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ABSTRACT

Mutualisms between plants and their floral visitors sustain not only plant diversity, but also the diversity of an
estimated 350, 000 animal species, mainly various insects, birds and mammals. Wild bees represent the most
important group of pollinator insects because they play a key role in agriculture, pollinating almost all crop
varieties. However, they are increasingly at risk of local and even global extinction. Climate change and habitat
loss are affecting all major aspects of the biology of insects that pollinate plants in both natural and agricultural
communities. Understanding network structure and its underlying causes are essential parts of any study of
biodiversity and its responses to disturbances, yet it is a conceptual and methodological challenge to address these
problems in highly diversified communities with thousands of interactions. Plant—pollinator communities are
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typically composed of a high number of plant species and an even greater number of pollinator species.

INTRODUCTION

Sexual reproduction of many crops and the majority of
wild plants are dependent on animal pollination through
insects, birds, bats and others, with insects playing the
major role (Renner, 1998). The most common way plants
attract animals to visit their flowers is by providing food
such as nectar, pollen or oils. While searching for these
rewards in the flower, pollen from the flower’s anthers
may stick to the body of the animal. When the animal
visits subsequent flowers in search of more rewards,
pollen from its body may adhere to the stigma of these
flowers and again, new pollen may stick to the body of
the animal. Insect pollination is a very important
ecosystem service (Hoehn et. al., 2008; Winfree et. al.,
2011) that provides essential support for food security
and  ecosystem  stability  (Lautenbach, 2012).
Approximately 90% of the world’s angiosperms require
insect pollination (Klein et. al., 2007), and 85% of
agricultural crops have increased production with insect
pollination (Winfree et. al., 2011). The interaction
between floral traits and pollinator behavior has been an
important force in the co-evolution of plants and their
animal pollinators. Mutualisms between flowering plants
and animal pollinators are an integral ecological
relationship of vital importance for both natural and
agricultural  ecosystems (Kearns et al, 1998).
Approximately 87.5% of flowering plants use animal-
mediated pollination to set seed and fruit (Ollerton et. al.,
2011), corresponding to 70% of our agricultural crops

(Klein et. al., 2007). Therefore, in order to insure the
security of our pollinator-dependent crop species, it is
imperative to characterize the mechanisms and practices
that can enhance pollinator ecosystem services in
managed landscapes. At least 130,000 species of animal,
and probably up to 300,000, are regular lower visitors
and potential pollinators (Buchmann and Nabhan 1996;
Kearns et. al., 1998). There are currently about 260,000
species of angiosperms (Soltis and Soltis, 2004) and it
has been traditional to link particular kinds of lowers to
particular groups of pollinators. About 500 genera
contain species that are bird pollinated, about 250 genera
contain bat-pollinated species, and about 875 genera
predominantly use abiotic pollination; the remainder
contains mostly insect-pollinated species, with a very
small number of oddities using other kinds of animals
(Renner and Ricklefs, 1995).

Flowers differ tremendously in color, scent, size and
shape; and they are visited by an equally diverse
morphological and taxonomic array of animals. The most
common flower visitors are insects belonging to the
orders Hymenoptera, Lepidoptera, Diptera and
Coleoptera. The objective of this review is to note
importance and contributing factors for declining of
pollinators.
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Insect Pollinators and Their Important Role
Pollinators and other flower visitors utilize flowers for
food in the form of nectar and pollen, and, in some cases,
oils and resins, as well as for shelter and mating
rendezvous sites (Simpson and Neff, 1983). Some
pollinators also use flowers as brood sites (Hembry and
Althoff, 2016). Thus, mutualisms between plants and
their floral visitors sustain not only plant diversity, but
also the diversity of an estimated 350, 000 animal
species, mainly various insects, birds and mammals
(Ollerton, 2017). The degree of ecological dependence of
these animals on the flowers ranges from completely
obligate, as in species that use particular flowers as
brood sites or sources of food, to facultative, as in
species that have generalist diets that include some food
from flowers.

