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Abstract
Crataegus species (Rosaceae) or hawthorns form dense thickets and displace native vegetation out of their native range. In 
South Africa, Crataegus monogyna and C. mexicana are under surveillance but there is lack of information on their pollina-
tion ecology. Therefore, this study sought to investigate the pollination mechanism and potential insect pollinators of these 
plants. Pollinator exclusion experiments were conducted on ten plants each of C. monogyna and C. mexicana near the towns 
of Hogsback and Seymour respectively, in the Eastern Cape Province. Flowers of each of these species were also observed 
to determine the diversity and distribution of insect visitors throughout the day (i.e. morning, mid day and afternoon). The 
results showed that C. monogyna and C. mexicana are capable of self and cross-pollination. Fruit set from open inflorescences 
of C. monogyna was 40.88 ± 0.08%, significantly higher than bagged inflorences. Fruit set from open inflorescences of C. 
mexicana was 48.18 ± 0.03%, significantly higher than those of bagged inflorescences. Hymenopterans were the most frequent 
visitors on C. monogyna flowers while dipterans were the most frequent visitors on C. mexicana flowers. The distribution 
of insects did not vary with the time of day for each plant species. Insect pollination, therefore, plays a significant role in the 
fruiting of C. monogyna and C. mexicana in the Eastern Cape. The results of this study contribute to the understanding of 
the ecology and phenology of Crataegus species in South Africa and thus the evaluation of their invasive status.
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Introduction

Globalisation has led to an increase in the movement and 
establishment of species into new natural habitats far away 
from their native range (Banks et al. 2015). Some of these 
alien species have the potential to become invasive and cause 
damage to biodiversity and thus the economy of their new 
geographical environment (Cassey et al. 2015; Blackburn 
et al. 2019). These species have been found to extirpate 
native species and replace them (Simberloff et al. 2013). 
They also decrease the survival or reproduction of native 
species. In addition, alien plants can transform ecosystems, 
when functional traits that drive ecosystem processes differ 

between alien and native plants (Wardle et al. 2011). Due to 
the fact that alien plants add physical structures in their new 
environments, erosion regimes are altered and thus change 
habitat suitability for other species (Simberloff 2011; Sim-
berloff et al. 2013).

Many alien plant species in a new environment require 
insect pollinators and dispersal vectors to become successful 
invaders (Blackburn et al. 2011; Menz et al. 2011; Saunders 
2018). The contribution facilitated by recruited insect pol-
linators is crucial in assisting further spread and invasion 
in a new area. While recruiting new pollinators in a new 
area may be beneficial to invasive alien plants, the altered 
behaviour of recruited pollinators might have negative eco-
logical consequences (Stout and Tiedeken 2017). These 
may include native species being neglected by native insect 
pollinators and a decrease in the production of fruits and 
seeds for future generations of native species (Brown et al. 
2002; New 2016). With native species being neglected by 
pollinators, more areas would be invaded by alien plants, 
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changing the entire species network and threatening biodi-
versity (Padron et al. 2009).

Crataegus species (Rosaceae), commonly known as haw-
thorns, comprise about 280 species worldwide, distributed 
naturally throughout North Africa, North America, Central 
Asia, East Asia, and Europe, with minor occurrence in Peru 
and Ecuador (Nieto-Ángel et al. 2009; Bechkri et al. 2017; 
Naghipour et al. 2021). Members of the genus are decidu-
ous spiny hard wood shrubs or little trees that can grow to 
about 10 m in sandy, stony, shallow and dry soils (Kumar 
et al. 2012; Naghipour et al. 2021). Habitat suitability of 
these plants is determined by elevation, precipitation and 
temperature (Jafari et  al. 2019; Rafiee mo et al. 2020). 
Many species from this genus are used as ornamentals and 
for medicinal purposes, with some regarded as the oldest 
pharmaceutical plants used in western medicine (Bahorun 
et al. 2003; Naghipour et al. 2021). The leaves, flowers, and 
fruits have been used for various cardiovascular and respira-
tory problems or their anti-inflammatory, antioxidant and 
anti-carcinogenic properties (Edwards et al. 2012; Bechkri 
et al. 2017). In addition, the majority of species of these 
plants are used globally as firewood by locals (Eberly 1989; 
Singh et al. 2018).

