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Exotic crop production negatively affects native biodiversity and alters ecosystem functions and services. 
Cultivation of indigenous crops can mediate some biodiversity impacts, as these are often less intensively 
managed than exotic crops and they provide familiar niches for native organisms. Protea (Proteaceae), a 
floricultural crop with high economic value and ecological significance, is harvested within both natural 
and cultivated systems in South Africa. A multitude of organisms are intimately involved in Protea ecology, 
but many are also pests and pose significant phytosanitary risks. Here we evaluated the impact of Protea 
cultivation on the diversity of mites associated with inflorescences, infructescences, and the rhizosphere in the 
Greater Cape Floristic Region biodiversity hotspot of South Africa. Natural sites harboured higher mite diversity 
than cultivated sites, although this was only significant for those mites associated with the rhizosphere or 
when Protea crops were intensively managed. Mite community assemblage composition differed between 
different management types, localities, and niches. Management actions had little effect on mite assemblage 
composition in inflorescences and infructescences, likely due to continuous long-distance colonisation from 
natural areas via pollinators. In contrast, mite assemblages associated with the rhizosphere were highly 
impacted in all cultivated sites. These results indicate that indigenous crops can sustain substantial above-
ground native mite biodiversity, but ecologically important soil assemblages may be severely impacted. 
Current field-based management strategies are not effective in controlling mite assemblages within Protea 
inflorescences, posing significant phytosanitary risks.

INTRODUCTION

Human population growth continuously places pressure on the natural environment by conversion 
of natural areas for urbanisation, mining and agriculture (Hooke et al. 2012). About 47% of the 
earth’s land surface area has already been modified, which has substantial negative impacts on 
biodiversity and ecosystem functions worldwide (Hooke et al. 2012). Most agricultural crops are 
exotic and are planted as monocultures. Therefore, in addition to replacing natural flora, it leaves 
very few habitat alternatives for native fauna. Combined with the overuse of pesticides, this leads 
to substantial biodiversity reduction within nearly all agricultural landscapes, and subsequent 
reductions in important ecological services (Kremen et al. 2002; Tscharntke et al. 2005).

Negative effects of agricultural intensification (Swinton et al. 2007; Zhang et al. 2007; Power 
2010) have been documented for nearly all taxa (e.g., birds and mammals: Andrén 1994; insects: 
Perfecto et al. 1997; arthropods: Witt and Samways 2004; mites: Bedano et al. 2006). Numerous 
studies have documented the impact of agricultural practices specifically on mites (e.g., Cortet et 
al. 2002 – pesticides in a maize field in France; Michereff-Filho 2004 – pesticides in cornfields in 
Brazil; Bedano et al. 2006 – conversion of agroecosystems to pastures in Argentina; Vanolli et al. 
2024 – land use change in sugarcane in Brazil). Ecological studies on mites in agriculture in South 
Africa are scarce or only alluded to within taxonomic articles (Smith Meyer and Craemer 1999; 
Halliday 2005) and are mostly limited to unpublished student works (Chikomo 2023). 

More sustainable farming practices that promote normal ecosystem processes can assist in 
biodiversity conservation and the conservation of many ecosystem services (Swinton et al. 2007; 
Zhang et al. 2007; Power 2010). Also, planting native crops in native ranges may decrease the need 
for intensive management as native pests are more easily controlled by abundant native predators 
and parasitoids (Tomich et al. 2011; Wezel et al. 2014; Sasa and Samways 2015). These native crops 
provide at least some familiar niches for native biota leading to increased biodiversity value (Gurr 
et al. 2003; Joubert et al. 2009). For example, both wild and cultivated Cyclopia species (Cyclopia 
maculata and Cyclopia genistoides) maintain high numbers of diverse arthropod communities in 
the Overberg region of the Western Cape Province, South Africa (Slabbert et al. 2019).