Cross-pollination is not only essential for seed
production for around half of all plant species, but also
results in higher seed production and performance of
progeny in many self-compatible species (Aizen and
Harder, 2007). This is because cross-fertilization reduces
the likelihood of inbreeding depression which is
commonly observed in the self-fertilized progeny of
plants (Keller and Waller, 2002). Cross-fertilization also
promotes the build-up of genetic variation and thus the
ability of plant species to adapt to new and changing
environments (Morran et. al., 2009). Studies involving
supplemental hand-pollination of flowers have shown
that seed production of plants is often limited by the
quantity and quality of pollen received naturally (Knight
et. al., 2005). This phenomenon of pollen limitation of
fecundity occurs naturally in relatively undisturbed
ecosystems, but is often exacerbated when plants
populations become small and fragmented (Wilcock and
Neiland, 2002). It can arise because pollinators are rare
or because plants have too few mating partners and
pollinators carry inadequate amounts or quality of pollen.
Because self-incompatible plants cannot use their own
pollen to produce seeds, they are more likely to
experience pollen-limitation than self-compatible plants
(Larson and Barrett, 2000). Approximately 73% of the
world’s cultivated crops, such as cashews, squash,
mangoes, cocoa, cranberries and blueberries, are
pollinated by some variety of bees, 19% by flies, 6.5%
by bats, 5% by wasps, 5% by beetles, 4% by birds, and
4% by butterflies and moths (Freitas et. al., 2004). Of the
hundred principal crops that make up most of the world’s
food supply, only 15% are pollinated by domestic bees
(mostly honey bees, bumble bees and alfalfa leafcutter
bees), while at least 80% are pollinated by wild bees and
other wildlife (as there are an estimated 25,000 bee
species, the total number of pollinators probably exceeds
40,000 species). Bees are the most effective pollinators
of crops and natural flora and are reported to pollinate
over 70% of the world’s cultivated crops. It has also been
reported that about 15% of the 100 principal crops are
pollinated by domestic bees (i.e. manageable species e.g.
hive-kept species of honeybees, bumble bees, alfalfa

bees, etc.), while at least 80% are pollinated by the wild
bees (Kenmore and Krell, 1998).

The role of wild bee in pollination

The term “wild bee” is used commonly for all bees
except honey bees in the genus Apis (Abrol, 2012).Wild
bees (order Hymenoptera: Apoidea) represent the most
important group of pollinator insects because they play a
key role in agriculture, pollinating almost all crop
varieties. However, they are increasingly at risk of local
and even global extinction due to climate change
(Biesmeijer et. al., 2006), which can disrupt the overlap
of flower production and pollinator flight activity (Wall
et al., 2003). The major characteristic of climate change
is an increase in the mean global temperature. Elevated
temperatures are known to influence the foraging
activity, body size at maturity, and individual lifespan
(Scaven and Rafferty, 2013) of wild bees. The
physiological impacts of climate warming might not
have negative effects on individual insect pollinators; in
fact, some could even have positive effects. Increases in
mean temperature affect the diversity and abundance of
wild bees in agricultural ecosystems.

The status of bees worldwide is currently a topic of
research and conservation concern (Potts et al., 2010).
Numerous factors may be threatening bees including
habitat loss and fragmentation, pesticides, and disease
(Winfree et. al., 2009). In addition, the increasingly
widespread use of managed bees may have negative
effects on wild bee populations (Goulson, 2003; Paini,
2004).

Managed bees, including honeybees, bumblebees and
some solitary bees have become an integral component
of agriculture due to a rising demand for pollinator-
dependent crops and without which many farms would
likely experience pollination deficits. However, the use
of managed bees may negatively affect wild bee
abundance or diversity, which could in turn impact food
production since a diverse wild bee community has been
found to increase pollination rates and subsequent crop
yields even when managed bees are present (Klein et. al.,
2003; Mallinger and Gratton, 2015) . Furthermore, in
natural habitats, a diverse wild bee community is integral
for maintaining plant diversity and ecosystem function
(Memmott et. al., 2004; Fontaine et. al., 2005). Thus,
identifying and quantifying the factors that affect wild
bees is essential for bee conservation and to ensure
pollination services within both managed and natural
habitats. There are several ways in which managed bees
could affect wild bees including through competition
over finite resources such as nectar, pollen, or nesting
habitat. Competition with managed bees for pollen and
nectar may induce changes in wild bee floral use and
niche breadth, with potential consequences for bee
fitness. While the majority of wild bees are polylectic
and potentially able to modify foraging behaviors in the
presence of honey bees, competition could still have
negative effects if wild bees are forced to forage on less
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nutritious plants, spend more time searching for flowers
that are unoccupied or whose resources have not yet been
depleted, or forage further from their nests (Fruend et.
al., 2013; Spiesman and Gratton, 2016).

