosopis in the area. 

Table 3.1: Results of the factorial ANOV A of arcsine transformed percentage bruchid 
emergence from seeds and pods collected at the Calvinia site over the 
period of one year. 

SS 

Intercept 

date 7330.70 

choice & location 6277.98 

date*choice & 30960.13 
location 

Error 15724.67 

Oegr. of 
freedom 

0 

10 

3 

53 

318 

MS 

733.07 

2092.65 

584.15 

49.44 

F P 

14.82 0.000000 

42.31 0.000000 

11.81 0.000000 

Using monthly beetle emergence values the cumulative effect ofbruchid damage over the 

season could be estimated (Fig. 3.4). These values were determined from the emergence 

results between September 2003 and August 2004. Mature pods were first present in 

January and hence Fig. 3.4 spans the season from January to December. The rates of 

decline are probably overestimates because: i) in bringing the pod and dung samples back 

to the laboratory the impact of abiotic and biotic mortality factors on bruchid eggs and 

larvae are greatly reduced; ii) the placing out of fresh allotments of pods and dung every 

month would continually provide ideal seeds; iii) the dung piles were protected by the 
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cages preventing the normal disruptive activity by sheep on dung and pods such as burial 

or trampling. 

...: 80 .., 
~ 
~ 

~ 
.~ 
Cl! .., 
~ 

60 
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UI 

i 
8. 20 

....0 , 
~ 

\ 

, 
\ \. 

O~~--~~~~ __ ~~ __ ~~~~ __ ~~~-J 
Dec Jan Feb Mir Apr Miy Jub Jul Aug Sept Oct Nov Dec 

- Shaded dung 
-0 Exposed dung 
.... Shaded pods 
- Exposed pods 

Fig. 3.4: The percentage of seeds in dung and pods escaping attack by A. prosopis 
over a one year period. 

Despite emergence from pods and dung in shade being similar between January and 

April, there was very little emergence from pods in shade over the winter period and only 

after September were these pods properly utilised by the bruchids. According to these 

estimations although the use of seeds in unshaded dung is limited to winter, between 

April and September, during this six month period A. prosopis was capable of achieving 

100% destruction of seeds despite high levels of pupal parasitism (see Chapter 2). 
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Laboratory choice and perfonnance experiments with pods and dung. 

There were no detectable effects of larval seed source of the grandparent on the host 

choice of parent as determined by the numbers of offspring emerging (t-tests for 

independent samples, 1=0.097, p=0.924 and 1= -1.53, p=0.147 for parents from pods and 

parents from dung respectively). This suggests that any variations in the exploitation of 

an host were a consequence of maternal origin and not that of previous generations and 

there is no detectable reinforcement from one generation to the next. The data for 

maternal choices of both generations from the same seed source were therefore combined 

(Table 3.2). 

The emergence results from the Calvinia population showed significantly more bruchids 

emerged from dung over pods when the parents originated in dung but there was no 

significant difference in emergence from dung or pods if the parent originated in pods 

(paired t-tests; t = 11.37, P < 0.0001 and t = 1.639, P = 0.114 respectively). However, 

females from the Modder River population exploited dung-borne seed significantly more 

than pod-borne seed regardless of host for parent development (first generation from pods 

and second generation from dung) (t-tests for paired samples; t = -2.32, P = 0.043 and t == 

-3.66, P = 0.005 for adults from pods and dung respectively). 

To confirm that variations in exploitation of pod- and dung-borne seeds (Fig. 3.1) was 

influenced by the host in which the parent developed, the numbers of offspring emerging 

from dung and pods were compared for parents from the two different hosts. Females 
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Table 3.2: Numbers of A. prosopis emerging from each of the paired choice tests for 
a) Calvinia and b) Modder River populations showing adult source and 
host choice and also indicating the average emergence (± 1 SE) 

a) Calvinia b) Modder River 
Adult source Adult source 

Dung Pods Dung Pods 
Choice 

dung pods dung pods dung pods dung pods 
reelicate 

1 39 18 31 16 51 18 44 40 
2 45 26 32 43 53 15 31 32 
3 44 7 54 31 55 45 39 32 
4 45 12 34 29 67 31 42 49 
5 63 0 32 55 55 1 36 28 
6 50 24 20 49 62 39 47 24 
7 42 5 55 29 49 32 46 27 
8 65 29 54 27 49 16 48 18 
9 62 21 40 18 29 36 35 29 

10 62 25 52 25 25 32 31 30 
11 49 6 54 7 41 43 
12 61 27 47 28 
13 43 11 26 49 
14 32 22 37 37 
15 56 18 41 35 
16 41 24 42 20 
17 56 26 36 34 
18 41 19 21 60 
19 42 23 44 45 
20 31 1 
21 42 30 
22 27 19 
23 42 25 
24 30 44 
25 30 48 
26 52 22 

Average 
49.4± 18.1 ± 38.7± 31.8 ± 49.5 ± 26.5 ± 40.0± 32.0± 
2.25 1.98 2.08 2.84 4.16 4.26 1.84 2.68 

from both A. prosopis populations exploited dung-borne seed to a higher degree than 

pod-borne seed if the females developed in dung than if the females developed in pods 

ct == 107.8, P < 0.0001 and t = 14.9, P = 0.0001 for the Calvinia and Modder River 

populations respectively). 
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Offspring emergence from pods suggested that females from the Calvinia population that 

developed in dung and pods utilised only 62% (0' ==26.0%) and 68% (0' ==21.5%) of pod 

segments respectively, suggesting competition for "egg-free" space on pods was not 

intense between A. prosopis females. In addition, the proportion of pod segments that 

produced beetles was positively correlated with the total number of bruchids that 

emerged in each of the choice experiments (c == 0.507, p=O.OOl and C = 0.522, P = 

0.0005 for adults from dung and adults from pods respectively). In contrast, emergence 

of offspring of females from the Modder River population suggests these females may 

show a higher propensity to exploit pod seeds than females from the Calvinia popUlation 

as 77.0% (0' =27.9%) and 79% (0' =12.5%) of pod segments provided to females that 

developed in dung and pods respectively, yielded adult beetles. Furthermore, the 

proportion of oviposition points on pods provided to females of the Modder River 

population did not correlate with the total number of bruchids emerging (C = 0.38, P = 

0.057 and C = 0.33, p = 0.065 for parents from dung and pods respectively) as one might 

expect if increased exploitation of pods was a consequence of a decrease in availability of 

oviposition points on dung. 

There were no significant differences in fecundity of parents that developed in either 

pods or dung, as was determined from the numbers of offspring emerging from each seed 

source (t-test for independent samples; t = 0.817, p = 0.418 and t = -0.674, p = 0.508 for 

bruchids from Calvinia and Modder River popUlations respectively). Neither did the sex 

ratios of progeny deviate from unity - male:female = 49:51 (t-test for dependant samples; 
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t == -0.867, P == 0.40) and 53:47 (t-test for dependant samples; t = 1.156, P = 0.27) for 

emergence from pods and dung respectively. 

Olfactory preferences for dung or pods. 

This experiment served to further confirm that females preferred dung to pods due to 

olfactory cues and that the strength of their response depended on the host in which they 

developed. The position of females after 5 minutes in the choice tests are shown and also 

the sums of choices were then used to show the proportions of choices made (Table 3.3). 

Having developed in pods A. prosopis females showed a highly significant preference to 

orientate themselves in the arm of the tube in which pods were located (i = 15.861, p = 

0.0004) when provided with a choice of pods or nothing and although, when provided 

with the choice of dung or nothing they did show a tendency to move towards the dung, 

these values were not significant (i =3.739, p=O.l54) (Table 3.3). In contrast, when the 

females had developed in dung-borne seed they exhibited a stronger tendency to orientate 

themselves in the tube that contained dung (i == 7.679, p = 0.022) than those that 

contained nothing, and showed no preference to move towards pods (i == 0.709, p = 

0.701) when presented with pods or nothing (Table 3.3). 
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Table 3.3: Results of "Y"-tube choice tests of females originating in either pods or 
dung and their orientation after 5mins towards one or other seed source when 
presented with a choice of either pods or nothing, dung or nothing or pods and 
dung. Expected ratio of +ive: -ive: "0" is 1: 1: 1. 

Parent from pods Parent from dung Parent from pods Parent from dung 

Pods & 
Dung 

Pods & 
Dung 

Choice 
nothing 

& 
nothing 

& Pods over dung Dung over pods 
nothing nothing 

+ive 15 10 7 12 4 11 
-ive 2 3 5 2 5 7 
"0" 3 7 8 6 11 2 

Sum of 
13 7 2 10 -1 4 

When parents originating in pods were presented with a choice of pods and dung (Table 

3.3) marginally more positive choices were made towards dung (25%) than towards pods 

(20%) but these results did not differ significantly from the expected ratio r.t == 4.345, P 

= 0.114). In comparison, the parents that developed in dung-borne seed showed a 

significantly stronger attraction to dung (55%) than was expected (33%) r.t = 6.164, p :::: 

0.046). The availability of both seed sources, pods and dung, on the response of females 

originating from different seed sources was varied: those that originated in pods appeared 

to be undecided whether to orientate to either dung or pods for much of the time and 

ended up failing to move towards either in 55% of the replicates, but females that 

developed in dung made a positive choice for either dung or pods in 90% of the replicates 

(r = 9.23, p = 0.002). 
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Oviposition on "non-mesquite" dung 

Oviposition did occur on dung that contained no trace of mesquite, and over the 5 day 

period similar averages of 8.2 (0' =5.84) and 8.17 (0' =9.30) eggs were laid by each female 

on the available dung pellets in both trials i.e. those containing two females and those 

containing one female respectively. Despite the high standard deviation for the 

oviposition trials of the single female, a result of oviposition failure in 50% of the 

replicates, there was no significant difference in numbers of eggs laid per parent between 

the two trials (Mann-Whitney; z = -0.091, P = 0.927). 

Oviposition on "non-mesquite dung" that contained artificially inserted mesquite seed 

and on "mesquite-dung" (i.e. naturally containing mesquite seeds) showed no significant 

difference in the percentage of bruchids emerging from available seed (Mann-Whitney; z 

= 0.600, P = 0.549) (Table 3.4). 

Table 3.4: Emergence of A. prosopis from available mesquite seed in i) dung 
naturally absent of mesquite seeds and ii) dung naturally containing 
mesquite seeds and the percentage of seeds damaged. Number of 
replicates in parentheses. 

Mesquite dung 

Seeds per pellet Total seeds Bruchids emerged Damage 

2.1 

2.0 

97 (9) 

48 (5) 

83 

44 

86% 

92% 
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Discussion 

In the field, dung-borne seeds were exploited to a higher degree by A. prosopis than were 

pod-borne seeds for most of the year and in only one month in both the open and exposed 

areas did the emergence from pods exceed that from dung. A possible explanation for the 

preference of dung over pods may be one of resource abundance (Price et al., 1980; 

Thompson, 1988), whereby oviposition choice is affected by the availability of resources 

for larval development. Algarobius prosopis is able to exploit both resources and do so 

according to availability. As the abundance of dung-borne seeds exceeds that of pods for 

most of the year the bruchids might be expected to exploit dung-borne seeds when it is 

the dominant seed source. However, although pods account for the majority of new seed 

in the system between January and April, albeit at ever diminishing levels, the 

exploitation of pod-borne seeds over this period did not exceed that of dung-borne seed. 

In addition, the exploitation of pod-borne seeds decreased sharply at the beginning of 

winter. Possible explanations for this trend are that i) there was accumulation of new 

dung in the system with time, increasing its attractiveness as a resource (Price et al., 

1980; Thompson, 1988); ii) increasing numbers of females reared from dung and 

therefore conditioned to oviposit into it, either through pre-imaginal (Alloway, 1972; 

Tully, et al., 1994; Ray, 1999) or imaginal conditioning (Vet & van Opzeeland, 1984; 

Jaenike, 1988; Jaenike & Papaj, 1992; Vet et al., 1995; Barron & Corbet, 2000); iii) the 

drop in average temperatures as winter began made dung, particularly in the exposed 

areas, more useable (MacLellan, 1962; KUhrt et al., 2006); and iv) dung provided enemy­

free space for developing larvae (Lawton & McNeill, 1979; Price et al., 1980). Bruchid 
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emergence from available pod-borne seeds during the summer months was not 

significantly lower than that from dung. Peak exploitation of pods occurred in October, 

at a time when pods were naturally absent from the system thus the resource abundance 

theory does not explain increased pod utilisation during the period between winter and 

mid-summer (pod-fall) and temperature is probably the main influence on host use. But 

are the bruchids driven to utilise resources that maximise enemy-free space, and what 

constitutes this enemy-free space - the use of dung as a resource or the oviposition on 

dung away from mesquite trees? Is the use of dung away from trees merely coincidental 

with seasonal temperature variations? The design of this experiment i.e. the regular 

monthly collection of pods and dung samples, was a means of establishing periods in 

which bruchids were most active on one or other resource and not to determine variations 

in parasitism levels. Results presented in the previous chapter show that parasitism of 

larvae in dung has the potential to be very high (:::::: 40-60%). However, the bruchid larvae 

are only vulnerable for a brief period of their development, during the late instar larval or 

pupal phase and removing the samples from the field prior to this stage of development 

meant that levels of parasitism could not be recorded and there was no means of testing if 

this was a likely factor driving bruchids to use dung-borne seed. During winter, 

oviposition on exposed dung enhances the rates of larval development. Reduced 

developmental time decreases larval susceptibility to parasitism (e.g. Moran & Hamilton 

1980; Price et al., 1980; Grossmueller & Lederhouse, 1985, Clancy & Price, 1987; 

Benrey & Denno, 1997) formalised as the "slow growth - high mortality" hypothesis by 

Clancy and Price (1987). This theory was primarily established to interpret the effects of 

diet on larval development and subsequent parasitism but can be extended to include 
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temperature effects on host-parasitoid interactions (Benrey & Denno, 1997). In the case 

of A. prosopis a factorial ANOV A, showed "date" and "location" to be the only 

combined factors that explained variability in oviposition and that a combination of 

"choice" with these two factors was inconsequential. This suggests that the bruchids are 

driven to exploit seed in different localities according to the time of year, a surrogate for 

temperature, and their choices are not governed by seed source. The results also suggest 

that if the choice to oviposit on dung is escape from parasitism for bruchid offspring then 

it is not the use of dung over pods that provides the enemy-free space but the location of 

the dung. However, the only seeds in exposed situations that would suitably increase the 

rates of larval development are those contained within dung. 

Considering the reasons why bruchids may use dung-borne seed as a resource over pods 

(or in the absence of pods) i.e. enable perpetuation of the populations, escape from 

parasitism and secure alternative means of over-wintering, I question whether this is 

achieved. Is A. prosopis caught "between the devil and the deep blue sea" (Lawton & 

McNeill, 1979)? By relying solely on pods in areas where livestock remove the pod crop 

almost in its entirety it is unlikely that the A. prosopis populations would persist and if so, 

effect any suitable degree of damage on the seed crop for the brief period of availability, 

prior to consumption by livestock. The usage of dung-borne seed therefore enables the 

bruchids to circumvent the problem of diminished population size and contributes to the 

perpetuation of the bruchid populations. In addition, the use of dung-borne seed for over­

wintering may enable the emergence of a post-winter generation with increased fitness, 

compared to over-wintering adults, which would be more likely to contribute to 

population increase. However, escape from parasitism of larvae developing in pods to 
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enemy-free space which the novel host that dung was thought to provide, has not 

occurred. Despite this, the use of seed in dispersed dung for larval development during 

winter may help to reduce the overall levels of parasitism by altering patch dynamics and 

thus influencing search times/strategies of the parasitoids (Cook & Hubbard, 1977; 

Comins & Hassen, 1979; Godfray, 1994) and reducing developmental times of bruchid 

larvae as a result of temperatures closer to optimum (Kistler, 1995) thus further reducing 

their susceptibility to parasitism. 

The field experiments showed that A. prosopis exploited dung-borne seed more 

frequently than pod-borne seed during the course of the year but that temperature was a 

major determining factor in which resource was used in different situations. As a 

consequence of this, choice experiments were conducted to determine if there was any 

evidence for host preference on dung over pods under controlled laboratory conditions. 

