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[Article]

13 species of the Central European bee fauna belonging to 4 familiae and 5 genera were fo-
und to have evolved stout, curved bristles either on the tarsomera of pedes-I [P-I-ta] or on the
proboscis which serve to extract pollen from plants having their anthers enclosed in narrow flo-
wer tubes, viz representatives of the Boraginaceae and Primulaceae. Pollen from narrow-tubed
flowers plays an important role in the larval nourishment of these bees. The development of
hooked bristles on the P-I-ta of one bee species is accompanied by a distinct elongation of the
pedes-I which is interpreted as an additional adaptation to anthers concealed in deep corolla
tubes. A literature survey reveals that morphological specializations enabling female bees to
collect pollen efficiently at narrow-tubed flowers are widespread and must have evolved many
times during bee evolution. The currently known morphological specializations of bees for the
uptake of pollen from flowers are reviewed.

Keywords: Andrena - Anthophora - Boraginaceae - Colletes - concealed anthers - Eucera - Os-
mia - pollen-collecting apparatus - Primulaceae.

MULLER A [Inst Syst Bot, Univ; CH-8008 Ziirich]: Morphologische Spezialisierungen bei
mitteleuropéischen Bienen fiir die Pollenaufnahme auf Bliiten mit in engen Kronriéhren
verborgenen Antheren (Hymenoptera: Apoidea). - Entomol Gener 20(1/2): 043-057; Stuttgart
1995.- [Abhandlung]

13 mitteleuropdische Bienenarten aus 4 Familien und 5 Gattungen besitzen auf den Tarso-
mera der Pedes-I bzw auf den Mundteilen kriftige, hakig gebogene Borsten, mit deren Hilfe
Pollen aus engréhrigen Bliiten verschiedener Boraginaceae und Primulaceae gewonnen wird. Der
Pollen eng-rohriger Bliiten spielt eine wichtige Rolle in der Larvennahrung dieser Bienen. Als
zusétzliche Anpassung an die versteckte Lage der Antheren in engen Kronréhren sind bei einer
Bienenart die mit Hakenhaaren bestandenen Vorderbeine deutlich verldngert. Die Sichtung der
Literatur ergibt, daB spezielle morphologische Strukturen fiir die Pollengewinnung aus engréhri-
gen Bliiten bei Bienen weit verbreitet sind und im Lauf der Evolution bei vielen Verwandt-
schaftsgruppen  konvergent entwickelt wurden. Die bei Bienen bislang bekannten
morphologischen Spezialisierungen fiir die Pollenaufnahme werden besprochen.

Schliisselbegriffe: Andrena - Anthophora - Boraginaceae - Colletes - verborgene Antheren -
Eucera - Osmia - Pollensammelapparat - Primulaceae.
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1 Introduction

The FF of several Central European bee species (Apoi_dea) and honey wasp specieg
(Vespoidea: Masaridae) are equipped with a pollen-collecting apparatus tha}t consists of
a peculiar facial pilosity. It is used as a tool to harvest pollen from nototribic ﬂ9wers of
the Lamiaceae and Scrophulariaceae [SCHREMMER 19593 WESTRICI:I 1989, MULLER i
press]. Due to the raised position of the anthers, an efﬁqent collecthn pf pollen at no-
totribic flowers requires either special morphological devices or specialized behaviours
[MULLER in press].

Similarly, flowers with anthers hidden in narrow corolla tubes are expected to be difficult
for bees to exploit for pollen. It is not easy to imagine how .pollen could be harvested efficiently
from narrow flower tubes without morphological specializations. Indeed, there are several known
examples of bee species outside Central Europe which have developed hooked bristles on the
mouth parts or on the forelegs [pedes-I] to extract pollen from concealed anthers [PETERS 1974,
MICHENER, WINSTON & JANDER 1978, THORP 1979, WILLE 1979, PARKER & TEPEDINO 1982,
E1ckworT, KUKUK & WESLEY 1986].

Several Central European bee species are known to collect pollen exclusively or
predominantly from narrow-tubed flowers of the Boraginaceae: Colletes nasutus Smith
1853 (Colletidae) and 4Andrena nasuta Giraud 1863 (Andrenidae) are both oligolectic
on Anchusa, and Osmia pilicornis Smith 1846 (Megachilidae) frequently harvests pol-
len on Pulmonaria [WESTRICH 1989]. The examination of these 3 bee species under a
dissecting microscope revealed that they actually possess specialized morphological
structures either on the tarsomera of pedes-I or on the proboscis which probably aid in
the extraction of pollen from flowers of the Boraginaceae.