Protea L. (Proteaceae) plants are extensively planted globally for the floricultural industry. Most 
species and production emanate from the Greater Cape Floristic Region biodiversity hotspot in 
South Africa (Gerber and Hoffman 2014), where flowers (inflorescences) and fruit (infructescences) 
are commercially harvested in both cultivated and natural populations (Coetzee et al. 2007). This 
forms part of a very lucrative fynbos cut-flower market in South Africa that is currently valued 
at almost R1 billion, and provides employment for nearly 2 500 people (DTIC 2023). However, 
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these flowers often contain pests (Myburgh et al. 1973; Myburgh 
and Rust 1975; Coetzee and Giliomee 1985, 1987; Wright 2003; 
Wright and Saunderson 1995) that pose phytosanitary risks 
(Hansen and Hara 1994; Reinten and Coetzee 2002; Reinten et 
al. 2011). Due to their small size and abundance within Protea 
spp., mites (Acari) represent a substantial component of this 
phytosanitary risk (Myburgh et al. 1973). However, many mite 
species are saprophytes, detritivores, and microbivores that are 
essential for natural soil processes (Behan-Pelletier and Walter 
2000; Krantz and Walter 2009) or predators that are important 
for controlling pests (McMurtry et al. 2013). 

In addition to the high economic value, Protea is also of 
considerable ecological importance as numerous organisms 
utilise these plants for shelter, food and movement across the 
landscape, for example, fungi (Roets et al. 2006, 2012, 2013, 
Ngubane et al. 2018), insects (Coetzee and Giliomee 1987; Roets 
et al. 2011; Wright and Samways 2000), and spiders (Coetzee et 
al. 1990; Zachariades and Midgley 1999). The recent discovery 
of the complex Protea-fungal-mite-bird symbioses (Theron-De 
Bruin et al. 2018) and the impact of mites on Protea pollination 
(Theron-De Bruin et al. 2024) highlight the importance of 
investigating the diversity and ecology of mites within the 
Protea system. 

As a dominant taxon, Protea plays a vital role in maintaining 
biodiversity in natural systems. However, it is unclear how this 
role changes under cultivation. An estimated 75% of Protea 
producers use chemical fertilisers and 79% use pesticides 
(Conradie and Knoesen 2010). Despite this, cultivated Proteaceae 
may provide habitats for indigenous arthropods and add to the 
biodiversity value of these production landscapes (Sasa and 
Samways 2015). The vast number of environments occupied, 
the large number of different feeding guilds, and their niche 
specificity and sensitivity, make mites an ideal bioindicator 
for assessing environmental change (Gulvik 2007). In the 
present study, we evaluated the impact of agricultural practices 
on mite assemblages from P. repens (L.) L. that may pose 
phytosanitary problems in inflorescences and infructescences, 
and also ecologically important assemblages associated with 
the rhizosphere. We hypothesised that cultivated plants 
would provide habitat for numerous mite taxa, but that both 
commercially detrimental (associated with inflorescences and 
infructescences) and beneficial (associated with rhizosphere) 
mite biodiversity components would be reduced in commercially 
grown P. repens populations. 

Methods

Study area and design

We identified three study localities in the Western Cape Province 
of South Africa where natural and cultivated populations of 
P. repens (Figure 1a) occur in close proximity (Figure 2). At 
each locality, a natural site within a protected area (Figure 1b) 
[Piketberg, Tamarak farm (32°48’16.3” S 18°38’11.0”  E), 
Kleinmond, Heuningklip farm (34°19’44.9” S 19°04’10.4” E) 
and Gansbay, Flower valley farm (34°33’11.2” S 19°28’01.9” E)] 
and a nearby site where P. repens was cultivated [(Piketberg, 
Boesmanzight farm (Figure 1c) (32°47’31.1” S 18°40’18.3”  E), 
Kleinmond, Honingklip farm (Figure 1d) (34°17’27.5” S 
19°08’03.5” E) and Gansbay, Ben Lomond farm (Figure 1e) 
(34°32’44.9” S 19°30’44.4” E)] were selected no further than 
6 km apart (Table 1). At each site, 20 inflorescences (Figure 1f) 
at the mid-flowering stage (30–50% of individual flowers within 
inflorescences open), 20 infructescences (Figure 1g) (6–12 
months old), and 10 soil samples from the rhizosphere were 
collected during August to November 2013. Initially, we also 
collected 50 mature leaves per plant (n = 10 plants per site) for 

assessing foliar mite communities, but mites were largely absent 
from leaves so leaves were therefore excluded from further study.

