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The study was conducted to understand the variation in pollinator assemblage due to three 
different land use types (forest edge, hilly rain torrent and agricultural land) and its ultimate 
impact on reproductive performance of Trifolium alexandrinum at district Dera Ghazi Khan 
(Punjab) Pakistan. Two parameters of pollinator assemblage i.e. abundance and species 
richness and four parameter of reproductive success of T. alexandrinum were studied i.e. 
number of seeds/head, seed weight/head, number of abnormal seeds/head and germination. 
Abundance and species richness were the highest near forest edge and in hilly rain torrent, 
respectively while both were the lowest in agricultural land. Reproductive performance of T. 
alexandrinum was the best near forest edge in terms of number of seeds / head, seed 
weight/head and germination while it was the poorest in agricultural land in terms of number 
of abnormal seeds and germination. Species richness failed to predict any of the four 
parameters of reproductive success however; abundance was strongly related with the 
germination. For better assessing the role of assemblage on plant reproductive success, future 
studies should explicitly categorize pollinators into functional groups on the basis of their 
relative pollination efficiencies and then assess their role in plant reproductive success.
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INTRODUCTION

Plants and pollinators have been coevolved through millions 
of years and each interactive unit has evolved certain traits for 
better exploitation of the other (Stebbins, 1970). This view 
mainly expresses more specialized nature of interactions 
between the corresponding plants and their pollinators. 
However, numerous empirical studies have proved more 
generalized interactions, in which most of the plant species 
are visited by array of pollinators, known as pollinator 
assemblage (Gomez and Zamora, 2006; Herrera, 1996; Waser 
et al., 1996). 
The pollinator assemblage mainly varies due to habitat 
fragmentation and change in land use i.e. from urban to rural 
gradient (Lopes and Buzato, 2007, Sajjad et al., 2012). As the 
both, ultimately affect the availability of nesting places and of 
food resources. Different pollinator species may respond 

differently to landscape changes (Steffan-Dewenter et al., 
2002). In consequence, there might be reduction in abundance 
of pollinators (e.g., SteffanDewenter and Tscharntke, 1999), 
shift in pollinator guilds (e.g., Donaldson et al., 2002) and 
favor of non-native species to access floral resources (e.g., 
Aizen and Feinsinger, 1994).
The diverse pollinator assemblage overwhelms the 
pollination limitation phenomena in many self-incompatible 
plant species (Ashman et al., 2004; Knight et al., 2005) as 
reproductive success could be pollinator limited (Burd,1994; 
Johnson and  Bond, 1997). However, different pollinator 
species may vary in their pollination effectiveness because of 
variation in pollen load they transfer to the stigma (Herrera, 
1987; Pacini, 1992) and number of visitation frequencies 
(Schmitt, 1980; Bosch and Blas, 1994). For example 
numerous pollination systems have confirmed Hymenoptera 
pollinators as more effective than the Diptera and Coleoptera 
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pollinators (O'Brien, 1980; Hippa, et al., 1981).
The spatial variations among the pollinator species, in terms 
of abundance and diversity, not only maintain the generalized 
pollination system but are also responsible for unrestricted 
gene flow between the populations in close proximity 
(Herrerea, 1996; Fenster et al., 2004). In this way, spatial 
variation in pollinator assemblage often favors the variation 
in pollination effectiveness (Fishbein and Venable, 1996; 
Gomez and Zamora, 1999). This variability in pollinator 
assemblage is especially prevalent in intensive agricultural 
systems because the ephemeral nature of floral resources can 
alter pollinator foraging behaviours (Diekotter et al., 2010) 
and reduce the presence of habitat specialists (Tylianakis et 
al., 2005).
The abundance-richness relationship in pollinator 
assemblages confirms that richness is the function of 
pollinator abundance and plant population size (Steffan-
Dewenter, 2003). Numerous studies have proved spatial 
variation in pollinator abundance (Price et al., 2005, Gomez 
and Zamora, 2006; Ollerton et al., 2006) while a few 
numerical studies have confirmed the spatial variation in 
pollinator richness or diversity. 
The empirical evidences of the local variability of pollinator 
assemblage due to change in local landscape and its ultimate 
impact on plant reproductive success has not been reported 
previously from agricultural ecosystems of Pakistan. This 
study was planned to investigate the impact of local 
variability of pollinator assemblages due to different land use 
types (forest edge, rain torrent and agricultural land) and their 
ultimate impact on reproductive performance of T. 
alexandrinum.

