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Abstract

Background: Cyclopia is endemic to regions of the Cape Floristic Region across the Eastern and Western Cape provinces of South Africa and is commonly known as honeybush. Honeybush has historically been used as an herbal tea, and has proven medicinal properties. Honeybush biomass and extracts are used in the functional foods and cosmetics sectors, both locally and overseas. The growing demand for honeybush calls for increased agricultural production and a shift away from the predominantly wild harvested supply.

Objectives: The current study aimed to address the lack of baseline knowledge on honeybush phenology and its associated arthropod community to advance sustainable production of commercially valued plants in the genus.

Method: The study was conducted on wild and cultivated Cyclopia species (Cyclopia maculata and Cyclopia genistoides) at respective sites in the Overberg region. Sampling took place from April 2014 to April 2015 using qualitative methods for recording seasonal honeybush phenology and suction sampling for aboveground arthropods. Focal insect taxa (Coleoptera, Hemiptera, Thysanoptera, Lepidoptera and Hymenoptera) were sorted and identified to family level and classified into functional feeding guilds.

Results: Qualitative phenology observations of wild C. maculata and cultivated C. genistoides indicated a high level of congruency in seasonality of phenophase stages. Associated arthropod assemblages contained a diversity of families per functional feeding group, namely phytophagous, zoophagous and omnivorous taxa, with high seasonal variability.

Conclusion: Findings highlight the complexity of ecological elements to be taken into consideration for ecologically sound honeybush cultivation. Outcomes can be applied to land management practices and governance policies promoting sustainable agroecosystems in honeybush production areas.

Keywords: indigenous fynbos crop; resprouter; reseeder; Cyclopia phenology; arthropod biodiversity; agroecology; biodiversity-friendly cultivation.

*Corresponding author: Rhoda Malgas, rmalgas@sun.ac.za
How to cite this article: Slabbert, E.L., Malgas, R.R., Veldtman, R. & Addison, P., 2019, ‘Honeybush (Cyclopia spp.) phenology and associated arthropod diversity in the Overberg region, South Africa’, Bothalia 49(1), a2430. https://doi.org/10.4102/abc.v49i1.2430

Copyright: © 2019. The Authors. Licensee: AOSIS. This work is licensed under the Creative Commons Attribution License.

Received: 14 December 2018; Accepted: 17 June 2019; Published: 28 October 2019

Introduction

The Cape Fynbos genus Cyclopia (Fabeacea), generically referred to as honeybush, comprises 23 species, which make up to 0.28% of the approximately 9000 floral species and intraspecific taxa present in South Africa’s Cape Floristic Region (CFR) (Goldblatt, Manning & Snijman 2005; Manning 2018). Various Cyclopia species are endemic to coastal plains and mountainous areas within the CFR (Joubert et al. 2011; Van der Walt 2000), and species are distributed across the Western Cape and Eastern Cape provinces. Several of these are among the diverse plant species of South Africa’s Fynbos, a fire-driven vegetation complex rich with species recognised for their human-use value. Although 11 species have been recorded for their use as herbal teas (Van Wyk & Gorelik 2016), six Cyclopia species are harvested for commercial or livelihood purposes (Joubert et al. 2011). These are Cyclopia genistoides, Cyclopia intermedia, Cyclopia sessifloria, Cyclopia maculata, Cyclopia subternata and Cyclopia longifolia (Du Toit, Joubert & Britz 1998; Joubert et al. 2011). Earliest records of the use of honeybush for brewing a hot tea-like beverage by local inhabitants dates back to the 1700s, as recorded by Thunberg during his botanical explorations at the Cape (Smith et al. 1996 as reported by Joubert et al. 2008). Different species of honeybush are also recognised for their medicinal value (Joubert et al. 2008, 2011; Kies 1951; Van Wyk 2008, 2011); these include, for example, the use of C. subternata for the treatment of diabetes (Dudhia et al. 2013; Larsen et al. 2011).

Honeybush biomass is either cultivated or wild harvested, with wild harvesting estimated to account for up to 80% of supply (McGregor 2017a). The honeybush industry has grown steadily over the past two decades (Department of Agriculture, Forestry and Fisheries (DAFF) 2014; Joubert et al. 2011) with potential to expand even further in both local and international markets (Coega Development Corporation (CDC) 2011; DAFF 2014). For the industry to expand and exploit its potential in the global herbal tea market, a shift from wild harvesting to cultivation is needed (Coetzee 2012; Den Hartigh 2011). Current cultivation practices yield between 10 and 40 tons per hectare, depending on the species, environmental factors and methods of cultivation (McGregor 2017a). Harvest frequencies, harvest season, harvesting methods and processing are all dependent on the types of species in question, as these are, in turn, affected by phenology, life history traits, rates of productivity and plant architecture.

