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Abstract

Pollination, a critical ecosystem service in the maintenance of biodiversity is on the decline due to several factors including habitat loss, exotic pest invasions, 
pollution, overharvesting, climate, and land use changes. This study analyzed fl ower visitors’ activity of Ocimum kilimandscharicum in the Kakamega forest. Specifi cally, 
the study sought to: (i) assess the effects of temperature and precipitation on fl ower visitors’ diversity and (ii) identify the most effi  cient fl ower visitor using seed set 
analysis. Data on pollinators were collected through direct observation and sweep-netting and the bagging method in which, fl owers were covered using a pollinator bag 
pre-anthesis and allowed a single visit from a fl ower visitor. Seed sets from the fl owers were collected and counted. Six study sites were identifi ed along two transects 
each 2.5 km long and labeled A to F. Sampling was done from 7:30 am to 4:00 pm, three days a week for fi ve months consecutively. Secondary data on bee species and 
their characteristics were used in identifi cation. There were no signifi cant correlations between temperature and diversity (r = -0.509, p = 0.3810), precipitation and diversity 
(r = 0.377; p = 0.531), temperature and species abundance (r = -0.00618; p = 0.9921), species abundance and precipitation (r = -0.248; p = 0.688), temperature and the 
species richness of fl ower-visiting insects (r = -0.729 p = 0.1623) and between precipitation and species richness (r = 0.824; p = 0.08592). The highest number of seed sets, 
12,944 was collected under the Apis mellifera making this species, the most effi  cient pollinator. This study clearly shows that Ocimum kilimandscharicum fl ower visitors 
are important in pollination where the higher number of visits translates into higher numbers of seeds set. 
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Introduction

Some three-quarters of fl owering plants globally and 
about 35 percent of the world’s food crops depend on animal 
pollinators to reproduce. Insect pollinators such as butterfl ies, 
beetles, and bees have different adaptations that enhance the 
collection of pollen grains [1-3]. The extent of their activities is 
determined by the prevailing environmental conditions [4,5]. 
Insect pollinators play important roles in the maintenance 
of plant populations, human agricultural enterprise, and 

commercial value. Pollination and seed dispersal are the most 
threatened processes of plant regeneration [6]. Consequently, 
there is an urgent need to evaluate their complex responses 
to ongoing global changes with respect to their diversity, 
distribution, abundance, and the services they offer to the 
ecosystems, particularly in the tropics [7,8]. Flower visitors do 
not primarily visit to pollinate fl owers [9-11]. Some visit the 
plant to obtain nutritional resources such as water, and nectar, 
while others seek shade [1,12] and in the process, may cause 
incidental pollination. 
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Today, the decline in pollinator distribution and abundance 
impacts the effective pollination of crops resulting from a 
multitude of factors that include loss of pollinator habitats 
due to anthropogenic human activities such as agriculture and 
urbanization [13]. The widespread application of pesticides has 
also been linked to the rapid decline in pollinator abundance 
through their effect on pollinator behaviour, navigation abilities, 
and success in reproduction. Climate changes through changes 
in temperature, precipitation patterns, and extreme weather 
events, are also believed to impact the timing of the emergence 
of pollinator and migration, as well as food resource availability 
which further exacerbates decline in pollinator abundance. The 
deliberate and indeliberate introduction and spread of invasive 
pathogens and parasites are also known to negatively affect 
pollinator abundance. Inadequate pollen quality and quantity 
can also contribute negatively to inadequate crop pollination, 
which may lead to lower yields [14].

This study evaluated the effects of precipitation and 
temperature on Ocimum kilimandscharicum fl ower visitor 
diversity and abundance in a bid to identify the most effi cient 
fl ower visitors and their effects on the number of seeds set. 
Given the limited knowledge of Ocimum kilimandscharicum 
pollinators, this study sought to determine their signifi cance 
and value in supporting and enhancing pollination services in 
forest-adjacent communities. This information is important 
for pollination awareness among the local communities and 
ultimately can be used to increase crop yields [15,16] (Navarro, 
et al. 2003). Furthermore, pollinator knowledge will contribute 
to evaluating the possibility of pollination of more plant 
species along forest edges and this will be useful in forestry 
and the production of commercial crops [17,18] (Wright, 1953). 
Such knowledge will raise awareness of the importance of 
pollinators in agroecosystems and consequently, food security 
[19-22].

