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III-IV in workers and males; only tergum III in
queens) or white (most of terga IV-VI in queens,
terga V-VI in workers, terga V-VII in males),
rather than red with white tips. They also
resemble some of the B. himalayanus (Figs
247-249), B. novus males (Figs 260 & 262), B.
lemniscatus (Figs 325 & 326), B. lepidus (Figs 330,
331, 333, 334) and B. biroi (Figs 338 & 339) that
occur with them. Females of B. rufofasciatus can
be recognised easily because they have terga V-VI
with white hairs rather than with orange-red hairs.

FooD PLANTS. (Ranunculaceae) Aconitum laeve
Royle, A. heterophyllum Wallich ex Royle, A.
violaceum Jacquem. ex Stapf; (Balsaminaceae)
Impatiens glandulifera Royle; (Leguminosae)
Trifolium repens L., Lupinus sp. fintroduced];
(Sambucaceae) Lonicera quinquelocularis Hardw.;
{Compositae) Cirsium falconeri (Hook.f.) Petrak,
C. wallichii DC., Lactuca lessertiana (DC.) C. B.
Clarke, unidentified dandelion-like composites;
(Ericaceae) Rhododendron anthopogon D. Don;
(Gentianaceae) Swertia petiolata D. Don;
(Scrophulariaceae) Scrophularia paucifiora Benth.,
Digitalis lanata Ehrh. [introduced], Pedicularis
oederi Vahl, P. roylei Maxim., P. pectinata
Wallich ex Benth., P. rhinanthoides Schrenk, P.
punctata Decne.; (Labiateae) Phlomis bracteosa
Royle ex Benth., Nepeta podostachys Benth.,
Prunella vulgaris L., Thymus linearis Benth. ex
Benth.

DISTRIBUTION OF THE FAUNA

Distribution with altitude

The slopes of Mt Apharwat in the Pir Panjal range
(Map 4 locality 1) show many of the more mesic
kinds of habitat in which bumble bees occur in
Kashmir. Differences in the distributions of the
bumble bee species with altitude can be described
from transect walks of the north-eastern flank
of Apharwat (see the introduction on mate-
searching behaviour of male bumble bees in
Kashmir). These transects ran from Tangmarg at
1800 m in the Vale of Kashmir, through Gulmarg
at 2700 m, to the peak of Apharwat above at
4143 m (13,592 ft). More than 2000 bumble bees
were examined in the field along these transects
during July, August and September 1985. Fig. 6
shows the records for each of the social species
between the 500 ft contours of the 1 : 63,360
British Survey of India map (Oxford University
Library). These patterns of distribution are simi-
lar to those found along the same transects in 1980
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and 1986, and on other mountains around the
Vale of Kashmir in all three years.

Away from the foot of the mountain, the middle
of the Vale of Kashmir around Dal Lake (1500 m)
is marshy and much of this area is used for the
cultivation of rice. No bumble bees were found
there. As the land slopes gently towards the
mountains, terraces of rice give way on drier
ground to apple orchards and higher still, near
Tangmarg, to maize. Above Tangmarg, the lower
coniferous forest (1900-2700 m) is dominated by
Pinus wallichiana A.B. Jackson, with Cedrus
deodara (Roxb. ex D. Don) G. Don near the
lower margin. The forest is protected by law,
although its lower edge now largely coincides
with a pronounced increase in slope just above
Tangmarg. The understorey is very disturbed and
although few trees are felled, their branches
are still collected for firewood. Flowers used by
bumble bees are scarce in the lower forest (species
listed in Table 5) but are more abundant around
buildings and along roadsides. Bumble bee densi-
ties are very low, with B. tunicatus and B.
trifasciatus the most abundant species both within
the forest and around its lower edge.

Gulmarg (= ‘flower-meadow’, 2700 m) oc-
cupies a basin on a shoulder of the mountain. This
natural, marshy meadow is grazed intensively by
cattle, sheep and horses, yet the flowers from
which bumble bees feed (Table 5) remain abun-
dant. In the extensive wet areas of the meadow,
Prunella vulgaris is a major nectar source and
Pedicularis punctata a major pollen source for
much of the summer. Large stands of the thistle
Cirsium falconeri, which is often over 2 m tall,
occur on disturbed slopes around the edges of the
meadow. Impatiens glandulifera is abundant
around water outflows from houses. The density
of bumble bees is high (e.g. 89 bees/km, from
2.7 km transect, 14.ix.1986), with B. asiaticus and
B. tunicatus the most abundant species, although
there are fewer species than in the other zones
(Fig. 6).

The upper coniferous forest is dominated in
turn by Pinus wallichiana (2700 m), Picea smithi-
ana (Wallich) Boiss. (27002900 m) and Abies
spectabilis (D. Don) Mirbel (2900-3000 m).
Prominent members of the shrub layer are bushes
of Sambucus wightiana Wallich ex Wight & Arn.
and Euonymus hamiltonianus Wallich. Flowers
used by bumble bees (Table 5) are few, as in the
lower forest. Digitalis purpurea, and more com-
monly D. lanata, are naturalised -just above
Gulmarg. Bumble bee density is low (23 bees/km,
from 4.2 km, 14.ix.1986), with B. pyrosoma and
B. tunicatus the most abundant species.

The lower slopes (3000-3200 m) of the sub-alpine
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Table 5 Lists of the plants that were visited most frequently by foraging bumble bees on Mt Apharwat during 1985
and 1986 in the different altitudinal zones (LF, lower forest; GM, Gulmarg meadow; UF, upper forest; SA,
subalpine; A, alpine; +, visited frequently; *, major food source).

Altitudinal zone
LF GM UF SA A

Family Binomen

Aconitum heterophyllum Wallich ex Royle +
Aconitum hookeri Stapf * +

Ranunculaceae

Balsaminaceae Impatiens glandulifera Royle + *

Lupinus sp.
Trifolium repens L.

Leguminosae

++

Lonicera quinquelocularis Hardw.

Cirsium falconeri (Hook. f.) Petrak
Cirsium wallichii DC. * +
Lactuca lessertiana (DC.) C.B. Clarke

yellow dandelion-like composites

Caprifoliaceae

*

Compositae

++
++ o+ +
++

*

Ericaceae Rhododendron anthopogon D. Don

+

Oleaceae Syringa emodi Wallich ex Royle

Gentianaceae Swertia petiolata D. Don + * *

Scrophularia paucifiora Benth. +
Digitalis purpurea L.

Digitalis lanata Ehrh. +
Pedicularis oederi Vahl

Pedicularis roylei Maxim.

Pedicularis pectinata Wallich ex Benth.

Pedicularis punctata Decne. + * +

Scrophulariaceae

++

+++

Labiateae Phlomis bracteosa Royle ex Benth. +
Stachys sericea Wallich ex Benth. +
Prunella vulgaris L. +

Thymus linearis Benth. ex Benth.