In countries such as Australia, New Zealand, USA and 
Canada where Crataegus species have become invasive, they 
form dense thickets which alter the structure of understory 
plants in a forest, displacing native vegetation (Alverson 
and Sigg 2008; Pasiecznik 2018; Tropical Plants Database 
2023). Their fruits may be preferred by birds over those from 
native plants, resulting in the reduction of native species 
being dispersed (Pasiecznik 2018; Tropical Plants Database 
2023). In Oregon, United States of America for example, the 
Willamette Valley Nature Preserve had to be abandoned due 
to invasion by C. monogyna and a lack of adequate resources 
to control the species (Alverson and Sigg 2008; Pasiecznik 
2018). Similarly, there have been some reports on the threat 
to Garry Oak ecosystem in British Columbia, Canada by C. 
monogyna species (Pasiecznik 2018). Due to the fact that 
Crataegus species are closely related and share similar habi-
tats with Pyracantha species and Cotoneaster species, they 
are likely to cause similar adverse effects in South Africa. 
These include the formation of dense thickets that exclude 
other native plants, block access by humans and livestock to 
valuable grazing and riverine habitats, protected areas, road 
ways, fences and power lines (Chari et al. 2020).

In South Africa, Crataegus monogyna Jacq and Cratae-
gus mexicana DC (Rosaceae) are not listed in any of the 
four categories of the National Environmental Management: 
Biodiversity Act (NEMBA) of 2004 (CABI 2021). This is 
because these species are present in the country but little is 
known about them. Such species are listed as species under 
surveillance (category no. 4) decreed under the Conservation 
of Agricultural Resources Act (CARA) regulations, which is 

a draft categorisation of the Invasive Alien Plants in South 
Africa (CARA 2006). These species are of great concern in 
South Africa as they have the potential of becoming inva-
sive in the future due to the history of the invasion of these 
plants in other countries. In South Africa, the pollination 
ecology and pollinators of the hawthorn plants is currently 
unknown. Understanding the pollination and pollinators of 
invasive or alien species in a new environment is crucial 
to making effective decisions for managing or eradicating 
the species (O’Connor et al. 2019). Similarly, their interac-
tion with insect pollinators has never been studied in the 
country. Therefore, this study focused on the reproductive 
ecology of these species, with emphasis on the pollination 
mechanism and potential pollinators of C. monogyna and 
C. mexicana, to inform effective decision making and man-
agement of these alien species in the country. To complete 
this, we performed a pollination exclusion experiment and 
assessed fruit set to determine the main pollination mecha-
nism and discover the potential pollinators of C. monogyna 
and C. mexicana.

Materials and methods

Study area and plants

This study was carried out near the town of Seymour at 
800 m asl (− 32.455756, 26.845530) and Hogsback Arbo-
retum at 1200 m asl (− 32.590871, 26.934574) in the East-
ern Cape Province of South Africa (Fig. 1). Crataegus 
monogyna was dominant in Hogsback while C. mexicana 
was dominant in Seymour. Hogsback Arboretum site is 
found in the Afromontane forest biome while Seymour site 
is located in the grassland biome surrounded by a livestock 
farm in the province. The grasslands of the province are 
mostly semi-arid Karoo characterised by dryness and sparse 
rain of about 625 mm per year with frosty winters and hot 
summers (Mandleni 2011), while the higher lying areas of 
Afromontane forest is wetter with mean annual rainfall of 
more than 725 mm and snowfall in some years.

Crataegus monogyna and C. mexicana have hermaphro-
ditic flowers with single-seeded fruits. In their native ranges 
they are reported to be self-compatible with variable auto-
gamy even though cross pollination may increase fruit set 
(Guitián and Fuentes 1992; Chacoff et al. 2008). The flow-
ers are actinomorphic, perfect and possess a hypanthium 
(Evan and Dickinson 2005). The corollas comprise five free 
white petals that when open are perpendicular to the long 
axis of the flower at anthesis (Fig. 2e, g). Flowers grow in 
small clusters and are entomophilous (Chacoff et al. 2008; 
Tropical Plants Database 2023). The fruits of these plants 
are single-seeded drupes, red in C. mongyna and yellow in 
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Fig. 1  Location of two study sites in the Eastern Cape Province, South Africa

Fig. 2  Open and bagged inflorence, flowers, insect flower visitor 
and fruits of Crataegus monogyna and C. mexicana. a Tagged open 
inflorescence of C. mexicana and b labelled bagged inflorence of C. 

monogyna. c Lucilia sericata on C. mexicana. d Eristalinus taeniops 
on C. monogyna. e Flowers of C. monogyna. f Fruits of C. monogyna. 
g Flowers of C. mexicana. h Fruits of C. mexicana 
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C. mexicana when ripe (Fig. 2f, h). Timing of flowering for 
these species were noted in this study.