MATERIALS AND METHODS

Study Site

The study area was located in the village 'Jallowali' about 150 
km in north of Dera Ghazi Khan City. The village is 
characterized by three distinct types of landscapes i.e. a forest 
of 25 acres, plain agricultural land and hilly rain torrents 
(Table 1). The most frequently sown crops are rice, wheat, 
sugarcane, cotton and pulses. We selected three study sites, 
one in or near each type of landscape, separated by at least 2 
km from each other. 
The location 'a' was situated near undisturbed forest edge with 
a plant community dominated by xerophytes i.e. Acacia 
modesta, Zizyphous nummularia, Alhagi marurum, Prosopis 
cineraria, Capparis aphylla, Tamarix dioca, Rhizia stricta, 
Prosopis specigera, Salvadora oleoides, Calotropis procera, 
Sueda fruticosa, Solanum xanthocarpum and Peganum 
hermala. Location 'b' was surrounded by agricultural land i.e. 
ca. 1 km from all sides. Location 'c' was situated near hilly rain 
torrents in a small ravine. This landscape is characterized by 
rill and gully erosion which has been suppressed at many 
places by plantation of different plant species i.e.  Tamarix 
dioca, Prosopis cineraria and Capparis aphylla. 
Climate in the zone is Sub-tropical with extreme 
environmental conditions having hot summer and cold 
winter. The mean monthly maximum and minimum 
temperatures ranges from 35˚C to 40˚C and 10˚C to 20˚C 
respectively, while mean monthly summer rainfall is ca. 250 

mm (Khan et al., 2010).

Experimental material

Experimental material was white clover (Trifolium 
alexandrium L.).  It is grown mainly as fodder crop and fixes 
about 118-125 kg nitrogen per hectare annually (Mowad et 
al., 1998). This crop is highly cross-pollinated and tripping 
agencies like bees are required to improve seed set (Yamada et 
al., 1989; Bukheit, 1989).
Trifolium alexandrium was sown in pots having soil media 
composed of silt and farmyard manure in ratio of 1:1.  Two 
sets of pots (one hundred in each) were kept in each of the 
three locations at distance of ca. 150 m, from each other. In 
each set, the pots were placed one foot away from each other 
in the form of a compact square block during 1st week of 
April, before the onset of the bloom. 

Visitor census

Pollinator abundance was recorded throughout the flowering 
season (mid-April to mid-May) by randomly observing 30 
pots for 60 seconds each and counting the number of visiting 
individuals. Six observations were made along the day at 
09:00, 10:00, 12:00, 14:00, 16:00 and 17:00 hrs with three 
days interval.
All the bees were identified up to genus level using the keys of 
Michener (2000).  Butterfly species were identified by the 
specialist (Acknowledgements). Voucher specimens were 
submitted to the Agricultural Museum of the Faculty of 
Agricultural Sciences and Technology, Bahauddin Zakariya 
University Multan. 
 
Reproductive success

Upon maturity, 30 individual heads were randomly selected, 
each from 30 randomly selected pots in each location. Healthy 
and abnormal seeds were counted and weighted separately. 
The seeds were further subjected to germination test at room 
temperature (25-30 °C) in pure silt.