Classification of honeybush into reseeders and resprouters according to their fire-survival strategy (Joubert et al. 2011; Schutte, Vlok & Van Wyk 1995) offers helpful insights in light of their responses to other disturbance, such as harvesting and pests. Similar classifications can be made for sister species, Aspalathus linearis (Burm. F. Dahlg., Fabeacea) (rooibos), where ecotypes with different life history traits have been demonstrated to be ecologically distinct (Hawkins, Malgas & Biénabe 2011). Reseeders propagate from seeds triggered to germinate by heat and smoke during fire. Resprouters not only re-produce from seed, but are also able to regenerate from meristematic tissue in the underground stem, or lignotuber (Bond & Midgely 2001). Reseeders are typically tall and slender plants, with fast growth, prolific seed set and high biomass yield. By comparison, resprouters tend to have low, prostrate growth forms, with slower growth rates, fewer seeds and less aboveground biomass (Bond & Midgely 2003; Clarke et al. 2013). Current literature further suggests that the rate of development differs among and between fire survival strategies (Bond & Midgley 2001; Pierce 1984; Wardell-Johnson 2000). Longer-lived resprouters generally have a slower rate of development compared with reseeders (Bond & Midgley 2001; Wardell-Johnson 2000). Consequently, phenological differences between reseeding and resprouting populations, whether wild or cultivated, have implications for production schedules and sustainable harvesting protocols, with certain faster growing reseeding species (e.g. C. maculata and C. subternata) harvested more regularly than slower growing resprouter counterparts (e.g. C. genistoides and C. intermedia). Wild harvesting occurs on an ad hoc basis, with some populations and some species more highly exploited than others (McGregor 2017b). Wild stands of C. maculata included in this study were only occasionally harvested, while the cultivated stands of C. genistoides were harvested annually or on a two to three year rotation. Although Cyclopia morphology has been studied both in the wild (Schutte 1997) and in cultivated stands (Spriggs & Dakora 2009), only general observations are available of the phenology of some species. However, the historical practice of harvesting this species with its characteristically flavourful flowers sets the preferred harvest season at spring, between September and November, when flowers are present. Depending on the species, plants may grow between 0.5 to more than 2.5 m tall; harvest offtake is anything between 70% and 90% (McGregor 2017b). McGregor (2017b), for instance, reported that C. intermedia in the Bo-Kouga was harvested to 12–15 cm aboveground from an estimated height of 115 cm. Honeybush is still considered a fairly new crop with significant room for agronomic improvement and successful cultivation. Fundamental knowledge of the phenology and ecology of the genus is one of the knowledge gaps (Motsa et al. 2016), and one this research seeks to address.

In general, plant phenology and insect development are closely linked to biotic factors and are often well synchronised (Ascerno 1991; Forrest & James 2011). Therefore, understanding plant phenology can inform prediction of insect development or migration within or between host plants (Ascerno 1991; Baumgartner Brandmayr & Manly 1998), an important factor in managing agricultural pests. Investigating relationships between plant and insect phenology also helps to understand the complexity of ecological resource networks in agricultural production systems. Understanding these connections is especially important for indigenous crops, such as rooibos and honeybush, as it can inform plantation management by highlighting periods when plants would be most vulnerable to insect attack. These insights would aid decision-making for integrated pest management (IPM) activities.

Apart from implications for IPM, understanding the life histories of honeybush reseeders and resprouters is essential for making informed decisions regarding harvesting regimes and conservation actions pertaining to the genera, their habitats and associated biodiversity. Accurately capturing and analysing the phenology and life history of a species or vegetation type is not a simple task given the complex interaction between external abiotic and intrinsic biotic factors. This study aimed to investigate and determine the phenology of two commercially relevant Cyclopia spp., namely C. maculata and C. genistoides, in relation to insect diversity and abundance across phenological stages. Results of this study should serve as a guideline for future, more detailed, phenology studies, and form a baseline from which management decisions can be made regarding wild and commercial harvesting practices and conservation of the species. The detailed outline of phenological differences and similarities between the two Cyclopia species provides insight into the variability and diversity of the plants and their associated insect assemblages. Findings also highlight the potential arthropod-mediated ecosystem services (e.g. natural biological control agents) and disservices (e.g. potential insect pests) available to farmers engaged in honeybush production.

Materials and methods

Study design and setting

Three study areas were selected in the Overberg region near the towns of Genadendal, Bredasdorp and Pearly Beach, where Cyclopia spp. grow either wild or under cultivation (Figure 1, Table 1). Study sites included either C. maculata (reseeder) or C. genistoides (resprouters), allowing for a life history comparison between the two, and more specifically a comparison of the phenology and related seasonal variation of the insect assemblages associated with each of these honeybush species. The stand of wild C. maculata at Genadendal was less than 5 years old at the time of data collection, while the plantation of C. genistoides at Bredasdorp and Pearly Beach was between 8 and 12 years old. At each of the three study sites, four locations were selected for phenological observations and arthropod monitoring. The positions of sampling sites for the wild stands were determined by the distribution of Cyclopia populations across the study area. In the cultivated fields, sampling sites were placed at least 10 m – 15 m from the edge of the plantation along the length of the field, adjacent to Fynbos vegetation. Sampling sites for the wild honeybush varied in size and proximity of individual plants, whereas the sites of cultivated stands were evenly spaced within the cultivated fields. Site placement at wild honeybush stands was restricted by changes in land use or the presence of dense stands of invasive alien trees, such as Port Jackson (Acacia saligna [Labill.] Wendl; pine [Pinus pinaster {Aiton}] and black wattle [Acacia mearnsii {De Wild}]).
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Recording honeybush phenology

Field trials and observations took place on a monthly basis over a 12-month period to determine the seasonal variation of the insect assemblages and to track the phenological changes of C. maculata and C. genistoides. Experimental sites were demarcated during February and March 2014, with monitoring taking place between April 2014 and April 2015. Weather data (daily average temperature and average weekly rainfall) were sourced from the Agricultural Research Council (AgroClimatology Staff 2015) and averaged out to obtain bi-monthly records per study site for the monitoring period.