Habitat selection is assumed to be determined by quality of the site for developing 

offspring (e.g. Jaenike, 1978; Ng, 1988; Thompson, 1988; Mayhew, 1997 but see Scheirs 

et ai., 2000 and Mayhew, 2001), with the majority of work investigating phenotypic 

differences in plant morphology and chemistry and its effect on larval development. But 

what would be the best strategy if resources were of similar nutritional value for the 

developing larva but in two different states? Under these conditions females could make 

choices on a spatial basis such as to conceal eggs to minimise predator or parasitoid 

encounters, or choose sites that would optimize larval developmental rates. Seeds of 

certain plant species are unavailable for attack by bruchids until the pod has undergone 

some change, usually in the form of removal of exocarp and the exposing of the endocarp 
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or seed e.g. Scheelea palm (Wilson & Janzen, 1972; Wright, 1983) and the palm 

Maximiliana maripa (Fragoso et al., 2003). Algarobius prosopis appears to be adapted to 

use seeds in pods as its primary resource, the mobile larvae locate unoccupied seeds in 

pods out-competing other species if present and in addition the larvae are capable of 

living within the mesocarp for a period of time (Kistler, 1985) obtaining sustenance from 

this medium prior to seed entry. The high level of seed damage inflicted on pod-borne 

seeds by A. prosopis in its native and introduced ranges shows it is adapted to the use of 

pods. Seeds exposed on the dung surface might suffer a higher degree of larval entry 

(Traveset, 1990) to those deep within the dung which are in turn less susceptible than 

seeds contained in pods because the dung is thought to provide a non nutritional medium 

through which the larva must travel in order to locate a seed. The interaction of A. 

prosopis and seed contained within dung highlights a potential evolutionary strategy of a 

bruchid locating and preferentially ovipositing on post-dispersed seed. 

The results of the choice experiments demonstrate that A. prosopis preferentially 

exploited dung-borne over pod-borne seeds, particularly when the parent developed 

within dung. The question therefore is where in the evolutionary history of A. prosopis 

was this behaviour initiated? Janzen and Martin (1982) considered the loss of New 

World megaherbivores and its impact on the distribution and dynamics of a number of 

tree species pre-adapted to seed dispersal by these megaherbivores in Central America. 

In their paper they discuss how exposed seed in megaherbivore dung is used by bruchids 

but that some seeds escape because they were scattered and discrete. Dispersal failure in 

absence of these megaherbivores has enabled bruchids to regularly destroy almost all of 

the annual seed crop. Reintroduction of large herbivores has enabled 'escape' of seed 
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and the subsequent expansion and densification of mesquite stands (DeLoach, 1985). In 

light of this it seems plausible that A. prosopis evolved alongside megaherbivores and 

developed the ability to search for and utilise dung-borne seed. 

The usage of dung-borne seed appears to be inherent to A. prosopis as the bruchids from 

the two populations, Calvinia and Modder River, were seemingly equally attracted to 

dung as a host despite the Modder River population not previously (since introduction) 

being exposed to dung-borne seed. Although females from the two bruchid populations 

both showed a preference to exploit dung over pods if they developed in dung, females 

from Calvinia population, having developed in dung, showed a significantly greater 

propensity to oviposit on dung than did those females that developed in dung from the 

Modder River population. Thus, it may be that subsequent to their introduction 18 years 

ago, A. prosopis populations that are continually subjected to pod removal by livestock 

and utilised dung-borne seed as an alternative seed source had been selected for and 

showed a more rapid and significant adjustment to the use of dung-borne seed if they 

developed in dung over those that developed in pods. 

Female insects may use olfactory or visual cues or a combination of the two in order to 

locate suitable oviposition sites (Bemays & Chapman, 1994). Bruchids have been shown 

to locate host seeds at long distances from the parent plant (Wilson & Janzen, 1972; 

Wright, 1983; and the current study), however, the methods by which they locate these 

seeds is not fully understood. The bruchid Callosobruchus chinensis has been shown to 

respond positively to olfactory stimuli arising from undamaged seed and seed containing 

eggs of the cowpea and to show negative response to those seeds containing larvae 
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(Ignacimuthu et al., 2000; Babu et al., 2003). In the current study I set out to investigate 

whether A. prosopis females were able to orientate themselves towards a mesquite seed 

source using olfactory cues. The results did more than merely demonstrate that the 

females located seeds using olfactory cues but also that they exhibited preferences for 

one or other seed source showing trends which reflected preferences gleaned from the 

emergence results in the choice tests. 

The results of these "Y" -tube experiments compliment those results obtained for the 

oviposition choices in the previous section and support the view that emergence patterns 

indicate oviposition preference. 

Interestingly, A. prosopis oviposited on dung that contained no traces of mesquite pods or 

seed. Female insects are known to demonstrate time-dependant changes in host­

acceptance threshold (Singer, 1982; Singer et al., 1992; Browne & Withers, 2002), 

however, the female bruchids used in these experiments had not been oviposition site 

deprived and according to the findings of Hoffmann et al. (1993) were not at their peak 

oviposition age. Although it has been shown that A. prosopis females do exhibit 

preferences for host choice, oviposition on a medium that is not guaranteed to contain 

mesquite seed is not adaptive and implies A. prosopis is not very discerning in where it 

oviposits. Despite the high mobility of A. prosopis first instar larvae, it is unlikely that 

the larvae. having entered, searched and failed to locate a seed within a dung pellet would 

be able to continue the search in other pellets because this is probably an energetically 

expensive task and the dung is unlikely to compensate larva for this energy expenditure. 

In addition, pellets in the field may be scattered, further inhibiting the search ability of 
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the larva. It is therefore likely that oviposition on a pellet containing no mesquite seed 

will result in the failure of the entire clutch oviposited on that pellet. This opportunistic 

oviposition strategy is far less conservative than that of Neltumius arizonensis where 

females carefully inspect seed pods for seed quality and eggs of conspecifics prior to 

oviposition, (Strathie, 1995). The oviposition on "non-mesquite" dung also suggests that 

there are other volatiles associated with sheep dung that attract and stimulate the females 

to oviposit. 

The choice of dung as a host for larval development appears to be inherent to A. prosopis 

but what are the ecological consequences of these host choices and if host fidelity is 

occurring are we witnessing the formation of new host races? Host races are partially 

reproductively isolated, conspecific populations specialising on alternate hosts (Diehl & 

Bush, 1984). If adults show an increased preference for one or other host, whether an 

inherited or conditioned behaviour (Barron, 2001), it may be the first stage of a host shift. 

This study showed A. prosopis to exhibit a strong preference for oviposition on dung 

when adults themselves developed within dung-borne seed, but is this sufficient to induce 

host fidelity? Any temporal or spatial variation in the usage of hosts may lead to 

reproductive isolation and reinforcement of a host race. During summer A. prosopis 

females exploit both pods and dung to a similar extent but during winter the beetles are 

almost totally confined to utilising dung-borne seeds. Despite this, a number of factors 

are at work preventing the potential establishment of host races at the sites where 

livestock are active: i) the life history of A. prosopis, being multivoltine, excludes any 

chance of temporal reproductive isolation; ii) the effect of changing environmental 

conditions prevents maintenance of spatial separation; and iii) the temporal restriction of 
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the bruchids' habitat selection to hosts associated with mesquite trees at a time when both 

hosts are available (mid-late summer). 

The fact that A. prosopis originating from a population that is not exposed to sheep dung 

readily oviposit on dung, strengthens the view that these insects show an innate 

preference for dung over pods and that conditioning, such as pre-imaginal (Tully et ai., 

1994; Ray, 1999; Barron, 2001) or imaginal conditioning (Vet & van Opzeeland, 1984; 

Jaenike, 1988; Jaenike & Papaj, 1992; Vet et al., 1995; Barron & Corbet, 2000) is likely 

to be a secondary factor. The use of dung as an alternative source of mesquite seed, in 

the absence of pods, is possibly an evolved survival strategy allowing fuller exploitation 

of the resource while reducing competition and facilitating escape from parasitism. One 

generation reared on dung is sufficient to get a significant host shift onto dung in the 

next, however, bruchids reared on pods did not exhibit any preference to lay on pods. 

This indicates strong behavioural plasticity (Jaenike & Papaj, 1992) allowing A. prosopis 

individuals to readily utilise that resource which will maximise fitness. It is possible that 

A. prosopis evolved to utilise seed in the dung of extinct megaherbivores that consumed 

mesquite pods and that the host choice of mesquite pods may actually be a survival 

strategy in the absence of dung. 

I feel that this study clearly demonstrated that A. prosopis readily oviposits on dung and, 

having developed in dung-borne seed, these females actually show a strong host 

preference for dung over pods. Despite females ovipositing on non-mesquite dung the 

data shows definite and replicable differences in host preference when presented with 

mesquite dung and mesquite pods in both the choice test arenas and the "Y"-tube tests. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-------- -------- ---

126 

Although oviposition on dung is likely an innate behaviour and selection for females that 

utilise dung in areas where sheep remove pods may have occurred, imaginal conditioning 

plays a strong if not dictating role in host choice. 

The factors driving A. prosopis to utilise dung over pods in the field are not certain but it 

is likely a combination of i) a lack of pods and the resulting increase in attractiveness of 

dung through resource concentration, ii) the higher temperatures of dung during winter to 

enable an increase in larval developmental rates, iii) a means of over-wintering as larvae 

thus enhancing post-winter fitness, and iv) a partial escape from parasitism in time and 

space. 

What is the impact of A. prosopis utilisation of dung-borne seed on mesquite 

infestations? The combined effects of pod removal by livestock and the destruction of 

pod- and dung-borne seed by A. prosopis on soil seed banks and recruitment rates are 

investigated in the following chapters. 
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Chapter 4 

The impacts of seed usage by A. prosopis on soil seed banks. 

Abstract 

There was a minimal mesquite seed bank at sites in the semi-arid region where livestock 

were excluded which allowed for multiple generations of A. prosopis able to destroy 

large numbers of seeds and reduce the annual input of seed into the seed bank. In 

contrast, in the mesic region where bruchid activity was low the seed bank was markedly 

higher. In aU instances, the presence of livestock prevented pre-dispersal destruction of 

mesquite seeds by the bruchids and consequently high seed banks were evident at these 

sites, despite A. prosopis' ability to locate and utilise dung-borne seed. Higher numbers 

of seed escaped bruchid damage, increasing the size of the soil seed bank which was 

concentrated in the vicinity of mature mesquite trees. Pod-borne seeds showed a higher 

degree of dormancy (95%) but passage through the gut of a sheep broke dormancy of 

55% of this seed. Furthermore, larval penetration of the seed coat broke dormancy, 

aiding germination, but in most cases this window period was narrow and an extended 

period of larval development resulted in reduced seedling vigour and led directly or 

indirectly to seed death. 
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Introduction 

Chapter 1 investigated the varying degrees to which the two bruchid species have 

reduced the seed output in mesquite stands on an annual basis when livestock were 

excluded. However, there are few situations where mesquite occurs without livestock 

and the next two chapters (2 & 3) then dealt with the ability of A. prosopis to locate and 

utilise seed contained in dung dispersed in the field and the potential effect this behaviour 

has on reducing mesquite seed banks. In this chapter the dynamics of soil seed banks are 

investigated. 

Mesquite seeds are capable of remaining dormant for long periods of time as 

demonstrated in a long-term study where mesquite seeds were shown to survive 20 years 

burial in the soil in Arizona (Martin, 1970). In addition, seeds of herbarium specimens 

germinated after 44 years of storage (Martin, 1948). The ability of mesquite seed to 

remain dormant for long periods has substantial implications for land management and 

clearing operations. Any seed that is not destroyed by granivores, bruchids or microbial 

action and does not germinate has the potential to contribute to reinvasion of an area for 

long periods after seed input has ceased. In addition, the ability of hard-seed invasive 

weeds to remain dormant potentially allows for the establishment of large seed banks 

with time, thus off-setting the effectiveness of seed-reducing agents (Crawley, 1983, 

1989; Myers & Bazely, 2003; Vivian-Smith et ai., 2006). In South Africa, in areas where 

livestock are excluded, the bruchids have continuous access to seeds in pods and are able 

to destroy almost all of the mesquite seeds that remain below the mature trees 
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(Zimmermann, 1991; and the current study), potentially resulting in a marked reduction 

in annual input of seed to the seed bank. However, seed damage in this situation 

probably has little effect on the population dynamics of the weed because seeds that 

remain below adult trees are expected to have little chance of ever becoming established 

plants for several reasons: i) temperatures in the shade are largely unsuitable for 

germination (Scifres & Brock, 1972), particularly in the winter rainfall region; ii) the 

photosynthetically active radiation levels in the shade of the parent trees are too low for 

seedling survival (Scifres et al., 1973); iii) there is a higher incidence of natural enemies 

associated with these trees (Janzen, 1970; Harper, 1977); and iv) competitive exclusion is 

frequently highest below the canopy of parent trees (Harper, 1977). Therefore, the 

effects of seed removal from the vicinity of mesquite trees by dispersal agents may lead 

to seed deposition in microsites suitable for germination and seedling survival and 

enhance escape from seed-feeding species (Janzen, 1970, 1972; Connell, 1971; O'Dowd 

& Hay, 1980; Wright, 1983; Traveset, 1990). 

Harding (1991) found that 85% of mesquite seeds ingested by sheep are destroyed during 

passage through the gut. Despite this, the 15% that remain intact are sufficient to allow 

high numbers of seeds to be dispersed in dung. Although many of these seeds are 

deposited in conditions that are ideal for germination and establishment of seedlings 

(Brown and Archer, 1989), their contribution to the next generation is not guaranteed 

because they remain a resource for A Igarob ius prosopis to utilise for larval development. 
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Seeds may form part of either a transient seed bank, not lasting more than one year, or be 

incorporated into a persistent seed bank exhibiting varying degrees of dormancy 

(Thompson & Grime, 1979). The seed that does escape bruchids and granivores but fails 

to germinate with the onset of rains will probably be incorporated into this persistent seed 

bank. The question arises, are the levels of damage caused by A. prosopis on seeds 

dispersed in dung sufficient to offset the advantages that the seeds have gained by being 

dispersed in dung as opposed to lying in the shade of the parent trees where they are 

destined to fail anyway? In addition, does seed dispersal enable the establishment of 

large seed banks away from parent trees? 

Seeds that constitute the soil seed bank may be viable but may not necessarily be 

germinable due to the effects of dormancy from: physical barriers preventing water 

uptake (Baskin & Baskin, 1998); negative responses to light (Pons, 1992); temperature 

(Probert, 1992); and the chemical environment (Karssen & Hilhorst, 1992). However, 

germination in mesquite seed can be induced simply by compromising the intact seed 

coat (Shiferaw et al., 2004). The effect of a bruchid larva on a seed may therefore not 

always be negative. A number of seed-feeding insects are known to promote recruitment 

by compromising the seed coat and interfering with the mechanism by which the seeds 

remain dormant (e.g. Karban & Lowenberg, 1992; Ollerton & Lack, 1996; Takakura, 

2002; Vivian-Smith et al., 2006). Some species of "hard-seeded" plants may even 

require bruchid entry of the seed to break dormancy (Takakura, 2002). Therefore the 

entry of a bruchid larva into a mesquite seed may result in a number of outcomes: 

destruction of the seed by the developing larva; decay of the seed through microbial 
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activity; swelling of the seed and failed germination if environmental conditions are 

unsuitable; and lastly successful germination of the seed. All these factors will result in 

removal of the seed from the seed bank. 

In this chapter the following hypotheses were investigated: 

1. In spite of damage caused by the bruchids, their introduction has been too recent 

to have had an effect on the persistent, long lived banks of seeds which have 

accumulated over many years and are unavailable to the introduced bruchids. 