In the Kakamega forest ecosystem, Ocimum kilimandscharicum 
(Basil) is a major plant for insect foraging [23-26] and it is 
now being cultivated on individual farmlands for commercial 
purposes among the forest-adjacent communities. It is a 
wild shrub [27] that grows in the forest and the effects of its 
domestication are yet to be understood. In addition, the current 
climate change [28-30] in which a rise in temperature is a 
major indicator of this crisis may induce different responses 
in plant and their pollinators [31-33]. Ocimum insect visitors 
and pollinators are responsive to the prevailing temperature 
changes [24-36]. While tropical insects are relatively sensitive 
to temperature changes [37-39]. Deutsch, et al. [24] and Souza, 
et al. [12] point out that, insect species at higher latitudes have 
broader thermal tolerance; and any increase in temperature 
may enhance the performance of insects at higher latitudes 
[40,41].

Prevailing environmental factors tend to critically infl uence 
the relationship between plants and their pollinators. For 
instance, seasonal variations play crucial roles by acting as 
drivers of environmental conditions (Memmott, et al. 2007). 
In addition, local environmental conditions that occur within 
seasons also affect plants and their pollinators. Rainfall acting 

as an environmental effect has the potential to impact plant-
pollinator interactions because, rain tends to have direct 
physical effects on both fl owers and their pollinators, but 
also interferes with the timing of pollinator visits [6]. Local 
temperatures can affect Ocimum pollinator behaviour, altering 
the number of visits by a single pollinator and pollinators’ 
behavior within Ocimum fl owers [42-44]. On a larger scale, 
changes in temperature over the entire season may alter the 
abundance and diversity of pollinators [45]. For instance, 
pollinators with a narrow temperature tolerance may be 
replaced by pollinators that are less sensitive to temperature 
changes or have higher optimal temperatures [40,46,] (Soroye, 
et al. 2020). Soil enhancement has been shown to signifi cantly 
infl uence pollinators by signifi cantly increasing pollinator visit 
durations and reducing the time to fi rst discovery of fl owers 
[47]. Many fl owers are pollinated by the currents of wind or 
water that act as vectors. Wind pollinator fl owers tend to be 
small with no petals, no special colours, no odours, or nectar. 
These plants produce enormous numbers of small pollen grains 
[48]. Some plants have varying pollination methods, including 
both biotic and abiotic pollination. For instance, the orchid 
Oeceoclades maculata uses both rain and butterfl ies, depending 
on its environmental conditions [49].

Biotic factors can also affect Ocimum fl ower visitors. These 
include competition, predators, parasites, and pathogens 
[28,50]. Competition for resources can play an important role 
in some insect pollinator declines and consequently, shape 
the effects of environmental change on pollination services. 
Competition may vary with distance from the forest as a 
function of the availability of resources [51,52]. Predators can 
infl uence pollinator abundance and foraging behavior. In many 
cases, predators cause pollinators to visit plants less frequently 
and for shorter durations [53]. This decline in visitation can 
lead to pollen limitation and decreased seed set.

Parasites can weaken plant-pollinator mutualistic 
interactions, as they reduce mutual benefi ts for one or both 
partners and can lead to conditional interactions in which 
outcomes depend on ecological conditions (Bronstein, 
1994; Stanton, 2003). Flower sharing amongst pollinator 
species represents a route for interspecifi c insect pathogen 
transmission. Multiple global change pressures can cause 
plant–pollinator extinctions and this may alter the risks 
of pathogen-host shifts, intra- or interspecifi c pathogen 
spread, and the emergence of novel population or community 
epidemics. Flowers are hubs for pathogen transmission [54]. 
Consequently, the structure of plant-pollinator interaction 
networks may be pivotal in pathogen-host shifts and 
modulating disease dynamics. Studies conducted by Le Conte & 
Navajas [55], Graystock, et al. [56], and Huiru et al. [57] showed 
that natural movements of pollinator species and exchanges of 
domesticated bees among beekeepers bring them into contact 
with new pathogens. This may vary with distance from the 
forest pointing to the importance of conserving the genetic 
variability among and within important pollinator species to 
decrease disease-mediated mortality [55,58,59] and maintain 
the diversity of insect visitors [60,61].
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Study methods

Study area

Kakamega forest is a tropical rainforest situated in Western 
Kenya (Figure 1). Its elevation is about 1500 to 1600 m above sea 
level with an estimated area of about 240 km2 [62]. Kakamega 
forest is facing major anthropogenic threats because of the 
overdependence on it by the local population [63].