*
+

Salvia hians Royle ex Benth.

Polygonaceae Bistorta vivipara (L.) Gray

++

zone (Fig. 1) are dominated by species of
Salix, Betula utilis D. Don and lilac, Syringa
emodi. Large areas are strewn with boulders.
Spaces between the rocks provide nest sites
for bumble bees and refuges from grazing for
Scrophularia pauciflora, which, despite its green
flowers, is very attractive to bumble bees. Much of
this zone is used as pasture for goats, sheep and
cattle, especially in the more gently sloping area,
known as Khilanmarg, that is immediately above
the forest. Pasture areas have many bushes of
Euphorbia wallichii Hook. f. and flowers of
Anemone obtusiloba D. Don. The steeper middle
slopes (32003400 m) are dominated by B. utilis
and Rhododendron campanulatum D. Don. The
upper slopes (3400-3800 m) are dominated by R.
anthopogon, Juniperus recurva Buch.-Ham. ex D.
Don and Bergenia stracheyi (Hook. f. & Thoms.)
Engl. Overall, the subalpine zone has the largest
number of bumble bee species (Fig. 6), although
their total density (32 bees/km, from 4.2 km,

12.ix.1986) is less than at Gulmarg. The most
abundant species throughout the subalpine zone is
B. rufofasciatus.

The alpine zone (38004143 m) is marked by an
absence of the low bushes of R. anthopogon
and by the presence, at least in exposed areas,
of a silver-grey mat vegetation with Anaphalis
triplinervis (Sims) C.B. Clarke and species of
Leontopodium (Edelweiss). Bistorta vivipara is
conspicuous, but the major food-plants for
bumble bees are species of Pedicularis, Swertia
petiolata etc. (Table 5). The most abundant
bumble bee species are B. rufofasciatus and
B. kashmirensis (density of all bumble bees 31
bees/km, from 2.3 km, 12.ix.1986). These two
species are closely similar in colour pattern and
general appearance, but all of the individuals with
this colour pattern that were caught visiting
flowers of Compositae were of B. rufofasciatus,
whereas those visiting Aconitum hookeri were all
of B. kashmirensis.
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The overall pattern in the distribution of the
species’ foraging activities with altitude on Mt
Apharwat (Fig. 6) is very similar to that found on
other mountains around the Vale of Kashmir (e.g.
near Pahalgam and near Daksum). The overlaps
in the species’ altitudinal ranges on these moun-
tains were more extensive than those measured
along the floor of the Sind valley (Fig. 12). For
instance, species such as B. trifasciatus and B.
tunicatus are restricted to the lower end of the
Sind valley (e.g. Kangan, 1900 m) and other
species such as B. rufofasciatus and B. keriensis
are restricted to the upper end (e.g. Sonamarg,
2700 m), although they have all been collected
from the same meadow on Apharwat (2700 m).
The Sind river runs from deep in the Great
Himalaya to the Vale of Kashmir, so the slope
of the valley floor is far less steep than the north-
eastern flank of Mt Apharwat. It is more likely
that individuals could wander or commute to
forage outside their optimal altitudinal zones on
Apharwat, simply because the zones are so much
closer together horizontally. B. simillimus was
common in the lower Sind valley (e.g. at Kangan,
1900 m) but was not found on Apharwat during
1980 or 1985. Three workers of this species were
found at 3000 m on Apharwat in 1986.

In general, the distributions of bumble bee
species are most likely to be governed by the
combined effects of climate and of local levels
of food resources (discussed in Williams, 1988,
1989). The environment in Kashmir is particularly
complex, because the regional climate may be
greatly modified locally by the effects of altitude
and exposure (e.g. Troll, 1972). This is likely to
have three principal direct effects on bumble bees.
First, lower average temperatures at higher alti-
tudes may increase thermoregulatory expenditure
of energy by bumble bees, especially for queens,
which must incubate their first brood alone in
the spring. Second, a shorter annual season of
temperatures above freezing point in the high
mountains constrains the time available for colony
development. However, daytime temperatures
even in the alpine zone of Kashmir may be higher
and more favourable than further north (e.g. in
the Alps), although the day lengths are shorter in
Kashmir. But third, at lower altitudes, bumble
bees may actually suffer from heat stress. For
instance, foraging activity by bumble bees (chiefly
B. trifasciatus and B. haemorrhoidalis) at Patnitop
(2000 m) in the Jammu foothills ceased during
the warmest part of the day, between 10 a.m.
and 5 p.m. (6-8.ix.1986), when the patches of
Impatiens glandulifera and Pteracanthus urtici-
folius from which they were foraging were no
longer in the shadows of the forest trees. The
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bumble bees could not be found visiting any other
flowers elsewhere during these periods. A less
pronounced trend towards bimodality in diurnal
foraging patterns is well known for some temper-
ate bumble bees (e.g. Heinrich, 1979; Willmer,
1983) and is also reported for the large carpenter
bees of the genus Xylocopa at a subtropical
lowland site (Abrol, 1987). In both of those
situations, foraging activity by the bees was in-
versely related to air temperature and intensity of
direct solar radiation, but was positively associ-
ated with nectar availability. At Patnitop, small
and medium-sized anthophorine bees continued
to forage from the same flowers throughout the
day, so presumably at least some nectar was still
available. A restriction of diurnal foraging periods
for bumble bees is likely to reduce the daily rate of
food supply to colonies and so slow their develop-
ment within the limited foraging season. This has
atleast the potential to limit a species’ distribution
at the southern edge of its range.

In common with many other organisms, bumble
bees tend to occur at higher altitudes in Kashmir
than they do further north, but in zones with
similar climate. B. lucorum is most abundant on
Mt Apharwat around the upper edge of the
montane forest zone (c. 3000 m) and is recorded
from 2100-4600 m at other sites in Kashmir.
Further north in the Alps, it is common on the
forested middle slopes (1300-2600 m recorded by
Pittioni, 1937). In cool temperate Britain, this
species is common in virtually all of the available
altitudinal zones down to sea level (0-1200 m).

Climate may also affect bumble bees indirectly
through its effects on food resources. The lower
parts of the valleys in Kashmir often appear to
receive less rain or snow in summer than the
mountain ridges. In some of the drier areas the
availability of bumble bee food-plants in late
summer may be very restricted and bumble bees
are sometimes either absent or present at only
very low density (e.g. at Baramula and Anantnag
in the Vale of Kashmir). Food sources are also
scant in the shade of the evergreen, coniferous
forests on the hillsides. But higher in the mesic
subalpine zone, the density of nectar-rich food-
plants is often high and their diversity may be at
its highest. In the alpine zone, the frequent
freezing and overcast conditions throughout the
summer are likely to reduce plant productivity
and hence resources for bumble bees. The favour-
able balance of these climatic and food resource
factors in the subalpine zone may help to account
for its large number of species of bumble bees
(Fig. 6).