Inflorescences and infructescences were collected from 
randomly chosen plants (1 structure per plant, plants ~10 m 
apart) in each population. Soil samples (250 ml, taken from 
the O horizon – excluding the Oi layer (leaf litter) (Sayer 2006)) 
(Figure 1h) were collected from the rhizosphere of 10 randomly 
chosen mature individual plants (10 years and older). Soil and 
plant structures were individually placed in brown paper bags 
and stored at 4 ºC until further processing within a week after 
collection.

The collection of mites from inflorescences and infructescences 
followed methods described in Theron et al. (2012). Briefly, 
secateurs were used to open the structures by cutting them in 
half, whereafter the arthropods were shaken out onto a Petri 
dish from where all mite individuals were collected with fine 
tweezers and stored in 70% ethanol until sorting. Soil-associated 
mites were extracted using Berlese funnels (Krantz and Walter 
2009) with ethylene glycol (AutoZone Chemicals, South Africa) 
as a preservative. After four days of extraction, 70% ethanol was 
added to the ethylene glycol (1:1 ratio) and samples were stored 
at 4 ºC until the individuals were sorted.

Mites were sorted according to the morphospecies concept 
(Mayr 1996, Oliver and Beattie 1993, Hackman et al. 2017) 
and counted, whereafter representatives of morphospecies 
were mounted in HPVA medium (Krantz and Walter 2009) on 
microscope slides and examined using a Zeiss Axioskop Research 
microscope. Mites were identified to the lowest taxonomic rank 
possible using appropriate guides (Krantz and Walter 2009) 
and with the help of expert mite taxonomists (D. Saccaggi). 
Reference material was deposited in the National Collection of 
Arachnida, ARC-Plant Protection Research Institute, Pretoria, 
South Africa, as well as in the Department of Conservation and 
Entomology Museum, Stellenbosch University, Stellenbosch, 
South Africa.

Statistical analyses

Mite communities were compared between the two biotopes 
(natural and cultivated), the three niche types (inflorescences, 
infructescences and soil), and the three sample localities 
(Piketberg, Kleinmond and Gansbay). Diversity measures 
evaluated included: 1) alpha-diversity (α), including comparisons 
of mite morphospecies richness and abundance; 2) beta-diversity 
1 (β1), as the changeover in mite community assemblage 
composition within a particular locality, biotope, or niche (i.e., 
a measure of beta diversity within a sample type), and; 3) beta-
diversity 2 (β2), as comparisons in mite community assemblage 
composition between different localities, biotopes or niches (i.e., 
a measure of beta-diversity between different sample types) 
(Pryke et al. 2013).

Species richness was estimated using ICE, Chao2 and 
Jackknife2 (Table 2) in EstimateS TM v.7.5.2 (Colwell 2005, 
USA) for mite assemblages from each niche within each locality 
and biotope using 9999 randomisations of samples. These non-
parametric and least biased species richness estimators provided 
the best overall estimates (Hortal et al. 2006). Generalized 
Linear Models (GLM) performed in Statistica 13 (StafSoft Inc, 
Tulsa, OK, USA) were used to test factor influence (locality, 
niche or biotope) on alpha-diversity (species richness and 
mite abundance). Data sets were tested for normality using 
Shapiro–Wilk tests and Levene’s Test for Homogeneity of 
Variances and then BoxCox transformed (Osborne 2010). For 
significant factors, a Games–Howell post hoc test was performed 
(calculated in R software (R Development Core Team 2013)). 
For β1, presence-absence data were used to calculate Jaccard 
similarity measures, which were used to evaluate the changeover 
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Figure 1: a) Protea repens mature plant with inflorescences and infructescences, b) P. repens in its natural environment, c) Cultivated P. repens biotope at 
Piketberg, d) Cultivated P. repens biotope at Kleinmond, e) Cultivated P. repens biotope at Gansbay, f) Close-up of mature P. repens inflorescence, g) Close-
up of P. repens infructescence, h) Soil surface above P. repens rhizosphere covered with litter.
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in mite assemblage structure within different localities, biotopes 
and niches (and the interactions between these factors) using 
permutational analyses of dispersion (PERMDISP) and 9999 
permutations in PRIMER 6 (PRIMER-E 2008) (Anderson 2006; 
Pryke et al. 2013). For β2, Bray–Curtis similarity measures using 
square root transformed abundance data (Anderson 2001) were 
calculated to compare mite community assemblage structure 
between factors and their interactions using permutational 
analysis of variance (PERMANOVA) with 9999 permutations in 
PRIMER 6 (PRIMER-E 2008). Significant differences within and 
between factors are reported when p ≤ 0.05. 