Insect exclusion experiment

Insect exclusion experiments were set up at each study site 
to determine the role and significance of self pollination and 
insect or cross pollination in Crataegus monogyna and C. 
mexicana. Within each study site, ten mature trees were ran-
domly selected before anthesis (Fig. 2a) for insect exclusion 
experiments. They were at least 3 m from each other. On 
each tree, three branches were randomly selected and tagged 
with labelled white flags as control, group bagging and sin-
gle bagging treatments (Fig. 2b) according to Jacobs et al. 
(2009). Each of the treatments was approximately 1–2.5 m 
above the ground to easily access floral buds. On the control 
branch, ten randomly selected inflorescences were tagged 
and marked with weather proof enamel paint from 1 to 
10 and left open for insects to visit. On the group bagging 
branch, ten inflorescences were equally randomly selected, 
marked with weather proof enamel paint on the bags from 
1 to 10. Each of the ten inflorescences was then bagged 
separately. Lastly, on the single bagging branch another ten 
randomly selected inflorescences were marked with weather 
proof enamel paint from 1 to 10 on the bags with only one 
flower bud from each inflorescence bagged. The bagging of 
one flower bud was done to exclude it from pollen of other 
flowers on the same inflorescence. Bagging (either single 
or group) was done at the “balloon” stage (i.e. before anthe-
sis) during which it is assumed no pollination has occurred 
(Fig. 2a). The bags were handmade muslin bags (Jacobs 
et al. 2009) covered with a wire frame. The mesh was placed 
over the frame and secured with a labelled twist tie. The 
end of the bag was sealed on to the branch using insulating 
tape to prevent insects from crawling inside. The wire frame 
avoided the likelihood of contact between the bag and the 
reproductive organs of the flowers and prevented stigmas 
from protruding through the bag. Muslin bags are resilient to 
thorns and have mesh size of 0.5–0.7 mm capable of exclud-
ing insects and pollen.

On the ten tagged Crataegus monogyna plants, a total of 
1086 flower buds were left open as control treatments while 
1020 buds were group bagged and 100 buds singly bagged. 
On the tagged C. mexicana plants, 390 flower buds were left 
opened as control treatments while 365 buds were bagged in 
groups and 100 buds singly bagged.

The bagging of C. monogyna flower buds took place in 
early September, while bagging for C. mexicana was done 
in early October, coinciding with the time each species pro-
duces flower buds. In fruit-producing plants, abscission of 
unfertilized immature fruits (which may be due to inade-
quate pollination) occurs soon after flowering (Jacobs et al. 
2009). Therefore, only fruits that have been successfully 

pollinated, fertilized and retained by the plant were counted 
for each treatment. Counting of the fruits from each treat-
ment was done 30 days after experimental set up.

Observations of insects’ flower visitors

To determine which insects visited Crataegus monogyna and 
C. mexicana flowers during the flowering season, ten trees 
from each study site were randomly selected. This was done 
in spring, mid-September for C. monogyna and mid-October 
for C. mexicana. All observations were made when it was 
sunny; this is when the flower visitors are more active, and 
flowers are fully open to attract pollinators (Fig. 2c, d). The 
time of day for the observations was categorised as morn-
ing (07h00–10h00), mid day (10h00–13h00) and afternoon 
(13h00–16h00) (Larue et al. 2016; Howlett et al. 2018). A 
2 m × 2 m (4  m2) quadrat was selected for examination on the 
tree side where flowers were present (O’Connor et al. 2019). 
Observation of flower visitors was done with the naked eyes 
and using binoculars. Each tree was observed for 15 min 
taking note of any insect that spent more than 10 s on the 
flowers of each species (Larue et al. 2016). To aid the iden-
tification of insects observed visiting flowers, pictures of the 
visiting insects were taken from a distance of at least 1 m to 
minimise the disturbance of the visitors. A tally counter was 
used to count each visitor landing on the flower of the plants. 
Each tree was sampled five times over the flowering season.