2. Because of variability in the extent of seed damage that A. prosopis achieves 

throughout the distribution of mesquite in South Africa we would expect that seed 

banks would vary accordingly such that seed banks in the South-western and 

Central Regions will be smaller than in the North-east region; 

3. Seed banks will be larger in areas where livestock have access than where they 

are excluded because the bruchids are more efficient at locating and destroying 

pod-borne seeds than dung-borne seeds; 

4. Seed numbers will always be greater beneath than away from mature trees 

because in areas were livestock are excluded the seeds have no dispersal agency 

and where livestock are present animals tend to shelter and deposit most of their 

dung in the shade of the trees; 

5. Seed in areas with live stock will be more germinable compared to seed in areas 

without livestock because passage through the gut of a sheep will break 

dormancy; 
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6. Although extensive bruchid feeding diminishes the overall viability of seeds, 

initial colonisation of seed will not be immediately detrimental and the 

germinability of recently colonised seeds will be enhanced because the 

perforation of the seed coat will break dormancy. 

Methods 

Soil seed banks 

Soil cores were taken at a number of sites in order to quantify the size of soil seed banks 

in different regions and in the presence and absence of livestock. Two permanent 50 m 

transects were set up through mesquite infestations in each of three regions: "South west" 

- semi-arid Upper Succulent Karoo (winter rainfall); "Central" semi-arid Upper Nama 

Karoo (summer rainfall); and "North-east" - mesic Eastern Mixed Nama Karoo (summer 

rainfall) (vegetation types by Low & Rebelo, 1996). Sheep were present in some of the 

sites but absent from others. Soil cores were taken at intervals using a handheld circular 

corer of 8.3cm diameter to a depth of IOcm (a surface area of 54. Icm2
) on a number of 

sampling occasions (Table 4.1). Cores were taken every 2m along the SOm transects 

through the infestation thus incorporating areas in the shade of mesquite trees, open 

ground and in the shelter of indigenous shrubs. If the transects did not incorporate 

enough samples of the shade or open category additional cores were taken randomly 

alongside the transects so as to increase the sample numbers. The cores were taken from 
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different points along transects on the different survey dates so as to never sample the 

same point on the transect more than once. The counts from each of the sites were 

Table 4.1: Date of survey trips on which soil cores were taken in the three regions 
SW - south west, Cent - Central, and NE - north east under differing land­
use patterns, L - livestock and NL - no livestock. The number of soil cores 
taken on each sampling occasion shown in parentheses. 

2002 2003 2004 2005 
summer winter summer winter summer winter summer winter 

31 Jan 27 Jan 16 May 21 Mar 5 July 

SW-L 
(40) (25) (26), (26) (26) 

6 Sept 
(27) 

SW-NL 
12 Dec 3 Apr 

(27) (25) 

Cent - L 
11 Feb 25 Feb 4 Feb 

(78) (52) (25) 

Cent- NL 
11 Feb 25 Feb 4 Feb 

(78) (52) (25) 

NE-L 
14 Feb 2 Feb 

(85) (71) 
14 Feb 27 Feb 

averaged so as to accommodate seasonal fluctuations in the seed bank size resulting from 

seed loss or gain. 

Each soil core was placed in a labelled sealable packet for transport back to the 

laboratory where the packets were opened immediately and allowed to dry. Occasionally 

mesquite seedlings would germinate within the packets if the samples were exceptionally 

moist on collection. These seedlings were noted and considered to have arisen from 

"free" seed i.e. seed not within either dung or pods. Once dry, the samples were sieved 

through a 2-mm sieve so as to extract any "free" seed. Some samples required crushing 

if soils had high clay content. If any pods, endocarps or pellets were present these were 
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counted and removed prior to sieving and the numbers of viable seed within them was 

recorded and included in the total seed count. This seed was kept for later checks of 

viability and germinability. Seeds found in pods segments and endocarps, were included 

in the calculation of seeds per m2
• On all sampling occasions the bulk of the pod 

segments were fragments from recently fallen pods and many of the seeds contained 

within would probably have been destroyed by bruchids as the season progressed or be 

eaten by livestock. Because of the inclusion of the pod-borne seeds the calculations of 

the soil seed bank size would probably be overestimates. The exclusion of pod-borne 

seeds when calculating seed bank size would be justifiable in regions where bruchid 

activity was high, but not in the North-east where bruchid activity was low; however, 

there were too many uncertainties to warrant their exclusion. 

Most soils at the sites were firm and compacted and seed was contained within a few 

centimetres of the surface so that cores to a depth of 10cm would ensure most of the seed 

within that core area was collected. 

Viability and germinability of seed 

Viability of seed in the soil seed bank. 

Shiferaw et al. (2004) found mechanical scarification of viable P. juliflora seed resulted 

in 100% germination. Seeds collected in soil cores throughout the mesquite distribution 

in South Africa were tested for viability. To do this, the seeds were "clipped" i.e. an 

incision was made with a scalpel into the micropyle to remove a small piece of the seed 
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coat and expose the underlying cotyledon. The seeds were then placed 5mm deep in fine 

river sand in polystyrene seedling trays housed in a controlled temperature room at 27°C 

± 2°C, the optimum gennination temperature for Prosopis species in South Africa, 

(Scifres & Brock, 1969; 1972), and watered daily. Seeds that imbibed moisture caused a 

bulge on the surface of the river-sand. When the bulge was prominent, the underlying 

seed was excavated and inspected. Those that were viable had produced a radicle. Seeds 

that had imbibed moisture but had not produced a radical were replanted and rechecked 

daily for the remainder of the experiment. Sub-samples of approximately 50 seeds from 

each site, representing free seed and pod- and dung-borne seed, were tested for viability 

in this manner. 

Currently no accurate method exists for establishing the age of seeds but mesquite seeds 

tum from a light yellow-brown colour to a dark brown with age and exposure to 

environmental elements (pers. obs.). A note of the seed colour was made to detennine 

whether the darker (= older) seeds genninated at different rates to light (= younger) 

seeds. The experiments were run for three days because earlier trials had shown that 

viable seeds genninated within this time. 

GenninabiIity of soil-. pod- and dung-borne seed. 

Seeds collected in soil cores were in three states: contained in dung (dung-borne), 

contained in pods (pod-borne) and "free" seed (soil-borne). To ascertain the 

genninability of the seeds in the three states, trials were run using clipped and unclipped 

seeds. The use of clipped seeds was to confinn that the seeds used were viable and that 
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germination failure was as a result of dormancy and not of the seeds being unviable. The 

same procedure as that outlined above was used except that the experiments were run for 

14 days (after Baskin & Baskin, 1998) and not for 3 days. Seeds were assumed to have 

germinated if there was growth of the radicle, once this was noted the seeds were 

removed from the trial. At the end of 14 days unclipped seeds that failed to germinate 

were considered dormant. 

Effect of larval penetration of the seed coat on germ inability. 

In these experiments I set out to determine if seeds from dung into which a bruchid larva 

had penetrated, germinated at a different rate to clipped and unclipped dung-borne seeds. 

Mated A. prosopis females and cleaned seeds from dung (placed into pods with split 

endocarps to encourage oviposition) were placed into Petri dishes. After two days the 

adult bruchids were removed and the seeds, housed at a constant temperature of 27°C ± 

2°C, checked for larvae every day thereafter. The first larvae were noted eight days after 

introduction of the females to the seeds. Seeds containing a larva were removed and the 

larva was allowed to develop within the seed for differing lengths of time: 1 day or 7, 14 

or 21 days after which time the seeds were placed in the freezer to terminate further larval 

development. Seeds in which larvae were allowed to develop for only one day (n=57) 

were then tested for germ inability using the same procedure as outlined above. After a 

radicle had developed the seeds were removed. The experiment continued for 14 days. 

Seeds in which larvae were allowed either 7, 14 or 21 days to develop were clipped and 

tested for viability, however, the germinated seeds were not removed from the 

experiment but allowed to develop for the full 14 days to determine whether they were 
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able to develop into seedlings with fuHy expanded cotyledons. The numbers of seed with 

larvae of 7·, 14- or 21-days old were 11, 21 and 17 respectively. 

Results 

Soil seed banks 

In both the South-west and Central regions soH seed banks at sites where livestock were 

present were substantially higher than the seed bank at sites where livestock were absent 

(30.1 times and 114.3 times higher, respectively) shade and open combined (Fig. 4.1). In 

contrast, in the North-east region the soil seed bank was 10.8 times larger in areas where 

livestock were excluded than where livestock were present. At aU the sites the highest 

density of seeds occurred below mature mesquite trees except for the "no-livestock" site 

in the Central region where the highest densities of seed were located away from the 

mature trees, below indigenous shrubs, often in middens at the entrances to rodent 

burrows. The soil cores from shrubs and open areas were considered together as, 

although significantly higher numbers were found below shrubs than in both areas below 

trees (shaded) and in the open (Kruskal-WaUis, H = 5.14, p :::: 0.02 and H:::: 12.31, p < 

0.001 respectively), seeds in open and below shrub areas constituted dispersal away from 

the parent plants. A Kruskal-WaUis test showed that of the open areas only the livestock 

site in the South-west region contained significantly higher numbers of seeds per m2 (p < 

0.01) and that all the others were not significantly different. Similar numbers of seed per 

m2 were found 
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Table 4.2: The percentages of seed in various states i.e. free, dung-borne and pod­
borne seed that constitute the seed bank in shade and open areas in the 
South-west, Central and North-east regions. Seeds found below 
indigenous shrubs included with open samples as they had been dispersed 
away from mesquite trees. 

Livestock No livestock 

Shade Open Shade Open 

free dung pods free dung pods free dung pods free dung 

South-west 81.0 14.4 4.6 62.5 31.9 5.6 0 0 100 100 0 

Central 83.5 13.0 3.5 57.1 38.1 4.8 33.3 0 66.7 75 0 

North-east 23.4 0 76.6 16.7 16.7 66.7 68.5 0.2 31.3 75 0 

Because of the inclusion of the pod-borne seeds the calculations ofthe soil seed bank size 

would be overestimates as for example, if seeds in pods were excluded from combined 

shade and open areas, the soil seed bank would decrease by as much as 80% at the "no-

livestock" site in the South-west region, a decrease from 30 to 5 seeds per m2
• 

To demonstrate the fluidity of the soil seed banks Fig. 4.2 demonstrates how sampling on 

anyone date may yield an estimate of the soil seed bank that may potentially vary by 

several factors on different sampling occasions. 

The numbers of seeds found in the open in January 2004 were almost 9X greater than the 

numbers that were found in January 2003. A difference of a factor of 33 existed between 

the lowest and highest levels of soil seed bank size in the open. Contrasting to this, the 

largest difference between estimations of seed bank size in shaded areas was only a factor 

of 4. The higher turnover of seeds in the open areas was probably a consequence of 

longer exposure to bruchids (because the pellets were not buried below the surface by 

pods 
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25 
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sheep activity) and higher germ inability induced by warmer temperatures resulting from 

increased solar insolation. 
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Fig. 4.2: The number of seeds per m2 at Calvinia, in the South-west region, calculated 
from soil cores taken intermittently between January 2003 and July 2005. 

Viability and Germinability of seed 

Viability of seed in the soil seed bank. 

Mesquite seeds are reputed to be long-lived in the soil within their natural range (Martin, 

1970) but the viability of soil-borne seed in South Africa has not been investigated. In 

most regions, because seed banks in the presence of sheep were far higher than in areas 

where sheep were absent and almost all infestations have sheep present, most of the soil-
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borne seed within the system had passed through the gut of a sheep before entering the 

seed bank. Viability of seeds from soil was >98.7% across all of the sites so there was no 

need to consider viability when measuring seed banks by counting seeds. 

Germinability of soil-. pod- and dung-borne seed 

The age of seed obtained through soil coring was not known and there are no techniques 

for determination of seed age. There was no significant difference in germination rates 

between old (dark) seed and young (light) seed (Mann-Whitney, z::::-0.754, p==0.451). 

The sensitivity of soil-borne seeds to germination is likely to vary to those seeds that 

have remained within the protected environment of a pod. 

Of the unclipped seeds from soil 40.6% germinated within 4 days of being planted (Fig. 

4.3a). Another 5% of the seeds germinated on day eight of the trial but the remaining 

54.4% of the seeds from soil were dormant and showed no signs of germination. 

Significantly fewer unclipped seeds germinated than did clipped seeds where 100% 

germinated by day three (i = 383.5, p < 0.001). 

The average percentage of unclipped seeds from dung that failed to germinate was 44.4 

(Fig. 4.3b). This value is not significantly different to that obtained for germ inability of 

unclipped seeds from soil (i = 2.86, p = 0.091). This supports the idea that the majority 

of soil-borne seed within infestations originates from sheep dung. Passage through the 

gut of sheep enhances germination for 55.6% of the surviving seeds, a far higher value 

than has been demonstrated in other studies (13% for the study by Cox et al., 1993). All 
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the intact seeds from dung were viable as there was 100% germination of clipped seed 

within 48hrs. 

Germination of seeds removed from pods and clipped was markedly slower than the 

germination rates of clipped seed from dung and soil, although after 13 days 100% of 

seed had germinated (Fig 4.3c). More than 60% of the clipped seeds from pods 

germinated within 48hr but the remaining seeds required an additional 11 days to 

germinate. Significantly fewer of the unclipped seeds from pods germinated than did 

clipped seeds from pods or unclipped seeds from dung and soil (i =181.0, p < 0.001, i 

=36.7, P < 0.001 and i =34.6, P < 0.001 respectively) where only 5 out of a 100 

unclipped seeds germinated within the 14 day trial. 
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Fig. 4.3: Two week germination trial investigating the germination (clipped) and dormancy (unclipped) rates of 
a) seed from soil, b) seed from dung and c) seed from pods. Values in parentheses are the numbers that had 
germinated at the end off 14 days (fIrst values) out of the total number at the start (second value). 
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Effect of larval penetration of the seed coat on genninability 

Larval penetration of the seed coat had a dramatic effect on gennination rates (Fig. 4.4). 

All of the seed from dung that contained I-day old larva genninated within 72 hours, a 

similar gennination rate to that of clipped seeds from dung and significantly higher than 

unclipped seed from dung (Fig. 4.3b) (r: = 64.86, p < 0.001). 
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Fig 4.4: The effect of larval penetration ofthe seed coat on gennination rates of dung­
borne seed in comparison to the gennination rates of clipped dung-borne seed. 

All of the seeds in which larvae had been allowed to develop for seven or 14 days 

genninated within three days but none of the seeds containing 21-day old larvae 

genninated. Survival was significantly higher among seedlings that developed from 

seeds that contained seven-day old larvae (90.1%) than among seedlings that contained 

14-day old larva (47.6%) (r: = 5.77, p = 0.016). Obvious damage from larval feeding 

was noticeable in the cotyledons, particularly in the seeds containing 14-day old larva. 
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Discussion 

As predicted, at sites where livestock had access to the pods in the South-west and 

Central regions the soil seed banks were substantially higher than when livestock were 

excluded. Thus despite A. prosopis' ability to utilise dung-borne seed, a substantial 

amount of seed escaped both bruchids and granivores and a large seed bank had 

accumulated in the areas with livestock. In contrast there were small seed banks in areas 

where livestock were excluded because the bruchids had continued access to pods 

throughout the year which enabled the population to develop through multiple 

generations and thereby destroy the vast majority of seed before they became 

incorporated in the seed banks. 

In all of the regions, most of the seeds were concentrated below mesquite trees even 

though seed predation would be expected to be highest in these areas (Janzen, 1970, 

1972; Connell, 1971; O'Dowd & Hay, 1980; Wright, 1983; Traveset, 1990). Where 

sheep were present their activity around the trees had several consequences for seed 

distribution and survivorship: i) dung was concentrated below trees to where sheep 

congregated to feed on pods and use the shade during the heat of the day; ii) trampling by 

the sheep disturbed the soil and buried dung containing seed below the soil surface where 

it was inaccessible to the bruchids; and iii) trampling of dung by the sheep broke up the 

pellet releasing the seeds which were then less suitable for the ovipositing A. prosopis 

females. In the South-west region, where sheep were absent the indehiscent fruits were 

not dispersed and seeds were largely confined to the immediate vicinity ofthe parent tree. 