The population growth has increased from 406.4 persons 
per km2 in 2009 to 580 persons per km2 in 2019 [64]. Kakamega 
Forest receives an average rainfall of 1200mm–1700mm 
annually that is bimodally distributed. Heavy rainfall is 
experienced between April and May; it gets slightly dry in 
June and picks up with the short rains between August and 
September. It’s usually dry between December and February 
(Kalinganire, et al. 2001). It is located between latitudes 00˚ 
08´ 30.5´ N and 00˚ 22´ 12.5´ N and longitude 34˚ 46´08.0´ E and 
34˚ 57´ 26.5´ E. Temperature is fairly constant throughout the 
year, ranging between 20 ˚C – 30 ˚C (Steinbrecher, 2004). Due 
to its rich biodiversity and other important ecosystem services 
Kakamega forest has been ranked as the most sensitive forest 
ecosystem in Kenya by the International Union of Conservation 
of Nature (IUCN 1995; Dauber, et al. 2003) [62]. The fl ora and 
fauna diversity includes 380 plant species, 350 bird species, 
400 butterfl y species, and primates [24,62,66].

Transect establishment

The focus of the study was on fl ower visitors of Ocimum 
kilimandscharicum. The main mode of data collection was 
observation and experimental where fl ower visitors were 
captured using a sweep net and control measures were applied 
to identify the most effi cient fl ower visitor. Two transects of 
2.5 km in length, each were initially randomly established 
running along the forest edge and farmlands cutting through 
Ocimum kilimandscharicum growing sites [67]. Ocimum 

kilimandscharicum plots, 4m x 4m with rich fl oral patches of 
either naturally growing or cultivated were established along 
the mapped transects. Transect establishment was based on 
Ocimum kilimandscharicum availability and where there was least 
disturbance from livestock grazing and humans. The general 
surroundings of the quadrats were noted and considered for 
any possible external infl uences.

GPS coordinates of these plots were taken and labeled A to F. 
Sampling sites were located on these transects as demonstrated 
in Figure 2. These selected sites were all sampled in a similar 
order in 5 months of collection period for uniformity. Sampling 
was done for a week in each month and to adequately sample 
the fl ower visitors with different diurnal patterns sampling 
was done within three observation times per day: 7.30 - 11.00 
am for morning, 12 noon –1 pm, and 2 – 4 pm for afternoon.

Analysis of the effects of weather parameters on Oci-
mum kilimandscharicum fl ower visitors’ diversity and 
abundance

Temperature and precipitation were taken as the weather 
parameters that were most likely to affect insect activity [68] in 
the Kakamega forest. Sampling of fl ower visitors using a sweep 
net was done along established transects in the sites with the 
help of fi eld assistants. Other conditions noted included wind 
strength and cloud cover of that particular day and described as 
windy-slightly windy-calm, hot-warn-cold, drizzle-no rain-
raining, and clear sky-cloudy-partially cloudy. Temperature 
and precipitation were taken as a mean on a monthly basis 
and were obtained from the Kenya Meteorological Department 
Station in Kakamega. 

Determination of the most effi  cient fl ower visitor of the 
Ocimum kilimandscharicum

To effectively determine the most effi cient fl ower visitor 
of the Ocimum kilimandscharicum, the bagging method [69,70] 

Figure 1: Location and Map of the Kakamega forest. (Source: with permission from Kawawa 2016).
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was applied and seed set in terms of number was used to 
measure the effi ciency of pollinators. To accomplish this, three 
sites were randomly selected along the already established line 
transects. This was achieved by clustering the already selected 
sites into three groups and randomly selecting one site in each 
cluster as a sampling point. 

In each of the three sites, a simple random sampling method 
was used to select a total of 120 Ocimum kilimandscharicum 
fl ower stalks prior to anthesis [71]. The selected fl owers 
were then divided into three parts; those that were left un-
interfered with were labeled NP (not protected), those that 
were protected using pollinator bags and left to receive one 
insect visitor POV (protected one visit) and fi nally those that 
were protected and received no insect visitors PNV (protected 
no visit) [72]. The main focus was on the POV samples. Once 
the Ocimum kilimandscharicum fl owers opened, the pollination 
bags were removed and observation of the fi rst fl ower visitor 
was made and recorded [73]. Flower visitors were recorded 
and the fl ower was re-bagged again to prevent further visits 
from other arthropods [74]. At this point the fl ower visited was 
tagged using a colored band giving the plant a history with its 
visiting agent and its effi ciency in terms of seed number could 
easily be compared [75].