Samples of insects that could not be identified in situ were 
collected using sweep nets, pooters (aspirator), and forceps 
in the two study sites. All collections were preserved and 
taken to the laboratory for identification with the help of a 
power stereo microscope and identification guides by Picker 
et al. (2004). Furthermore, the identification of all insects 
was verified using insect databases such as African Insect 
Atlas Database, Ispotnature Database, iNaturalist and Insect 
Identification Key Database. Lastly, these identification were 
further verified with the help of experts. All insects collected 
are preserved in insect boxes in the Entomology Laboratory 
in the Universiversity of Fort Hare, Alice campus, South 
Africa.

Data analysis

The proportion of flowers that set fruits for each of the treat-
ments (single, group and open pollination) were calculated 
for each plant species. Due to some of the treatments having 
zeros, the data were square root transformed and the means 
compared using analysis of variance and least significant dif-
ference post hoc test. Means were back-transformed before 
reporting.

The total number and means of all insects visiting the flow-
ers of each of the plant species per 4  m2 quadrat were calcu-
lated and the means compared using ANOVA of square root 
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transformed data. The diversity indices for the different times 
of visitation were also calculated and compared for each of 
the plant species. Species abundance and species numbers are 
not dimensionless quantities and so tend to be less informa-
tive. Hence, the following diversity indices were calculated 
for each of the plant species across time of the day: Margalef’s 
species richness (d), Shannon–Wiener diversity index (H′) and 
Pielou’s evenness index (J′) (Clarke and Gorley 2006). These 
indices were chosen because each expresses either species 
richness and/or equitability with the number of individuals 
belonging to each species as a common unit used to calculate 
the different indices as follows:

Unlike the total number of species (S) per time of the day, 
Margalef’s index (d) incorporates the total number of individu-
als (N) and is a measure of the number of species present for 
a given number of individuals i.e.

Shannon–Wiener diversity index (H′) measures the degree 
of diversity across the different times of the day i.e.

where Pi is the proportion of the total count arising from the 
ith species that visited the flowers.

Pielou’s evenness index (J′) measures whether the species 
were equitably distributed across the different times of the day 
i.e.

where H�max is the maximum possible value of Shan-
non–Wiener diversity i.e. that which would be achieved if 
all species were equally abundant ( logS).

d = (S − 1)∕logN

H� = −ΣPilog(Pi)

J� = H�∕H�max = H�∕logS

The p level for all statistical analyses was set at P ≤ 0.05. 
Microsoft Excel softwares was used in organising the data 
while IBM Statistical Package 25 (SPSS) and Primer V.6 
were used in performing statistical analysis.

This study was conducted following the South African 
and international biodiversity rights and in accordance with 
the internationally accepted principles for use of animals.

Results

Pollination in Crataegus monogyna and C. mexicana

All treatments of Crataegus monogyna produced fruits fol-
lowing exclusion experiments with the control treatment 
producing the highest number of fruits. This suggests that 
C. monogyna is capable of both self (i.e. autogamy and gei-
tonogamy) and cross pollination but relies more on cross 
pollination (Table 1). Only the control and group bagged 
treatments of C. mexicana produced fruits following exclu-
sion experiments and like C. monogyna are capable of both 
cross and self pollination. However, self pollination in the 
flowers of C. mexicana is geitonogamous and not autoga-
mous (Table 1).

Insect exclusion experiments on Crataegus 
monogyna and C. mexicana plants

There was a significant difference (P < 0.001) in the percent-
age of fruits produced by the control (open) treatment of 
inflorescences compared to either group or single-bagged 
inflorescences of C. monogyna plants. The control treat-
ment produced the highest percentage of fruits followed by 

Table 1  Total number of 
flowers and fruits produced 
by Crataegus monogyna and 
C. mexicana plants following 
insects exclusion experiments

Plant species Treatment Number of flowers 
studied

Number of fruits 
produced

Type of pollination

Crataegus monogyna Control 1086 403 cross
Group 1020 73 Self (geitonogamy)
Single 100 2 Self (autogamy)

Crataegus mexicana Control 390 193 cross
Group 365 55 Self (geitonogamy)
Single 100 0 none

Table 2  Back-transformed mean (± SE) percentage of fruits produced by Crataegus monogyna and C. mexicana following exclusion experi-
ments (Means followed by the same superscript letter in a row are not statistically significant)

Species Treatments (%) F ratio P value

Control Single bagged Group bagged

Crataegus monogyna 40.88 ± 0.08a 0.20 ± 0.20b 7.10 ± 0.07c 77.83 0.0001
Crataegus mexicana 48.18 ± 0.03a 0.00 ± 0.00b 14.59 ± 0.03c 652.26 0.0001
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group bagged where as single-bagged treatment plants pro-
duced the least percentage fruits (Table 2). Similarly, there 
was significant difference (P < 0.001) in the percentage of 
fruits produced by control (open), group and single-bagged 
treatment inflorescences of C. mexicana. Control treatment 
produced the highest percentage of fruits followed by the 
group bagged treatment, while the single-bagged treatment 
producing no fruits (Table 2).