However, at sites in the Central region where livestock were excluded rodent activity 
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resulted in the concentration of seeds below indigenous shrubs where rodent middens 

were located. Presumably the rodents foraged for pods which were taken from below the 

trees and carried to the more concealed environment of shrubs to be eaten or hoarded. In 

addition, seeds from dung were observed being taken into the nests of harvester ants 

(Mesor sp.) and harvester termites (Microhodotermes viator) in the Central region (pers. 

obs.). The movement of seeds by dispersal agents other than livestock may have 

implications for mesquite demographics and the perpetuation of this invasive weed in 

some areas but this was not considered further in this study. 

In determining the size of the soil seed banks, seeds contained in pod segments and 

endocarps were included in the counts. Although seeds in pods have the ability to remain 

viable for extended periods of time (Baes et al., 2001) it is unlikely that these seeds 

would escape bruchid predation and their presence was likely to be transient and 

consequent on sampling dates. Inclusion of pod~borne seed in seed bank counts 

overestimated the extent of the persistent seed bank size but this conservative bias was 

considered a more valid option than exclusion of the seeds which would have introduced 

an underestimate bias. 

The soil seed banks in the North-east region were lower in areas where livestock were 

present than in areas where livestock were absent, a trend that differed from the South­

west and Central regions. Despite the livestock in this region being predominantly cattle, 

through which most seed consumed passes intact and which displays only 3% enhanced 

germ inability (Cox et ai., 1993), the seed banks were unexpectedly low at the livestock 
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site. The limitations on seed accumulation in these livestock areas could have resulted 

from: i) increased annual rainfall inducing germination over extended periods; ii) 

increased seed decay in animal droppings due to higher rainfall moisture levels; and iii) 

dung removal by dung beetles (Scarabidae) and seed destruction by termites 

(Termitidae). 

A number of processes act on the seed in the soil seed bank giving rise to a dynamic 

system with fluctuations in the size of the soil seed bank on different sampling dates. 

Soil samples taken intermittently at Calvinia in the South-west region between January 

2003 and July 2005 showed the size of the soil seed bank varying by a factor of 33 on 

different sampling occasions from open areas and a factor of 4 from shaded areas (Fig. 

4.2). This showed that careful consideration must be given to the timing of soil surveys 

and how the results are interpreted when gauging the extent of mesquite seed banks. In 

the mesquite-livestock-bruchid system in South Africa the timing of livestock access to 

pods, timing of rainfall events and seasonal variability in bruchid activity aU played a part 

in affecting the size of the soil seed bank. In addition, the broad distribution of mesquite, 

encompassing various ecological and climatic conditions, affected the dynamics of the 

seed banks between the regions. The proportion of seed collected that was transient as 

opposed to persistent depended on the timing of the sampling relative to seasonal rainfall 

in the region. Only frequent and regular (Zaman & Khan, 1992, cited in Baskin & 

Baskin, 1998) or seasonal sampling (Gilfedder & Kirkpatrick, 1993) would allow for 

accurate measures of the persistent seed bank and because of irregular sampling in this 

study, the sizes of the temporary and persistent seed banks could not be established. The 
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January samples taken in the winter rainfall region may most closely reflect the true size 

of the persistent seed bank in these regions but even these numbers fluctuated annually. 

Germination of seed was responsible for removal of a high proportion of the seed in the 

transient but it was likely to remove only a sman proportion of the seed from the 

persistent seed bank annually. The effects of granivory and bruchid damage would be 

more negatively impacting on seed in the persistent seed bank. Soil cores taken prior to 

pod fall may give the most reliable measures of the size of the persistent seed bank but 

this is not guaranteed, particularly in arid and semi-arid areas where rainfall events may 

be sporadic and not suitable for germination. During extended periods of zero 

germination the seed bank will accumulate until such time as a suitable rainfall event 

does take place. Thus there is a need for regular and frequent sampling to establish more 

sound estimates of seed bank dynamics and the size of the persistent seed bank. 

The long-lived nature of mesquite seeds (Martin, 1970) potentially enables the formation 

of persistent seed banks and it is argued that the capacity of invasive species to do this 

decreases the effectivity of seed feeding insects introduced for biological control 

(Crawley, 1983, 1989; Vivian-Smith et al., 2006). The dormancy of mesquite seeds, in 

extreme cases, may diminish the effects of the persistent seed bank in short term 

population dynamics thereby decreasing the invasive potential of mesquite. The results 

showed that most seed in the soil seed bank was viable. Unfortunately no techniques are 

currently known to enable suitable estimates of seed age and it was therefore not possible 

to establish if the seed tested had originated pre-or post-introduction of the bruchids. The 

indications were that a mix of seed of varying age was present yet all seeds responded 
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positively to clipping and readily germinated. However, this does not tell us anything 

about the potential influence of the soil seed bank on recruitment events. Germinability 

trials showed that germination of seeds was enhanced by approximately 50% once they 

had travelled through the gut of a sheep. Previous studies showed that passage through 

the gut of livestock only enhanced germination marginally, by 13% in the case of sheep 

(Cox et al., 1993) and by 8% in the case of goats (Baes et al., 2002). There appears to be 

a degree of endogenous dormancy (Nikolaeva, 1977, 2001), likely to be physiological 

dormancy, of seeds contained within pods as seen by the gradual germination of these 

seeds over a 14-day period compared to the rapid germination of most of the dung-borne 

seeds within 72 hours. Passage through the gut of sheep altered this state of 

physiological dormancy and germination of mesquite species in South Africa is governed 

primarily by exogenous dormancy (Le. related to external properties of the seed coat). 

Mesquite seeds also exhibit polymorphism (Baskin & Baskin, 1998), in terms of 

germination rates. Because a range of seeds from different sources were monitored it 

cannot be said if this polymorphism is within or between trees, or within and between 

populations or is due to hybrid formation (Baskin & Baskin, 1998). 

Despite enhanced germinability of dung-borne seed, a population of dormant seed would 

remain after germination events and those seeds that escape bruchids and granivores 

would be incorporated into the persistent seed bank. Unclipped seeds from soil and dung 

showed similar rates, and success, of germination, a result that was expected because in 

most areas the soil-borne seeds had at one time been consumed by sheep and passed 

intact. It is possible that running the experiment for 14 days in the laboratory did not 

truly show the proportion of seed that would germinate in the field where abiotic factors 
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such as continued wetting and drying or temperature fluctuations (Baskin & Baskin, 

1998) may affect germination. However, the trials did show that a proportion of the 

seeds are dormant. The resultant damage to the seed coat of dormant dung-borne seed by 

A. prosopis larvae and its potential to enhance seed germ inability may be critical in 

reducing the proportion of seed that would enter the seed bank. Larval entry into a seed 

increased the germination success of dung-borne seed dramatically over seeds from dung 

that had not been clipped and the germination rate was similar to that of clipped dung­

borne seeds. Thus larval entry into a seed may influence mesquite popUlation dynamics 

as, for example, a rapid germination response to a rainfall event may not coincide with an 

ideal time for seedling establishment and the resultant seedlings may succumb to 

premature death. Alternatively, perforation of the seed coat may enable microbial entry 

and lead to seed decay. Therefore, the proportion of dung-borne seeds that bruchid larvae 

are able to penetrate prior to the onset of rains or to the breakdown of dung may have a 

telling effect on the effectiveness of A. prosopis as a biological control agent. The 

situation will be compounded by the timing of rainfall events. Late rains after larval 

development has progressed will reduce seed survivorship while early rains when larval 

development is recent will enhance seed germination and seedling establishment and A. 

prosopis would serve as a recruitment enhancer. 

In conclusion, throughout the semi-arid areas in South Africa the introduced bruchids 

were able to dramatically reduce the annual input of seed into the seed bank where 

livestock were excluded and multiple bruchid generations occurred in a year. Where 

bruchid activity was low as a result of unsuitable environmental conditions the seed 



Univ
ers

ity
 of

 C
ap

e T
ow

n

151 

banks were markedly higher. The exclusion of livestock from mesquite infestations is the 

exception and consequently the vast majority of the annual pod production is consumed 

and the surviving 15% of seed is confined in dung. Despite A. prosopis' ability to utilise 

this dung-borne seed, high proportions of seeds escaped bruchid damage and became 

incorporated in the soil seed bank particularly in the immediate vicinity of mature 

mesquite trees. 

A large proportion of the seeds in the seed banks exhibited some degree of dormancy 

which was broken when the seed coat had been compromised by a bruchid larva. 

The next chapter investigates the next stage in the dynamics of mesquite, namely annual 

recruitment of seedlings and their survivorship. The survival of young plants, more than 

a year old, was also considered and size classes, or cohorts, were also determined in order 

to show patterns of recruitment in the plant populations. 
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Chapter 5 

The demographics and dynamics of mesquite populations 

Abstract 

Despite below average rainfall over the course of this study, germination events occurred 

at most sites in aU years. Significantly less seedlings occurred where livestock were 

absent as the seed banks associated with these areas were small. At most sites seedlings 

were concentrated in the immediate vicinity of mature mesquite trees but the presence of 

livestock increased the proportion of seedlings occurring in open areas. No seedlings 

survived at the xeric sites during this study period but some recruitment of new plants 

was recorded at the mesic sites despite below average rainfall. Most mesquite plants that 

survived for more than one year established into the population. Stem diameters of plants 

in arid areas revealed definite size classes which represented cohorts, implying 

recruitment occurred intermittently in years of favourable rainfall and that little above 

ground growth occurred in years of poor rainfall. Recruitment at sites in the mesic region 

appears to have been regular and regardless of livestock presence or absence. Mesquite 

populations seem to be seed limited at sites in the arid and semi arid areas where 

livestock are absent, otherwise the populations are site limited. 
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Introduction 

Recruitment of new plants into populations is dependent on seedlings developing in sites 

that are suitable for their survival and maturation, termed safe sites. Recruitment in some 

plant popUlations is constrained by the number of sites that are suitable for seedling 

development (site limited) while others are constrained by the number of seeds available 

to fill the suitable sites (seed limited) (Harper, 1977). The distinction between the two 

limitations is not species specific but is determined by a complex of interacting biotic and 

abiotic factors. 

Insects that reduce the seed output have been shown to play an important role in the 

population dynamics of perennial plants (e.g. Louda, 1982, 1983; Kelly & Dyer, 2002). 

Biological control of introduced weeds provides some extreme examples where insects 

that reduce seed output may have substantial effects on plant population dynamics (Rees, 

1977; Neser & Kluge 1986; Kluge & Neser, 1991; Hoffmann & Moran, 1998; Maron et 

al., 2002). Although the effects of seed-reducing insects on long-lived perennial 

population dynamics, particularly in the field of biological control, have been questioned 

in the literature (Wilson, 1964; Duggan, 1985; Andersen, 1989; Myers et al., 1990; 

Paynter et al., 1996) the compensatory responses by the parent plant to reductions in seed 

output, frequently used to dispel arguments on the effects of seed reduction, are not valid 

when dealing with post-dispersed seed (Janzen, 1971c). 

Despite doubt about the wisdom of using seed-feeding insects as biological control 

agents, investigations into and releases of seed-feeding agents on exotic weed species 
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continue, yielding mixed degrees of success. Often the definition of "success" is not 

clarified and it may not be the proportions of seed destroyed by an agent but the ratios of 

germinating seeds to seedlings establishing that is the determining factor in the agent 

being considered successful (Fowler et al., 1996; Paynter et ai., 1996). The seedling is 

the most vulnerable stage of a plant's life history and successful seedling establishment is 

governed by a number of independent and interacting factors (Scifres & Brock, 1969, 

1972; Ueckert et al., 1979). Brown and Archer (1999) argued that mesquite recruitment 

into mesic grasslands is not contingent upon unusual or episodic rainfall. However, 

recruitment events of species in arid and semi-arid regions are usually highly dependent 

on rainfall (Harrington, 1991; Meyer & Pendleton, 2005) which may be sporadic, low 

and may even fail in certain years. In circumstances where rainfall favourable for 

recruitment is episodic, seed feeders might be important if they suppress the 

establishment of a seed bank capable of responding to these episodic events (Andersen, 

1989). In addition, germination events do not necessarily translate into recruitment 

events as unsustained rainfall may result in germination but not seedling survival and 

establishment of young plants. 

Besides mortality due to a lack of rainfall, herbivory from mammals, insects, molluscs, 

and millipedes and decay by pathogens have been shown to make a major contribution to 

seedling mortality (Crawley, 1983, 1989; Mills, 1983). Although Weltzin et al., (1998) 

demonstrated that mesquite seedlings can withstand repeated defoliation providing it 

occurs above the cotyledonary node, damage below this node is fatal to seedlings (Scifres 

& Hahn, 1971). The effect of herbivory on seedling losses and plant popUlation 
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dynamics may be greater in years of low seedling emergence (Blundell & Peart, 2004) 

either directly, through seedling removal, or indirectly, through energy, nutrient and 

regeneration limitations imposed by defoliation (Weltzin et al., 1998). 

Besides the size of the soil seed bank, the numbers of seeds germinating may also be 

relative to the dispersion of seeds in suitable microsites. Seeds require that several 

environmental conditions are met prior to initiation of germination but where and when 

germination conditions are optimum, "prompt and complete seedling stands" may form 

(Crocker & Barton, 1957). Scifres & Brock (1969, 1972) determined the rate and extent 

of germination of Prosopis glandulosa seeds to be dependent on soil surface 

temperatures. At a soil temperature of 24°C seeds germinated readily but at 18°C 

germination was minimal, additionally, newly germinated seedlings were less tolerant of 

water stress at higher temperatures (Scifres & Brock, 1969). The timing of rainfall events 

will therefore determine the extent of seedling establishment. Rain coinciding with low 

temperatures (below 18°C) will result in little seedling establishment because of 

continued dormancy of the seeds through an inability to imbibe water and germinate. In 

addition high post-germination temperatures will subject seedlings to lethal water 

stresses. In the winter rainfall areas where periods of moisture availability might not 

coincide with suitable temperatures for germination, seeds in areas exposed to higher 

solar radiation, should germinate in greater proportions than those in shaded areas. 

Conversely, in summer-rainfall regions, seedlings that grow in exposed situations will 

suffer greater water stress than those growing in shaded situations. 
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This interconnectedness in rainfall, germination and seedling establishment coupled with 

the episodic and unreliable rainfall patterns of arid and semi-arid areas will only allow 

seedlings to become established intermittently and in most years new recruits will fail to 

survive beyond the seedling stage. Therefore it is likely that the demographics of 

mesquite infestations in arid regions will be characterised by cohorts of individuals of the 

same age. In addition, the dispersion of plants may suggest that successful seedling 

establishment may require placement of a seed into suitable microsites. Monitoring of 

plant populations may reveal where recruitment events of mesquite occur within the 

matrix of indigenous shrubs, mesquite thickets and exposed ground and whether 

recruitment is random or contagious (Kershaw 1973). Svedberg (1922) and Kershaw 

(1973) considered the dispersion of plants within a population to be random if they 

followed a Poisson distribution and if not, plants were contagiously dispersed (clumped) 

implying that recruitment occurs within microsites and suggesting that the population 

may be site limited. 

The aim of this part of the study was to determine whether, in spite of damage caused by 

A. prosopis, there are still sufficient seeds in the system for mesquite populations to be 

sustained or to increase in density. Of particular interest was whether the use of pods by 

livestock has affected recruitment rates of mesquite and whether the location of post­

dispersed seed has affected probabilities of survivorship and dispersion of established 

plants. The role of rainfall on recruitment events and the effects of its variability across 

mesquite distribution were also investigated. 
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Methods 

Permanent transects were set up at sites where livestock were either present or absent in 

each of the three regions - South-east, Central and North-east. These transects were 

monitored annually. Transects were set up at Driefontein and Citrusdal in April 2002 and 

resurveyed in 2003 and at the remaining sites the transects were established in July 2002 

and the subsequent survey trips were conducted in February of 2003, 2004 and 2005, 

toward the end of the rainy season. 