Qualitative observations of Cyclopia phenology were made throughout the course of the monitoring period, with more detailed descriptions of the two species’ phenology being conducted every second month of the 12 month period (mid-winter, July 2014 to autumn, April 2015). This was performed to determine the breaking of bud dormancy and the initiation of the reproductive and fruiting phases (Pierce 1984). For each of these detailed observations, 10 bushes were randomly selected within the demarcated sites. Distinct life history phases were recorded and average percentage new growth estimated from the top 10 cm of five branches per bush. Only the unharvested honeybush stands near Genadendal (four sites) and Bredasdorp (three sites) were used to compare plant phenology between C. maculata and C. genistoides. In total, the phenology of 240 C. maculata and 180 C. genistoides bushes was recorded over the course of the study. From these observations, a phenogram (phenology Gantt chart, Figure 2) was compiled, as well as a table detailing the transition between phenological phases (Table 1-A1). The percentages of plants within the population currently in the respective growth phases, at the time of observation, were also recorded (Pierce 1984).
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Arthropod collection and identification

Insects were collected by suction sampling methods, using a leaf blower (Stihl, Pietermaritzburg, KwaZulu-Natal, South Africa, BG 55 model) with a reversed engine (d-vac sampling). Ten bushes were randomly selected at each site, and ten suctions were conducted per bush during each sampling period. Specimens were placed in labelled re-sealable bags and stored in a cooler box subsequent to freezer storage before further processing.

In the laboratory, specimens were identified to family level, and then into functional feeding guilds including zoophagous predators and parasitoids (Gess & Gess 2014; Goulet & Huber 1993; Prinsloo 1980, 1984; Stevens et al. 2007); phytophagous sap feeders, external (foliage) feeders, internal (stem, root and seed) feeders and other (nectar and pollen feeders) (Hatting 2009, 2015; Scholtz & Holm 1985); omnivorous (diverse feeders of insects and plant material) (Scholtz & Holm 1985); and fungivores, detritivores and scavengers (Scholtz & Holm 1985) were grouped into an ‘other’ category (these were not included in analyses as these guilds do not directly impact on biomass production). Lepidoptera and Coleoptera larvae were classified as either being defoliators, internal or diverse feeders, depending on the specific taxon’s feeding characteristics. Insects were collected from both mature and recently harvested stands of Cyclopia with the goal to identify periods of pest risk along the phenological timeline of mature and recently harvested plants.

Insect specimens were stored in 99% ethanol. A reference collection of relevant specimens is housed at the entomological museum in the Department of Conservation Ecology and Entomology at Stellenbosch University and the ARC-Plant Protection Research Institute, South Africa.

Data analysis

Accumulation curves were drawn to determine sampling effort and to assess family richness, using Estimate STM v.8.2.0 software (Colwell 2013). Accumulation curves were drawn to family level with multiple sample-based rarefaction without replacement. Samples were then randomised 24 times to double the sampling effort (Colwell 2013). Abundance (number of individuals), richness (number of families) and diversity indices were calculated to family level for the insect assemblage per study area. Calculated estimate richness (d) (i.e. estimate number of insect families), evenness (i.e. relative abundance of insect families, using Simpson-inverse [1/D]) and diversity (Shannon–Weiner [H′], which accounts for both abundance and evenness) indices were used with the standard family abundance and richness counts to assess community complexity (DeClerck & Salinas 2011).

Count data were generally not normally distributed and are therefore associated with a Poisson distribution. Plots of the raw residuals, however, showed normality for several of the data sets. Repeated measures analysis of variance (ANOVA) was used with restricted maximal likelihood (REML) to test for significant differences in the abundance and richness of functional feeding guilds over the three study areas and over the study period. The sample plots (e.g. four plots per study area) were nested as random effects within the study areas. Where raw residual plots indicated non-normal distribution, a square-root transformation was performed or bootstrap multiple comparisons were performed on the original results comparing the means if the transformation did not adequately correct for non-normal distributions. Sampling periods with missing data (because of harvest events) were omitted from the analysis. Post-hoc least squares distance (LSD) comparisons or bootstrap multiple comparisons were conducted on the original scores. The same statistical analyses were performed on the estimated richness, evenness and diversity indices. Analysis of variance analyses were performed in Statistica version 12 (Statsoft Inc. 2012).

Ethical considerations

No ethical clearance for interaction with people was sought for this project. Although we were guided by interactions with farmers, no data were collected from interviews or surveys, or other such research instruments.