Data analysis

Pollinator assemblage was calculated in terms of their 
abundance, species richness and diversity (Magurran, 2004). 
Species Richness was measured as number of insect species 
observed visiting flowers in each location. Diversity was 
calculated as Shannon-Wiener index (Colwell, 2005). We 
used pollinator rank-abundance curves in order to visualize 
the structure of the pollinator communities (Magurran, 2004). 
Among-location differences in plant reproductive success 
(number of seeds per pod, seed weight per pod, abnormal 
seeds per pod and germination percentage) were analyzed 
using one-way ANOVA. Means were compared by using 
Least Significant Difference (LSD) test at p=0.05. Individual 
based rarefaction curves were used to estimate the number of 
species (S) expected in a random samples of 'n' individuals 
taken from a larger collection made up of 'N' individuals and 
'S' species (Gotelli and  Entsminger, 2005) and graph was 
drawn in PAST software (Hammer et al., 2001).
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RESULTS

In total, 684 insects representing 32 species in three orders 
were observed visiting the flowers of T. alexandrinum in three 
isolated locations. The majority of the insect visitors belonged 
to order Lepidoptera and Hymenoptera (57% and 40%, 
respectively in call the three landscapes) (Fig.1). Most of the 
visitation was restricted to only seven species comprising 
more than 65% of the total visits in all the three landscapes. 
These species include two long-tongued large bees (Apis 
dorsata and A. florea), three butterflies (Taracus venosus, 
Danus chrysippus and Anaphais aurota), a moth 
(Helicoverpa armigera) and a wasp (Vespa sp.). All the seven 
bees recorded in the census belonged to Family Apidae i.e. 
A.dorsata, A. florae, Amegilla sp., Xylocopa sp.1, Xylocopa 
sp.2, Thyreus sp. and Ceratina sexmaculata.
Pollinator assemblage structure exhibited similarity among 
the three locations with a few abundant species and large 
number of scarce species (Fig. 2). However, the species 
composition differed at three sites. A butterfly 'T. venosus' was 
the most abundant floral visitor among the three locations. A. 
dorsata and A. florea (both comprising 74% of the total bees) 
were common bees among the three locations while its 
abundance was highest near forest edge followed by rain 
torrent and agriculture land (Fig. 2). 
There was no significant difference among the three locations 
in terms of Shannon-Wiener (F= 0.15, P=0.86, df = 2). 
However, the three locations differed significantly with 
respect to species richness (F= 2.59, P < 0.08, df = 2) (Table 2). 
The individual based rarefaction curves of three locations 
suggest that species richness is expected to be increase with 
sampling effort as have not yet reached an asymptotic level 
(Fig. 3).
There was significant difference among the three sites in 
terms of reproductive success parameters i.e. number of 
seeds, seed weight / head, abnormal seeds and germination 
percentage (Table 3). Plants near forest edge proved to be the 
best in terms of number of seed (F= 12.89, P < 0.0001, df = 2), 
seed weight / head (F= 17.11, P < 0.0001, df = 2) and 
germination (F= 16.91, P < 0.0001, df = 2). Agricultural land 
and rain torrent were statistically non-significant with respect 
to number of seed and seed weight / head. The Maximum 
abnormal seeds and the minimum germination were recorded 
in agricultural land (Table 3).
Species richness did not predict any of the four parameters of 
reproductive success however; abundance was strongly 
related with the germination (Table 4). The correlation 
between number of seeds and seed weight per head was 
significantly positive (P = 0.05). Contrary to this, the 
correlation between number of abnormal seeds and 
germination was significantly negative (P = 0.05). 
Germination was only positively related with number of seeds 
and seed weight per head (Table 5).  

DISCUSSION

The pollinator community of T. alexandrium was dominated 
by long-tongued insects i.e. butterflies and long tongue bees 
(Apidae). Butterflies and moths can penetrate their long 
proboscis in the flower while the short or long-tongued bees 
have the additional advantage of their ability to manipulate 