Factors for Insect Pollinators Decline

Global change is affecting insect pollinators in profound
ways. Climate change and habitat loss are affecting all
major aspects of the biology of insects that pollinate
plants in both natural and agricultural communities,
altering their distribution, phenology, abundance,
physiology, and morphology (Burkle et. al., 2013).

Climate change

The responses of insect pollinators to climate change
have been relatively well-studied, although much
remains to be resolved. For the most part, experimental
studies of climate change factors on insect pollinators
have focused on temperature (Bennett et. al., 2015), an
important determinant of developmental rate (Kingsolver
and Huey, 2008). Manipulations of other factors, such as
carbon dioxide (Hoover, 2012) or precipitation (Burkle
and Runyon, 2016), have been applied to plants with
subsequent measures of pollinator responses to altered
floral traits. As climate changes, the habitats suitable for
supporting pollinators may change with some areas being
lost and others are being newly created. When a habitat
disappears, or the pollinator is unable to move to a new
habitat, then local extinction can occur (Travis, 2003).
Climate change may also disrupt the synchrony between
the flowering period of plants and the activity season of
pollinators (Wall et. al., 2003).

Land-use change

Landscape configuration can play an important role in
the maintenance of diverse pollinator communities.
Decreased patch size, loss of habitat area and reduced
connectivity have all been identified as important drivers
of species richness declines (Marini et. al., 2014).
Furthermore, they negatively affect the ecological
network link richness, leading to network contraction
(IPBES, 2016). Pollinator richness generally declined
with decreasing landscape heterogeneity (Andersson et.
al., 2013) and habitat destruction and fragmentation are
likely to negatively affect pollinators (Harris and
Johnson, 2004). Areas where habitats are not completely
transformed, such as heavy livestock grazing, can also
negatively impact pollinators (Mayer, 2004), changing
the dominant guilds (Colville et. al., 2002), and thus
ecological processes. Although livestock grazing is not
often seen as a driver of fragmentation, grazing can
reduce flower availability of palatable plants, leading to
changes in seed set and demography (Mayer, 2004).

Habitat loss is generally thought to be the most important
factor driving bee declines (Brown and Paxton, 2009).
Winfree et. al. (2009) found a significant, but relatively
small, negative effect, of various types of disturbance on
wild bee abundances and species richness, of which
habitat loss and/or fragmentation was the most important

contributor. Ricketts et. al. (2008) also found a strongly
significant negative effect of distance from natural
habitat (due to habitat loss and/or conversion) on the
richness and abundance of wild bees. Habitat
degradation might affect bee species primarily by the
loss of floral and nesting resources, and the introduction
of insecticides with lethal or sub-lethal effects. The data
on pollinator decline in Africa are scarce and only a few
studies reporting on declines over a local scale are
available (Pauw and Hawkins, 2011). In Africa, many
species of pollinators are in Sub-Saharan Africa are
found in forest habitats. Deforestation continues to occur
on the continent (Keenan et. al., 2015). Reasons for
deforestation are conversion of land for agriculture

(Haines-Young, 2009), and wuse of timber for
construction and fuel (IEA, 2016). Agricultural
intensification has increased the use of agrochemicals,
resulting in potential habitat degradation within

agricultural areas. Insecticides can cause mortality by
direct intoxication (Alston et. al., 2007) and can result in
local shifts in wild bee diversity and abundance (Brittain
et. al., 2010), whereas herbicides and fertilizers can
affect pollinators indirectly by decreasing floral resource
availability (Gabriel and Tscharntke, 2007).

