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ABSTRACT

In agricultural habitat 10 bumblebee species were recorded; 68.62% of which were dominated by five species viz., B.
asiaticus, B. melanurus, B. rufofasciatus, B. semenovianus and B. tunicatus. However, in non-agricultural habitat 13
bumblebee species were recorded and more than 50% bumblebees were dominated by four species viz., B. asiaticus, B.
avinoviellus, B. biroi and B. haemorrhoidalis. Significant variations were observed in the species richness at non-agricultural
habitat but none in case of abundance at habitat level. Generally maximum species richness was recorded at Darkot. © 2011

Friends Science Publishers
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INTRODUCTION

Northern Pakistan is endowed with a great variety of
flora and fauna owing to its diverse array of altitude, rainfall
and climate. It is among the regions where the earth's
biological wealth is most distinctive and rich (Malcolm et
al., 2002). Pollinators play a pivotal role in flowering plant
reproduction and fruit set for agricultural and wild plant
communities (Buchmann & Nabhan, 1996; Accorti, 2000,
Al-Ghzaw et al., 2003; Eardley et al., 2006; Fontaine et al.,
2006; Klein et al., 2007). In many plant species a decline in
pollination quantity and quality result in a decline of seed
set (Kwak et al., 1998; Steffan Dewenter & Tscharntke,
1999; Tomimatsu & Ohara, 2002) and or inbreeding (Kwak
et al., 1998; Velterop, 2000; Luijten, 2001; Mustajarvi et al.,
2001) and bumblebees provide a vital ecological service in
this regard (Sabir et al., 2007).

Bumblebees are efficient pollinator (Abak et al., 2000;
Semida, & Elbanna, 2006) and able to forage in adverse
weather conditions, which are not suited to honeybees and
solitary bees (Allen-Wardell et al., 1998). In recent years,
many bumblebee (Bombus) species have shown sharp
declines in their abundance in many parts of the globe
(Rasmont, 1995; Buchmann & Nabhan, 1996; Westrich,
1996; Kevan & Phillips, 2001) especially in the last 50 years
(Goulson et al., 2005).

Among 5700 species of floral resources of Pakistan,
there are almost 400 endemic species and around 1000
species of vascular plants, which are known to occur in
Northern mountain regions of Pakistan (Khan et al., 2009).
But unluckily we are still in dark keeping in view their

important pollinators like bumblebees. Owing to already
scarce information, knowing bumblebees is thus extremely
important to improve the pollination of our cultivated crops
and to restore native plants (Sabir et al., 2008). So the main
aim of this study was to evaluate the species richness and
diversity of bumblebees in two different habitats viz.,
agricultural and non-agricultural in Northern Pakistan at
spatial scale.

MATERIALS AND METHODS

Study area: Present study focuses on Northern Pakistan
(Fig. 1) comprising six sites from Gilgit-Baltistan (former
Northern Areas) and two from Azad Jammu and Kashmir.
The field work was conducted from March through
September during 2006 and 2007.

Bumblebees monitoring in different habitats: The
observations on the bumblebees were carried out in each
habitat viz, agricultural (crop area) and non-agricultural
(non-crop, forest area), on two consecutive days i.e., on day
first in agricultural habitat (AH) and on day second in non-
agricultural habitat (NAH). In both habitats, bumblebees
were captured within the search area of 100 m radius and
counted during the bloom of the target crop/plant for one
hour. Bumblebees were searched for and caught as soon as
they landed on or right after leaving the flowers with
entomological hand net despite other methods for sampling
(Dafni, 1992), because hand net is an easy handling method.
The observation turns were six (0700- 0800, 0900- 1000,
1100- 1200, 1300- 1400, 1500- 1600 & 1700- 1800 h) to
insure that the equal sampling effort was exerted in each
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study area. The same species/individuals of bumblebees
caught were released following identification (Carvell et al.,
2004) at the end of each day; however, the new one
species/individuals were killed in a killer chamber (cyanide
killing bottle) and stored in individual paper bags.
Preservation and identification of the captured
specimens: The collected specimens were preserved and
properly labeled in collection boxes. The collected
specimens were identified up to the species level with the
help of available literature (Williams, 1991; Williams, 1998;
Williams et al., 2008).

Diversity indices: Species richness (the number of species)
and abundance (number of individuals) of insects were
summed for each site to get the mean observations of both
years. Four measures of diversity statistics were calculated
as:

S = Richness
species in a sample unit).
H' = Shannon diversity (Shannon & Weaver, 1949).

Species richness (the number of

Where pi= Importance probability (Greig-Smith,
1983).
E = evenness (equitability) (Pielou, 1969).
Hn’
f=r == == == == ===
In

Where In is natural log.

D = Simpson's index of diversity for an infinite
population (Simpson, 1949). This is the complement of
Simpson's original index.

The distribution maps were prepared on the basis of
the respective coordinates of the sampling sites by using Arc
View.