the flower.  Although a flower visitor may not necessarily be 
an effective pollinator yet this type of study is rather easy in 
alfalfa in terms of tripping of the flower i.e. release of the 
staminal column from the restraining process on the wing and 
the keel petals and is mainly performed by the insects (Bolton, 
1962).
Based on this tripping mechanism, a previous study (Ahmad, 
1976) from Punjab, Pakistan highlights the promising 
pollinator fauna of alfalfa including a short tongued Halictus 
sp. (Hymenoptera) and a long tongued Megachile cephalotes 
(Hymenoptera). The same study also reports a negligible 
contribution of butterflies, syrphids and beetles towards 
tripping of alfalfa flowers. Some other studies also signify 
Hymenoptera (bees) as the most abundant and efficient 
pollinator group of alfalfa than the Leipdoptera (butterflies 
and moths) and Diptera (flies) (Goodman and Williams, 
1994). This is because of their high efficiency in pollen 
deposition on stigma, high searching, and visitation activity 
(Rodet et al., 1998). In this study, A. dorsata and A. florea 
comprised 74% of the total bee abundance and therefore 
supposed to be the most responsible for predicting 
reproductive performance of T. alexandrium.  As A. dorsata 
was the most abundant near forest edge followed by rain 
torrents and agricultural land, the reproductive success of T. 
alexandrium was heights near forest edge as compared to rain 
torrents and agricultural land (Table 3).  
Pollinator assemblage structure in rank abundance curves 
revealed butterflies as the most abundant floral visitor at all 
the three locations. The spatial structure of variation in 
pollinator abundance and community composition can have 
important implications for plant reproductive performance 
(Gomez and Gonzalez-Megias, 2007). This spatial scale 
variation in pollinator communities remains less clear. Flower 
visitation activity of pollinators is often strongly affected by 
climatic conditions and climate varies on both large and small 
spatial scales (McCall and Primack, 1992). The size and 
quality (availability of nesting places and floral resources) of 
any natural habitat also determines the richness and 
abundance of pollinator species (Cunningham, 2000). The 
reason being A. dorsata was the most abundant near forest 
edge since it is social in origin and build nest on trees 
(Qayyum and Ahmad, 1967). All the three locations had 
different pollinator assemblage structures. The pollinator 
assemblage of an area may also vary on temporal scale 
(Hammer et al., 2001). To understand the spatial variability in 
abundance and diversity of butterflies in any area it is also 
important to know the larval and floral host plant range of 
each butterfly species.
Species richness was the highest in rain torrent followed by 
forest edge and agricultural land. Habitat quality and 
fragmentation has several implications on pollinator 
abundance, diversity, foraging behavior along with having 
negative effect on seed set through genetic degradations 
(Oostermeijer et al., 1994; Matthies et al., 1995). Ockinger 
and Smith (2007) have reported positive relation between 
quality and quantity of surrounding habitat and abundance or 
richness of visiting insects. Habitat isolation and quality 
affects pollinator diversity by variety of ways e.g. patch size 
and density of flowering plants, occurrence of competing 
alternative flowers (Kleijn and Langevelde, 2006) and 
genetic variability (Donaldson et al., 2002).
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Abundance, in this study was positively related with the 
germination while species richness had no impact on 
reproductive success of T. alexandrium. In this study majority 
of the community was composed of butterflies which are 
known to be the less effective pollinators of T. alexandrinum 
(Goodman and Williams, 1994). Irrespective of the 
butterflies, bees (e.g. A. dorsata and A. florea in this study) 
can increase fertilization by 90 percent (Rodet et al., 1998). In 
conclusion, it is hard to estimate plant reproductive success 
merely on the basis of abundance and richness since these do 
not consider functional diversity by categorizing pollinators 
on the basis of their relative effectiveness. For better assessing 
the role of pollinator assemblage on plant reproductive 
success, future studies should explicitly categorize 
pollinators into functional groups on the basis of their relative 
pollination efficiencies and then assess their role in plant 
reproductive success.
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Fig. 1
Percentage of species and individuals of related insect 
orders at three locations during 2009 (ind.=individuals: sp.= 
species)    

Fig. 2
Rank-abundance curves of pollinator species visiting the 
three locations (a: Forest edge; b: Agricultural land; c: Hilly 
rain torrent) at Dera Ghazi Khan (Punjab), Pakistan.

Fig. 3
Rarefaction curves of three locations i.e. (a) Forest edge (b) 
Agricultural land (c) Hilly rain torrent, based on individual 
rarefaction method showing the expected number of species 
as a function of sample size.
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Table 1

Properties and types of three studied landscapes at Dera Ghazi Khan (Punjab), Pakistan.

Experimental locations GPS Altitude feet

Forest edge

Agricultural land

Hilly rain torrent

31°13.51” N, 70°36.88” E

31°12.77” N, 70°37.31” E

31°11.62” N, 70°37.54” E

565±17

587±16

575±16

Table 2

Variation in pollinator abundance, diversity and richness among the locations. Mean sharing similar letters have statistically no 
difference at alpha=0.05 level.