Plant—Pollinator Networks

Within habitats, species and their interactions assemble
into large, complex ecological networks. Such networks
are rich in structural heterogeneity (Montoya et. al.,
2006). Understanding network structure and its
underlying causes are essential parts of any study of
biodiversity and its responses to disturbances, yet it is a
conceptual and methodological challenge to address
these problems in highly diversified communities with
thousands of interactions. The study of plant—pollinator
networks is becoming an increasingly important field of
research. Plant—pollinator communities are typically
composed of a high number of plant species and an even
greater number of pollinator species. For this reason,
deciphering the structure of plant—pollinator interactions
is important to understand co-evolutionary processes in
species-rich communities (Bascompte and Jordano,
2007). At the same time, a good assessment of the
structure of plant—pollinator interactions is essential to
evaluate the stability of pollination systems. This is
especially important in the face of reported pollinator
declines associated with anthropogenic influence
(Biesmejer et. al., 2006). A key feature of pollination
networks is their nested design. This means that the core
of the network is made up of highly
connected generalists (a pollinator that visits many
different species of plant), while specialized species
interact with a subset of the species that the generalists
interact with (a pollinator that visits few species of plant,
which are also visited by generalist pollinators) (Anders
and Jordi, 2007). As the number of interactions in a
network increases, the degree of nestedness increases as
well (Jordi et. al., 2003). Another feature that is common
in pollination networks is modularity. Modularity occurs
when certain groups of species within a network are
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much more highly connected to each other than they are
with the rest of the network, with weak interactions
connecting different modules (Jens et. al., 2007; Yoko
and Jens, 2009). Within modules it has been shown that
individual species play certain roles. Highly specialized
species often only interact with individuals within their
own module and are known as ‘peripheral species’; more
generalized species can be thought of as ‘hubs’ within
their own module, with interactions between many
different species; there are also species which are very
generalized which can act as ‘connectors’ between their
own module and other modules (Jens et. al., 2007).
Community-level approach has benefited from a network
perspective (Jordano et. al., 2003; Va'zquez and Aizen
2004). Mutualistic networks can be described by two
properties: First, they are very heterogeneous; i.e. the
bulk of species have a few interactions, but a few species
are much more connected than expected by chance
(Jordano et. al., 2003). Second, mutualistic networks are
highly nested, that is, specialists interact with proper
subsets of the species interacting with generalists
(Bascompte et. al., 2003).

CONCLUSION

The effects of the present biodiversity crisis have been
largely focused on the loss of species. However, a missed
component of biodiversity loss that often accompanies or
even precedes species disappearance is the extinction of
ecological interactions. The consequence of species
interactions loss for biodiversity is just an emerging
field. Anthropogenic impacts are the most evident causes
of biodiversity loss, but other causes can also be at work.
Since pollinator scarcity is the main factor responsible
for inadequate pollination, solutions to this lie in
increasing the number of pollinators. This can be done
by conserving populations of natural insect pollinators by
promoting integrated pest management and by enhancing
use of botanical extracts as pesticides, therefore, the
chemical pesticides use should be applicable if
recommended to use only. In addition, the use of
chemical fertilizer has also need attention. There is a
need to formulate policies that include pollination as an
integrated input to agricultural production technologies.

REFERENCES

1. Abrol D. P. Pollination Biology, Biodiversity
Conservation and Agricultural Production. Springer
Science and Business Media, 2012; 823.

2. Aizen M. A. and Harder LD. Expanding the limits of
the pollen-limitation concept: Effects of pollen
quantity and quality. Ecology, 2007; 88: 271-281.

3. Alston D. G., Tepedino, V. J., Bradley, B. A., Toler
T. R., Griswold T.L. and Messinger S. M. Effects of
the insecticide Phosmet on solitary bee foraging and
nesting in orchards of Capitol Reef National Park,
Utah. Environ. Entomol., 2007; 36: 811-816.

4. Anders N. and Jordi B. "Ecological networks,
nestedness and sampling effort™. Journal of Ecology,
2007; 95(5): 1134-1141.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Andersson G. K. S., Birkhofer K., Rundléf M. and
Smith H. G. "Landscape heterogeneity and farming
practice alter the species compaosition and taxonomic
breadth of pollinator communities.” Basic and
Applied Ecology, 2013; 14(7): 540-546.