Flower visitors of Crataegus mongyna and C. 
mexicana

A total of 5086 insects visited the flowers of Crategus 
monogyna within the 4  m2 quadrat over the study period. 
These insects were classified into 15 species belonging to the 
orders; Coleoptera, Diptera, Hymenoptera and Lepidoptera. 
The most floral visitors were Apis mellifera L., Episyrphus 
balteatus De Geer, Acrae horta L., and Megachile species 
where as the least visitors were Exkorynetes analis Klug, 
Cladophorus marshalli Marshall and Papilio echeriodes 
Trimen. The means (± SE) of most of these insects were 
significantly (P ≤ 0.05) different from each other (Table 3).

On Crataegus mexicana flowers, a total of 5014 insect 
visitors were counted within the 4  m2 quadrat over the study 
period. These insects were identified to 14 species in the 
orders; Coleoptera, Diptera, Hymenoptera and Lepidoptera. 
The most floral visitors were Apis mellifera L., Lucilia seri-
cata Meigen, Scathophaga stercoraria L., Episyrphus bal-
teatus De Geer and Megachile species while the least visitors 
were Belenois zochalia Boisduval and Stomoxys calcitrans 

L. The means (± SE) of most of these insects were signifi-
cantly (P ≤ 0.05) different from each other (Table 4).

Insect floral visitors’ distribution across different 
times of the day on Crataegus monogyna and C. 
mexicana

Within the 4  m2 quadrat, the number of insects visiting the 
flowers of Crataegus monogyna was significantly higher at 
mid-day than either in the morning or afternoon. However, 
the number of species, species richness, species diversity 
and evenness was not significantly (P ≥ 0.05) different across 
the different times of the day (Table 5). On C. mexicana 
the total number of insects, number of species and species 
diversity was significant (P ≤ 0.05) higher in the morning 
than either at mid-day or during the afternoon. However, 
species richness and evenness was not significantly different 
for either morming, mid day or afternoon (Table 6).

Discussion

Less than 50% of flowers produced fruit for both Cra-
taegus monogyna and C. mexicana in the Eastern Cape 
Province of South Africa. This may be as a result of pol-
len limitation, limited resources for maturation of fruits, 
or a self incompatibility mechanism (Chacoff et al. 2008; 
Rodriguez-Garcia et al. 2019; Gao et al. 2021). Crataegus 
monogyna and C. mexicana are capable of both self-pol-
lination and cross pollination by insects (entomophily) to 

Table 3  Insect species observed 
visiting flowers of Crataegus 
monogyna within 4  m2 quadrat

Means followed by the same superscript letter in the column are not statistically significant following 
Tukey Honestly Significant Difference post hoc test