Locations Abundance Species richness

Forest edge

Agricultural

land

Hilly rain 

torrent

 289  

143

252

28 ab

27 b

31 a

Shannon-Wiener 

2.788 a

2.840 a

2.838 a

Table 3

Comparison of reproductive success of T. alexandrinum among three locations. Mean sharing similar letters have statistically no 
difference at alpha=0.05 level.

Locations No of seeds/head

Forest edge

Agricultural 

land

Hilly rain 

torrent

50.889±0.007 a

35.00±0.008   b

38.245±0.006 b

2.806±0.251 b

8.061±0.887 a

3.694±0.337 b

Seed weight/head
(gm)

0.161±2.152 a

0.112±2.596 b

0.106±2.051 b

Abnormal seeds Germination (%)

64.759±0.768 a

58.414±1.151 c

62.120±0.831 b

Table 4

Linear regression analysis between yield attributing components of T. alexandrinum and pollinator assemblage.

Linear Model

Germination = 25.11 + 0.17 Abundance

Abnormal seeds = 6.95 – 5.16 Abundance

No. of seeds = 22.76 + 8.06 Abundance

Seed weight = 7.14 + 2.314 Abundance

Germination = -18.03 + 2.83 Richness

Abnormal seeds = 28.00 - 0.77 Richness

No. of seeds = 58.22 – 0.59 Richness

Seed weight = 0.32 – 6.99 Richness

0.004

0.807

0.100

0.320

0.378

0.275

0.780

0.405

r²

0.904

0.017

0.532

0.259

0.197

0.285

0.022

0.178

p F

37.551

0.068

4.546

1.401

0.980

1.595

0.089

0.866
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Table 5

Pearson correlation coefficient matrix among yield attributing components. 

Seed weight (gm)

No. of seeds

No. of abnormal seed

Germination %

0.887*

-0.209

0.221

No. of seeds No. of abnormal seed

-0.115

0.100 -0.509*

* Significant correlation at 0.05 level

REFERENCES

Ahmad, R., 1976. A note on insect pollinators of alfalfa in 
Pakistan.  N. Zeal. Entomol., 6: 190-191.

Aizen, M.A.  and P. Feinsinger. 1994. Habitat fragmentation, 
native insect pollinators, and feral honey bees in Argentine 
'chaco Serrano'. Ecol. Appl., 4: 378–392.

Ashman, T.L., T.M. Knight, J.A. Steets, P. Amarasekare, M. 
Burd, D. Campbell, M. Dudash, M. Johnston, S.J. Mazer, 
and R. Mitchell, 2004. Pollen limitation of plant 
reproduction. Ecological and evolutionary causes and 
consequences. Ecology, 85: 2408–2421.

Bolton, J.L., 1962. Alfalfa: Botany, Cultivation and 
Utilization. London: Leonard Hill. 

Bosch, J. and M. Blas, 1994. Foraging ehaviour and 
pollinating efficiency of Osmia cornuta and Apis 
mellifera on almond (Hymenoptera: Megachilidae and 
Apidae).  Appl. Entomol. Zool., 29:1–9.

Bukheit, B.R., 1989. Population and seed setting in different 
genotypes of berseem (Trifolium alexandrinum). J. Agric. 
Sci., 20: 199-208.

Burd, M., 1994.  Bateman's principle and plant reproduction: 
the role of pollen limitation in fruit and seed set. Bot. Rev., 
60:83–139.

Cunningham, S.A., 2000. Depressed pollination in habitat 
fragments causes low fruit set. Proc. Biol. Sci., 67: 
1149–1152.

Colwell, R.K., 2005. EstimateS-statistical estimation of 
species richness and shared species from samples, version 
7.5, [online] URL:  http://www.purl.oclc.org/estimates.

Diekotter, T., T. Kadoya, F. Peter, V. Wolters and F. Jauker, 
2010. Oilseed rape crops distort plant–pollinator 
interactions. J. Appl. Ecol., 47: 209–214.