The transects were monitored to ascertain survivorship and growth of plants from year to 

year and annual recruitment into the populations. At each site two transects of SOm in 

length and 2m wide were established and all plants falling within the 2m-wide ribbon 

transect were marked and recorded and mature plants with stems outside of the transect 

but with a canopy over the transect were also noted. Four categories of plants, 

determined by stem diameter at the soil surface using Vernier callipers, were marked with 

different coloured plastic coated wire, including: seedlings, with stem diameters of 

approximately Imm, generally with cotyledons or cotyledonary scars visible (plate 5.1); 

juveniles with rigid stems and a stem diameter of 1-2.9mm, usually with no secondary 

branching; sub-adults with stems of 3-S.9mm, often with secondary branching; a second 

group of sub-adults that were larger and more branched and with a stem diameter of 6-

9.9mm. The remaining plants> tOmm were not marked but were recorded and 

monitored annually. On each survey date, plants were re-measured and any newly 

established plants were tagged with a different coloured wire. Any plants that had 

germinated before the previous survey were promoted from the seedling to the juvenile 
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rainfall events in order to monitor events in the region where climatic conditions suitable 

for recruitment were most unpredictable. 

During the course of this study there were some disruptions to two of the study sites 

where landowners authorised mesquite clearing operations to commence. As a result, 

only one transect at the Driefontein site in the South-west region remained intact and 

could be monitored continuously between 2002 and 2004. Removal of most of the adult 

trees in the area must have resulted in a marked reduction in annual seed input to this 

system but the extent of the reduction was not quantified. At the Modder River 

"livestock" site, tree felling operations in the vicinity of the transects were in progress 

when the February 2004 surveys were due. Although the transects had not been affected, 

no surveys were made at the time because the plants in the transects were apparently 

about to be cleared and poisoned. However, the clearing operations were discontinued 

shortly after and before any of the transects were affected and surveys were made in 

February 2005. The stand of mesquite trees in which the transects lay was not disrupted 

so the annual input of seed would not have been affected to the same extent as was the 

case with the clearing operations at the Driefontein site. 

Transects at a second site in the South-west region (Calvinia) were established to monitor 

the survival of a large cohort of seedlings that germinated after heavy rains in April 2004. 

This site was monitored in June and September of 2004 and again after February rains in 

2005. A final survey was conducted in March 2005 to observe survivorship of the 2004 

and 2005 seedlings. 

No seedlings, juveniles or sub-adult plants were recorded from the non-livestock site 

(Citrusdal) in the South-west region in 2002 or 2003 and because seed cores revealed that 
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the soil-seed bank was low «7 seeds per m2
), observation of these transects was 

discontinued after two seasons. 

Annual surveys of the transects revealed where recruitment events occurred relative to 

mature trees. Considering recruitment events over a long time span makes it possible to 

determine whether the dispersion of plants fits a Poisson distribution, (i.e. randomly 

distributed) or not (i.e. contagious) (Kershaw 1973). A comparison of observed versus 

expected frequencies will reveal if the populations follow a Poisson distribution 

(Kershaw 1973 after Svedberg, 1922). Thus from the series e-m
, me-m

, m2/2! e-m
, m3/3! 

e-m
"., the expected number of quadrats containing 0, 1,2 ... individuals can be calculated 

(Kershaw, 1973) where: 

Mean density of the population, m = total # of individuals 
# of quadrats 

The assumption follows that particular qualities of a microsite, natural or induced, 

enhance establishment of new individuals leading to a clumped distribution. In order to 

extract the frequency data from the 50x2m transects, the transects were divided into 100 

quadrats, each lx2m in size, and the numbers of young plants (juvenile and sub-adults) 

within each quadrat were determined. 

Results 

The number of seedlings recorded on each survey date is shown in Fig. 5.1. The missing 

data points (represented by MD) indicate either that the transects were not surveyed on 
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of seed to the soil seed bank annually. Usage of pods by livestock at the Calvinia site 

replenished seeds lost to mortality and germination. At the Driefontein site, the felling of 

trees disrupted seed and was probably responsible for the absence of seedlings in 2004. 

The 45% decrease in the number of seedlings at Driefontein between 2002 and 2003 was 

not significant (Mann-Whitney, z=1.413, p=O.l58). However, the 95% decline between 

2003 and 2004 was highly significant (Mann-Whitney, z=2.358, p<O.OOl) and happened 

despite the region receiving pre-winter rains that were suitable for germination as seen by 

high levels of germination at another site in the region (Fig 5.1 b). The high level of seed 

germination at the Calvinia site in 2004 was probably a consequence of increased seed 

availability owing to poor rains in 2003 enabling "carry-over" of seeds to the next year. 

Levels of seedling recruitment in the South-west and Central regions were substantially 

higher at sites where seed was dispersed by livestock compared to sites where livestock 

were absent (Mann-Whitney, Z = 2.48, P = 0.013 and z = -2.63, p = 0.009 respectively). 

Although the relationship between seedling recruitment and the size of the soil seed bank 

was not significant (~ = 0.277, P = 0.065) there was a positive correlation across 

mesquite distribution despite variations in suitability of environmental conditions that 

initiated germination. There was no correlation between the number of seedlings that 

survived to become one-year-old plants (Table 5.1) and the initial number of seeds that 

germinated per m2 (~ = 0.0396, p = 0.637). 
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Table 5.1: The number of seedlings per m2 that survived for one year to become 
juvenile plants between 2002 and 2005. The maximum possible 
percentage seedling survival, where known, is shown in parentheses. 

South-west No Livestock 

South-west Livestock 
(Driefontein) 
South-west Livestock 
(Calvinia) 

Central No Livestock 

Central Livestock 

North-east No Livestock 

North-east Livestock 

2002 
Seedling 
survival 

o (?) 

0.13(6.17) 

o (?) 

o (?) 

2003 
Seedling 
survival 

o (?) 

0(0) 

2004 
Seedling 
survival 

0(0) 

2005 
Seedling 
survival 

0.19 (0.40) 0.01 (0.22) 

0(0) 0 (0) 

0.01 (0.23) 0.02 (0.93) 

0.1 (?) 

0.03 (?) 

0.11 (4.7) 

0.05 (?) 

Counts of seeds in the soil (Chapter 2) showed that seed densities at sites where sheep 

had access to pods were highest around mature mesquite trees where the sheep 

congregated and deposited most of their seed-bearing dung. This would account for the 

general pattern where significantly higher numbers of seedlings emerged in the vicinity 

of mature trees compared to open areas (Table 5.2). The one exception was at 

Driefontein where the transect traversed an infestation of young mesquite trees which 

were too small to provide shelter for the sheep and there was no difference in the size of 

the soil seed bank below these trees and the open areas. 
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Table 5.2: Mean (± S.E.) number of seedlings per m2 across a climatic gradient -
South-west (Cit = Citrusdal, Drie = Driefontein and Calv = Calvinia sites); 
Central (Van = Vanwyksvlei); North-east (Mod = Modder river), between 
2002 and 2005. Kruskal-Wallis ANOVA for comparison of seedling numbers 
in shade and open areas on each survey date: ns = not significant; '" p < 0.05; 
** p< 0.01. 

2002 2003 2004 2005 
Region Site livestock Position Mean:l: SE Mean:l: SE Mean:l: SE Mean ± SE 

Shade 0 0 
Cit absent Open 0 0 

P ns ns 

South- Shade 13.84 ± 6.14 8.5 ±4.9 0 

west Dne present Open 3.95:1: 1.16 1.9 ± 0.8 0 
P ns ns ns 

Shade 138.1 ± 12.8 22.8:1: 12.8 
calv present Open 78.1 :t 8.8 4.1 :t 0.7 

P ** ** 
Shade 0 0.43 :t 0.23 0.03:1: 0.03 

Van absent Open 0 0.38:1: 0.22 0.02:1: 0.02 

Central 
p ns ns ns 

Shade 19.00:1: 11.1 11.07:1: 2.95 7.24:1: 2.73 
Van present Open 1.48 ± 1.29 1.22 ± 0.62 0.72:1: 0.50 

P * ** ** 
Shade 0 8.25:1: 1.44 0 

Mod absent Open 0 0.75:1: 0.26 0.02:1: 0.02 
North- P ns ** ns 
east Shade 0.021:1: 0 0.02:1: 0.02 

Mod present Open 0.019 ± 0 0 
P ns ns 

Comparisons showed that seedling emergence was strongly influenced by the year in 

which surveys were conducted (Kruskal-Wallis, p < 0.001 for five of the six sites), 

Despite the observed differences in patterns of seedling emergence, neither the year of 

germination nor the position of the seedling relative to the shade of mature trees 

significantly affected the probability of seedling survival (main effects ANOVA, F(l,12):::: 

2.626, P == 0.156 and F(l,6) == 1.00, P == 0.363 respectively) over the course of this study. 

The presence of cattle in the North-east region did not affect the densities of young plants 

(juveniles and adults) at the two sites (Kruskal-Wallis, N=200, H=3.13, p=0.08). In 
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"",ture tree, In the North-east region the "h'~nce oj' canle resulted in a high'" numl>cr 0' 
plants sillH,kd below m~'quite lr~~.' cc'mpared to the ,ite where live.' lOck were pre"ent 

a) 0) 
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~ ~~ , • • ., ,, ~ 
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, " • , , .~ .. 
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. 
" • • . , 
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" ,, ' , 
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• • 
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jj~ 5.2 a &J~' I h~ d"nsiti", (mean ± Sf) Of'YOUllg: plants (ju.elliics and .'ub·aJults combined), 
in ") s~!ade and b) open area" at ,ite' acro" me'~lLile distribution and under 
dil1crent land.",e, in ~()()4 Sites wilh th~ same leneTS abm·e h"" "reo nOl 
sign i ficantly d i ,[erellt (Kruskal- Walli" p:;,. 0_05). 

However at most ,ite" there wa, no significant dit,erell"" b~t"'een ","ruilrnent in Op~ll 

area' and bdow tree, and only in the Noo,h-ea"t region did Ihe ah,~n<'e of an acti,~ ",,,d 

disp""er, ""tlk. r~sult ill th~re king: 'igniticandy more rlant, below tree, (A'JOVA: 

F,'-;8; - 20.65, p<O.OOO I). 
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To ,klcrmLLlc Lr lh~ dL>pcrs]()n 01' planl' was r~mlom or (oLllagious (dumped) ob,cryed 

versus expecled frc'luCLKic, "I' yOULlg pl~nb ()C~urrLLlg wilhin the I,"Ll,eels w. rC 

compar.d The / g"odne« of fit showed that at no site, d id the d isrersion "f young 

plant> tit thc P" isson s.r ie, (Tab le 5,]) and therefore al l popll iation' were cnn, idered to 

be contagiou" 

The populat ion dynam ics orth. mesqu il. ;nf.stations ov", three C[)n,"clltive rainfall 

SC"SO LlS showmg rc~ ruLltnenl and """. ;vo" hip or eSlahli,hed plants lor al l , iles (excepl 

SOllth-w. ,t, '"n[)-live,lock") are rcpresenled ill Figs. 5.4 - 5,9, The "no-livcSIOCk" site 

(Citrll,d~ IJ in the SOulh-' .... stl'eg i[)n wa, ucluded be~a lLse in no y. ar were allY ,eedling' 

or j ",,"nilc plaLlb observed, Fach s ile is dea ll with i nd i, idllally. 



Univ
ers

ity
 of

 C
ap

e T
ow

n
.. 

" .. , .. , ' . , .. ," 
I 

.. .. .. .. 

SoltlIHH<L region. Drid"n1~in ,il~_ i, ~'I()Ck r"''t"1 
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Pup~I"lllln ,!>'mojiraphics Ilfme'q~it\: infe,taliom al ])ri ~tOnl.in I l i'·~~IOC. rrr~nl) in tn. S()lLlh.w •• t r~gi\ln OIl Apri l 2011 2. 
S~pl"mb<.1 20UJ and S.pw"I~' 20114 .,h,m ,ng numbrrs ~ t rl~nl' pcr 1\\' a~ialcd w>lil (,had.) ~nd nw~y tmn\ (opcn) 
malure Ire., and ~"n..,.,1 chnn!:., In da''C< The )_.\,i, grid];""" .lIe ,,,,,III,led In tile gr~pM 1(1 h!~h l;~hl ~" b\k inter-aM":>] 
fluclUali,),1!; in Ill~nl de n$.,iu. 
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Although germinalioll wa, higb ill 2002, few ,ee,lIillg' sur\ii\ie,1 alld ol1ly a 10" 

perc~mag~ of s~~dling, became jlL\ellile, in 2003 (maximum 2.4% ill the shade. and 

7.6!/, ,n lh~ olX'n), Tr~~ fell,ng ;it Ihis si(~ commenc<:d lak in 21){12 so (h~r<: "'as no 

"d,lilion of ,ee,1 to lhe ,y'l~m ill 2003 or ,ub>C'Iuenlly. Seeuliug' slill appeHred frum 

,eeus in lhe s~eJ h",l~ in 2003 hut Ln ~de'lmte rainfall meanl that 'lOne of (h~ seedlings 

that gertTlina(eJ in 2003 surv iwd to I",come juv~nik' in 2()()4 anJ \h~rc "as no 

,<:<:m i\m<:111 of new i nd1\' i,lu" I, in \h'H }~H'-. 

Allhough thi, sile was nol surveyeu Hfter ,ummer mill' in April 2004, ourvey' ill 

S~pl~tTlhcr of that year indicated th~t no r~cruitment had occurred The .,oil seed-bank 

declineu from 25 ,~,,,Is IX" m' in Cktolx, 2()(J2 to 0 ,<:~d, IX" m' in S~pl<:mlx' 2()(J4 

(Chapter 4) "nd il i, proba~le lbal lhe <:e,,"lioll of ,eed p,wluclion "fte,- Iree fell;ng 

accounteJ for the lack of seeJlillgs in 2004. De,pile a number of juvenile plallts making 

lhe 1,",,,;lior, ,nl0 lhe sub- adult categOf} (34RYo below m~ture (r~e., anJ ~5% in th~ open 

areas) l"'tW~~l1 2002 and 2003 morlalil" of young plallts in lh<: juv<:l1ile "n,1 ,,,~-",Iull 

e"legOfi~, in 2003 ~aL"ed a S9RYo reduction in indiviuual, below mature tre~s and a 

25,(>'h reduction in th~ op~n, ZfJ{l4 }ldd~d a rilr(h~r reJuC(ion or' l()% ofjU\enile., anu 

,ub-adult, ill both open anu ,haded ;i'-~;", 

l\llhough s~w and seedling LOlLnts per m' "er~ high~r below mature tree, <:ompa,-~<i to 

the open, propurtion"lIy mO'~ young plams (>Iyr) surv i v~d in open areas (0,(,3) (han in 

the shad~ (0 ,53) a lt hough (hi, difference W"' 110{ ,igniiic;!l11 (A);OVA. F,I,l.l) ~ I.SO. P = 

0.23 J. 
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There wa< a large rccruitmcnt cvcnt It, 200 1 "," large ou mbcrolju"en ll cs were re~o,JeJ 

;0 2002 relu It i Ill; ;n n'p;J P"Pubt;oll grow th bet weell 2002 ,,"J 2003 o. - 6, 18) hut the,e 

was negative population grm>!h Lrom 2003-2004 (/' - O,YO), There was a net pop ulat ion 

;ncrea.,e over the ,tudy reriod (A -5.5(,) 

Seedlin g estahli ,hment was h igh in Imth 2004 and 2005 but very Lew or the,e , eedling' 

<,Ur\ ived (0.40'/" and 0.22% re'rccti~ely). ra i lure ol co nt i nued rai,l<. post-germ i nation, 

""u,cd almo,( total ,ccd l;ng mOli"l il}, Ln onc mon(h betwcen February all,,1 M"r~h 2005, 

Gcrm in alio n Ic~cls "'cre lowe r In 200-' 11'"0 2004. whl~h m"y h"yc becn a ~on,e4uc l",e 

OL lowe r liveslOck activity (pi '!',', ()bl',) and th~reLore less availahl~ seed when (he ra in s 

rell Esta blishment or seedl ing' was marg in ally hig her in {he oren !han away ti-nm 

",e"luite th ic k~ts but was ,"cry Itm III both , ilu a(;o o' (0.4 ,,,,,I 0,2% r<:spc~ li "cly), 

llerbi;-ory is likely (0 have ~Onl,;buleJ In s<:cJ liog mo rwl ;(y ", m"ny seedl in gs ",el'" 

nOlc,I IO ha,'C been gn,zed 10 below (he ~otykJonary n",1e. I'he lack oL,ub-ad ul t plants 

in the pop ul"t i"n was a conseque nc ~ orthe site hav in g bec n ploughcd in thc late 1990,. 

j) esrit~ low survi~al of ",edl i ng, (hcrc wa, a large popul"(ion ;n~re",e be(ween 2004 anJ 

2005 o. ~ 4.5), 
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Fig ~.5: POp LJl ahnr> demngmpl\ics uf l11«quih; infc'i"iWn, "I C.ivini. (li\'c<tod pr~SCllt) III th~ Sn LJlh ,wC'1 reg ion O!l Apr il 2 1 ~)4, 
Fcbrvary 211(1', a tl d ~\arch 20(l5 ,ho"'mg numocr, of plant , per m' "~soc;"cd " ,tlt (sbade) ' rl d ~\\'~} from (01"'0) muut'" 
Ire.:, n"d a'''luat cbange' in da"",,_ Th" y-.x!> gridl",", "f1! inclitdcd in (he graph' to h'Bhll~ht !.Uhtl. im~ r.a tln LJa l 

n"cwaliom,'11 plant d.nsilin. 
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Fig '.6, p(,put~lI(ln Jcmol,:raphic~ of m"><lllLt" in[",t.tion, ~t V~nwyh\'kl (li"C5Wck a\>$,,~!) in th~ C.ntrat region on July 2002, 
Fctlruar) 2003. Fchnl;l') 2004 and F ebnl;lf) 1005 ;howlng m,mh<.:r; of planl> per m- ~ssnc.:.ted with (.hJde) and JW~y fro m 
(o""n) mal"~ Iree< ~nd Mn .... l .. hang") in cia"",. The )' -a"" gr i(ll in~. ~~ mdullcJ 10 the g.nphs tn highlight $ubtl. Inte._ 
annual nUC \U<l IiUIl.\ in Illant d.milJcs . 
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Central r~giolJ Vanwvbvlei. Livest()Ck aD,~m (tig 'i 61: 

'\0 ""eds "ere observed 10 have germinated in 2001. Seed dispcr,,1 owoy [mm Ir"';, 

(Ihough\ \0 be predominomly by rodents) resulled in similor le,.I> 01' , •• dling 

g~nnination in Ihe op~n and bt.low malure trees in 2UU4 a]](12005 but Ibis "as very low 

in both year.,. No seedlings survived helween July 2002 and Februar)' 2005. 