Although the meadow at Gulmarg has much the
highest density of bumble bees on Mt Apharwat,
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Fig. 12 Distribution of the social species of bumble bees (i.e. excluding species of the subgenus Psithyrus) and their
local colour patterns across the Himalaya. Only the locally predominant patterns among the workers are represented.
Triangles show the most abundant species at each locality. B. lemniscatus is not included for lack of information.

it has rather few species (Fig. 6). This may be
partly because the abundance of food-plants is
particularly uneven, although the relationship
between diversity of food-plants and diversity of
bees may not be straightforward (Williams, 1989).
Pedicularis punctata and Prunella vulgaris are by
far the most abundant of the food-plants used
by bumble bees in the meadow. The meadow is
often extensively flooded and some areas around
streams are permanently marshy, although these
plants are apparently tolerant of water-logged
soil. Most of the more abundant species of bumble
bees in the meadow, such as B. tunicatus and B.
pyrosoma, are also among the most common
species in the forest. Nests of both species have
been found in the forest, but not in the meadow,

so it may be that many of their foragers commute
from nests in the forest to the richer resources in
the meadow. B. asiaticus is unusual because it is
both abundant on Gulmarg meadow and gener-
ally associated with open habitats.

The locality at the highest altitude in Kashmir
from which I have collected a large sample of
bumble bees is on Nimaling plain (4800 m). This is
a high glacial valley, surrounded by large areas of
arid alpine steppe that have very few if any
bumble bees. Visits for 13 days in July 1980 and
for three days in September 1986 found nine
species of bumble bees (including the social para-
site B. (Psithyrus) branickii) visiting the flowers of
only a single plant species, Caragana versicolor.
This plant forms low, thorny bushes on the old
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lateral and terminal moraines (Fig. 3), from which
the glacier snout has retreated up the valley by
about 10 km to the south-east. If the foragers do
all genuinely use what appears to be a single food-
resource, and there were no other obvious poten-
tial food-plants to be seen, then this situation
deserves further study. It would follow from the
application of competition-based ideas of ‘com-
munity structure’ to these bumble bees (e.g.
Inouye, 1977) either that the flowers of Caragana
are very variable in the accessibility of their
rewards to the different bumble bee species, or
that other factors are preventing the local assem-
blage of bumble bee species from reaching equili-
brium by the local extinction of most of the species
(cf. Williams, 1989).

Fig. 6 shows the narrower range of altitudes and
habitats in which the males search for mates on Mt
Apharwat, in comparison with the range of habi-
tats in which the females forage. The possible
relationship between the different kinds of male
mate-searching behaviour and the different kinds
of habitat is summarised in the introduction.

Distribution across the Himalaya

The distribution of bumble bees across the
Kashmir Himalaya can be described from the
samples collected at selected sites in the Pir
Panjal, Great Himalaya, Zanskar and Ladakh
ranges during August and September 1986. These
data are supplemented with records from speci-
mens collected at Nimaling in 1980 and with
others examined in collections from Muzaffarabad
(BMNH), from the Khardung-La above Leh (FA,
ZI) and from Tiggur near the Nubra/Shyok
confluence (BMNH). Together this covers a hori-
zontal distance of about 430 km from west to east,
at about 34° latitude. Fig. 12 shows the distribu-
tions of the bumble bee species in these samples
and their locally predominant colour patterns.
The most widespread species in Kashmir are the
steppe species B. melanurus and B. asiaticus. B.
asiaticus shows a major change in colour pattern
between Nigagar and Gumri in the Great Himalaya
range, with some intermediate individuals present
at Nigagar (see the discussion of variation of B.
asiaticus in Kashmir). The alpine element in the
fauna is also widespread between the Vale of
Kashmir and Zanskar. Like B. asiaticus, B.
kashmirensis and B. himalayanus show a pro-
nounced change in colour pattern, but in this case
the major transition in the thoracic pattern is to
the east of Gumri (and to the west of Nimaling).
The principal boundary in the composition of
the fauna is associated with the Great Himalaya
range. This region of transition was studied in
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more detail between 9-11.viii.1986 in samples
from Sonamarg, Nigagar, Baltal, Gumri, Matayan
and Dras (a gradient-directed transect, see Map 4
& Table 1). The forest element is represented at
Sonamarg, Nigagar and Baltal but, like the forest,
it is absent to the north-east, beyond the Zoji-La
(La = pass). There is also a large change in the
subalpine element across the Great Himalaya. Of
the subalpine species found on Mt Apharwat, B.
rufofasciatus reaches across the Great Himalaya
as far as Matayan, although B. biroi may be more
widely distributed in Zanskar and Ladakh (Map
42). AtMatayan, B. rufofasciatus occurs together
with B. subtypicus, although B. rufofasciatus is no
longer the most abundant species, as it is in the
subalpine zones around the Vale of Kashmir. The
three high alpine species found at Nimaling are
distributed widely across the Tibetan massif but
are apparently absent from the mountains around
the Vale of Kashmir. This abrupt discontinuity in
the faunal composition reflects the transition in
climate and vegetation from the more mesic,
wooded environment of the Vale of Kashmir to
the arid (= xeric), steppe environment of the high
Tibetan massif (Map 3). The environmental dif-
ferences between these two regions in Kashmir
are more extreme than those across the eastern
Himalaya (Chang, 1981), where the Tibetan
plateau is generally lower, more humid and
dissected by wooded valleys. This is reflected in
the distribution of bumble bees such as B. rufo-
fasciatus, which penetrates much more deeply
into Tibet in the east (Wang, 1982; BMNH).

A second boundary in the composition of the
fauna is located on the outer slopes of the Pir
Panjal range. The low altitude fauna has not been
studied thoroughly here, largely for reasons of
inaccessibility (see the comments on material
examined). It is dominated by a lower montane
forest element (B. haemorrhoidalis and B. trifas-
ciatus). This includes many more species in the
more humid foothills of the central and eastern
Himalaya, where the effects of the monsoon are
more pronounced.

From the limited amount of material available
(BMNH, NMS, PW), the general pattern in the
distribution of bumble bees across the Himalaya
of Kashmir is similar to that found across the
Himalaya of western Nepal (Table 6). The major
difference is that the same arid subalpine element
is not known to be represented in Nepal or in the
adjacent parts of Tibet. The Kashmir-western
Nepal region of the Himalaya spans about
1000 km, but shares a broadly similar patteriiof
climate and vegetation (see the maps in
Schweinfurth, 1957). The pattern of vegetation
formations is highly convoluted locally because it



112

PAUL H. WILLIAMS

Table 6 Distribution of the social bumble bees of Kashmir (i.e. excluding species of the subgenus Psithyrus) outside
Kashmir. X - present in the regional lists from world summary grid-squares (see Map 1): AP, western Alps; AR,
Armenia and the Caucasus; MG, northern Mongolia; TS, central Tien Shan; HK, Hindu Kush; NP, Nepal; GS,

southern Gansu; BM, central Burma; TW, Taiwan.