Results

Cyclopia spp. phenology

Results indicated a high level of congruency in phenology between wild C. maculata (reseeder) and cultivated C. genistoides (resprouter) (Figure 2). Similarity was evident in the timing of the phenological cycles of the two honeybush species, with only some variation in the duration of life history phases or the specific week in which transition between life history phases occurred, as in the example of transition from flower senescence to fruit set (Figure 2).

Cyclopia maculata initiated floral budding (Figure 3a-b) much earlier (late autumn) than C. genistoides (early winter) (Figure 2). Floral bud development for C. maculata was, however, delayed by several weeks with bud development only evident in June (Figure 2). Floral buds matured towards the end of winter. Cyclopia genistoides was observed to have a more rapid floral bud development, with floral buds first appearing in June and then maturing to pre-anthesis by early September (Figure 2). The delay in bud development in C. maculata prolonged this life phase, doubling the time period in comparison to C. genistoides.
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Both C. maculata and C. genistoides started their flowering period in September with a mosaic of bushes ranging from early bloom to late floral budding (Figure 2). Cyclopia genistoides was the first to start flowering (first week in September) and transitioned into peak bloom (Figure 3c-d) over a shorter period of time than C. maculata. Despite the time lag for bud development in C. maculata, the peak flowering period for both species was within the first two weeks of October (Figure 2). Both honeybush species had 70% – 90% of the population in full bloom by the second week of October (Figure 2 and Table 1-A1). Floral senescence and seed set commenced approximately at the same time for both species forming swollen pods of ± 3 cm long from late October to November (Figure 3e-f). Cyclopia maculata commenced fruiting slightly earlier than C. genistoides as 20% – 30% more of this population was already fruiting (seed set) by the second week of October (Table 1-A1). For both honeybush species, some seed pods were already ripe by mid-November (Figure 2 and Figure 3g-h). Ripening seed pods turned dark brown as the pods dried out. Once seed pods had ripened, they split open with a slight popping sound to release the mature seeds within. This action of bursting seed pods aids in seed dispersal. The majority of ripened seed pods had already split open by early or mid-December (Figure 3i).

Excessive leaf shedding was evident for both species (Figure 2, Figure 3j-k and Table 1-A1), with several bushes becoming completely defoliated before new leaf growth commenced with the summer flush (Figure 3l-m), forming a new canopy in the following growing season. The main growth period for Cyclopia spp. was during the summer month’s post-seed release. New leaf growth was initiated during late July for C. maculata, followed by C. genistoides four to six weeks later (Figure 2). Newly formed leaves dominated the canopy volume of C. maculata soon after floral senescence (November to December). In contrast, C. genistoides retained its old leaf canopy for a longer period and only started to show signs of leaf shedding by November (Figure 2). The transition for C. maculata from a canopy dominated by old mature leaves to one dominated by new leaf flush overlapped in some cases and was less common in occurrence for C. genistoides. Only by mid-summer (January), did C. genistoides have a restored leaf canopy of new growth.

Leaf bud dormancy was broken late in winter for C. maculata and in mid-spring for C. genistoides (Figure 2 and Table 1-A1). Both of these events corresponded to temperature increases or fluctuations during the seasonal transition from winter to spring (Figure 4a and b). New leaf growth was also linked to average rainfall. For both C. maculata and C. genistoides, a distinct decrease was seen in the average percentage new leaf growth per branch by late summer (February) after the summer growth flush. This was followed by a doubling of the amount of new leaf biomass by April 2015 with the onset of an autumn growth flush (Figure 4a and b).
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Arthropods associated with Cyclopia spp. and their seasonality

Sampling effort

During the course of this study, 21 538 specimens from 130 families were collected by d-vac sampling. Focal group orders included in the analyses were selected because of their relevance to honeybush biomass production as either potential pests or natural predators (i.e. potential biological control agents). These included Coleoptera (beetles), Hemiptera (leafhoppers and aphids), Thysanoptera (thrips), Lepidoptera (moths and butterflies) and Hymenoptera (predatory and parasitoid wasps, and ants). Accumulation curves per study area indicated that sampling effort for the mature stand of C. maculata and the recently harvested C. genistoides were more representative of arthropod family richness than the mature stand of C. genistoides (figure not shown). The curve of the mature stand of C. genistoides was less asymptotic by 12 sampling periods than the other two study areas and had the highest overall estimated family richness from eight sampling rounds.