Results

Overall, 4 395 individuals from ~82 mite morphospecies (Mayr 
1996) were collected (Supplementary Table S1). Species estimates 
indicated that sampling was adequate to assess mite diversity 
in our samples (Table 2). All factors tested had a significant 
influence on mite species richness and abundance, except 
locality (Table 3). Mite richness and abundance were the highest 
in soils, then in infructescences, and the lowest in inflorescences 
(Table 3). However, all factors interacted significantly (Table 3, 
Figure 3). Piketberg had much lower mite species richness and 
abundance in the cultivated biotope versus the natural biotope 
(Figure 3). Mite species richness and abundance were higher 
within all niches from natural sites compared to niches in 
cultivated sites, but these differences were small in Kleinmond 
(Table 2, Figure  3). Mite numbers in the infructescences and 
inflorescences changed only marginally between the two 

biotopes at this locality (Figure 3). At the Gansbay locality, mite 
numbers were always lower in all niches when plants were in 
cultivation, but never significantly so (Figure 3).

PERMDISP analyses indicated that the magnitude of 
changeover in mite assemblage composition differed within 
different niches and biotopes, but not for localities when overall 
assemblages were considered (Table 3). When considering 
niche, β1 was similar for inflorescences and infructescences, 
but these were significantly higher than for soil assemblages 
(Table 3). Cultivated areas had significantly higher β1 than 
natural areas when considering overall assemblages (Table 3). 
However, all factors interacted significantly (Table 3, Figures 4 
and 5). When considering the interaction between niche and 
locality, Piketberg generally had higher β1 for infructescences 
and soil than the other localities, but inflorescences were similar 
(Figures 4a and 5). This was largely due to significantly higher 
β1 in the cultivated area at Kleinmond (Figure 4b) that had 
significant positive impacts on the mite assemblage turnover 
in inflorescences and soil (Figure 5). In general, however, mite 
assemblage turnover within inflorescences and infructescences 
increased due to cultivation (Figure 4c). When investigating 
the interaction of all three factors, we found a general trend for 
less change in β1 diversity in inflorescences and infructescences 
from cultivated and natural sites (except at Kleinmond), with 
soil communities particularly significantly affected at Piketberg 
and Kleinmond (Figure 5). 

PERMANOVA analyses indicated that mite assemblage 
composition was significantly different between nearly all 
factors tested (Table 3, Supplementary Table S2). The main 

Figure 2: Location of study sites in the Western Cape province of South Africa in protected areas (red) and where Protea repens is cultivated (yellow). 
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mite taxa that contributed to this result were the oribatid mite 
Antarctozetes translamellatus (Mahunka) and Stigmaeidae 
sp.1 for soil, the Tarsonemidae sp.1 and Glycyphagidae sp.1 
for inflorescences, Tydeidae sp.1 and Trichouropoda sp.1 for 
inflorescences, and Proctolaelaps vandenbergi Ryke that was 
associated with both inflorescences and infructescences (data 
not shown). Communities from soil were more tightly grouped 
(smaller values) than assemblages from inflorescences or from 
infructescences, indicating overall less within-niche turnover 

(β1 diversity). In addition to dissimilarities in mite assemblages 
due to niche type, separation of communities based on location 
was evident (Piketberg, Kleinmond, and Gansbay) (Table 3, 
Supplementary Table S2). The main mite taxa that contributed 
to this result were Cunaxidae sp.1 and Cunaxidae sp.2 from 
Kleinmond, the Anystidae sp.1 from Gansbay, and Proctolaelaps 
vandenbergi that was associated with both Gansbay and 
Piketberg (data not shown).