Region

Habitat in Kashmir: AP AR MG TS

HK

Kashmir BM

High alpine

Alpine

Mesic subalpine

Arid subalpine

Steppe

bl
>4

Upper forest

X X
>
>

Lower forest

K X >

>

oberti
personatus
ladakhensis

kashmirensis
himalayanus
keriensis

rufofasciatus
biroi
lemniscatus
avinoviellus

ECT I B
EO T R S

marussinus
subtypicus
semenovianus

asiaticus
melanurus

lepidus
lucorum
hypnorum
pyrosoma

TR KR KA

tunicatus
simillimus
trifasciatus
haemorrhoidalis

MK X KX XA

>4

tends to follow contours, but throughout this
region it consists essentially of bands parallel to
the Great Himalaya (e.g. Map 3). So for bumble
bees, as for the vegetation and for many other
groups of organisms (e.g. Mani, 1986), the fauna
apparently changes to a greater extent in a small
distance across the Himalaya than it does along
them. This supports the familiar idea that distri-
butions are restricted less by the capacity of
organisms to spread through a habitat than by
their capacity to colonise a different kind of
habitat (e.g. Fretwell & Lucas, 1970).

Distribution outside Kashmir

Only the broadest patterns in the distribution of
bumble bees outside Kashmir can be discussed with-
out an analysis of the distribution of all bumble bee
species (in prep.). Table 6 summarises the distribu-
tions of the social bumble bees of Kashmir (i.c.
excluding species of the subgenus Psithyrus) across
some of the mountainous areas of Europe and
Asia. The species are listed in a sequence to show
their altitudinal distribution and habitat associa-
tion within Kashmir (see Figs 6 & 12). -

The alpine and high alpine species of Kashmir
are primarily associated with the Tibetan massif
(Table 6: reaching Nepal, Gansu). The distribu-
tions of B. keriensis and B. oberti also extend
westwards and northwards through the Pamir to
the Tien Shan ranges and, for B. keriensis, further
to Armenia in the west and to the mountains of
northern Mongolia in the north-east.

The subalpine and steppe species of Kashmir
are principally associated with the arid mountains
to the north in central Asia (Table 6: Hindu Kush,
Alai-Tien Shan s.l.). There are also a couple
of very widespread, cool temperate and upper
montane forest species (B. lucorum and B.
hypnorum). Species of the arid subalpine element
are at the south-eastern limits of their distribu-
tions in Kashmir. Species of the steppe element
are also more widespread in central Asia, but
reach beyond Kashmir eastwards into the Tibetan
massif. Together with the alpine species these
correspond to the ‘western hypsobiont element’
described from the Himalayan butterfly fauna by
Mani (1986).

The remaining species are found in and around
the forests at lower altitudes and are more
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southern and eastern in their distribution outside
Kashmir. They are either restricted to the western
Himalaya (B. tunicatus and B. simillimus) or are
at the western limit of their distributions (Table 6:
reaching eastwards to Nepal and Taiwan). B.
haemorrhoidalis and B. trifasciatus reach east-
wards and southwards into the Oriental tropics in
the mountains of northern Thailand. Together
this group of eastern species corresponds to the
‘eastern forest element’ described from butterflies
by Mani (1986).

Four species are narrowly endemic to the west-
ern Himalaya, B. avinoviellus, B. himalayanus,
B. tunicatus and B. simillimus. 1t is possible that
B. himalayanus may prove to be conspecific with
the central Asian taxa B. turkestanicus and B.
marussinus (see the comments on B. marussinus
and B. himalayanus). The three remaining species
are among the more plesiomorphic species within
their respective species-groups. If they are relics
of a relatively ancient bumble bee fauna that was
once more widespread, then it now persists in a
region that has been subject to some of the most
active mountain building during the last few
million years (see Bally, 1983; Mani, 1986). But
although the western Himalaya may not appear to
have been a particularly stable refuge in this
period, the high relief could have provided some
buffering against any climatic fluctuations by
allowing altitudinal displacement of bumble bee
populations.

Overall, the bumble bee fauna of Kashmir
includes particularly few of the relatives of the
European B. hortorum (only B. trifasciatus) or B.
pascuorum (only B. haemorrhoidalis), but par-
ticularly many of the relatives of the European B.
lapidarius (8 species of the subgenera Sibirico-
bombus and Melanobombus). This pattern (9%
Megabombus + Diversobombus + Thoraco-
bombus + Orientalibombus : 35% Sibiricobombus
+ Melanobombus, Kashmir fauna excluding
Psithyrus) contrasts markedly with the repre-
sentation of these groups in the fauna of the
European Kalsbach Alps (31% : 6%, Pittioni,
1937), in the fauna of the whole of Europe (34% :
8%, Reinig, 1981) or in the fauna of the western
Palaearctic (32% : 10%, Rasmont, 19835).

Relationships between patterns at different
spatial scales

Among the social bumble bees, those species that
are more widespread world-wide are not generally
found at more localities within Kashmir (Fig.
13, which excludes the species of the subgenus
Psithyrus, Kendall coefficient of rank correlation
0.08, P > 0.5 n.s.). It is possible that these data
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might not be representative because the sampling
effort was far from uniform at both spatial scales
and the sites in Kashmir were not randomly
located but selected by kind of habitat and for ease
of access. Nonetheless, there is pattern in the data
insofar as species with similar habitat associations
(Figs 6 & 12) do tend to occur closer together in
Fig. 13. One interpretation is that this pattern in
Fig. 13 may show a common limiting effect within
the groups of species with similar habitat require-
ments, which could be just a consequence of the
limited availability of the most suitable kinds of
habitat for these species at both spatial scales.

From a study of British bumble bees, patternsin
local distributions appear to be related to how
close the species are to the centres of their world-
wide distributions (Williams, 1988). Among the
Kashmir fauna, those species that are nearer to
the centres of their world-wide distributions (from
Maps 5-62: B. avinoviellus, B. himalayanus, B.
melanurus, B. tunicatus, B. asiaticus, B. semeno-
vianus, B. keriensis and B. simillimus) do also
tend to occur at more localities within the country
(Maps 5-62; Fisher-Pitman randomisation test,
W = 181, single-tailed P < 0.01, see Krauth,
1988). More precisely, those species that are
nearer to the centres of their distributions in
Britain have been found in a broader range of
kinds of habitat. For the fauna of Kashmir, this
greater breadth of habitat use for those species
that are nearer to the centres of their world-wide
distributions is apparent in the greater altitudinal
ranges of these species within the country (exclud-
ing single altitude records of B. oberti and B.
lemniscatus, Fisher-Pitman randomisation test,
W = 18400, single-tailed P < 0.05).