Arthropod abundance and insect family diversity

Abundance, evenness and diversity indices, for the mature stands of C. maculata and C. genistoides, showed high similarity in the recorded insect assemblages (Table 2). The new growth at the recently harvested C. genistoides study site had significantly higher calculated indices, namely estimated insect family richness, family evenness and diversity (Table 2).
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Seasonality of arthropod assemblages

High seasonal variability for both C. maculata and C. genistoides was found within and between monthly sampling for family richness (S), abundance (N) and evenness (1/D) of the arthropod assemblage. Overall family richness (S) (F(8,72) = 2.262, p < 0.05) of insects across the study areas was significantly different across the sampling periods. While family abundance (N) (F(8,72) = 1.097, p > 0.05) was not significantly different across the three study sites. Estimated family richness showed a similar pattern at the two mature Cyclopia stands, and generally had lower estimated family richness than that of the recently harvested C. genistoides stand (Figure 5a). However, overall, the three study areas were not significantly different in estimated family richness (F(16,72) = 1.243, p > 0.05).
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Zoophagous arthropod abundance (F(16,72) = 1.590, p > 0.05) and family richness (F(16,72) = 1.316, p > 0.05) were not significantly different between the three honeybush stands. Overall, phytophagous family richness was significantly higher for the recently harvested C. genistoides (F(2,9) = 9.807, p < 0.05) study area in comparison to the mature stands of C. maculata and C. genistoides, respectively (Figure 5b). Phytophagous arthropod abundance peaked during the flowering period for the mature stands of Cyclopia, but overall, the three study areas were not significantly different (F(16,72) = 1.423, p > 0.05) from each other when comparing the combined means per month across the three study areas. Abundance and family richness of omnivorous arthropods were similar for all three study areas (F(16,72) = 1.033, p > 0.05 and F(16,72) = 0.560, p > 0.05).

Estimated family richness sampled from April 2014 to January 2015 was not significantly different among the three study areas (F(16,71) = 1.192, p > 0.05). In October 2014, the family richness at the mature stand of C. genistoides was significantly lower (p < 0.05) than the recently harvested C. genistoides stand (Figure 5a). Likewise, family richness at the mature stand of C. genistoides was also lower than the other two honeybush stands, albeit not significantly so.

Phytophagous insect families that were especially abundant during the sampling period from April 2014 to April 2015 included several species of sap feeders (Hemiptera: Aphididae, Cicadellidae*; Thysanoptera: Thripidae); external foliage and seed feeders (Coleoptera: Buprestidae*, Bruchidae, Chrysomelidae, Curculionidae*; Lepidoptera: Ctenuchidae, Geometridae*, Lasiocampidae*, Noctuidae*, Pyralidae* and Tortricidae); internal feeders (Coleoptera: Apionidae, Tenebrionidae*); as well as diverse feeders (Coleoptera: Elateridae and Hymenoptera: Formicidae). Those marked with an asterisk (*) are known pests on rooibos (Hatting 2009). Abundant zoophagous insects (i.e. predators) included Coccinellidae, Anthicidae, Carabidae and a diversity of spiders and predatory mites (the latter two groups did not form part of the statistical analysis as they were only identified to order level). A diversity of Hymenoptera was also part of the zoophagous arthropod assemblage including both predator and parasitoid families, the latter being much more abundant and diverse. The most abundant predator wasp families included Pompillidae and Sphecidae, while parasitoids families commonly encountered included Platygastridae, Encyrtidae, Bethylidae, Ichneumonidae, Mymaridae and Eulophidae.

Discussion

The high degree of similarity between the phenologies of C. maculata and C. genistoides, despite their distinct life history traits, suggests some level of internal or endogenous cue for phenology transition. The potential of inherent cues in flowering events in Fynbos species was first recorded in the 1980s when transplanted Protea species maintained their natural flowering period despite being removed from their accustomed climatic conditions (Vogts 1982 in Pierce 1984). Similarity in the two Cyclopia species phenologies showed synchrony with prevailing weather conditions observed at both study areas, where rainfall and temperature showed similar trends. Further in-depth phenology studies are needed to determine the causal relationships between phenological phases, internal cues and climatic conditions for the Cyclopia genus. It would be especially insightful if co-occurring Cyclopia spp. of the same known age could be compared over time.

Moderate differences in the timing of phenological events for the two honeybush species could be ascribed to their distinctly different fire-survival strategies. The reseeder C. maculata was observed to be relatively short-lived in comparison to the resprouter, C. genistoides, with a portion of the much younger C. maculata population dying off towards the end of the field trials. This particular C. maculata stand was less than five years old in comparison with the older 12+ year old C. genistoides plantations. Similar observations have been made between cultivated reseeding rooibos and wild resprouter ecotypes in the Suid Bokkeveld (Louw 2006) and at Wupperthal between wild rooibos reseeders and resprouters (Malgas et al. 2010). As accounted for with succession theory, these reseeders are pioneer species, and are among the first to appear after fire (Kruger 1984; Power et al. 2011). By implication, they are short-lived, prolific growers, with high biomass output that may be harvested more frequently than slower growing resprouters. Harvesting after seedset would secure a seedbank in both reseeders and resprouters, but would be especially important for resprouters, because they produce fewer seeds. Species harvested with flowers (e.g. C. maculata) reduce the contribution of those plants to the seed bank, regardless of the life history strategy. Differences in plant longevity and development phases are also evident among other plant families in the Fynbos with distinct fire-survival strategies (Allen 2008), for example Ericaceae (Verdaguer & Ojeda 2002) and Bruniaceae (Mustart 2000). The investment in the underground storage organ accounts for the slower growth rate reported for resprouters (Bond & Midgely 2001), and the investment in reproduction is then seen in the earlier onset and a higher rate of development for C. maculata.