Insect species Family Order Abundance Mean ± SE

Cladophorus marshalli Marshall Lycidae Coleoptera 11 1.10 ± 0.77b

Exkorynetes analis Klug Cleridae Coleoptera 10 1.00 ± 0.68b

Harmonia vigintiduomaculata Fabricius Coccinellidae Coleoptera 73 7.30 ± 2.45b

Oenopia cinctella Mulsant Coccinellidae Coleoptera 55 5.50 ± 2.03b

Episyrphus balteatus De Geer Syrphidae Diptera 1055 105.50 ± 13.64ac

Eristalinus taeniops Wiedemann Syrphidae Diptera 195 19.50 ± 7.79b

Musca domestica L. Muscidae Diptera 103 10.30 ± 3.34b

Allodapula variegata Cockerell Apidae Hymenoptera 87 8.70 ± 3.22b

Apis mellifera L. Apidae Hymenoptera 1895 189.50 ± 27.55c

Xylocopa cafftra L. Apidae Hymenoptera 57 5.70 ± 2.19b

Megachile spp. Megachilidae Hymenoptera 681 68.10 ± 13.24a

Vanessa cardui L. Nymphalidae Lepidoptera 22 2.20 ± 1.50b

Cassionympha cassius Godart Nymphalidae Lepidoptera 122 12.20 ± 3.18b

Acraea horta L. Nymphalidae Lepidoptera 705 70.50 ± 10.86a

Papilio echeriodes Trimen Nymphalidae Lepidoptera 15 1.50 ± 0.64b

F ratio 28.002
P value 0.0001
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produce fruits. There are different species of insects in the 
orders Coleoptera, Diptera, Hymenoptera and Lepidoptera 
capable of pollinating the flowers of these plants in South 
Africa. Insect visitation varies significantly between plants 
species. The distribution of these insects in terms of spe-
cies richness, diversity and evenness do not vary signifi-
cantly throughout the day on C. monogyna. On C. mexi-
cana, the diversity of insects was higher in the morning 

than the rest of the day. However, species richness and 
evenness were statistically the same throughout the day.

Insect pollination is an important ecosystem service that 
plays a crucial role in the conservation of different plant 
communities through reproduction (Ashman et al. 2004). 
Understanding the relationship between pollination, insect 
pollinators, and fruiting is very important in determining 
the reproduction system of an entrant species in a new 

Table 4  Insect species observed visiting Crataegus mexicana flowers within 4  m2 quadrat

Means followed by the same superscript letter in the column are not statistically significant following Tukey Honestly Significant Difference test

Insect species Family Order Total observed Mean ± SE

Monochelus nieuwoudtvillensis Dombrow Scarabaeidae Coleoptera 87 8.70 ± 2.12cefhi

Exkorynetes analis Klug Cleridae Coleoptera 25 2.50 ± 1.38bde

Harmonia axyridis Pallas Coccinellidae Coleoptera 21 2.10 ± 0.74bdf

Calliphora vomitoria L. Calliphoridae Diptera 158 15.80 ± 3.55c

Episyrphus balteatus De Geer Syrphidae Diptera 627 62.70 ± 7.79c

Eristalis tenax L. Syrphidae Diptera 101 10.10 ± 3.01cd

Lucilia sericata Meigen Calliphoridae Diptera 1208 120.80 ± 7.52ag

Scathophaga stercoraria L. Scathophagidae Diptera 948 94.80 ± 5.04g

Stomoxys calcittrans L. Muscidae Diptera 10 1.00 ± 0.68b

Apis mellifera L. Apidae Hymenoptera 1388 138.80 ± 8.24a

Xylocopa cafftra L. Apidae Hymenoptera 30 3.00 ± 1.34bdi

Messor capensis Mayr Formicidae Hymenoptera 46 4.60 ± 1.77bdh

Megachile spp. Megachilidae Hymenoptera 359 35.90 ± 2.67j

Belenois zochalia Boisduval Pieridae Lepidoptera 6 0.60 ± 0.60b

F ratio 114.017
P value 0.0001

Table 5  Diversity indices 
of insect species visiting 
Crataegus monogyna within 4 
 m2 quadrat at different times of 
the day (morning, mid day and 
afternoon)

Indices followed by the same superscript letter within a row are not statistically significant following Least 
Significant Diferrence post hoc test at P ≤ 0.05

Diversity indices Morning Mid day Afternoon F-ratio P value

Number of individuals, N 159 ± 28.85ab 235.60 ± 35.84b 223.60 ± 15.36a 4.84 0.02
Number of insect species, S 5.40 ± 1.84a 7.50 ± 0.58a 5.90 ± 0.57a 2.54 0.10
Margalef’s species richness, d 0.90 ± 0.07a 1.20 ± 0.12a 1.06 ± 0.09a 2.55 0.10
Shannon species diversity, H′ 1.30 ± 0.10a 1.56 ± 0.12a 1.45 ± 0.10a 1.50 0.24
Pielou’s species evenness, J′ 0.82 ± 0.03a 0.83 ± 0.02a 0.86 ± 0.02a 0.64 0.54

Table 6  Diversity indices 
of insect species visiting 
Crataegus mexicana within 4 
 m2 quadrat at different times of 
the day (morning, mid day and 
afternoon)

Indices followed by the same superscript letter within a row are not statistically significant following Least 
Significant Diferrence post hoc test at P ≤ 0.05