Fig. 13 also appears to contain information as to
how close the species are to the centres of their
world-wide distributions. For these data in which
the variance is similar in the log(world) and
log(kashmir) distribution values, the central/
marginal position of a species appears to be
related to log(kashmir)-log(world). Since all
species tend to occupy more localities nearer to
the centres of their distributions, then if the more
widespread species world-wide were generally
found at more localities within comparable parts
of their distributions, perhaps the deviation of the
Kashmir species from any underlying positive
relationship in Fig. 13 might show some influence
of how far Kashmir is from their centres of world-
wide distribution.

The relationship between distribution patterns
and patterns of local abundance found among
British bumble bees (Williams, 1988) is not consis-
tently evident in the samples from Kashmir.
Those species that were chosen from the maps to
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Fig. 13 Plot of how widespread the species of social bumble bees (i.e. excluding species of the subgenus Psithyrus) are
within Kashmir against how widespread they are world-wide (logarithmic axes). Data are taken from occupancy of the
number of localities within Kashmir (see Map 4) and from the number of world summary grid-squares (see Map 1)
respectively. The distributions of B. wunicatus and B. lemniscatus are anomalous.
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be nearer to the centres of their world-wide
distributions in Kashmir do not appear to be
generally more abundant locally in these samples
(local abundance for a species estimated as the
total numbers of individuals examined from
Kashmir / numbers of localities in Kashmir,
Fisher-Pitman randomisation test, W = 145,
single-tailed P = 0.19 n.s.). However, there is still
a tendency for the more widespread species within
Kashmir to be more abundant locally (Kendall
coefficient of rank correlation 0.29, single-tailed
P < 0.025). It is possible that even if there were a
relationship with the world-wide pattern, it may
have been obscured in these data because the later
collections at least were strongly biassed against
including many specimens of the common species
from each site, whereas the rare species were
deliberately sought.

Relationships between the patterns of distribu-
tion at different spatial scales form the basis of a
simple model for the interaction of those ecologi-
cal factors that are most likely to govern bumble
bee distributions (discussed in Williams, 1988,
1989). It follows from this that where some
disturbance of sites causes a major reduction in
food availability, it is the species that are nearest
to the centres of their world-wide distributions
that are most likely to persist. This may provide
one explanation for the observation that B. tuni-
catus and B. asiaticus are the species that are often
found alone in severely over-grazed areas around
the edge of the Vale of Kashmir and in the Sind
valley.

COLOUR PATTERNS OF THE KASHMIR
FAUNA

The colour patterns of bumble bees often vary
greatly among individuals of one species (e.g. Fig.
11), but may be closely similar between indivi-
duals of unrelated species where these species
occur together (Fig. 12; see e.g. Vogt, 1909, 1911;
Sakagami & Yoshikawa, 1961; Tkalcd, 19685,
1989; Pekkarinen, 1979; Plowright & Owen,
1980). Genetic determination of characteristics
of the colour pattern with simple Mendelian
inheritance has been demonstrated for the North
American B. melanopygus and B. rufocinctus
(Owen & Plowright, 1980; Plowright & Owen,
1980; Owen, 1986). But in the face of such marked
regional convergence, several authors have ques-
tioned whether variation among colour patterns
of individuals within a population is always deter-
mined genetically, or whether it is perhaps more
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often determined directly by environmental
factors, such as diet, temperature or humidity
during development (e.g. Vogt, 1909, 1911,
Reinig, 1935; Pittioni, 1942, 1943).

The pubescence of bumble bees develops
during the pupal stage and the colours appear
soon after the adults emerge from their cocoons.
Adult queen and worker bees invest much time
and energy ensuring that the conditions in the nest
remain nearly constant, for instance by incubating
brood or by fanning air over the nest to regulate
temperature as necessary (e.g. Heinrich, 1979).
Hence the brood is shielded from many of the
possible environmental effects on colour pattern
during its development, so colonies usually pro-
duce individuals with relatively homogeneous
colour patterns. However, if a nest is exposed and
moved to a nest box, unusual colour patterns are
more often found among the adults that sub-
sequently emerge from pupation (pers. obs.).

The few examples of pronounced caste dimor-
phisms show that colour patterns are not solely
determined by genes, but must also be influenced
by the environment. Two examples have been
described previously from subtropical environ-
ments (B. ephippiatus from the mountains of
Costa Rica, see Owen & Plowright, 1980; B.
festivus from the eastern Himalaya, see Ito et al.,
1984), in which workers and males from the same
colonies share similar colour patterns that differ
strongly from those of the queens. Similar differ-
ences exist within species of the rufofasciatus-
group from Kashmir (see Plate 1). For B.
pyrosoma, males usually also differ in that they
have the pubescence predominantly yellow (Figs
424, 427, 430), a characteristic that can be
regarded as sex-linked (see Stiles, 1979). But
colour variation among the females from Kashmir
appears to be related to body size (which increases
through Figs 426, 428, 429, 425, see the comments
on B. pyrosoma) and so to larval food intake.
From the material available it seems most likely
that the white-tailed queens from Kashmir belong
to the same population as the nominal taxon B.
friseanus from Yunnan (synonymised with B.
pyrosoma s.1.). These queens from Yunnan have
the pubescence of terga IV-V red, so they closely
resemble their own workers from Yunnan and
also many of the workers from Kashmir. Thus
caste dimorphism in colour pattern may exist in
only part of the population of B. pyrosoma s.1.

Variation of B. asiaticus in Kashmir

The asiaticus-group is particularly well repre-
sented in collections for an investigation of the
variation in the colour pattern of the pubescence.
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In Kashmir, two principal nominal taxa occur on
opposite sides of the Great Himalaya range (Map
48), one with an unbanded yellow thorax (Figs
371-376), the other usually with a black band
between the wing bases and an otherwise grey-
white thorax (Figs 383-391). These nominal taxa
are believed to be parts of a single species (see the
comments on B. asiaticus).

The basis of this colour variation can be exam-
ined where the regional colour patterns occur
together. At a few sites at the upper end of the
higher valleys in the Great Himalaya, the B.
asiaticus are not uniformly of one or other of the
two principal colour patterns, but instead many
individuals show a variety of combinations of their
differing character states (Figs 377-382). The
largest sample with this kind of variation was
collected by F. Schmid from Lal Pani in the
upper Kishanganga valley between 2-3.ix.1953
(BMNH: Table 7). This is likely to be a relatively
unbiassed sample insofar as he specialised in
collecting Trichoptera and not particular bumble
bee taxa. I have also collected a small sample that
shows similar variation, from Nigagar in the upper
Sind valley (9.viii & 17.ix.1986, PW). The occur-
rence of the black tail-colour state (Figs 379-381)
at both of these localities is curious. It is not
known for individuals from the adjacent regions
of Ladakh or the Vale of Kashmir, although it is
common in parts of the Hindu Kush ranges
(BMNH).