Overlap in the various phenophases of both Cyclopia species can be ascribed to general synchronicity within the plant community. Resource limitations, such as low nutrient soils, have been coupled to several Fynbos species having synchronised or overlapping growth and flowering stages (Pierce 1984). Adaptation to nutrient-poor soils, allowing for synchronised phenophases, however, does not necessarily suggest a resource limitation hindrance (Pierce 1984), but rather an adaptation of the genus to optimally utilise the limited resources available (Pilar & Gabriel 1998). Habitat preferences of C. maculata (Table 1) suggest that it is well adapted to wetter conditions and seasonally waterlogged soils. Water resources are thus more readily available and explain the overlap of several high-energy demanding phenophases (Pilar & Gabriel 1998). Cyclopia genistoides has more compact reproductive stages, suggesting adaptation to drier habitat conditions (Aronson et al. 1992). The distribution of reseeders and resprouters in mesic and arid areas, respectively, has been demonstrated for A. linearis (Hawkins et al. 2011), and for other Fynbos genera such as Ericacea (Ojeda et al. 1998) and Otholobium and Psoralea (Power et al. 2011). Synchrony and overlap of growth and flowering has also been recorded for several of the Protea and Leucadendron species, for example Protea neriifolia and Leucadendron cuneiform, among others (Le Maitre, pers. comm 1982 as referenced by Pierce 1984).

In the only other study on honeybush phenology, Motsa et al. (2016) reported that C. genistoides and C. subternata also generally had similar durations of reproductive phenophases, but in the onset of flowering, C. genistoides was delayed by up to three weeks, compared to that of the reseeder, C. subternata. The overlap in flowering period for C. maculata and C. genistoides in this study raises the question whether these two species could potentially hybridise within mixed cultivated stands (Mallet 2008; Rieseberg 1997; Rieseberg & Carney 1998). The cladistic analysis by Schutte (1997), based on morphology, suggested that C. maculata and C. genistoides are distant relatives, but more recent phylogenetic analysis revealed that most Cyclopia species are closely related (Boatwright et al. 2008). Several Cyclopia species, including C. maculata and C. genistoides, are currently being considered for cultivation (Joubert et al. 2011), which increases the potential risk of infield interspecific hybridisation (Mallet 2008). Although the genus is thought to have the same insect pollinators, presumably Carpenter bees: Anthophoridae, every pollen transfer does not necessarily translate to a successful pollination event. Indeed, populations of these two species naturally occur in close enough proximity for cross-pollination to have been possible (considering dispersal limitations of the pollinator), yet no known viable hybrids have been recorded in the wild. Earlier in vitro studies (e.g. Bester & De Lange 2010) with various Cyclopia species suggest that there is a strong selection against hybrid formation (less than 2%: De Lange & Von Mollendorf 2006). Nonetheless, should infield interspecific hybridisation take place (across wild and cultivated populations) substantial losses to genetic diversity may occur (Laikre et al. 2010; Seehausen et al. 2008). Implications for potential hybridisation of commercial honeybush species should be considered prior to cultivation beyond their natural range. Should hybridisation occur between wild and cultivated species, consequences would extend to jeopardising the persistence of wild populations used for local livelihood purposes. Some of these concerns and their ecological implications are explored by Potts (2016).

Patterns in new leaf growth suggest two main active leaf growth periods, namely a summer and autumn growth flush. These observations support the overall growth patterns noted in studies by Pierce (1984) during the Fynbos Biome Project. The unique climatic conditions in the Cape (Esler, Pierce & De Villiers 2014) are potentially the cause for this deviation from the general trend observed in similar vegetation types (Cody & Mooney 1978). Bond (1980) similarly found Protea species with a summer growth regimen to be more adapted to a summer rainfall or non-seasonal rainfall regions. The Overberg is one such region with non-seasonal rainfall (Esler et al. 2014) and current phenology observations suggest that C. maculata and C. genistoides (whether wild or cultivated) are similarly adapted to these biophysical conditions. Knowledge of growth flushes in these commercially important species offers important cues for land-use practices and harvest schedules for honeybush producers. Phenological triggers and seasonality also hold implications for how land users may respond to the pervasive effects of climate change in honeybush production systems.

As winter draws to an end and temperatures rise, both Cyclopia phenology and insect activity transitioned from a period of winter dormancy towards an active state of development. Increased insect activity corresponded with an increase in temperature (Danks 1994; Forrest & James 2011; Snodgrass et al. 2012; Son 1999) and available food resources (Snodgrass et al. 2012; Willmer & Stone 2004). As anticipated, aspects of Cyclopia phenology (e.g. active growth) were also found to be synchronised to temperature increases (Ascerno 1991; Atkinson & Porter 1996) and could thus serve as an indicator of insect emergence (Ascerno1991; Forrest & James 2011; Snodgrass et al. 2012). Insect infestation generally increases during susceptible crop growth stages (i.e. new leaf growth) and is accentuated by higher temperatures (Sivertsen et al. 1999). The summer and autumn growth flush phases are thus potential pest risk periods for Cyclopia. Fruiting (seed set), from October to November, is another pest risk period where seed pods can become heavily infested by various taxa, for example weevils and apionids.