Bascompte J., Jordano P., Melia’'n C. J. and Olesen
JM. The nested assembly of plant-animal
mutualistic networks. Proc. Natl Acad. Sci. USA,
2003; 100: 9383-9387.

Bascompte J., Jordano P., Melia'n C. J. and Olesen
JM. The nested assembly of plant-animal
mutualistic networks. Proc. Natl Acad. Sci. USA,
2003; 100: 9383-9387.

Bennett M.M., Cook K.M., Rinehart J.P., Yocum
G.D., Kemp W.P. and Greenlee K.J. Exposure to
suboptimal temperatures during metamorphosis
reveals a critical developmental window in the
solitary bee, Megachile rotundata. Physiol Biochem
Zool, 2015; 88: 508-520.

Biesmeijer J. C., Roberts S. P. M. and Reemer M.
“Parallel declines in pollinators and insect-pollinated
plants in Britain and the Netherlands,” Science,
2006; 313(5785): 351-354.

Brown M .J. F. and Paxton R. J. The conservation of
bees: a global perspective. Apidologie, 2009; 40:
410-416.

Buchmann, S. L. and Nabhan G. P. The Forgotten
Pollinators. Washington, DC: Island Press, 1996.
Burkle L.A., Martin J.C. and Knight TM. Plant—
pollinator interactions over 120 vyears: loss of
species, co-occurrence, and function. Science, 2013;
339: 1611-1615.

Burkle L.A. and Runyon J.B. Drought and leaf
herbivory influence floral volatiles and pollinator
attraction. Glob Change Biol, 2016; 22: 1644-1654.
Colville J., Picker M.D. and Cowling R. M. Species
turnover of monkey beetles (Scarabaeidae: Hopliini)
along environmental and disturbance gradients in the
Namagqualand region of the succulent Karoo, South
Africa. Biodivers Conserv, 2002; 11: 243-264.
Fontaine C., Dajoz I., Meriguet J. and Loreau M.
Functional diversity of plant-pollinator interaction
webs enhances the persistence of plant communities.
PLoS Biology, 2005.

Freitas B.M., Otavio J., Pereira P. Solitary bees
conservation, rearing and management for
pollination. A contribution to the International
Workshop on Solitary Bees and Their Role in
Pollination, held in Beberibe, Ceard, Brazil,282 p.
Fortaleza CE (eds), 2004.

Fruend J.,, Dormann C.F., Holzschuh A. and
Tscharntke T. Bee diversity effects on pollination
depend on functional complementarity and niche
shifts. Ecology, 2013; 94: 2042-2054.

Gabriel D. and Tscharntke T. Insect pollinated
plants benefit from organic farming. Agric. Ecosyst.
Environ., 2007; 118: 43-48.

Goulson D. Effects of introduced bees on native
ecosystems. Annual Review of Ecology, Evolution,
and Systematics, 2003; 1-26.

www.wipls.org | Vol 6, Issue 11, 2020.

1SO 9001:2015 Certified Journal

| 48




Gindaba and Fakhri.

World Journal of Pharmaceutical and Life Science

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Haines-Young R. Land use and biodiversity
relationships. Land Use Policy, 2009; 26: 178-186.
Harris L.F, and Johnson S.D. The consequences of
habitat ~ fragmentation  for  plant—pollinator
mutualisms. Int J Trop Insect Sci, 2004; 24: 29-43.
Hembry D.H. and Althoff D.M. Diversification and
coevolution in brood pollination mutualisms:
Windows into the role of biotic interactions in
generating biological diversity. American Journal of
Botany, 2016; 103: 1783-1792.

Hoehn P., Tscharntke T., Tylianakis J.M., and
Dewenter I.S. Functional group diversity of bee
pollinators increases crop yield. Proc. Boil. Sci.,
2008; 275: 2283-2291.

Hoover SER, Ladley J.J., Shchepetkina A.A., Tisch
M., Gieseg S.P. and Tylianakis J.M. Warming, CO,,
and nitrogen deposition interactively affect a plant—
pollinator mutualism. Ecol Lett, 2012; 15: 227-234.
International Energy Agency. World Energy
Outlook. Paris: IEA/OECD, 2016.