The ability of simple population genetic models
to account for the observed patterns of variation

Table 7 Numbers of individuals of B. asiaticus
collected by Schmid from Lal Pani 2-3.ix.1953 with
each combination of states of three characters of the
colour pattern of the pubescence. The scoring was
simplified prior to analysis in order to present discrete
states despite some limited intergradation. The black
thoracic band is deemed to be present if it appears well
defined from the dorsal aspect. The pale colour
‘white’ includes very pale cream. The ‘tail’ colour is
deemed to be red if the pubescence of at least two of
the apical terga is predominantly red.

Thoracic band Pale bands Tail colour Females Males

present white red 7 1*
absent white red - 1
present white black 2 1
absent white black 1 -
present yellow black 3 34
absent yellow black - 13
present yellow red 9 37
absent yellow red - S**

* B. callophenax of Richards, not of Cockerell
** B. longiceps Smith
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Table 8 Association between pairs of character states
of the colour pattern among the males of B. asiaticus
from Lal Pani (see Table 7). None of these
comparisons shows significant association (chi-square
two-sample test, all comparisons P>0.05).

Pale bands Tail colour
white yellow red black
Thoracic present 2 71 38 35
band absent 1 18 6 13
Tail red 2 42

colour black 1 47

among the specimens from these boundary sites
can be tested if certain assumptions are made.
Three aspects of the variation are chosen because
they appear to be among the most important
elements of the bees’ colour pattern as they
are viewed flying among flowers. It is assumed
initially that each character shows either of two
states and that these are each determined by one
of a pair of alleles at a single locus. In fact the three
characters selected do not show entirely discrete
states. However, the minority of intermediate
specimens from the possible hybrid zone can be
assigned to these states for a preliminary analysis
(Table 7), at least until further information on
modifier effects is available.

There is no association between the states of the
three colour characters among individuals from
the top of the Kishanganga valley (Table 8). This
apparent independent assortment of the charac-
ters shows an absence of the disequilibrium (e.g.
Mallet, 1986) that would be expected if gene flow
across the coincident character clines in the hybrid
zone were large. Hybrid zones are expected to be
captured by linear habitat features where popula-
tion density is particularly low (e.g. Mallet, 1986;
Hewitt, 1988). For B. asiaticus in Kashmir, this
role may be fulfilled by the high ridges and passes
of the Great Himalaya range. For instance, where
the upper Sind valley reaches the main ridge of the
Great Himalaya just above Nigagar, the valley
floor rises abruptly by about 700 m at the Zoji-La
pass. My small samples from either side of
Nigagar, at Sonamarg (2700 m) and above Gumri
(3700 m), each consist of material with a single
colour pattern (i.e. the alleles may be nearly fixed),
so the hybrid zone at the top of the Sind valley may
be less than 16 km wide. Such a narrow cline is
consistent with the interpretation that there is
little gene flow across the hybrid zone at the top of
the Kishanganga valley (Table 8). The hybrid
zone at the top of the Kishanganga may, nonethe-
less, be much broader (Map 48, see the comments
on variation within Kashmir for B. asiaticus).
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Table 9 Observed numbers of individuals of B. asiaticus from Lal Pani with each state of three colour pattern
characters (see Table 7), together with the expected numbers from simple genetic models. Frequencies from a small
sample (n = 20) from Nigagar are included for comparison. Deviation from model significant at P<0.05 *,

P<0.001 *+=*, or not significant ns.

Observed: Expected:

females males females females

(diploid) (haploid) —no dominance - simple dominance
Thoracic band  present 21 73 17 fest(p) = 73/92] 21

absent 1 19 5 [est(q) = 19/92] 1

Frequency (absent) Lal Pani 0.05 0.21
[Frequency(absent) Nigagar 0.00 0.66]
(Chi-square one-sample test, df = 1) (4.14) (0.00)
Probability that deviation of observation from expectation is due to chance P<0.05 * P>>0.05ns

Pale bands white 10 3 1 [est(p) = 3/92] 1
yellow 12 89 21 [est(q) = 89/92] 21

Frequency (yellow) Lal Pani 0.55 0.97

[Frequency (yellow) Nigagar 0.50 0.66]

(Chi-square one-sample test, df = 1) (84.86) (84.86)

Probability that deviation of observation from expectation is due to chance P<<0.05 +*+ P<<0.05 #*+

Tail colour red 16 44 11 [est(p) = 44/92) 16
black 48 11 [est(q) = 48/92] 6

Frequency (black) Lal Pani 0.27 0.52

[Frequency (black) Nigagar 0.14 0.33]

(Chi-square one-sample test, df = 1) (4.55) (0.00)

Probability that deviation of observation from expectation is due to chance P<<0.05 * P>>0.05ns

The frequency of alleles can be estimated and
the dominant allele can be determined from the
frequencies of the character states, because
although female bumble bees are diploid, the
males are usually haploid (see Plowright &
Pallett, 1979). The frequency of the character
states among males in the large sample from Lal
Pani is assumed to be representative of the allele
frequencies in that local part of the population
(which assumes that even if the material was
collected in the proximity of only a very few
colonies, it still represents a random sample of the
local gene pool). These frequencies may differ at
other localities in the Kishanganga valley or at
Nigagar, so these samples cannot be combined for
analysis. If there is simple, complete dominance
by one of the two alternative alleles at each locus,
then the frequencies of character states should
differ between males and females, with higher
frequencies of expression for the recessive allele
among males. The higher frequencies among
males of the lack of a black thoracic band, of
yellow pale bands and of black ‘tails’ at both Lal
Pani and Nigagar (Table 9) are consistent with
their determination by recessive alleles. Further-
more, the frequencies of characters among males

can be used to calculate the frequencies among
females that would be expected if there were
no dominance (which might result from Hardy-
Weinberg equilibrium with co-dominance of both
alleles, or from some mechanism other than
straightforward Mendelian genetics). These cal-
culated frequencies are found to differ signifi-
cantly from those observed for all three characters
(Table 9).

The observed frequencies of the states of the
black thoracic band and of the tail colour among
females are consistent with those expected from
the Hardy-Weinberg equilibrium model with
simple, complete dominance between two alleles
(Table 9). However, this is rejected for the pale
band colour character, the distribution of which
was not consistent with the dominance-free model
either. It has to be noted that the chi-square one-
sample test is not reliable when an expected
frequency is less than 5 (e.g. Siegel, 1956), but the
values of chi-square that result here are so large
(84.8, df = 1) that the conclusion that the model
should be rejected is unlikely to be altered.
The reason for the failure of the models must be
that their assumptions are violated. In addition
to those mentioned above, assumptions of the
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equilibrium model include insignificant dispersal,
random mating and unselective predation.