Insect richness and evenness was lower during the flowering period and consisted predominately of Coleopterans (Chrysomelidae and Scarabaeidae). The decrease in family evenness was more pronounced for the mature stand of cultivated C. genistoides because of the much larger area covered by flowering shrubs. The other flowering stand of C. maculata revealed less fluctuation in family evenness as the wild stands cover a smaller area and are not as densely populated as the cultivated field of C. genistoides. The significantly higher family richness of phytophagous insects at the recently harvested C. genistoides study area suggests that new growth is targeted by herbivorous insects which could potentially negatively affect plant health (e.g. disease transmission) and decrease growth vigour (Collinge & Louda 1989; Sivertsen et al. 1999). Additional variability of weather conditions, such as temperature, could further increase risk of crop infestation during susceptible stages of new growth (Sivertsen et al. 1999). Several of the most abundant phytophagous insect families associated with Cyclopia could potentially become agricultural pests of cultivated honeybush considering the pest status that several of these families have within the rooibos industry (Annecke & Moran 1982; Hatting 2009, 2015; Rust & Myburgh 1989). These potential pests and the suite of potential natural biological control agents (e.g. from the diverse array of predatory and parasitoid insects families recorded) require further investigation for optimising on potential arthropod-mediated ecosystem services for IPM available for honeybush production.

Conclusion

When making decisions regarding when and how often to harvest Cyclopia species or how to manage crop production in the context of IPM, ecological factors such as fire-survival strategies and phenology of the host crop are important to consider. Cyclopia maculata as a non-resprouter is less likely to respond favourably to excessive harvesting or insect damage, or any other disturbance, while C. genistoides, as a resprouter, is adapted to regrow after disturbance that result in the loss of its foliage biomass. This adaptation makes C. genistoides more suited for regular harvesting, and likely more resistant to insect pest damage, bearing in mind that plants require sufficient time to replenish their rootstock reserves after harvest. Regular annual harvesting is thus potentially not ideal for maintaining longevity, optimising on biomass production and maintaining plant resilience against disease and insect pests. As with A. linearis resprouters, harvesting once every second or third year is more desirable. This is common practice among members of rooibos communities who do wild harvesting of rooibos (Louw 2006)

Early monitoring of insect populations within honeybush plantations is recommended, especially in view of the potential pests and the increase in phytophagous richness at the one cultivated stand of C. genistoides. The role of natural biological control agents of potential arthropod pests requires further investigation as these could be valuable as an ecosystem service of pest control within cultivated Cyclopia plantations.
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TABLE 2: Mean diversity and richness indices (with respective standard errors, + SE) of the insect assemblage associated with Cyclopia species as sampled by d-vac from
April 2014 to January 2015 in the Overberg region, South Africa.

Index . maculata (M) C. genistoides (M) C. genistoides (NG) Foy sig
Mean abundance () 111.97 £ 19.43° 90.81+19.43* 69.31+19.31° 1.206 NS
Family richness (s) 18.67 243 19.47 £2.43 24.78+2.43 1872 NS
Estimated richness (d) 243:021° 2.82+0.21° 3784021 11.013 =
Evenness (1/D) 0.70+0.03* 0.71+0.03* 0.83+0.03 8732 o
Diversity () 1.60 +0.08° 173+ 2.28+0.08° 18.588 e

Note: Indices reported include mean abundance (N), family richness (S), estimated family richness (d), inverse of Simpson index as a measure of evenness (1/D) and the Shannon-Weiner diversity
index (H'). Two study areas had mature (M) bushes of Cyclopia maculata (sites near Genadendal) and Cyclopia genistoides (sites near Bredasdorp), respectively, while the third study area (near
Pearly Beach) consisted of recently harvested Cyclopia genistoides that was in its new growth (NG) phenological phase. Significant differences between study areas per index are indicated by the
different alphabetical letters®and® along with the F-statistic and degrees of freedom (restricted maximal likelihood, least squares distance post hoc, confirmed with bootstrapping where necessary).
* 1< 0.05; ** p<0.01; *** p<0.001; NS, not significant.
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TABLE 1: Study area descriptions of three sites where either wild or cultivated Cyclopia species grow, field sites in the Overberg, South Africa.

Study area  Cyclopia spp. Study area Harvest regimeand  Size of Natural vegetation Nearest town +GPS
(common name) description management practice  population (conservation status) cocoordinates

A . maculata Natural wild populations Wild population that ~ +0.2-0.5ha  Central Ruens Shale Genadendaland  34°05' S 19°41’ E
(Vlei’ tea) with low disturbance. Sites s occasional (FRs12) (Critically surroundings

are located on low lying
land in viei or marsh-type
areas.

B C. genistoides Semi-natural cultivated
(‘Kus tee’/coastal tea)  plantation with a moderate
level of disturbance.

c C. genistoides More traditional cultivation
(‘Kus tee’/coastal tea)  practice with a high level of
disturbance.

harvested on an ad
hoc basis.

Harvesteventsona  +45ha
2/3 year rotation.

Ground cover

occasionally

managed by a

chemical ‘burn’.