Donaldson, J., J. Nanni, C. Zachariades, and J. Kemper, 2002. 
Effects of Habitat Fragmentation pollinator diversity and 
plant reproductive success in renosterveldshrublands of 
South Africa. Conserv. Biol., 16 (5): 1267-1276.

Fenster, C.B., W.S. Armbruster, P. Wilson, M.R. Dudash, and 
J.D. Thomson, 2004. Pollination syndromes and floral 
specialization. Ann. Rev. Ecol. Evol. S., 35: 375–403.

Fishbein, M. and D.L. Venable, 1996. Diversity and temporal 
change in the effective pollinators of Asclepias tuberose. 
Ecology, 77: 1061–1073.

Goodman, R. and A.E. William, 1994. Honey bee pollination 
of white clover (Trifolium repens) cv Haifa. Aust. J. Exp. 
Agr., 34: 1121-1123.

Gomez, J.M. and R. Zamora, 1999. Generalization vs. 
Specialization in the pollination system of 
Hormathophylla spinosa (Cruciferae). Ecology, 

80:796–805.
Gomez, J.M. and R. Zamora, 2006. Ecological factors that 

promote the evolution of generalization in pollination 
systems. In: Plant–pollinator interactions, from 
specialization to generalization (eds. Waser NM and J. 
Ollerton). University of Chicago Press, Chicago. pp. 
145–165. 

Gomez, J.M. and A.vGonzalez-Megias, 2007. Trait-mediated 
indirect interactions, density-mediated indirect 
interactions, and direct interactions between mammalian 
and insect herbivores. In: Ecological communities: plant 
mediation in indirect webs. (eds. Ohgushi T., Craig T.P. and 
P.W. Price).. Cambridge, UK: Cambridge University 
Press. pp. 104–123.

Gotelli, N.J. and , D.F. Entsminger, 2005. EcoSim, Null 
models software for ecology, v 7.72 Acquired Intelligence 
I n c  a n d  K e s e y - B e a r m ,  a t  
http://homepages.together.net/~gentsmin/ecosim.htm.

Hammer, O., D.A.T Harper and P.D. Ryan, 2001. PAST: 
Paleontological statistics software for education and data 
analysis. Paleontologia Electronica. 4: 9pp.

Herrera, C.M., 1987. Components of pollination ''quality'': 
comparative analysis of a diverse insects assemblage. 
Oikos, 50: 79–90.

Herrera, C.M., 1996. Floral traits and plant adaptation to 
insect pollinators: a devil's advocate approach. In: Floral 
biology (eds. Lloyd D.G. and S.C.H. Barrett). Chapman 
and Hall, New York, New York, USA. pp. 65– 87.

Hippa, H., S. Koponen and O. Osmonen, 1981. Diurnal 
activity of flower visitors to the cloudberry (Rubus 
maemorus L.). Rep. Kevo. Subarctic. Res. Stat., 17:55-57.

Johnson, S.D. and W.J. Bond, 1997. Evidence for widespread 
pollen limitation of fruiting success in Cape wildflowers. 
Oecologia, 109: 530–534.

Khan, S.U., M. Hassan, F.K. Khan and A. Bari, 2010. Climate 
classification of Pakistan. Balwois 2010 Conference, 
O h r i d ,  R e p u b l i c  o f  M a c e d o n i a ,  p p . 1 - 4 7 .  
http://www.balwois.com/balwois/administration/full_pap
er/ffp-1295.pdf: 1–47.

Kleijn, D and F. Van-Langevelde, 2006. Interacting effects of 
landscape context and habitat quality on flower visiting 
insects in agricultural landscapes. Basic Appl. Ecol., 7: 
201–214.

Knight, T.M., J.A. Steets, J.C. Vamosi, S.J. Mazer, and M. 
Burd, 2005. Pollen limitation of plant reproduction: 
pattern and process. Ann. Rev. Ecol. Evol. S., 36:467–97.

Lopes, L.E. and  S. Buzato, 2007. Variation in pollinator 
assemblages in a fragmented landscape and its effects on 
reproductive stages of a self-incompatible treelet, 



Latif et al. / Pakistan Entomologist 2014, 36(2):89-95

95

Psychotria suterella (Rubiaceae). Oecologia, 154(2):305-
14. 