The fl owers were monitored until they set seeds and 
analysis of the seed set number was done. At the fi nal stage 
seeds formed by all the selected Ocimum kilimandscharicum 
fl owers on all sites and on each group respectively were 
collected separately to avoid mixing of results (Dag, et al. 2013). 
Seed quality in terms of number was recorded for comparison 
with other seed sets from the other sites.

Data analysis

Input of data was done using Microsoft Excel [76]. 
The analysis was performed using R 2.10.0 software [77]. 
Weather data was obtained from the Kenya Metrological 

Department (Nairobi, Kenya). The data was in means (per 
month); precipitation (mm), and temperatures (˚C). A T-test 
analysis was carried out to identify any signifi cant differences 
between sites that were closer to the forest edge compared to 
those that were furthest from the forest edge. To determine 
the signifi cant differences between sites ANOVA was used to 
compare the diversity and abundance of the fl ower visitors 
[78]. Pearson Correlation was used to determine the strength 
of the relationship between weather parameters and fl ower 
visitors.

Determination of the most effi cient fl ower visitor was done 
using data that were identifi ed according to the colour tag 
on each fl ower stalk attached representing the fl ower visitor. 
Referencing was done at NMK to identify the fl ower visitor down 
to the species name according to its characteristics. Simple 
linear regression was used to represent the seed number per 
group. Further descriptive and inferential analysis of data was 
carried out and this was summarized as mean fl ower visitors 
per site and frequency distribution that were all represented 
graphically.

Results

Effects of weather parameters on Ocimum kilimandsch-
aricum fl ower visitors’ diversity and abundance

Analysis of the effects of weather parameters: precipitation 
and temperature, on the fl ower visitors’ abundance and 
diversity revealed that these parameters did not signifi cantly 
infl uence fl ower visitor abundance and diversity (Table 1). 

Determination of the most effi  cient pollinator by seed 
set analysis

Out of the 120 selected individual fl owers at each of 
the three sites, 95 successfully set seeds on Morris’s farm, 
76 successfully set seeds in the Pollinator Garden and 104 

Figure 2: Identifi ed Ocimum kilimandscharicum sites (Scale: 1:250000).
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set seeds on Vero’s farm. A number of the fl owers dried up 
prematurely (n = 43), or were destroyed by termites (n = 28) 
while others were destroyed by interference from a tractor (n 
= 14). A total of 42,499 seeds were collected from all the study 
farms. Of these 19,436 seeds were collected from fl owers that 
were Protected with One Visit (POV), 103 seeds from fl owers 
that were Protected with No Visit (PNV), and 22,960 seeds were 
collected from fl owers that were Not Protected (NP).

Figures 3-5 clearly show that Apis mellifera visited fl owers 
produced the highest numbers of seeds at 4574, 3333, and 5037 
seeds respectively giving a total of 12,944 seeds out of the total 
19,436 seeds collected from the POV. 

Frequency Visits of individual fl ower visitors by family/
species in selected Sites

Figure 6 shows the frequency of visits of fl ower visitors at 
the three selected study sites; Red for Morris, Yellow for Vero’s, 
and Blue for the Pollinator Garden.

Results clearly show that the rate at which all fl ower 
visitors foraged in the selected Ocimum plant differed. Apis 
mellifera was the most frequent visitor of fl owers in all three 
sites with a frequency of 30, resulting in the highest number 
of seed sets produced from Apis mellifera in all the sites. This 
was followed by Meliponula sp. Ceratina sp. 1 and Megachilidae 
with a frequency of 7 while the lowest frequency was recorded 
from Allodape, Amegilla, Ceratina sp. II and Heriadias sp. with a 
frequency of 3 (Figure 6).

Discussion 

This study has clearly demonstrated that Ocimum 
kilimandscharicum fl ower visitors play essential roles in 
pollination. Many of these pollinators are associated with the 
forest, which is a compelling reason for the conservation of 

Table 1: Results of Correlations together with the p - values.