IPBES. The assessment report of the
Intergovernmental  Science-Policy Platform on
Biodiversity and Ecosystem Services on pollinators,
pollination and food production. S. G. Potts, V. L.
Imperatriz-Fonseca and H. T. Ngo. Bonn, Germany,
2016.

Jens M O, Jordi B, Yoko L D, Pedro J. "The
modularity of pollination networks". Proceedings of
the National Academy of Sciences, 2007; 104(50):
19891-19896.

Jordano P., Bascompte J. and Olesen J.M. Invariant
properties in coevolutionary networks of plant-
animal interactions. Ecol. Lett., 2003; 6: 69-81.
Jordi B., Pedro J., Carlos J. M. and Jens M. O. "The
nested assembly of plant-animal mutualistic
networks". Proceedings of the National Academy of
Sciences, 2003; 100(16): 9383-9387.

Kearns C. A., Inouye D. W. and Waser N. M.
“Endangered mutualisms: the conservation of plant-
pollinator interactions,” Annual Review of Ecology
and Systematics, 1998; 29: 83-112.

Keenan R. J., Reams G.A., Achard F., de Freitas
J.V., Grainger A. and Lindquist E. Dynamics of
global forest area: Results from the FAO Global
Forest Resources Assessment 2015. Forest Ecol
Management, 2015; 352: 9-20.

Keller L.F. and Waller DM. Inbreeding effects in
wild populations. Trends in Ecology & Evolution,
2002; 17: 230-241.

Kenmore P. and Krell R. Global perspectives on
pollination in agriculture and agroecosystem
management. International workshop on the
conservation and sustainable use of pollinators in
agriculture, with emphasis on bees, Sao Paulo,
Brazil, 1998; 7-9.

Kingsolver J.G. and Huey R.B. Size, temperature,
and fitness: three rules. Evol Ecol Res, 2008; 10:
251-268.

Klein A.M., Vaissiere B.E. and Cane JH.
“Importance of pollinators in changing landscapes

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

for world crops,” Proceedings of the Royal Society
B, 2007; 274(1608): 303-313.

Klein A.M., Steffan-Dewenter I. and Tscharntke T.
Fruit set of highland coffee increases with the
diversity of pollinating bees. Proceedings of the
Royal Society B-Biological Sciences, 2003; 270:
955-961.

Klein A.M., Vaissiere B.E., Cane J.H., Steffan-
Dewenter 1., Cunningham S.A., Kremen C. and
Tscharntke T. Importance of Pollinators in
Changing Landscapes forWorld Crops. Proc. Boil.
Sci., 2007; 274: 303-313.

Knight T.M., Steets J.A., Vamosi J.C., Mazer S.J.,
Burd M., Campbell D.R., Dudash M.R., Johnston M.
O, Mitchell R.J. and Ashman TL. Pollen limitation
of plant reproduction: Pattern and process. Annual
Review of Ecology Evolution and Systematics, 2005;
36: 467-497.

Larson B.M.H. and Barrett SCH. A comparative
analysis of pollen limitation in flowering plants.
Biological Journal of the Linnean Society, 2000; 69:
503-520.

Lautenbach S., Seppelt R., Liebscher J. and
Dormann C.F. Spatial and Temporal Trends of
Global Pollination Benefit. PLoS ONE, 2012; 7:
35954,

Mallinger R.E. and Gratton C. Species richness of
wild bees, but not the use of managed honeybees,
increases fruit set of a pollinator-dependent crop.
Journal of Applied Ecology, 2015; 52: 323-330.
Marini L., Ockinger E., Bergman K.O., Jauker B.,
Krauss J., Kuussaari M,, Poyry J., Smith H. G.,
Steffan-Dewenter I. and Bommarco R. "Contrasting
effects of habitat area and connectivity on evenness
of pollinator communities.”" Ecography, 2014; 37(6):
544-551.

Mayer C. Pollination services under different
grazing intensities. Insect Sci Appl, 2004; 24:
95-103.

Memmott J., Waser N.M. and Price M.V. Tolerance
of pollination networks to species extinctions.
Proceedings of the Royal Society of London B-
Biological Sciences, 2004; 271: 2605-2611.
Montoya J.M., Pimm S.L. and Sole” R.V. Nature,
2006; 442: 259-264.