RESULTS

Diversity and abundance of bumblebees in Northern
Pakistan: In AH 2836 individuals comprising 22.74% (n =
645) queen, 49.44% (n = 1402) worker & 27.82% (n = 789)
male (Fig. 2a) of 10 bumblebee species from eight sub
genera were recorded (Fig. 3a). Of which 57.62%
individuals belong to three sub genera (Fig. 3a) viz.,
Melanobombus Dalla Torre, Sibiricobombus Vogt and
Bombus s.str.  Similarly, 68.62% bumblebees were
dominated by five species (Fig. 3b) viz., B. asiaticus, B.
melanurus, B. rufofasciatus, B. semenovianus and B.
tunicatus. The most common species, which encountered
abundantly was B. asiaticus. On the other hand, in NAH,
2860 individuals comprising 20.73% (n = 593) queen, 55.03
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Fig. 1: Distribution of sampling sites in Northern

Pakistan
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Fig. 2: Bumblebees abundance (Mean + SE) of genus
Bombus with all castes and sexes in agricultural (a) and
non-agricultural habitat (b) of Northern Pakistan

= No. of individual
—e— Relative Abundance | T 4¢

(@

1600 -

1400

1200 -

1000 +

Worker Male Queen

(b)

2500
No. of individual

—e— Relative Abundance

2000 +
1500 +
1000 +

500 +
-1

Queen
(n = 1574) worker and 24.23% (n = 24.23) male (Fig. 2b) of
13 bumblebee species from eight sub genera were recorded
(Fig. 3c). Of which more than 58% individuals belong to
three sub genera viz., Mendacibombus Skorikov,
Pyrobombus Dalla Torre and Sibiricobombus Vogt.
Similarly, more than 50% bumblebees were dominated by
four species (Fig. 3d) viz., B. asiaticus, B. avinoviellus, B.
biroi and B. haemorrhoidalis. The most common species,
which encountered abundantly was B. asiaticus, while the
less common was found to be B. tunicatus. However, two
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Fig. 3: Relative abundance (mean + SE) of bumblebees
sub genera (a,c) and species (b,d) in agricultural and
non-agricultural habitat
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species viz., B. marussinus and B. melanurus showed
similar abundance pattern.

On the other hand, distribution patterns in AH
revealed that the occurrence of bumblebee species ranged
from 2 (Rama) to 8 (Darkot) in the sampling sites at habitat
level with a one species (B. tunicatus) that was observed at
all sites except Sangum (Fig. 4j) followed by B. asiaticus
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kashmirensis (Fig. 4e) from Darkot, Doarian, Hunza and
Sangum, B. melanurus (Fig. 4f) from Darkot, Gilgit, Rama
and Sermik, B. rufofasciatus (Fig. 4g) from Darkot,
Doarian, Hunza and Sangum, B. semenovianus (Fig. 4h)
from Darkot, Gilgit, Hunza and Naltar and B. subtypicus
(Fig. 4i) from Darkot, Naltar, Rama and Sermik. Among the
species, two species (B. haemorrhoidalis & B. himalayanus)
were scarcely observed (Fig. 4c d), both occurring in two
sites (Doarian, Sangum) and (Darkot, Naltar), respectively.

Similarly, distribution patterns in NAH revealed that

the occurrence of maximum bumblebee species ranged from
1 to 8 in the sampling sites at habitat level with only one
species (B. tunicatus) that was observed at all sites viz.,
Darkot, Doarian, Gilgit, Hunza, Naltar, Rama, Sangum and
Sermik (Fig. 5m) followed by B. asiaticus (Fig. 5a) from all
sites except one sampling site (Rama) and B. melanurus
(Fig. 5i) from all sites except Doarian and Sangum,
however, only one species (B. biroi) was recorded from
Darkot only (Fig. 5¢).
Overall pattern of wvariations in distribution of
bumblebees: A conspicuous variation in bumblebees’
abundance was observed spatially in both habitats except at
Darkot and Gilgit (Fig. 6a). Generally, it is evident that there
was relatively less variations in abundance of bumblebees at
habitat level viz., agricultural (n=2836) and non-agricultural
(n=2860) habitat (Fig. 6e).

Maximum species richness was studied at Darkot (8)
followed by Naltar (6), Sangam, Doarian, Hunza (5), Gilgit,
Sermik (4) and Rama (3) in AH and a similar pattern in
species richness was observed in NAH also viz., Darkot
(11), Naltar (9), Sangum, Doarian, Hunza (7), Gilgit (6)
Sermik and Rama with only difference that there was no
variation in species occurrence (4) at Sermik in both the
habitats (Fig. 6b). Ten species viz., B. asiaticus, B.

avinoviellus, B. haemorrhoidalis, B. himalayanus, B.
kashmirensis, B. melanurus, B. rufofasciatus, B.
semenovianus, B. subtypicus and B. tunicatus were

dominant in both habitats, however, B. biroi, B. lucorum
and B. marussinus were scarce and only encountered in
NAH.