Table 2: Observed and estimated species richness of mites associated with Protea repens from three different sites (Piketberg, Kleinmond and Gansbay), 
two biotopes (natural and cultivated) and three niche types (inflorescences, infructescences and soil) in the Western Cape Province, South Africa.

Samples Observed richness Overall abundance ICE* Chao2** (±SD) Jackknife2***

Inflorescences 

Natural all 11 606 12.26 11.66 (1.29) 12.05

Cultivated all 10 63 11.34 10.49 (1.28) 12.95

Piketberg natural 6 66 6.33 6 (0.53) 7.85

Piketberg cultivated 3 5 6.67 3.95 (2.02) 6.7

Kleinmond natural 7 495 10.29 11.28 (6.85) 11.7

Kleinmond cultivated 9 27 13.29 16.6 (11.1) 15.55

Gansbay natural 6 45 6.4 6 (0.24) 7

Gansbay cultivated 6 31 7.32 6.95 (2.12) 9.7

Infructescences

Natural all 16 422 19.47 18.21 (3.34) 19.95

Cultivated all 15 290 16.79 16.47 (2.55) 19.87

Piketberg natural 11 135 11.93 11.95 (1.79) 12.99

Piketberg cultivated 5 49 6.48 6.71 (3.25) 7.55

Kleinmond natural 9 122 10.49 9.95 (2.16) 12.7

Kleinmond cultivated 7 150 7 7 (0.4) 6.15

Gansbay natural 9 165 9.37 9 (0.54) 10.85

Gansbay cultivated 9 91 10.88 9.63 (1.25) 10.14

Soil

Soil natural all 52 2573 55.3 54.26 (2.48) 58.09

Soil cultivated all 25 442 40.69 54.24 (27.71) 44.1

Piketberg natural 19 688 19.84 19.45 (1.19) 21.69

Piketberg cultivated 12 182 13.14 12.45 (1.19) 14.69

Kleinmond natural 18 440 20.71 19.8 (2.63) 23.38

Kleinmond cultivated 16 131 24.39 23.35 (7.5) 25.77

Gansbay natural 24 1444 24.99 24.13 (0.45) 23.13

Gansbay cultivated 11 129 15.23 14.6 (4.8) 16.38

 * Incidence-based coverage estimator, **Second order Chao estimator, *** Second order Jackknife estimator

Table 1: Sampling sites of Protea repens populations assessed in this study, with indication of natural or cultivated status and farming practice.

Locality Status Farming practice (as verbally indicated by the landowners)

Piketberg, Tamarak farm Natural n.a

Piketberg, Boesmanzight farm Cultivation Direct pesticide control and intensive management 

Kleinmond, Heuningklip farm Natural n.a

Kleinmond, Honingklip farm Cultivation Indirect pesticides from surrounding crops with less intensive management 

Gansbay, Flower Valley farm Natural n.a

Gansbay, Ben Lomond farm Cultivation No pesticides with no management as the site will be rehabilitated
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Discussion

There is a rich assemblage of mites associated with Protea 
repens in natural populations. All niches investigated differed 
in terms of their mite assemblage composition, with those from 
soil substantially different from mite assemblages associated 
with inflorescences and infructescences, with oribatid mites 
almost entirely absent from the latter two niches, true to their 
predominantly soil inhabiting nature (Norton and Behan-
Pelletier 2009). In cultivated Protea stands, species numbers and 
abundance of mites decreased, but the extent of this reduction 
depended strongly on the intensity of management and 
potential exposure to pesticides. Similar findings were reported 
in a study on mites in Italian vineyards where species richness 
and abundance on leaves were lower in cultivated compared to 
organic and untreated vineyards (Sabbatini Peverieri et al. 2009). 
Furthermore, the assemblage structure of mites also changed 
within all niches associated with Proteas under cultivation. 
Mite biodiversity changes were, however, the strongest for the 

particularly rich soil-associated assemblages. This finding aligns 
with other studies, such as those in Europe where agricultural 
intensification has had a negative impact on soil fauna, including 
mites (Tsiafouli et al. 2015)