Magurran, A.E., 2004. Ecological diversity and 
ndmeasurements (2  edition). Princeton University Press, 

Princeton.
Matthies, D., B. Schmid and P. Schmid-Hempel, 1995. The 

importance of population processes for the maintenance of 
biological diversity. Galia, 4: 199–209.

Mccall, C. and R.B. Primack,1992. Influence of flower 
characteristics, weather, time of day, and season on insect 
visitation rates in three plant communities. Am. J. Bot., 
79: 434–442.

Michener, C.D., 2000. The Bees of the World- John Hopkins 
University Press, Baltimore.

Mowad, H.S., M.S. Badrel-Din and R.A. Abdel-Aziz, 1998. 
Improvement of biological nitrogen fixation in Egyptian 
winter legumes through better management of Rhiobium. 
Plant Soil, 204: 95-106.

O'BRIEN, M.H., 1980. The pollination biology of a pavement 
plain: pollinator visitation patterns. Oecologia, 47: 213-
218.

Ockinger, E. and H.G. Smith, 2007. Semi-natural grasslands 
as population sources for pollinating insects in 
agricultural landscapes. J. Appl. Ecol., 44: 50–59.

Ollerton, J., S.D. Johnson and A.B. Hingston, 2006. 
Geographical variation in diversity and specificity of 
pollination systems. In: Plant–pollinator interactions, 
from specialization to generalization. (eds.Waser N.M. 
and J. Ollerton). University of Chicago Press, Chicago, 
pp. 283–308.

Oostermeijer, J.G.B., M. Eijck, W. Van, J. Nijs and C.M. Den, 
1994. Offspring fitness in relation to population size and 
genetic variation in the rare perennial plant species 
Gentiana pneumonanthe (Gentianaceae). Oecologia, 
97:289–296.

Pacini, E., 1992. Transport mechanism of pollen – a short 
review. In: Sexual plant reproduction (eds. Cresti M. And 
Tezzi). Springer, Berlin. pp. 69–79.

Qayyum, A. and  Ahmad, N., 1967. Biology of Apis dorsata F. 
Pakistan J. Sci., 19: 109–113.

Rodet, G, B.E. Vaissiere, T. Brevault and J.P.T. Grossa, 1998. 
Status of self-pollen in bee pollination efficiency of white 
clover (Trifolium repens L.). Oecologia, 114: 93-99.

Sajjad, A., S. Saeed and M.A. Bashir, 2012. Spatial variation 
in pollinator communities and reproductive performance 
of Prosopis juliflora (Fabaceae). Journal of Pollination 
Ecology, 8(9):59-66.

Schmitt, J., 1980. Pollinator foraging ehaviour and gene 
dispersal in Senecio. Evolution, 34: 934–943.

Stebbins, G.L., 1970. Adaptative radiation of reproductive 
characteristics in angiosperms. I. Pollination 
mechanisms. Ann. Rev. Ecol. Evol. S., 1: 307-326.

Steffan-Dewenter, I., 2003. Importance of habitat area and 
landscape context for species richness of bees and wasps 
in fragmented orchard meadows. Conserv. Biol., 17: 
1036–1044.

SteffanDewenter, I. and T. Tscharntke. 1999. Effects of 
habitat isolation on pollinator communities and seed set. 
Oecol., 121: 432–440.

Tylianakis, J.M., A.M. Klein and T. Tscharntke, 2005. 
Spatiotemporal variation in the diversity of Hymenoptera 
across a tropical land use gradient. Ecology,  86: 
3296–3302.

Waser, N.M., L. Chittka, M.V.  Price, N. Williams and J. 
Ollerton, 1996. Generalization in pollination systems, and 
why it matters. Ecology, 77:1043–1060.

Yamada, T., H. Fukuola, and T. Wakamatsu, 1989. Recurrent 
selection programmes for white clover (Trifolium repens 
L.) using self compatible plants. Selection of self 
compatible plants and inherent of a self compatibility 
factor. Euphytica, 44: 167-172.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