Den,itie, o( suD-adult planl' "~re ,imilar in open areas and below malure trees (ILlJ and 

0.32 plam, per m' in 20U4). The oyerall ,in of Ihe population de~rea,ed from 21102· 

2005 (with an overall ). = 0.88 and an annual average of). - O.9fi} with the gr.at.st 

population decline occurring in 2003 O. - 0.91} and proportionally mor~ yOlln~ plant, 

being 10,1 rn,low LTIalure Ir~~'. 

,[~Dtral region. Vanw"ksvlei. I ivest('Kl rre -em Wig 5.7)-

Germination occurred al Ihi, sile in 20U.\, 2004 and 2()()5 with decrea.,ing numhers of 

seed germinaling in each :-car. Substomially mOre seed genninatcd below mature tree, ln 

all threc )ears. l:lclw~en FeDr"ar:- 2003 and February 2005. 110 seedling, bc~ame 

.stabli,b.d in the o)}t'n and only 0.1 and 0.9% b.came e'labli,hed bclo"'malur~ trees in 

2003 and 2004. 

There "cre approximolely twice os many jm·enile and ,uh-odull plant, hel"" ",olure 

tr.es than in lh~ op.n. The populalion increosed (rom 2002 \0 2003 hut between 21102 

and 2UU5, d.,pil~ recruilment ol'ne", indi"id"ab inlo Ihe populalion, there wa, an o\'Crall 
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popu lalion Jedi", "' a r~su II of m"rlalily of J u\iemlc anu ,ub-"uu II plan!>. (In~ " . cral l J.. 

- 0 . ~6 "nJ avcrag~ am","l I. - 0,95). Morl"lily "fy"ung planls wa, nign~r in Ihe "pen 

than helow mature trees, The u~",ity of rlants was more than four time, high~r al Ihis 

site eompareu to that where Ii""tock were ahse nt (0.35 and 1.65 planls p<er m' 

resp<:cl ivdy), 
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i'''flulalinn demographk, o r mesq ultc- in[e'i"liom al Vanwyb\'l~i (Ii\'em",k pre.<cnt) in the Centra l ~g i n" t"tn July 20\)2, 
Februa'y 2()o.l , Febnwy 2004 ,,,,d I-.,.bn .. r~'- 2005 ,ho",in~ num~L< nf plant.' lit ' ", : a<.«IGisle<l wi lh (.had.) ,,)d away (;-om 
1"Iltn) "'am •• lI e~. and annu al cltang.,., in d a, ,,,,_ ,-l1e y-axi , gridlin,,. ~r~ included in tilt grJphl tn nlSh liSh! <ubl le ime,­
,lIlllual tl uctualiull' in plalll Ucll,;l ic- ,. 
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Fig .' K: P<"!I'I,lati('n <.kmogr apil ie, I'i' 1l1 ~ ~u'k "'[~,t"(i"n' " I :>kJd,'r River (hw'k"~ ab,en\j in 11K \" ('nil-ea<\ r~lOivn un )" l~ 20il2, 
Fcbm.'r)' 2003. r"brl~,ry 2(l(}.f and ~'.br""" 2(j(lj ,howing numh"" ofl'lm[, 1"''' Ill: a,!«>Ciulcd "ith (.11Il<l ~) .md """, [won 
«'",:nlln.llu re t!"1.·e~ ~OO ~m1Ual dl::tllj; •. ~ in d.,,,,,, '11", Y--.1xi; gri<.lIi,,~, .r~ i,,,luded in (he> gr~]lh' «, hi~I11t~111 .ubtl. inkr­
annml nl!i:UI<l1i<J1l> ,n plMI d"mit~~ 
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;\nr'lb-east rC\:i~n. "ludder River. Livesl~d ah,eJII (Fi~, 5.81: 

No i;eedlings "ere nb"e,,·.d in 200l hUI a nUlnh"r ~f secds were fuund lu h",'e 

gcrmi,wted hclo" malure lree, III 2004. De'pile an ab",nce uf livcsluck from lhi" ,ile 

indig~ nou s allimHI., ~onlribuled l[) di'pe"al of a "mall pmponion of the seed and may 

have been responsible f'" the I,m numb." ot'>eed that were ttlund It) bave gnm"lakd in 

lh" upen, Despite nO ,ecdl;n~' bavlng ocing rccord"d in 20lJ3 H r~cr"'lm~lll event did 

occur bdwe~n j-'~bruarv lIX)J and hhruary l{X)4 as a llu",ber nfjuvenile plants were 

"~Cl) .. ded on the latte .. dat~ 

Tran,;lion of planl, lium ",edling, 10 ju,"uniics and juvenilu, lo ,ub-adulb oc~UI'l'Ud 

annllally Hnd th~re was little to no nwnality each year. A far higher number ()f plants 

()ccurred in assncialiun "'ith Inature trees than in thc open (3,51 and (),18 planls p<'r Ill' 

respeeiIYdy) , Tk populaliun at lhis site grew Hflnually belween Ju[y 21X)2 Hnd F~brum) 

lOllS (with an overall'" - I.J R and averag~ annual increa"e )" = I. I 2) 

This site was n~t checled in 2004. On the survey dales in J'ebruat)· of 200.l and 21l0S. 

l~w numhers ofsecdlings " 'cre recorded from be[ow mature tree, and in thc o[>Cn. 11[101 

Ibe ,~cdlings r~cord~d in r"bruary 21lO3 lilikd lu e,labli,h. Howuver. lile presencc of 

new juvullilc, Hnd sub-adults observed in 2lJIJ5 indicmcd lhHt lhere had heen ,uccessful 

recruitment in 20m and 2()() 4. 
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Although hig llCr de nsities of rlatlls wer. f[)u nd to OCC LLI' helow mature lI'ees than in the 

open (I ,M and 1.2.1 rlants rer tn ' respcLtively) Ihese rrorm1ion, wel'e l(Jwer than at the 

"l[)uucr RiHr sile wherc li~e,t(lCk w~re excluded Ilowever. the [)vera ll a;'el'ages of 

young plams per m" "erc similar al j,Q2 and 1.44 for lhe li\'e'l[)ck-~b,enl and liv . stock­

pre\cnl ,iles respective l), (l il is dnla i, not normally distributed and hence n[)n paramelriL 

lesls are lISe,i: Kruskal-Wallis. H - 3,13, p = 0.077). The I"'rllialion al th i, ,;le ~rew 

rn,tween 2003 anu 2005 (), - I ,J 5) 
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Fig 5 ,,)' l'ol'u l ~t"'l1 d~mo~r~p hics of ll1<"lqu it. ;"re.tatio" , . t MoJd;r Iti, ~r (I ivew.;;k rr~;e\ll) ill th~ Nm1h~~lt r~gi("n ()Il Fd>ruM), 

2(lO~ .nd F~hfU~ r)' 20(IS .oo" ing nurnh." of plants J:I<'f ",- ~"oci.t . d wilh (' h~de) .,nd ~II'~} from (opffi) m~t<lr" lr"<.-~ and 
.,m";.I1 rhange< in ~1'!le. '11,. ~'-a>..i, gridline, ",. included in the Sr.P!>. 1<, highh~h ( <uht!. uHer" tMlu,,1 i1u~(u.!i(ln~ In 

("Ialll den,i!l6. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

T U eoolirm whdh~r pu Iscs of ,"cruilm~nI wcce "ppar~nI In Ih<: ,iIC das,~, "r ropulati"n, 

of plalll.'. the freq uency d istrihuti[)ns uf individual ,tem di"mele" of the plants th"t "~re 

m,,,ured are repres'llled he l[)w (F ig.', 5 10-5 I 21. D istinC! .,ize d'L'.,e, ,,[)U Id be ev idem 

,I" recruitm'lll occurreu in so me year, alld nO! in "thers 

Somh-\,,"st regi[)n. Dridont.'.i~~Jiy.,~![)ck pr~,enl (fig, 'i J (I): 

Th" appeared to h~ a y"ullg in,'as ioo with the main represeotati[)n "' 'in cia,,",s <lem 

"oJ very few indi"iuuals m the largcc ,i/e classes. The high frequeocy ,,1' smull plants 

,ho",ed that there ",a., an active invasion laking place hnt p(wr representation in ,ize 

cia"e, 0.1 and O.2cm indicated a period [)f poor recruitment in the re~ent pm !. Fifty 

percent of ioJ i viduals 10 th~ pop ula l ioo accounted for the <{IAcm Si7~ c las"" suggestillg 

a recl'uitment ev,m e.,timateu to 2-4y" pre"iulISly. It ,,"s oot e",y to ui,e~rn diSiinet 

cohM s but lI,.re ,,'a, lillie grmHh or the plant, between 2002 aoJ 20(14 implying th"t lhe 

plan!> established 00 ,eparate occa,ion" 
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ri g .s. II\: Fr~qu~ "c i~5 ' ;7e c l ~~.e . (Item diameter in em) ofm"'quitc rl~n! ' in ~ rorul~ti ( .. ,. III the South.we$! region (f)ric/Olll.in) 

"here li "~'I()Ck ncre pr.,em. AlurnJting chang" in ,hacij!l£ with in cr.J., ing "alue.' Jlnng the ~ ax il Lltdle,!. prohable 
di M;n, ! cohan, . The armw ~r~",m, th. median or lhe freque"cy dimihution 

• 
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\,:_~-'lllill..rui!.tll._SAlm:.;:~_~yJ~U I' jg_," ~JJ. a <'k b)' 

I-he mcsquite invasion atthi_, ,lite has occurrcd since th" 1940, with thc introduct ion ot 

Ih" lirlt tr" "s (H"rd ing & Bat", I QQ I) and "viden"" for a long period o r in,"sion Sl"m, 

from lh" f"ct th"t old"r age cla"., are we ll r<:pr">enled, The P""k> nfcert"Ln li£" d"" 

t1'''''ll1e nc ic_, a nd ahsencc of ind ividua L, in OlMr, _, up po rt the , uPl'O siti ()n that recruitment 

is inl"rmittent and nOI "onlinuou,\ , lnv"sion in al'"m, wh"re liv"SlOCk ,,'cre prcsent 

c()mpared to areas where li,'estock were absent indicated that size class freqoc ncies "'ere 

propottionally si m i lar_ Ilowev"" recent recruitment where I iv"stock were prese nt 

aPP""r"d to k higher "5 Ihe medi"n " 'as Inw","t thL,\ ,I ile . 
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F~It...!.1 j a & b. Sil~ d.£5 .h.lrib"liun (.km dialll~kr m ~m), r~rr",clll"d a, In.~l"c",""c. ur I<JI~I pl.", ",wnl. in the CClllral""gk", 
(V ~n,,)' ~ s.· I.·i) ",Iwrc h~I",,;I,- ',,-1\0 a) :ili«:m all(] b I ptcs.:nl_ ,\ Ih:(nlt"'g ch.n!;", ,n .11lI<lil\~ ",th incr"",ing nlue_, 
"'lung 1111.' ~ a~" ,ndit'le r l"<lbahk di<tinCI coho.". The ""'" '(pre-oem. fh( ",,,d ,an uf,h.' fr<'<lIl~Il() di<tnbutinn. 

-c. 
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A 'prc~d of inJi"idu,ds a~rOss 'nc",1 _,iu cbss in dicates {h ~{ inH_,ion at thi, , ite ha, 

n<-,"urreu <J\W an ~x(cmkti pcrio<i of (im~, Ho"~""r. {he high t-'cq ucn c ies ot- "'div id ual' 

in (he ,mali ,iu-dass anti (he me ti ian iJ<,ing vet)' low , uggeS( (h,u in,,;l,iot> h;l' 

inten< ilLed it> recent years 



Univ
ers

ity
 of

 C
ap

e T
ow

n

" 
.. 
" 

,~ 

f .. 
f .. 

• 

I :: 
, 

• 

• 

r ~ " ~ ~ m ~ e _ " 
~ ~ ~ ~ ~ ~ ~ ~ ~ 

.. •• .. .. f: .. 
i :J ~ 

ho;. •• 5 12 a. il, Sil'- d.ss d,.\(ill\.l\,on (.Iem dmmcln;n em). '''fl.-com!c...! . , fr,qu' ..... ·"'~ ()f,nlul pl~n\ OOUil!. in \h~ ,"Ol'\h-cil" rcg.ion 
(Mu,hkr Riwr) "h~I\: !tn-mid, ate al ab"<:nl and b) pre •• ,m Nco change. In . ha.ding ~~ cohort divi .• inm nul el l;I.­
d .... 'S!\ilI'~L TM ;\(NW rq,,.,,,,,,1I1 \ the "",,-dian of lh" frc"<l''''flc), di,lf,bull,-,U. 
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Discussion 

For woody l'ianb "itil pokntially long lJl<:·sp,m, and low p0SHos(ab lisilmcIH mO<1a lily 

rale,. ,~edling recruitment is " critic,,1 life-hi,tory slag" (SdlOicos & Arche,. 199ij, 

liow·eve" SllCC""h,i r"cnlitmcnl in arid Cco",'S1cms is " rare event (Kemp. WM'J) and 

h I gil io"c, of ,cedi ings occm in ",oS! year" Cons ider; n g th" hi 8h num bers of <'ccd l i nils 

cm"rgmg annual ly al most sitc, it "ppear, lha! lk m",quilc populations arc not ~LJrrcntly 

,eed limited. However. or the ,udling, rec(}[ded ~9, 1 % ,ulTe,ed mortal,ty ovcr th" study 

per iod. Inf,,,qllcn! ,u,,,cys at most s ite , " '011 Id have ""suited in the titilmc to record a 

large numb", or seed lings lilal may have g",minalcd and ,,,h,,,qucnlly died be!w",," 

survey date, and therefore annual mortality du ring thi, st udy pericxl was likdy !o be 

closer to 100%. 