Firm conclusions as to the genetic basis of the
patterns of colour variation among these bumble
bees cannot be drawn without breeding experi-
ments. This would allow ideas of the pattern of
inheritance to be tested, although this is not
particularly easy with bumble bees (but see Owen
& Plowright, 1980). However, the pattern of
variation for two out of three of the characters that
have been analysed is consistent with simple
genetic models. It is therefore also consistent with
the assumption that individuals with these colour
patterns are interbreeding as parts of a single
population and a single biological species. Thus
local climate or diet does not appear to be the
proximate factor governing the close convergence
in colour pattern between this species and the
regionally covarying groups of species on either
side of the Great Himalaya.

Convergent colour patterns

It is noticeable that only a few of the possible
colour patterns are actually found among bumble
bees world-wide, given the range of colours shown
by the pale pubescence of bumble bees and the
observed patterns of disposition of bands of pale
and black pubescence on their bodies (Plowright
& Owen, 1980; BMNH, PW). For instance, at
least half of all species of bumble bees have some
individuals with a ‘red-tailed’ colour pattern.
Other common elements in the colour pattern are
a band of black hairs on the thoracic dorsum
between the wing bases, and a black band on
tergum III. The most widespread colour pattern
of the dorsal pubescence among all bumble bees
of the world appears to be for the thorax to be
yellow with a band of black hairs between the wing
bases and for the gaster to be yellow —black —red,
from base to apex (cf. Figs 233-235, 242, 243,
298-300, 317, 318, 377, 378, 382, 388, 393, 407,
412416, 426).

The three principal regions of Kashmir have
groups of bumble bee species with characteristic
colour patterns of the dorsal pubescence (Fig. 12):

(1A) In the high alpine zone of Ladakh, the most
common colour pattern of the pubescence is
for the thorax to have yellow transverse
bands anteriorly and posteriorly, with a
black band between the wing bases. The
gaster is yellow (terga I-II) and red (terga
III-V), although often with a narrow black
band between them (basal quarter or less of
tergum III).

(1B) At lower altitudes in the arid steppe of
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Ladakh, the common colour pattern is for
the pubescence of the thoracic dorsum to be
uniformly yellow and for the gaster to have
a yellow band (terga I-II yellow, or just
tergum I yellow, or terga I-II completely
black) — black (at least tergum III) — red
(usually terga IV-V).

(2A) Around the Vale of Kashmir, above the
forests, the most common pattern is for
the pubescence of the thoracic dorsum to
be grey-white with a black band between
the wing bases. The gaster is grey-white
(tergum I) — yellow (usually tergum IT) —red
(terga III-IV, sometimes with white on
terga IV-V).

(2B) Inthe Vale of Kashmir and the surrounding
upper montane forest, the common colour
pattern is banded and white as for type 2A,
but the gaster lacks any yellow and is grey-
white (tergum I, sometimes tergum IT) —
black (at least tergum IIT) — red (usually
terga IV-V).

(3) Inthe lower montane forests of the Jammu
foothills, the common colour pattern is for
the pubescence of the thorax to be black and
for that of the gaster to be yellow (terga I-IT)
and red (terga III-V), but without an
obvious black band.

The type 1A colour pattern deviates only slightly
from the widespread bumble bee pattern of three
yellow bands and a red ‘tail’ by the replacement of
much of the black on tergum III by red. This type
1A pattern is otherwise most predominant among
individuals from the Pyrenees in Europe.

The type 1B pattern differs from the wide-
spread pattern principally in the absence of a
black band on the thorax, although it retains an
extensive black area on the gaster. It is predomi-
nant in the Hindu Kush and occurs elsewhere in
the Caucasus (B. (Melanobombus) lapidarius)
and quite independently in South America (B.
(Fervidobombus) bellicosus Smith).

The type 2A pattern differs from the wide-
spread pattern by a change in the pale pubescence
from yellow to grey-white on all but tergum II.
The type 2A pattern is perhaps most predominant
in Kashmir, but is also found around the southern
and eastern margins of the Tibetan massif.

The type 2B pattern completes the transition of
all of the yellow pubescence of the widespread
pattern to grey-white. Individuals with this colour
pattern occur widely in the Himalaya, the central
Asian mountains and westwards in the Caenozoic
mountains of southern Europe to as far west as the
Alps (B. (Pyrobombus) brodmannicus) and the
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Atlas mountains of North Africa (B. lapidarius).
Males from populations with the type 2B pattern
often retain the common banded yellow pattern
(e.g. B. wurflenii and B. lapidarius from the
Caucasus, B. brodmannicus from the Alps, B.
lapidarius from the Atlas, BMNH). A variant of
the type 2B pattern has tergum IT or terga I-II dark
chocolate-brown. This is seen in the Himalaya
only among the males and workers of B. tunicatus
(Figs 348, 349, 351, 352, 354) and B. simillimus
(Figs 418, 420, 421), but it is also known from the
Caucasus mountains for B. (Thoracobombus)
mlokosievitzii Radoszkowski (BMNH, PW).

The type 3 pattern differs from the widespread
pattern by the replacement of the pale pubescence
on the thoracic dorsum by black and by the
reduction of the black band on the gaster. In the
western Himalaya individuals with this pattern are
restricted to the outer foothills. Further east in
Uttar Pradesh the same pattern is shared by B.
(Alpigenobombus) breviceps and B. (Pyrobom-
bus) rotundiceps.

So what is responsible for the apparent con-
straints on the range of bumble bee colour
patterns that are actually observed? Why do these
colour patterns appear to have converged es-
pecially closely among many species within each
geographical region? These species are often not
closely related, as shown by differences in their
male genitalia. Colour pattern had no effect on
acceptance of females by patrolling males of
British B. pratorum (L.) (Free, 1971). Stiles
(1979) suggested that colour affects radiative
properties that may be crucial to thermoregula-
tion in extreme climates. Sakagami & Ito (1981)
challenged this interpretation of sexual dimorph-
ism in colour pattern, because the two faunas
compared by Stiles were dominated by different
groups of species. Within each of these subgenera,
Fervidobombus and Pyrobombus, no regional
trends were found. However, there may be differ-
ences in the kind of habitat and in mate-searching
behaviour between the species of these two
groups that could also affect the relative advan-
tages of the two kinds of colour patterns. The
peculiar behaviour of males of some species of the
subgenus Fervidobombus has been described by
Lloyd (1981) and by Villalobos & Shelly (1987). It
could be that many of these differences between
the two groups, including differences in colour
pattern, are each related to an underlying differ-
ence in physiology that is linked to their regional
patterns of distribution more directly.