Diversity indices Morning Mid day Afternoon F-ratio P value

Number of individuals, N 68.30 ± 12.24b 225.90 ± 9.19a 207.20 ± 13.52a 53.33 0.00
Number of insect species, S 5.60 ± 0.43b 8.30 ± 0.30a 8.10 ± 0.38a 16.34 0.00
Margalef’s species richness, d 1.15 ± 0.09a 1.34 ± 0.07a 1.34 ± 0.07a 2.29 0.12
Shannon species diversity, H′ 1.45 ± 0.08b 1.73 ± 0.03a 1.73 ± 0.04a 8.59 0.00
Pielou’s species evenness, J′ 0.85 ± 0.03a 0.82 ± 0.02a 0.83 ± 0.02a 0.77 0.47
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environment, such as alien plants. This is because the most 
important providers of pollination services are insects 
(O’Connor et al. 2019). In addition, there is a global con-
cern about the declines in the diversity of insect pollina-
tors and consequences for pollination services (Potts et al. 
2016). Indeed, studies continue to demonstrate that inva-
sive non-native species, land-use change, climate change, 
pesticides, pests and diseases may act to cause decline in 
pollinating insects (Vanbergen et al. 2013).

In the Eastern Cape Province of South Africa C. monog-
yna start flowering early September i.e. the beginning of 
Spring while C. mexicana starts flowering early October 
i.e. mid-spring season. The flowering of both species starts 
to increase towards the peak within 2 weeks just after 
some flowers start opening fully. Both species bloom for 
about four to 6 weeks, and then fruits start forming. This is 
similar to what happens in the native ranges of these plants 
(Barros et al. 2010; Spellenberg and Gil 2014).

Crataegus monogyna fruit ripens between March and 
April which is early autumn, while C. mexicana ripens 
from late April to June which is late autumn to early 
winter in the Eastern Cape Province of South Africa. In 
Europe, the fruits of C. monogyna can last through autumn 
while the fruits of C. mexicana last up to late winter in 
the mountains of Mexico (USDA-NRCS 2018; CAL-IPC 
2018; CABI 2021; Tropical Plants Database 2023). Cra-
taegus monogyna produced 40.88% while C. mexicana 
produced 48.18% of fruits in this study. This is less than 
50% of number of floral inflorescences produced. Even 
though Crataegus monogyna can have between five to 
seven flowers on each inflorescence while C. mexicana 
have between three to six flowers in each inflorescence, 
pollen limitation, limited resources for maturation of fruits 
or self incompatibility mechanism (Chacoff et al. 2008) 
continue to play an equal part in both plants.

Insect pollinators contribute to the fruiting of both species 
in South Africa during the flowering season. When insect 
pollinators are excluded from visiting flowers of both spe-
cies, a reduction in fruit set was observed with the majority 
of flowers being aborted. This confirms that insect pollina-
tion plays a critical role in the fruiting of the two species 
in South Africa, as they do for most plant species globally 
(Fijen et al. 2018). Self pollination is common in the plant 
family Rosaceae but flower morphology does not allow for 
complete self pollination resulting in fewer number of fruits 
(Hill and Hulley 2000; Andrikopoulos and Cane 2018) as 
found in this study. Insect visitation therefore facilitate and 
maximize the reproduction of C. monogyna and C. mexicana 
plants. Insect pollination is one of the barriers that an alien 
plant needs to overcome to become a successful invader in 
a new environment (Blackburn et al. 2011). Similar results 
have also been reported in the United Kingdom, where 
Jacobs et al. (2009) showed evidence that C. monogyna and 

other fruit-bearing hedges require insect pollinators to set 
more fruits.

This study showed that a reduction of fruit set only hap-
pens when insects are excluded from visiting flowers or 
inflorescences. When a single flower is excluded from other 
flowers and insect visitation, self-pollination by autogamy 
occurs though to a lesser extent on C. monogyna but does 
not occur on flowers of C. mexicana. However, when only 
insects are excluded and flowers are bagged together or as 
an inflorescence, self-pollination by geitonogamy occurs in 
both species. This showed that Crataegus monogyna and 
C. mexicana could self-pollinate when insect pollinators 
are excluded from visiting the flowers. There is, however, 
a decrease in the fruit set observed in the absence of insect 
pollinators. This is because insects are crucial for the trans-
fer of pollen from one flower to another. Similar results were 
also observed for C. monogyna in studies conducted in the 
United Kingdom (Jacobs et al. 2009). Therefore, insect pol-
linators have a positive influence on the rate of reproduction 
of these plants in South Africa given that more fruits are 
set in their presence for both species. According to Love 
et al. (2016), self-pollination is one of the characteristics that 
plant species employ to secure the next generation.