Highest species evenness (0.984) in AH was recorded
at Naltar (Fig. 6e), Simpson’s and Shannon diversity indices
(2.022 & 0.860) at Darkot (Fig. 6¢c, d) with species richness
(8) at Darkot (Fig. 6b) viz., B. asiaticus, B. himalayanus, B.
kashmirensis, B. melanurus, B. rufofasciatus, B.
semenovianus, B. subtypicus and B. tunicatus out of 10
species. Similarly, in NAH highest species evenness (0.983)
was recorded at Rama (Fig. 6¢), Simpson’s and Shannon
(2.230 & 0.876) diversity indices (Fig. 6¢ d) and species
richness (11) all at Darkot (Fig. 6b) viz., B. asiaticus, B.
biroi, B. himalayanus, B. kashmirensis, B. lucorum, B.
marussinus, B. melanurus, B. rufofasciatus, B.
semenovianus, B. subtypicus and B. tunicatus out of 13
species. It was further investigated that as a whole more
species evenness was observed in AH (0.96) than in NAH
contrary to highest Simpson’s and Shannon diversity indices
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Fig. 4: Distribution of bumblebee species on the basis of their abundance in agricultural habitat of Northern

Pakistan
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(1.77 & 0.81) in NAH than in AH (Fig. 6f) at habitat level.
DISCUSSION

The results suggest that the abundance and distribution
of bumblebees varies in both habitats (AH & NAH).
Generally distribution pattern of bumblebees in present
findings is in line with that of Suhail et al. (2009) in
ecosystem of Northern Pakistan. They investigated the
fauna only in geographical context despite at habitat level.
Similarly, bumblebee species in present findings were more
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ad B. tunicatus Smith
or less studied by different authors taxonomically
(Morawitz, 1880; Bingham, 1897; 1914; Skorikov, 1931;
Frison, 1935; Reinig, 1940; Kriiger, 1943; Richards, 1951;
Tkalct, 1989; Williams, 1991; Suhail, 2009) from Pakistan
as a whole and to some extent from other parts of Northern
Pakistan but not at habitat level as bumblebees require
different habitats for foraging, nesting and hibernation
(Colla & Packer, 2008).

In present study the difference in abundance and
distribution of bumblebees between two habitats (AH &
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Fig. 5: Distribution of bumblebee species on the basis of their abundance in non-agricultural habitat of Northern
Pakistan
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Fig. 6: Bumblebees’ abundance (a), species richness (b), Simpson's (c) and Shannon diversity indices (d) and
cumulative diversity indices at habitat level (¢) in Northern Pakistan
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NAH) was because of the fact that agricultural habitats are
continuously in alteration owing to agronomic practices
resulting in destruction of their nests (Pywell et al., 2005).
That's why bumblebee nests are more on NAH viz,
grasslands (Bdckman & Tiainen, 2002; Westphal et al.,
2003), field boundaries, forest edges (Kells & Goulson,
2003), set asides, grasslands, ditches, field margins, grassy
banks, roadsides, interfaces and hedgerows (Westrich, 1990;
Free, 1993; Von Hagen, 1994). These are more or less
undisturbed and protected nesting habitats for reproduction
and overwintering (Backman & Tiainen, 2002; Quaranta et
al., 2004; Pywell et al., 2005) as compared to agricultural
habitats. Such areas serve as ‘refuge habitats’ and have
positive effect on faunal diversity. Studies in Poland
revealed that the diversity in wild bee fauna in crop
area was positively correlated with their contact to such
refuge habitats (Banaszak & Cierzniak, 1994; Banaszak,
1996).

Similarly, Sepp et al. (2004) also observed no
significant difference in evenness of intensively and less

©
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intensively used agricultural areas. However, Schwenninger
(1992) registered higher evenness in agricultural landscape
possibly owing to more forage availability in AH. In
contrary, relatively higher species richness in NAH was
because of the diversity of resources, which provide food in
low abundance but over a long period (Walther-Hellwig &
Frankl, 2000; Maind et al., 2002; Pywell et al., 2004;
Quaranta et al., 2004). Sepp et al. (2004) also recorded
more bumblebee species in area with <45% arable land than
area with >65% arable land. Being biodiversity refuge and
habitat corridors (Tscharntke et al., 2002), non-agricultural
habitats supply pollen and nectar resources continuously
throughout the spring and summer months (Steffan-
Dewenter & Tscharntke, 1999). That’s why these habitats
are critical for the species richness and abundance of
bumblebee communities in an agro-ecosystem (Ménd et al.,
2002). Similarly, restoring foraging resources through agri-
environment schemes can enhance  bumblebees
subsequently attracting more large numbers of foraging
bumblebees especially in intensively managed agricultural
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landscapes (Heard et al., 2007). Furthermore, variations in
species richness in present studies might be attributable to
high habitat diversity also (Obeso, 1992).

In conclusion, the present study has not only
demonstrated the value of different habitats but also
provided the quantitative evidence in the form of species
richness, evenness, characterization of species diversity
(Shannon diversity index) and abundance of common
species (Simpson’s diversity index) portraying their role in
different habitats (AH & NAH). Recently, Bombus species
have shown sharp decline in their abundance in many parts
of the globe especially in the last 50 years, which is
intensifying day by day as the loss of any bumblebee
species may result in cascading impacts on native fauna and
flora. Thus, the present findings also provided a baseline
study for the future investigation of bumblebees at habitat
level and consequently devising conservation strategies at
landscape level.
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