Many species of bumble bees commonly pro-
duce individuals that are entirely black, but these
are most often predominant in tropical environ-
ments (Franklin, 1913). These species include B.
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(Rufipedibombus) rufipes, B. (Megabombus)
melanopoda Cockerell and workers and males of
B. (Senexibombus) senex Vollenhoven in the
East Indies (BMNH), and B. (Fervidobombus)
brevivillus Franklin, B. (Fervidobombus) niger
Franklin [= B. atratus Franklin, preoccupied
name], B. (Fervidobombus) pullatus Franklin and
B. (Fervidobombus) morio (Swederus) in South
America (BMNH, PW). An extensively black
body is likely to have a lower reflectance even in
the infra-red part of the spectrum and so should
have a higher rate of approach to thermal equi-
librium with the environment by an exchange of
long-wave radiation. This may be an advantage to
actively foraging bumble bees in a warm environ-
ment, because they produce a lot of excess heat
from the flight muscles and so might otherwise
suffer from heat stress. The subtropical black bees
listed above may often be forest-dwelling. In the
shade they can escape the additional problem of
rapid overheating that could arise from an equally
efficient absorption by black pigments of the
short-wave radiation in direct sunlight. So this
likely advantage of the black pubescence for bees
foraging in a shaded warm environment may
account for why the type 3 pattern, with a black
thorax, the source of the endogenous heat, pre-
dominates among bumble bees at the lowest
altitudes at which they occur in Kashmir (Fig. 12).
It is very noticeable that near their lower altitudi-
nal and latitudinal limits in Kashmir these bees (B.
trifasciatus and B. haemorrhoidalis) forage par-
ticularly both in the shade and during the cooler
periods of the day (see the discussion of the
distribution of the fauna with altitude). However,
further south in their distributions in South East
Asia, these same species have extensively orange-
brown colour patterns of the thoracic pubescence
(Fig. 11). More information is needed on the
foraging behaviour of these bees in South East
Asia, where there is a tendency among the few
large nocturnal bees and wasps to have an orange-
brown colour pattern (M. C. Day, pers. comm.;
Roubik, 1989). There is also clearly a need for
measurements of the radiative properties of
bumble bee colour patterns in general.

Male bumble bees that patrol in the higher
forest on Mt Apharwat tend to be almost uni-
formly bright yellow (Fig. 6 and see the comments
on B. pyrosoma, B. lucorum and B. hypnorum).
This may also be true of those males that patrol
in forests, but not in open habitats, at higher
latitudes (see Pekkarinen, 1979: fig. 7, cf. Lgken,
1973: fig.2). In contrast to black, a pale, highly
reflective body colour should reduce the rate of
approach to thermal equilibrium with the environ-
ment by an exchange of long-wave radiation, so
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that following an active warm-up, a sufficiently
high excess thoracic temperature for flight can be
reached quickly and maintained in a shaded cool
environment. In contrast, males of those species
that patrol in the forests at low altitudes, in open
areas outside the forest or in a broad range of
habitats in Kashmir tend to be darker and share
the colour pattern of the females (Fig. 6). Uni-
form bright yellow may be disadvantageous in
open areas beyond the forest, for instance in
alpine and arctic zones, because it is very con-
spicuous to predators. This could be a particular
problem for the more sedentary ‘perch and sprint’
males (e.g. B. asiaticus and B. rufofasciatus, see
the introduction on mate-searching behaviour of
male bumble bees in Kashmir) and those males
that aggregate at nest entrances (which includes
several species of Fervidobombus, e.g. review by
Schremmer, 1972; Lloyd, 1981; Villalobos &
Shelly, 1987). Yet the most uniformly light-
coloured female bumble bees in Kashmir, which
belong to the type 1A pattern-group, are found at
the highest altitudes sampled for bumble bees, in
Ladakh. This trend towards lighter colours in
cooler environments is the reverse of that des-
cribed by Pekkarinen (1979) from European
species.

Regional convergences in the finer details of the
colour pattern between bumble bee species are
likely to be the result of selective predation.
Predators with perception of colour and great
visual acuity, perhaps certain birds, may avoid the
familiar common colour patterns of these insects
because the females can inflict a painful sting, and
preferentially attack any individuals with unusual
colour patterns. This kind of selection could bring
about Miillerian mimicry among the colour pat-
terns on the dorsa of the females (Plowright &
Owen, 1980) and Batesian automimicry by the
colour patterns on the dorsa of the stingless males
(Stiles, 1979). The putative models for this
process would be the colour patterns of the
females of the most abundant species. In Kashmir,
these species tend to be regionally restricted and
relatively invariant in their colour patterns (type
1A, B. oberti, Figs 392, 393; type 1B, B. semeno-
vianus, Figs 397, 398, 400, 401; type 2A, B.
rufofasciatus, Figs 431, 432, 434, 435, 438; type
2B, B. tunicatus, Figs 350, 353; type 3, B.
haemorrhoidalis, Figs 279, 280; see Fig. 12). Many
of the mimics occupy the middle classes of abun-
dance, but are often more widespread among the
regions of Kashmir. These species covary in their
colour patterns among the regions so that they
show the protective livery of the local model (e.g.
B. avinoviellus, Figs 232-241; B. himalayanus,
Figs 242-253; B. kashmirensis, Figs 295-310; B.
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lepidus, Figs 327, 328, 330, 331, 333, 334; B. biroi,
Figs 335-346; B. asiaticus, Figs 371-391).

A subtle difference between the colour patterns
of B. kashmirensis and B. rufofasciatus could be
interpreted as further circumstantial evidence in
support of the mimicry hypothesis for colour
convergence. Workers of these two species ap-
pear to be identical (type 2A colour pattern) when
they are seen manocuvring slowly from flower to
flower in the alpine and subalpine zones of the
mountains around the Vale of Kashmir. Most
workers of B. rufofasciatus have the hairs of
gastral terga III-IV almost uniformly red and
those of tergum V uniformly white (Fig. 435). The
B. kashmirensis from the same region often have
all three terga (III-V) covered with hairs that are
red at the base, but which become more exten-
sively white-tipped towards the apex of the gaster
(Fig. 303). This achieves the same white-tailed
effect as for B. rufofasciatus, because the apex of
the gaster curves slightly towards the ventral for
bumble bees.

Colour variation within many of the bumble bee
species of Kashmir does appear to be much
greater than within the bumble bee species of
Britain, or even within the more variable species
of the Alps. This may be blamed on taxonomic
‘lumping’ in this review. But if bumble bee colour
patterns have converged into separate and distinc-
tive mimetic groups within each of the neighbour-
ing regions of Asia, then the position of Kashmir
at the frontier between the large and divergent
Oriental and Palaearctic faunas (which are still to
some extent separated even inside Kashmir by the
divide of the Great Himalaya) may account in part
for the great diversity of colour pattern within
some of the Kashmir species.
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