Morran L.T., Parmenter M.D. and Phillips P.C.
Mutation load and rapid adaptation favour
outcrossing over self-fertilization. Nature, 2009;
462: 350-352.

Ollerton J., Winfree R, and Tarrant S. “How many
flowering plants are pollinated by animals?” Oikos,
2011; 120(3): 321-326.

Ollerton J. Pollinator Diversity: Distribution,
Ecological Function, and Conservation. in D. J.
Futuyma, editor. Annual Review of Ecology,
Evolution, and Systematics, 2017; 48: 353-376.
Paini D.R. Impact of the introduced honey bee (Apis
mellifera) (Hymenoptera: Apidae) on native bees: A
review. Austral Ecology, 2004; 29: 399-407.

www.wjpls.org

| Vol 6, Issue 11, 2020.

1SO 9001:2015 Certified Journal

| 49



https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Smith%2C+Henrik+G

Gindaba and Fakhri.

World Journal of Pharmaceutical and Life Science

50.

Sl

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Pauw A., and Hawkins J.A. Reconstruction of
historical pollination rates reveals linked declines of
pollinators and plants. Oikos, 2011; 120: 344-349.
Potts S.G., Biesmeijer J.C., Kremen C., Neumann
P., Schweiger O. and Kunin W.E. Global pollinator
declines: trends, impacts and drivers. Trends in
Ecology & Evolution, 2010; 25: 345-353.

Renner S.S. and Ricklefs R.E. Dioecy and its
correlates in the lowering plants. Am J Bot, 1995;
82: 596-606.

Ricketts T. H., Regetz J., Dewenterl S., Cunningham
S. A., Kremen C., Bogdanski A., Gemmill-Herren
B., Greenleaf S. S., Klein A. M., Mayfield M. M.,
Morandin L. A., Ochieng A. and Viana B. F.
Landscape effects on crop pollination services: are
there general patterns? Ecol. Lett., 2008; 11:
499-515.

Scaven V.L. and Rafferty NE. “Physiological effects
of climate warming on flowering plants and insect
pollinators and potential consequences for their
interactions,” Current Zoology, 2013; 59(3):
418-426.

Simpson B.B. and Neff J.L. Evolution and diversity
of floral rewards. Pages 142-159 in C. E. Jones and
R. J. Little, editors. Handbook of Experimental
Pollination Biology. Van Nostrand Reinhold Co.,
New York, 1983.

Soltis P. S. and Soltis D.E. The origin and
diversification of angiosperms. Am J Bot, 2004; 91:
1614-26.

Spiesman B.J. and Gratton C. Flexible foraging
shapes the topology of plant pollinator interaction
networks. Ecology, 2016; 97: 1431-1441.

Travis M.J. Climate change and habitat destruction:
a deadly anthropogenic cocktail. Proc RSoc Lond B,
2003; 270: 467-473.

Va'zquez D.P. and Aizen MA. Asymmetric
specialization: a pervasive feature of plant-pollinator
interactions. Ecology, 2004; 85: 1251-1257.

Wall M.A., Timmerman-Erskine M. and Boyd R. S.
“Conservation impact of climatic variability on
pollination of the federally endangered plant,
Clematis socialis (Ranunculaceae),”Southeastern
Naturalist, 2003; 2(1): 11-24.

Wilcock C. and Neiland R. Pollination failure in
plants: why it happens and when it matters. Trends
in Plant Science, 2002; 7: 270-277.

Winfree R., Aguilar R., Va" Zquez D. P., Lebuhn G.
and Aize M. A. A meta-analysis of bees’ responses
to anthropogenic disturbance. Ecology, 2009; 90:
2068-2076.

Winfree R., Gross B.J. and Kremen C. Valuing
pollination services to agriculture. Ecol. Econ.,
2011; 71: 80-88.

Yoko L. D. and Jens M. O. "Ecological modules and
roles of species in heathland plant-insect flower
visitor networks". Journal of Animal Ecology,
2009; 78(2): 346-353.

www.wjpls.org

| Vol 6, Issue 11, 2020.

1SO 9001:2015 Certified Journal

| 50