Correlation parameters r - value p - value

Temperature and diversity -0.509 0.3810

Precipitation and diversity 0.377 0.531

Temperature and species abundance -0.00618 0.9921

Species abundance and precipitation -0.248 0.688

Temperature and the species richness of fl ower-visiting 
insects 

-0.729 0.1623

Precipitation and species richness 0.824; 0.08592
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the Kakamega forest. In addition, the study has also shown 
that the number of visits by fl ower visitors has implications 
on the number of seeds realized by the plants. The study also 
demonstrated that prevailing temperature did not appear 
to have signifi cant impacts on the fl ower visitors’ activity, 
possibly because, these parameters do not show extreme 
fl uctuations in Kakamega forest [79] (Descamps, 2021).

Effects of weather parameters

Temperature did not signifi cantly affect fl ower visitor 
diversity and abundance. This is in line with a study by 
Pereboom & Biesmeijer [80] who reported that despite different 
bee species facing high solar radiation and high temperatures 
there seemed to be no major difference in composition between 
the bees in different biographical areas with different weather 
patterns. Most bee activity was recorded during the mid-
mornings (10 - 11 AM). Pollinators and plants have different 
climatic requirements, and may therefore respond differently 
to changes in ambient temperature. Temperature can induce 
different responses in plants and pollinators. Even if plants 
and pollinators do respond to the same temperature cue, the 
strength of the response might differ [31].

The most effi  cient fl ower visitor

The large number of seeds (22,960) collected under 
NP demonstrates effective pollination of the Ocimum 
kilimandscharicum that occurred with diverse fl ower visitors. 
However, under the protected with no visit (PNV), the small 
number of seeds (103) collected indicates that pollination may 
have occurred despite the control measures to prevent it. This 
may have occurred through other forms of pollination, like 
self-pollination, leaving a knowledge gap that requires further 
studies.

The complete and actual role of the fl ower visitors in 
effective pollination studies is usually dependent on the 
frequency and relative number of visits to the fl owers [81]. 
According to Bauer & Wing [9], however, results obtained 
under the single-visit study are equally important in providing 
an estimate or a foundation for carrying out further studies. 
It may also indicate a rough estimate of the importance of a 
fl ower visitor in pollination and crop production.

Apidae stood out in this study as the most effective 
pollinators. The study conforms to that of Eeraerts, et al. [82] 
on sweet cherry where it was found that Apis mellifera were the 
most effi cient pollinator as they helped produce the highest 
number of seeds in each of the three sites. Morris’ Farm Site 
was the closest to the forest cover (initially site F which was 
50 m from the forest edge); this may also be included as an 
explanation for the high number of seeds (7609) produced 
from the site as bees did not have to cover a long distance to 
get to their foraging sites. 

Conclusion

In conclusion, fragmentation, habitat alteration, and 
disturbances in Kakamega forest will have irreversible effects 
on the fauna including a wide range of bee fl ower visitors that 

play a major role in pollination and are attracted by the Ocimum 
kilimandscharicum plants. These fl ower visitors as shown in 
this study are diverse and are dependent on the forest as they 
forage along the forest for resources. 

Consequently, by planting Ocimum which attracts many 
diversifi ed pollinators, local communities can benefi t from 
their pollination services to increase their crop yields. While 
the fi ndings of this study may be inconclusive, because of its 
short duration, the information obtained forms a foundation 
and offer baseline data for future studies on pollinators of the 
Ocimum family. 

Recommendation

The diversity and abundance of pollinators observed on 
Ocimum kilimandscharicum fl owers clearly show that this 
plant species can be used to attract pollinators in the larger 
farmlands that carry out commercial farming. There is a need 
for studies to be carried out to identify the signifi cance of 
Ocimum kilimandscharicum fl ower visitors in the crop yields of 
the surrounding communities.

This study also recommends that more detailed studies on 
the effects of precipitation, temperature, and other weather 
parameters on Ocimum kilimandscharicum fl ower visitors 
with longer study periods in Kakamega forest, be thoroughly 
investigated in view of the anticipated climate change.

Further recommendations are made for those who 
domesticate bees for honey production; they can plant Ocimum 
kilimandscharicum as the study has shown that it is a favorite 
forage plant among bees including the stingless bees [83].

Finally, there is the need for both researchers and 
local communities to increase public awareness of Ocimum 
kilimandscharicum and its preferred fl ower visitors as this 
would give more opportunities for further studies to be carried 
out by researchers.
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