Th" lugh proportions or ,eedling, 10,1 annually may tx Lneon";'luenlial for perennial 

plan l' wilh long-lived ,e~d bank>. where dormancy ensure, thaI some ,eeds I"",i>l 

through unbvourable year, alld on ly germi nate when eondilions are suilahlc for seedlLng 

5lH'vi\'ai. In thi ' ,!udy on a,,"rag~ on ly 1,~8% ofsced in th" >oil ,eed bank was lound 10 

g"rminate annually ye l !he remaining: ungermina!~d ,eed wa, no! accounted for in late, 

survey dale, and there "'H> no evide nc" 01 an accumu latiO Il of ,eed (,ran ivory. although 

not inve,tigated in thi, , tudy is likely to be on~ oflhc major ca u,~, of an nual ,~~d 10", 

Brown e/ ai, (1 n'J) argue that "'e ,qll i!e ,eed loss through gmnivory hy rodent>, ant> and 

hird, in '->orth Ameri~,m arid and semi-ar id r~gions grea lly exceeds lhat by bruchid, and 

other m,e~ l , llnd 'lrongl) influence, lh ~ s ize of",il ,eed banks I fOlmd evide llce for 
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rumo,'al of hi~h proponions ofsccd h,. ,,,'Is aI,J roo~"ts. In the central br"" svstem i\ . . . 

rc'movin~ se~d away from m~s'luile trc~s 10 below i"digcJl"u, ,luub" In the presence' of 

livestock, harvcstcr ~nt' ( .. \,k,o,. sp_) wer~ SCCn 10 oc n",jor sucondary dispersers of 

a, n","y as I U s""ds per minlLl~ were ob,erved heing takCJl into a single ~oloJly c'ntranc" 

(per.<_ ohs,), 

l'iants in ,everal famili~, ha\'e evolvcd alongsidc ~Jll> which 'H" ofkn the m'~01 

disp~"c" of secds c,g. f'nl/e(1G'('oe lI1 Soulh /lff;C" (JI,jiJgky & llond. 1995), Acacia '" 

Ausualw (\VhiIJl"y, 2002; Edwards ,;/ al __ 2(HJ6). lIowever, in deserl CCOSYSIC11IS ~nts 

may ha\'e signilicant impact> on seed hanks altCcUng holh ,,,,,J ,,,,d phml ,k""it;", 

(WhitforJ, 197Rl_ Owing 10 the inahilily of 11ICS4uilC ,c-oo to g~rmin,,'e Irom >5C111 

hclow Ihc soil ,urfac~ (ScifL'~s & llrock, 19n) it i_, unlikely that _,eed burial by ants or 

rod~nts may be b'en~fLcial !o th~ riant, as h~, been docu11lcnlcd for Nher pla"l ,PIXICS 

(~lidglc;, f/ol" 2002)_ 

Di_"emination of _,eed away rrom fruiting con']lccilics to t>clow Indigenous shruhs may 

r",hl~<" tlw ",Ius of dall1agu by ""tural "n~mi~s ,md "nhan~e ~hances of ,"~dl;ng 

establi,hment by being silllalc'd below a --nlLr se-- plant (e,g_ Nalhan & Muller-Landau, 

2{)(H): naraza el aI., 2{)()6) It ,,'as evident that wh~re liv~stock wcre exclud~d in the 

Ccntral region, ge rmination of seeJ below indigenous shruhs accounled lor th e highest 

proporl;on of s~cdl ing ull1crgcnc •. 
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'"" 
111 arid to semi-arid regions wh<:r~ bvestocl:. arC ab,crl' high pmpmli"", or seed, were 

damaged by bnJChid, (Chaplo< 1) ami the suil ,",cd banks werC 'par<c (Chapler 4). The 

introdllction "flhe bruchid, app""" t() h",'C ,hilkd \h< m" 4ui!C populations in ll", arid 

S~ulh-''"'t regi~n from l>eing site limited to now being seed limned and recruitment has 

hecn hailed 'os no s~cJlin~' werC recorded ovcr two yea" of ooservalion,_ How~va in 

lh. Central regio", despit~ \'~ ry high I<vds of seed damage by bruchids t~ remm-al ~f 

seed ]XXi, by roderlts av-·ay from lh. parent tree may enable the escape of" small 

properli"n of seed, from hruchid attack. fhi.' result; in 78% of l~ ,oil seed bank being 

aSi;()ciak<1 with rodent midden' below illdige,,~u, ,)uuh, and although only" fraction of 

IOC an"ual ,eed pmducti~n. thi.' small seed ballk ga,'C risc to 1o,," llum~rs of seedling., in 

Iv.() of thr," years, Although no oeed l, ngs became establish<;d dllring lhc ,«,dy puioJ. ," 

'~me years when conditi()ns "'CrC ,uitable the me"l" ite .,tand.' in Ih<>< arc", m"y still 

ex pand "nd densify. 

In arid alld scml-arid rcgions whcre liveswc~ are present and 85% of seed i, de>lruyed by 

sheep. bruchids ~all,ed furt her damage to a high rrot"'rti~n of th~ se~d, within dllng 

an"ually (Chapter 2) In spire ofthe cumlilali\'~ damage. thc wil ,e~d bank.< wcrc highcr 

th"n ,,, arcas wherc live'lock were excilided and under tlk:.'~ circumstallc<, mC"luitc 

does not ap[k:ar to b<: ,~~d limitcd, Dcspite thc enhallcement of germination v.ith p"ss"g~ 

through the glLl of 'h~~p r~slLllin g in high nlLm bcrs of sced I illgs emerg i "g ann lIally at ,ite, 

"'Ih live'lock. Ie"" thall 1')-;. of the,e ,eedlings SlLr,i,~d t() b<:~ome recruited into the 

mesqlLite populations, Only a ,mall proporli"n of the ""eds that did not germillak 

became incorporated ill the s~e{1 b"nk bec"m~ of the combined effect of bruch, d damage, 
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d ~cay atld rem"val by ~ratl;v,)r~ s. Evidence 1"1 lh is carne li-o l1\ the D,icfonlcin sik 

",hcr~ ,ccJl ing r~~ruilmcnl ,lopped and lh~ ,o ii s~~d bank "a, depleted two yea" after 

the mature lree ' had bee" fell ed \".';\h a Jx, ner understanding of the soil seed baLlk 

proccssc." such a, Ih.; prl)port inns I)f <eed" gcrmiLlaling and lc\'~ls of d"'1\ag~ ~aus"J by 

wh~,-e liv~stock me pre,em. ratlicularly at the ",inter rainfal l ,;Ie.' .,uch as Calvin;", 

""" -

,.,,, 

, 

u" ,." "', ",,,dooo " &"'" " 
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Fi g. 5 13: ;\k' 'luite , oil seed ballk dYllami~5 in shaJeJ (bdow malure I r~e , ) and o l:>en 
areas al a ,ite with I iveslock tt' !he wi mer rni"tall reg io" (Cal" tt' ial . 

At , it~ ' in the wimer ra in bll regiOll with livc'Stock, in yea", V.ilh a"""'ge raillfall. there 

wa, an approximate decr~ a, ~ of 75 ~'o in {he _,oil seed ballk ' itumed below mature tree ' 

and a Y4% Jeneas" in 01"'" are"s . Ollly 2 .5 anJ 10.0% oflhe ,eeJ, "~r~ irnmJ (0 hn"e 

germillateJ in each , itlLatioll r~Sjl~clivdy. rhu < il , eem, lh"l g~rmin"lion o[,"ed is nol 
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Ihe drivmg faelOr respon>,ibk f(}r .nnu"1 decrea,e, in s(}il seed h"nh, II w"s sho"n in 

Ch"pter2 Ih"t 99.6'\', of seed, in dung I'd let' ploced in open areas in the lield over winter 

were destroyed and of which RI%wereconlirrned as hilying bruchid I.,,·ae wilhin II is 

prohable that the remoining damaged seeds dee.}<:d ., • res"lt of uneonlirrned bnJchid 

enlry, LnlLke the open areas, "n cslim"led 50% of dung-born<: seed situ.ted below 

mesquite troos esc"ped bruchid damog.e (Chapler 4). and Ihu, larger ,ecd honks 

developed in Ihese area" 

In Ihe more mesic :-'(}I'th-eost reg.ion, where hruchids failed!O inilic! high levels of seed 

damoge, a lorge seed honk w"' found to have lormed '" bolh lhe presence and oh,ence of 

live.;IO,,". Seedling recruiunenl <x,"urred aTHHJally and survival " ' OS estimoled at a 

m"ximum (}f 4.7% despit<: b<:lo" "verag<: rainfall dming. this stud} peri(}d, fil<:se resullS 

are -,imilar !O lh(}se of Bro"n and Al'cher (1')')9) where recruilment ,n fexas_ a 

;;lIhtropical ar~a Wilh avel'age annllal rointall comrarable 10 th i' study ,ite, proved to be 

eonliflUOU, even in ye.rs of helow "ycragc r.Lnf.ll, Two pro<;e,,<:s .pp"",,<:d 10 b<: at 

work in Ih" region lhal m.) enhance seed g<:rmin"lion, although passag<: Ihmugh the gm 

of canle, the rnai n I iveslOck in th" region_ has been rel"med to cnh.nce germ inalion only 

m.rgin"lly (Cox 1'1 al., 19Q3) the <:xei,ion of seed fmm til<: lOugh, pmteCliv<: end(}c"rp 

euuld increase genninati(}n o\'er seed Ih"! remains enclo,ed in the indehi,ce n! pods In 

the absen" of IiY<:st(}ck. termite, (prohably ()doiilolerm~,\ '1'.) may perform a ,imilor 

oction of seed exposure hy conslrllLling cov<:l'ed rur",'oy" over pods (per,l. ob.\',) "n<l 

removing the pod cxo<;"rp .nd p."Le.rp Ihu, acc<:ieralmg pc,,1 deg:ellCralion, In mesic 

areas, unlike xeric ,ile,. ,(}il ,ecd honh were low~r in the pre'~nce of livestock lhnn in 
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their absence. Seedlillg r~cfUilmelll ,huw.d Ih. same trend but whether thi, wa, a 

con'.'1lLenc~ of ,eedling: h~rbivOl)' or disturbance hy live'toc~ or mcr~l} reduced 

reCrt,ilm~1H du~ to a 'mailer sced sOIJlCC will need 10 b. inv.,lig"kd [lLnher. Across 

me'quite distribution. dc'pile the geneml lr~ml where higher densities of seed., and 

seedlings occUlTed bdow mature iree,. recruitment wa, ,;milar in both the OJ>C1l and 

,haded are"" 

To determine whdher the pallems of,~~dlillg S"",iH'rship ohserved in this study were 

typical or the reslLlt of consulLlivc bdow-a,-cragc rajnf~1I year>, the dispersion of 

immallJrC plllntS i.e. (ho,e mOre than 2 years old was examined. Iflh. dispersion ofs.eds 

and seedlings is skcw~d II ,imilar dj'pn,ion of immature plants i, expected to ,how 

within a long~r lim~ fram~, rhe data showed thai for mmt ,iles no significant difkrenccs 

~xi.,ted between the numbe" of immature planls below mature tr~cs Or in thc op~n, both 

in the pre<ence and in thc aoscnce or liv~,tock, There wa, al"., no correlation belween 

distance from matlLre tre~, and the numbers of immature piants "Lggesting there is a 

regular di'persion of plan Is in Ihe fLdd. 1100\ ~VeL the frequenc ... data showed di,p~ rsion 

to he contiguou, (cilLml>ed) at all ,ires 

e,rahl"hmenl i, enhanccd wilhin scan~r~d microsite, and that the planl i, ,it. limited, 

In the xeric region. distinct cohort;. of plant,. and failure of recruitment of new 

individual> 'll mo,t sitcs durin~ Ihc COL",C or thi.s 'Iud .... 'ugg~st that in ~ddition ro 

rcquiring ,uitabl~ mino,it~s. ~xtended p~riods ofabov~ avcmg~ r~infall "r~ nec~"ar ... for 

s~~d ling establi.,hm~nL Below averag~ rai", in 2()()3 r~.'u lted in the monai it ... of I 0-1 5% 
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or e,l"bli,heu _'<lo·adul! plan!s ;n the xeric regions. This did not occur ill m"SL~ """" 

>l1!;!;"Slill!; Ih,,1 under weller ",'nu;lio"s, proviuing seeuling' ~stablish and s,",,,iy" lililhe 

next rai"y ,ea'Ol1. il i, lInlikdy Ih"l lhe) ,,,I] be los< from Ih~ sySlelll. In all ,c!;i()ns lh" 

,eed arKI s~~dling sta!;", ",e th" Ill()sl "ulnemhle 001' ha,e the p<>l~ntial 10 mongly 

illIlu"":",, p"l'ul"lioll 3'o,,!h. ) .. in certain yean Hl"'e,,",, m"wllity M immature plants 

in Ihe xeric [CO!;ion, "illlikel) have a g,"al~r i"tl11e"ce on /, uuring Ih" p",io(b belweell 

recfllitment "venl,. 

There '"'' lillie growth of immalllr" pbnls ill "II r"gion' oycr Ihe p~riod of sludy. so 

m",.:h SO Ih"l OyC, three years of slLrve},ing Illml individ,,"1 phml' show"u no uerectable 

incr~"'~ in sl"m dimlld"" Or nOlLce"ole incrcase in height anu il se"IllS proh"bk lhal 

mosl re,OllfC,," "e,e <Ii"cl"d I,' bd'''·gn)[H,d gro"rh (lOiende"ing & l'a"lsen, 1~551 . 

Th« doe., ,,0\ n"gal" 1!J,; ilka of ~,'horts "'. "lIhough ah ove-grolLnd gro\\1h is ,daru"d, 

lk (ieYClopmell1 of roon en.'llfes thai in p",i()ds of gMd [[111' the pla"r "ill re'pond 

accoruingly to its abilil) I() lake up soil mO"liJre Imma1lLre me'''llIil, planl' seem 10 b" 

ao le to remain i" an immatllf" ,tate for long I:><:,iod, oft;m~ (Rn'w" & Archer, In'))' a, 

wilb ""ne ,avan"ah tree spec;~s (\1enaul el ,,/.. IY90). ,md ""') ,'nly move I'rom lhis 

sl"l" gi,en r,"'"un,ble eondilions, this t>eing 1"'IllM the "Uulli,,", dTcd' by Bond "nu 

van Wil!;"n (1'I96)!'<" Ircc'gra" ",teraclion anu the 'lLppres.,;on of "hO\'"-grolilld 11'"" 

growth 

Slo" !;n'''th "I phonIS h", ramitica!io"s for projections of ""--"<I()n rm"" 1,,,ni~ul"I'ly 

Ihl"" surmised Ii-om ,,",i,,1 ," ",Iellile Images "here th. 1",lk of th~ pbnts in Ih" 
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population may be too small to be detected. This suggests that work involving slow 

growing, long-lived invasive perennials and projections of their invasive rates needs to 

incorporate both mUlti-year field monitoring and aerial or satellite imagery to accurately 

predict rates of spread. 

In conclusion recruitment in arid and semi-arid areas is episodic and requires extended 

periods of above average rainfall or alternatively periods of well timed rainfall to carry 

the seedlings through the season. However, it appears that these are rare occurrences. In 

contrast, recruitment in mesic areas is continuous even during periods of below average 

rainfall. Bruchid damage to seed, seed germination and granivory prevent the 

establishment of large soil seed banks in the xeric regions and although these processes 

occur in the mesic region these seed-reducing factors are not sufficient to extensively 

decrease the size of these soil seed banks. As a consequence of the reduction in the size 

of the soil seed bank recruitment in the arid and semi-arid areas has been reduced 

dramatically when livestock are excluded and this may be primarily attributed to seed 

destruction by the biocontro 1 agent and in these regions the system can be considered as 

having been shifted from site to seed limited. However, where livestock have access to 

pods recruitment is more continuous and although it may be episodic it has not prevented 

the infestations from densifying and these mesquite populations remain site limited. The 

interference primarily by livestock has reduced the ability of the bruchids to destroy pre­

dispersed seed to sufficient levels to prevent further invasion. Under current 

management practices where livestock have access to pods, despite the bruchid' s ability 

to destroy high portions of post-dispersed seed, they are ineffectual in stopping the spread 
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and densification of current infestations although the rate of spread may have been 

slowed. 