Annual harvest +25ha
(January/February).

Regular clearing of

ground cover

vegetation.

Endangered). Several
sites heavily invaded
with Port Jackson.

Overberg Sandstone
Fynbos (FFs12) (Least
Threatened)

Natural vegetation,
Agulhas Sand Fynbos
(FFd7) (Vulnerable)

Bredasdorp

Pearly Beach

34°33'S19°53'E

34°41'S19°35'E

Global positioning system (GPS) locations are given at coarse resolution for protection of the communal or private resources.
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FIGURE 5: (a) Estimated family richness and (b) phytophagous family richness of
the arthropod assemblage associated with mature (M) and new growth (NG)
stands of Cyclopia spp. by d-vac sampling from April 2014 to January 2015, field
sites in the Overberg, South Africa. Different alphabetical letters indicate
significant differences within and across months (restricted maximal likelihood,
least squares distance post hoc). To simplify graph interpretation, 95%
confidence intervals have been omitted. The dashed lines indicate the initial leaf
budding for Cyclopia maculata (July/August) and Cyclopia genistoides (October),
respectively. Fruiting is initiated in October for both species after the flowering
period (yellow band) in September to October.
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from April 2014 to April 2015. istory phases (left hand column) colour codes across the two species.
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FIGURE 1: Study areas for investigating Cyclopia spp. phenology and their associated arthropod community were located within the Overberg district of the Western Cape,
South Africa, in the vicinity of Genadendal (A), Bredasdorp (B) and Pearly Beach (C).
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FIGURE 4: Average percentage new leaf growth (green bars on the primary
y-axis) for (a) Cyclopia maculata and (b) Cyclopia genistoides with mean
maximum temperature (°C) (diamond marked line as second entry on the
primary y-axis) and mean rainfall (mm) for the study areas (on the secondary
y-axis). Mean maximum temperature (T, ) and rainfall are given on a bi-
monthly basis. Phenological observations were made every two months from
late July 2014 to April 2015 on sites in the Overberg, South Africa.
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FIGURE 3: Phenology of Cyclopia maculata (2-3 m diameter x 1.5-3.0 m height) and C. genistoides (1.0-1.5 m diameter x + 1 m height) (consistently to the left- and rigl

side, respectively): The reproductive phases of (a)-(b) floral budding (June—August), (c)-(d) peak bloom (October), (e)-(f) fruiting and (g)-(h) pod ripening (November), (i) seed
release (picture of Cyclopia maculata) and growth phases of (j)-(k) leaf shedding and new growth starting with a (I)-(m) summer flush. Observations were made from April
2014 to April 2015 at field sites in the Overberg, South Africa.
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TABLE 1-A1: Phenology of two honeybush species (wild Cyclopia maculata [n = 240] and cultivated Cyclopia genistoides [n = 180]), representing reseeder and resprouter
fire-survival strategies, respectively.

Species Phenology phase Jul/Aug % range oct % range Dec % range Feb % range Apr % range
Avg. % (£ SD) Avg. % (£ SD) Avg. % (£ SD) Avg. % (£ SD) Avg. % (£ SD)

C. maculata  New leaves 418 10-30 4232 10-30 46119 60-80 33:11  80-90 6447 70-90
Mature leaves 9935 90-100 87+3 90-100 6313 80-90 5942 80-90 16433 0-30
Leaf shedding - - 8+13 0-20 67+58 0-10 64148  80-90 67+50 60-80
Early budding 38+15 90-100 - - - - - - 24131 20-30
Mature budding 63£16 90-100 24135 20-50 - - - - - -
Late budding - - 67 10-20 - - - - - -
Initial flowering - - 315 0-20 - - - - - -
Peak flowering - - 33:24 70-90 5+10 0-20 - - - -
Flower senescence - - 4341 60-80 99+2 90-100 - - - -
Seed set - - 26422 50-70 - - - -
Popped seed - - - - 100% 100% - - - -
Dying or dead - - - - - 0-10 - 0-20 - 0-30

C. genistoides New leaves - - 20£35 0-10 4314 80-100 18+5  90-100 43142 80-90
Mature leaves 1000 90-100 9735 90-100 61+7 90-100 842 90-100 10£17 0-10
Leaf shedding - - - - 29:6 90-100 25£22  90-100 23+40 20-30
Early budding 9247 90-100 1248 0-10 - - - - - -
Mature budding - - 40+ 49 10-30 - - - - - -
Late budding - - 2:3 0-10 - - - - - -
Initial flowering - - 12413 0-10 - - - - - -
Peak flowering - - 63+16 70-90 11+13 20-40 - - - -
Flower senescence - - 32:17 70-90 9%+5 90-100 - - - -
Seed set - - 32:28 30-40 - - - - - -
Popped seed - - - - 100% 100% - - - -
Dying or dead - - - - - 0 - - - -

Note: Field sites were in the Overberg, South Africa. Data indicate the average percentage of a bush (Avg. %) within the monitored population that was categorised to be within the respective
ohenology phase along with the standard deviation (SD) of the observations and the percentage range (% range) of the overall population within the specifi