At Piketberg cultivation practices were most intense, with 
various pesticides and fertilisers applied to plants and the soil. 
At this site, there is also limited diversity within the landscape, 
such that there were no natural stepping-stones or corridors 
in the form of other plants (Tscharntke et al. 2005). Despite 
this, the alpha-diversity in the natural area at this site was still 
comparable to the other natural sites sampled. Therefore, changes 
in natural site conditions (higher elevation and drier climate in 
this case) may not have a large influence on mite alpha-diversity 
associated with Protea. Interestingly, mite numbers within 
inflorescences at this site, even though reduced in comparison 
to those from the natural site, were not significantly different 
from the numbers of mites within the inflorescences from both 
natural and cultivated populations at other sites sampled. This 
indicates that, even though there is an intensive spraying regime, 

Table 3: The effect niche (soil = S, infructescences = Ifr and inflorescences = Ifl), locality (Piketberg = PB, Kleinmond = KM, Gansbay = GB) and biotope 
(natural = N, cultivated = C) on alpha- and beta-diversity (within and between factors) on mite assemblages associated with Protea repens.

Variables df χ2 p Post hoc

Richness

Niche 2 130.97 0.000 S > Ifr > Ifl

Locality 2 1.61 0.202 KM = GB = PB

Biotope 1 53.83 0.000 N > C

Niche* Locality* Biotope 4 3.76 0.005 Figure 3

Abundance

Niche 2 104.82 0.000 S > Ifr > Ifl

Locality 2 2 0.137 KM = GB = PB

Biotope 1 52.3 0.000 N > C

Niche* Locality* Biotope 4 4.34 0.002 Figure 3

Variables- PERMDISP df F p Post hoc

Beta-diversity 1 (β1) 

Niche 2 4.98 0.0115 Ifr  = Ifl > S

Locality 2 0.40 0.7084 KM = GB = PB

Biotope 1 16.93 0.0001 C > N

Niche*Locality 8 1.91 0.0973 Figure 4

Locality*Biotope 5 3.71 0.0075 Figure 4

Biotope*Niche 4 7.62 0.0001 Figure 4

Niche* Locality* Biotope 14 4.35 0.0001 Figure 5 

Variables- PERMANOVA df Pseudo F p Post hoc

Beta-diversity 2 (β2) 

Niche 2 27.48 0.0001 All differ

Locality 2 5.32 0.0001 All differ

Biotope 1 10.47 0.0001 Both differ

Niche*Locality 4 4.71 0.0001 Supplementary Table S2

Locality*Biotope 2 4.67 0.0001 Supplementary Table S2

Biotope*Niche 1 7.51 0.0001 Supplementary Table S2
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it is not sufficient to reduce mites associated with inflorescences 
to lower-than-expected levels. Most mites associated with 
inflorescences of Protea are likely phoretic on pollinators such as 
insects and birds (Roets et al. 2009; Theron-De Bruin et al. 2018). 
These pollinators are known to disperse the mites between P. 
repens stands over vast distances (> 200 km based on population 
genetics of associated fungal species for some mites (Aylward et 
al. 2015, 2023) and could easily continuously introduce at least 
some mites when these inflorescences are open, irrespective 
of spraying regime. These assemblages are, unfortunately, also 
those that pose the most significant phytosanitary risks, either 
on their own or due to the fungi that they are known to vector 
(Roets et al. 2009; Theron-De Bruin et al. 2018).

Protea cultivation at Kleinmond was less intense in the sense 
that Protea pests are not directly controlled via the spraying of 
pesticides. However, this site is surrounded by other crop species, 
including fruit trees that are regularly sprayed. Here wind may 
carry spray mists to the neighbouring Protea stands, where these 
chemicals likely affect mite assemblages outside the target areas. 
Even so, mite numbers on aboveground plant parts did not differ 
between the plants that were under cultivation and those from 
the nearby natural area. Even though not significantly so, the 
belowground mite numbers were the most negatively influenced, 
likely due to weed control and other management practices 
(Seniczak et al. 2018). At Gansbay, there was no contact with 
chemical sprays and the site was left for natural regeneration. 