Generally, insect pollinators are vital agents in flower-
ing plants contributing to the production of fruits and then 
seeds. Hence, these insects are important in maintaining 
plant diversity in natural habitats (Ojija et al. 2019). In South 
Africa, C. monogyna is visited by various species from order 
Lepidoptera, Hymenoptera, Coleoptera and Diptera with the 
Orders Hymenoptera and Diptera contributing more vistors. 
This is similar in north-western Spain where C. monogyna 
is native (Guitián and Fuentes 1992). The majority of these 
frequent visitors on C. monogyna flowers are generalist pol-
linators such as Apis mellifera, Episyrphus balteatus, Erista-
linus taeniops and Acrae horta (Picker and Griffiths 1989; 
Gaigher et al. 2019; Bonoan et al. 2020; Rossi-Rotondi et al. 
2020). However, Cassionympha cassius is the only frequent 
forest specialist pollinator that visits C. monogyna flowers 
in this study (Gaigher et al. 2019).

The main insect orders that visit C. mexicana flowers 
were also from the insect Orders Hymenoptera, Diptera, 
Lepidoptera and Coleoptera with insects in the Orders 
Diptera and Hymenoptera contributing most visitors. This 
corroborates results of Lo et al. (2007) and Ken (2019) 
who reported that C. mexicana in its native range is pri-
marily pollinated by insects in the Orders Diptera and 
Hymenoptera. According to Guitián and Fuentes (1992), 
Blanckenhorn et al. (2010) and Niederegger et al. (2013), 
Scathophaga species and Calliphora species are the main 
pollinators of Crataegus mexicana. Indeed, Calliphora 
vomitoria and Scathophaga stercoraria equally visited 
the flowers of this plant in this study. Other frequent floral 
visitors were Lucilia sericata, A. mellifera, E. balteatus 
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and Megachile species. These insects are some of the most 
vital insect pollinators that increase productivity and fruit-
set of many plant species in the wild (Shuttleworth and 
Johnson 2009). They are therefore referred to as generalist 
pollinators of C. mexicana flowers (Williams et al. 2014; 
Bonoan et al. 2020; Rossi-Rotondi et al. 2020).

The distribution of insect visitors on the flowers of C. 
monogyna and C. mexicana did not generally vary with 
time of the day. Nevertheless, there were differences in 
the insect community visiting either Crataegus monogyna 
or C. mexicana flowers in this study. Indeed, insect spe-
cies diversity depends on the area or type of habitat the 
species are found in or surrounded with (Humphrey et al. 
1999; Emmanuel and Anuoluwa 2019).The distribution 
of Crataegus spp. are generally determined by elevation, 
precipitation and temperature (Jafari et al. 2019; Rafiee mo 
et al. 2020). Indeed, Crataegus monogyna populations are 
mostly found in high altitude forests habitat of Hogsback 
while C. mexicana populations are found in low altitude 
grassland surrounded by farms in Seymour in the Eastern 
Cape Province of South Africa. The number of individuals 
and insect species were higher for C. monogyna than C. 
mexicana in this study. This may be due to the alteration of 
the habitat in farmlands providing less suitable habitat for 
insect pollinators. The majority of the insect visitors found 
in areas surrounded by farms were flies (Order Diptera). 
These flies could be attracted by the waste produced by 
livestock but end up also visiting the flowers of this plant.

Flower traits may influence the visitation rate by certain 
insect species; this is achieved by creating a communica-
tion channel between the flower and pollinator (Bergamo 
et al. 2016; Fornoff et al. 2017; Reeth et al. 2019). The 
flower colour acts as a decisive cue for insect pollinators, 
directly influencing the visitation rate (Bergamo et al. 
2016). Our findings showed that the insect visitors for C. 
monogyna and C. mexicana flowers in South Africa are 
also the pollinators for these plant species in their native 
range. These insects are mostly generalist pollinators 
(Guitián and Fuentes 1992; Lo et al. 2007; Tropical Plants 
Database 2023). Therefore, these insects may contribute 
significantly to an increase in the reproduction of these 
plant species in South Africa in the future.

The results from this study provide important infor-
mation that will be useful in understanding the ecology 
and phenology of C. monogyna and C. mexicana in South 
Africa. This is the first step in understanding the risk 
posed by the Crataegus species, and in working towards 
management plans for the invaders. It is therefore, recom-
mended that future studies be conducted for other regions 
of the country and investigate if pollinators prefer these 
non-native plants over native species in their natural 
environment.
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