Recruitment in the mesic region is continuous regardless of livestock presence or absence 

and the invasion of these areas appears to be accelerating as recently recruited plants 

constitute the highest proportion of the population. The continuous recruitment that 

occurs in these areas corresponds to that of Kenya where mesquite became a problem in 

one third of the time it originally took in South Africa (Zimmermann et al., 2006). The 

current agents appear to be ineffectual in reducing the seed crop sufficiently to halt the 

spread of this weed and careful consideration must be given when considering new 

agents to ensure that they are able to be suitably damaging in both the mesic and xeric 

regions. 
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SYNOPSIS 

At sites where livestock were excluded the combined effect of bruchid damage to 

mesquite seeds was high in most regions, approaching 100% in the xeric environments 

but only low levels (60% damage) were realised in the higher rainfall areas, probably a 

consequence of sub-optimal environmental conditions for bruchid larval development. 

Algarobius prosopis populations were consistently and markedly higher than those of N. 

arizonensis, accounting for 87-100% of bruchid adults emerging across the range of 

mesquite in South Africa. 

Despite the apparent "new host associations" between the bruchids and indigenous 

parasitoid species, where nine out of 13 parasitoids reared from pod collections were 

considered recent associations, there remained little effect of pupal parasitoids on the 

success of bruchid populations in reducing seed output. The levels of parasitism on N. 

arizonensis eggs were markedly lower than the levels reported in earlier studies and it 

seems unlikely that they are having a large impact on the beetle populations. However, 

the combined mortality due to larval and egg paras ito ids on N. arizonensis, its reliance on 

pods in pristine condition, and the poor competitive ability of its larvae compared to 

those of A. prosopis all militate against N. arizonensis ever becoming a very effective 

biological control agent of mesquite in South Africa. 

There are few instances where pods are not exposed to livestock so most pods produced 

by mesquite in South Africa are consumed soon after pod fall and prior to bruchids being 

able to damage the seed. Foraging renders most of the resources unavailable to N. 

arizonensis but the ability of A. prosopis to locate and utilise dispersed dung-borne seed 

as a resource for larval development may enable large populations of this species to 
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persist in the absence of pods. Although the utilisation of dung-borne seed by A. 

prosopis was governed by the time of year and the location of the dung relative to 

mesquite trees, there did not appear to be any effect of distance on exploitation of dung­

borne seed. The annual reduction in input of dung-borne seed to the system as a result of 

bruchid usage was estimated to be between 50 and 70%. 

Temperature played a major role in determining bruchid activity. The utilisation of dung­

borne seed dispersed away from mesquite trees enabled the A. prosopis populations to 

persist during winter as the temperature of dung in exposed areas was close to optimum 

thus reducing the risk of parasitism by allowing maximal larval developmental rates. 

Two generations of beetles emerged from dung-borne seeds during winter. 

The use of dung-borne seed by A. prosopis does not appear to be a recent behavioural 

adaptation and is likely an evolved survival strategy to cope with pod removal by an 

associated assemblage of extinct mega-herbivore seed dispersers in the region of origin. 

The preference for dung-borne seed over pod-borne seed by ovipositing females, 

particularly if the females had developed in seed in dung, suggests that A. prosopis might 

have evolved to utilise post-dispersed seed, further explaining the opportunistic 

oviposition behaviour that characterises this species. 

The primary aim of this project was to determine if the utilisation of dung-borne seed has 

had any effect on the ability of the beetles to curb populations of mesquite, where 

recruitment failure occurred in most years in xeric regions. Passage through the gut of 

sheep destroys 85% of mesquite seed and germination rates of the remaining seeds are 
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enhanced by more than 50% through gut passage. For the bruchids to reduce the 

numbers of seed potentially available for germination, sufficient numbers must be 

damaged prior to rainfall. In addition, seeds partially damaged by A. prosopis larvae 

germinate readily and this process may enhance recruitment depending on the time of 

rainfall. Thus the timing of rainfall would be crucial in determining whether A. prosopis 

is able to reduce seed numbers sufficiently to prevent recruitment events. 

Another factor that was not investigated here is the role that granivores play in preventing 

the development of large seed banks. The absence of large seed banks in areas where the 

bruchid damage was limited and the numbers of seeds germinating annually did not 

amount to the realised decrease in seed bank size, provided evidence that granivores may 

contribute substantially to seed removal. 

The following figures summarize the factors acting on seed banks. Although there was 

need for speculation on the levels of seed removal (highlighted) or factors responsible for 

the disappearance of the seed that were not measured in this study, the estimates of 

seedling emergence and potential for annual recruitment in most instances reflect those 

observed in the field. However, the estimates are only for a period of one year and are 

probably overly conservative regarding the amounts of seed-loss due to bruchids and 

granivores because longer-term projections based on the estimates would produce much 

larger seed banks than those that were observed. Although it has been demonstrated that 

the hard seeds of mesquite are capable of remaining dormant for several decades 

resulting in the accumulation of large seed banks, this appears not to be the case in South 

Africa as the cessation of seed input has been shown to result in the depletion of the seed 

bank within a few years. 
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Tn the ah,en~e of liveslOck. I 1<:<:1 the inlroouclion or A. I'rn.l'()pis lor the control of 

m.,quite in xerie area, w()uld h"v<: ,,,klcd 10 Ih<: f.w ,ucc." storie, of a ,eed-feeding 

irl,"ct having a noticeahle elTect on the popublion' of " lon g_ lived perennial weed, 

n"'pite tntall'~cl'llitm.nt failure in mo't year, in arid regiuns,..1, prO,I'OI'!I' ha, I'~duc.d the 

,ize of Ihe sod seed banks sufiiciently to rl'~v.nt high leve l, ()f recruitmel1l III y<:"" or 

fa,'ourable raillfall. Allhuugh mesquile is ic'rlg-liv.d and Orlce e,tahli,hed all individual 

rlarlt will P<'rsi,t for ,everal decades. recruitment k,<:I,"oo ml'" or,pread oftl,. w~~d 

have lx~rl r~duc.d dramati~ally a, a re,ult ()rthe introduclion of A prow";,,, in th e arid 

,,,ea,, Huw",er, bOlh M Ih. ag.nts have f"il~d to have any impad ill the m<:>lC regioll a, 

high nllmbe" of s""d esc~pc b"'chid d~mag~ anrlUally and recruitment in thi, "'gi()l1 

arP<'ar< to he ~()ntinll()U', 

D.spit~ the ability nf A.l'mml'i,\ to utili,e dung-horne ,eed dispersed ill the field, within 

~oo ~w~)-' Ii-om ,,'~squile inf'SI"lion.', a larg~ num ber or .,e~d, "~,cape" bru~hids and 

enter the .,eed hank. Alth()ll);h i,xlLvLdwli ,eed, d() not "pre"r 10 per"'l for m"")-' yea". 

, •• d hank, are maintain~d through annual re rleni,hme nL re.,ultinj; in .",ff'i~ient seed ling 

r~crUil1nerll in I,,,,,,umble )~~" lcl "]low ,knsiiicalinn a rld srr~ad of th~ w~~d. V"'h~re 

1,,<:>1<',," ar~ P"'>el1l me,quite cunli"ue, lcl b<: ,ile hmil<:d, Ihroughoul ils diqribmion in 

S()uth Ali-ica, 

D",pit~ A."rn,ml'i,I' achi evi ng higher lev~ l, nt' damag. to anrlUal seed productiorl in the 

pre,enc<: of li""lOck than "a, ori);im,]ly p""um<:d, th",<: arc n()l ,ufficient to c",b lhe 

'pread of m",quit~ and ther. " a n.ed tn irmodoc~ "dditimwi "g~rlt, The curr~rlt ho't 

'Ileci ficity ,",""rch "rl the Ari"rlid, C<x/ocepha/al'ion gondolfoi, that damag"' ",,~d, in 
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the gr~~n wxb, looks promisillg as it call develop on pod_ of .,everal f'rosol'is species in 

the Algorollia section (\\,it1. pers, comllJ.) lind (hc two "",in in,'asiH spc~ics ill Soulh 

Africa lirC p, l'dulina lmd P. ,,"mdlliom ,'ar. lurremna. both ill Ihis ,celi()n. The l>endit 

of thi> "geni will ]x, 10 redu~c til<: ,eed availabk to livestock. Anmher rotel11ial ag~n! i, 

an ASl'holldyliu 'pecies (])iptera: Cecidomyidae), " mc'quilc gall midge ll'"l dcyelop ' ill 

the tlo"cr buds prcHntlllg (hc form"lion of pods. AltholLgh fl()wcr galle" arc 1101 

considcred to be i'kal ag~nls becau_~ ()f high level, of parasitoi ds they acquire (I [~rri.' & 

Sh()rthouse. l~%: MacfadY~ll & Spafford Jacob. 2003) and also the taCt that mmt 

tlown, produccd hy mesquite tr~es ahort anJ"'~y, thcre havc becn lIlstlmcc, ()f ,ecd 

produclion of pcrcilil ial w~eds being Lillirkcd I) r"du~cd ,uch a, with LJas;nelim d;ds; ()n 

.,ka(';u <y{'/Of! ," in South Africa (H()ffmallll. pa.I' colilm,). 

It is hoped lhlit iflhesc "gcnts arc introduccd "nd bceamc e,labh,hcd the pod pTodu~lion 

ofmesguilc w,ll be rcdu"cd suffkicnlly "nd Ihcrc will be Ie" de,iT~ by land()Wll"" who 

yicw lllC>'IlLik a, a valuable rcsourc~ for liveslOek fodder to relaill lllesquik 011 their 

properti"" giving support for the introduction of ociditioual agents th~1 "ill dall,age the 

vcgct"til'c parts of 1'",,1\, (Mor~n el 01 .. 1'l'l3). A Ie"!' t)ing moth. El'ippc sp., in 

Ausiralia cau,es hi);h le,'e], of def()liation and reduced plallt "i);o", of me''Iuite (""II 

Klinken el aL 2(03) and Ihis 'peei., should l1e ()lle of Ihe reimm)' agent , considered ,,, 
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Appendix 1.1 

Numbers of A. prosopis (Ap), N. arizonensis (Na) and larval parasitoids (para) per 
1000 seeds emerging from pod collections in 2002 and 2003. Also the percentage of 
combined A. prosopis and parasitoids, of N. arizonensis and parasitoids and of total 
insects emerging that were parasitoids. Samples from survey dates where no 
parasitoids emerged are not included. 

Percentage of Percentage of 

#of #of # of 
combined combined Percentage of 

Ap+para that Na+para that 
Site Date 

A.prosopis N.arizonensis parasitoids were paras ito ids 
total insects 

per 1000 per 1000 per 1000 
were that were 

parasitoids i.e. i.e. 
seeds seeds seeds # para/(#Ap + # para/(#Ap + # 

parasitoids 

# Eara}*100 l2ara}*100 
Feb 02 39.52 3.33 0.16 0.41 4.70 0.38 
Mar 02 106.49 5.29 0.35 0.33 6.22 0.31 
Apr 02 168.82 21.34 0.34 0.20 1.57 0.18 

.5 
May 02 145.15 36.14 4.43 2.97 10.93 2,39 

<IJ lui 02 144.20 32.56 12.04 7.70 26.99 6.37 

= ..s Aug 02 112.62 10.79 7.45 6.20 40.84 5.69 
<IJ 

Oct 02 149.16 1.42 2.16 1.43 60.28 1.41 ·c 
Q 

Jan 03 88.31 3.40 5.63 6.00 62.36 5.79 
Apr 03 205.14 13.99 7.99 3.75 36.35 3.52 
Jul03 69.38 6.20 0.17 0.24 2.61 0.22 

Sept 03 83.61 2.94 3.43 3.94 53.85 3.81 
Feb 02 154.59 2.66 1.07 0.69 28.63 0.67 

~ Mar 02 117.91 3.23 0.05 0.05 1.64 0.04 

1 
Apr 02 132.38 5.53 0.12 0.09 2.18 0.09 
Jul02 87.75 1.21 0.19 0.21 13.31 0.21 

0 Dec 02 63.92 5.10 2.14 3.24 29.54 3.00 
Dec 03 80.02 0.98 0.43 0.53 30.22 0.52 
Apr 03 132.62 2.37 0.18 0.13 6.91 0.13 
May 03 7.81 2.95 0.28 3.46 8.66 2.54 

'" Oct 03 156.88 20.55 2.89 1.81 12.33 1.60 :5 
;:- Nov 03 123.85 52.53 5.89 4.54 10.09 3.23 -a 

Dec 03 163.15 15.73 0.45 0.28 2.78 0.25 u 
Feb 04 125.30 1.21 2.09 1.64 63.41 1.63 
Jul04 35.64 4.51 0.11 0,31 2.37 0.27 

Citrusdal May 03 88.68 16.89 0.41 0.46 2.38 0,39 
Sept 03 173.96 7.63 2.14 1.22 21.92 1.17 
Nov 03 108.29 3.36 0.36 0.33 9.62 0.32 

~ Feb 03 141.19 0.74 0.26 0.18 25.75 0.18 r] Iun 03 156.15 3.21 0.37 0.24 10.32 0.23 
~ Oct 03 51.63 > 8.54 0.21 0.41 2.44 0.35 

Prieska Jun 03 130.50 5.51 0.21 0.16 3.66 0.15 
Modder Feb 03 56.67 0.11 0.32 0.56 74.89 0.56 
River Nov 03 4.49 4.47 0.20 
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Appendix 2.1: 

Collection/placement dates of dung samples in the field for shaded and exposed 
treatments. Four ranges of distance placements exist for the exposed treatments: 10-
14m, IS-19m, 2S-30m and 170m. 

Treatment 
Collection Below tree Exposed 

dates Shade Morning Sun Shade cloth 
sun 

22-Aug to 2 
S 14m, IS-19m, 

2003 3 @2S-30m 
22-Sep to 2 

S @ 10-14m, 2 @ IS-19m, 2 @ 10-14m, 3 @ IS-19m, 
2003 3 @2S-30m 2 @25-30m 

30-0ct 10 2 
5 @ to-14m, 2 @ IS-19m, 2 @ to-14m, 3 @ IS-19m, 

2003 3 @2S-30m 2 @2S-30m 
21-Nov 

to 2 
S @ 10-14m, 2 @ IS-19m, 2 @ to-14m, 3 @ IS-19m, 

2003 3 @2S-30m 2 @2S-30m 
30-Dec 

10 2 
S @ 10-14m, 2 @ IS-19m, 2 @ to-14m, 3 @ IS-19m, 

2003 3 @2S-30m 2 @2S-30m 
27-Jan 10 2 

S @ 10-14m, 2 @ 15-19m, 2 @ 10-14m, 3 @ IS-19m, 
2004 3 @25-30m 2 @2S-30m 

29-Fab 
10 2 

5 @ IO-14m, 2 @ IS-19m, 2 @ to-14m, 3 @ IS-19m, 
2004 3 @2S-30m 2 @2S-30m 

13-Apr 10 2 
S @ to-14m, 2 @ IS-19m, 2 @ IO-14m, 3 @ IS-19m, 

2004 3 @25-30m 2 @25-30m 
16-May 

to 2 
S @ 10-14m, 2 @ IS-19m, 2 @ 10-14m, 3 @ IS-19m, 

2004 3 @2S-30m 2 @25-30m 
21-Jun 10 2 

S @ to-14m, 2 @ IS-19m, 2 @ to-14m, 3 @ IS-19m, 
2004 3 @ 25-30m, 2 @ 170m 2 @2S-30m 
26-Jul to 2 

S @ 10-14m, 2 @ 15-19m, 2 @ 10-14m, 3 @ IS-19m, 
2004 3 @ 2S-30m, 2 @ 170m 2 @2S-30m 
6-Sap 10 2 

S @ 10-14m, 2 @ IS-19m, 2 @ 10-14m, 3 @ IS-19m, 
2004 3 (tij 2S-30m, 2 (tij 170m 2 (tij 2S-30m 