Figure 3: Comparisons between mean BoxCox transformed (± 95%) species richness (top) and abundance (bottom) (alpha-diversity (α)) between 
localities (Piketberg, Kleinmond, Gansbay), biotopes (natural, cultivated) and niche types (Soil, Inflorescences = Flower, Inflorescences = Fruit). Different 
letters above bars indicate significantly different means (p < 0.05) (see Supplementary Table S2 for Post hoc test results).



8African Entomology 2025, 33: e21618 (11 pages) 
https://doi.org/10.17159/2254-8854/2025/a21618

Figure 4: Between site comparisons for beta-diversity (β1) for the interaction: a) locality*niche type, b) locality*biotope type, c) biotope*niche type. 
Mean (± SE). Letters above bars indicate significantly different means (p < 0.05). Inflorescences = Flower, Infructescences = Fruit.

Figure 5: Pairwise comparisons of mite community assemblage composition (β1) for interactions within localities (Piketberg, Kleinmond, Gansbay) and 
biotopes (natural = white, cultivated = grey) and niche types (Soil, Inflorescences = Flowers, Infructescences = Fruit). Comparisons of distance from the 
centroids (Mean, ± SE) within factors are presented. Letters above bars indicate significantly different means (p < 0.05).
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Here, mite alpha-diversity was similar to the natural site, but 
soil-associated mites still tended to have the greatest reduction 
in numbers compared to other niches. This reduction in soil-
mite assemblages indicates less optimal soil conditions (Giller et 
al. 1997; Tsiafouli et al. 2015) and likely has large negative effects 
on ecosystem services provided (Bedano et al. 2006).

Given the high number of mite species and their apparent 
sensitivity to ecosystem change detected in this study, mites, 
especially soil-associated taxa, would make good indicators 
for Protea cultivation system health, habitat quality and 
management intensity (Carignan and Villard 2002; Duelli and 
Obrist 2003; Gerlach et al. 2013). Indeed, various mite groups, 
especially Oribatida mites (Behan-Pelletier 1999; Jamshidian 
et al. 2015; N’Dri et al. 2016; Mics 2024), are regularly used as 
bioindicators (O’Neill et al. 2010), while other mite groups are 
useful for the biological control of pests (Johann et al. 2014). 
However, in terms of Protea, the feeding habits of the predatory 
mites of the families Ascidae and Laelapidae would first need 
to be determined before they could be considered viable control 
options (Beaulieu and Weeks 2007). Although mites can be 
important indicators of ecosystem health, they can be difficult 
to correctly identify without the help of trained experts (Behan-
Pelletier 1999; Gerlach et al. 2013). This became evident in this 
study with the Oribatida, where some morphospecies were 
subsequently found to contain more than one species after 
identification by experts. This taxonomic hurdle, often called 
the ‘taxonomic impediment’ needs urgent attention, not only 
in South Africa, but globally (Engel et al. 2021; Páll-Gergely et 
al. 2024), if significant progress into the understanding of the 
ecological role of mites is to be made.

As with a previous study (Slabbert et al. 2019), the results of 
this study indicated that cultivated indigenous plant species may 
be suitable to host natural biodiversity to substantial levels, but 
this depends strongly on the intensity of cultivation practices. 
In addition, control of mite numbers within inflorescences and 
infructescences within cultivated systems, no matter what the 
level of management, does not seem to be effective. These will 
no doubt have strong negative effects on the lucrative fynbos 
cut-flower export industry, which amounts to R766 million 
per year and for which South Africa is seen as a leader (DTIC 
2023). In contrast, management practices seem to affect soil 
biota negatively, even with minimal management of these 
systems. Reliance on post-harvest treatments of inflorescences 
intended for export markets will therefore remain essential. A 
variety of post-harvesting treatments are currently available 
(Jamieson et al. 2009), but they are still inadequate to rid fresh 
plant material of mites without damaging the inflorescences and 
infructescences (Coetzee et al. 2007). Therefore, future studies 
should focus on improved treatments or the development of new 
post-harvest treatments.  
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