The aim of this study is to prove that the observed structures are in fact employed
in the expected manner and that additional Central European bee species have similar
structures equally adapted to concealed anthers.

2 Material and methods

The FF of the 535 non-parasitic bee species of Central Europe listed by WARNCKE [1986]
were checked under a dissecting microscope in order to detect specialized morphological structu-
res on the mouth parts or on the tarsomera of pedes-I which might be used to scrape pollen out of
narrow flower tubes.

Morphological structures presumed to play a part in the collection of pollen were examined
with a scanning electron microscope.

The relative lengths of the pedes-I and -1I of Colletes nasutus Smith 1853 were compared
with those of 12 further European Colletes species - C cunicularius (Linnaeus 1761), C davie-
sanus Smith 1846, C hederae SCHMIDT & WESTRICH 1993, C hylaeiformis Eversmann 1852, C
impunctatus Nylander 1852, C marginatus Smith 1846, C mlokossewiczi Radoszkowski 1891, C
nigricans Gistel 1857, C sierrensis Frey-Gessner 1903, C similis Schenck 1853, C spectabilis
Morawitz 1868, C succinctus (Linnaeus 1758) - by calculating the ratio of leg length to
forewing length. The lengths of femur, tibia, tarsus (up to the insertion of the claws) and of
forewing (along the anterior margin) were measured to the nearest 1/20 mm. 3 FF of C nasutus
and 2 FF of each of the other Colletes species were randomly chosen for the measurements.

Several Anthophora and Eucera species (both Anthophoridae) were found to have their
mouth parts covered with curved bristles which are very similar regarding their localization and
their shape. The investigations, therefore, were confined to a single species of each genus, Antho-
phora acervorum (Linnaeus 1758) and Eucera parvicornis Mocsary 1878, respectively.



Tab 1: Central European bee species with strong bristles
within narrow flower tubes

on pedes-I or on mouth parts for extracting pollen from anthers concealed

Species Familia pollen plant preferences location of the pollen- plant species on which the bees observation
harvesting bristles were observed to remove pollen localities
by the pollen-harvesting bristles
Colletes nasutus Colletidae oligolectic on Anchusa tarsomera-1/ -5 of Anchusa officinalis (Boraginaceae) Gabow (Mark Bran-
Smith 1853 (Boraginaceae) the pedes-I denburg), Germany
Andrena nasuta Andrenidae oligolectic on Boraginaceae praementum, stipites and Anchusa officinalis (Boraginaceae)

Giraud 1863 galeae of the proboscis

Osmia pilicornis Megachilidae  polylectic with a preference galeae of the proboscis
Smith 1846 for Pulmonaria (Boraginaceae)

Anthophora acervorum Anthophoridae  polylectic, frequently visits
(Linnaeus 1758) Pulmonaria (Boraginaceae) and

Pulmonaria obscura (Boraginaceae)
Primula (Primulaceae)

galeae of the proboscis

Eucera parvicornis ~ Anthophoridae oligolectic on Boraginaceae

galeae and palpi labiales
Mocsary 1878

of the proboscis

Pulmonaria obscura (Boraginaceae)

Pulmonaria obscura (Boraginaceae)

Norea lutea (Boraginaceae)
Pulmonaria obscura (Boraginaceae)
Primula vulgaris (Primulaceae)

Primula vulgaris (Primulaceae)

Gabow (Mark Bran-
denburg), Germany

Hemmental (Schaff-
hausen), Switzerland

Schaffhausen (Schaff-
hausen), Switzerland

Ziirich (Ziirich),
Switzerland
Hemmental (Schaff-
hausen), Switzerland
Schaffhausen (Schaff-
hausen), Switzerland
Zirich (Ziirich),
Switzerland
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The pollen loads of 9 - 26 FF from different European localities of the bee species showiny
putative morphological specializations were analysed by light microscopy. The method outlineg
by WESTRICH & SCHMIDT [1986] was used fqr pollen analysis. Prior to removing Fhe pollen frop
a female bee, the fulness of the scopa was estlmated‘and the amount 'of.‘ pollen assigned to 5 cla.
ses: 5 = full load, 1 = scopa 1/5 filled. After removing tl}e sprface 11p1d§ of the po_llen grains by
washing them in ether, the pollen was mounted in glycerine jelly on a‘sllde. The different polle;
types were determined at a magnification of 400x or 1000x to the family or genus level with th
aid of a reference collection and the literature cited in WESTRICH & SCHMIDT [1986]. The %% of
the different pollen types were estimated by counting the grains along 4 lines chosen randomly
across the cover slip at a magnification of 400x. 100 - 800 poll§:n grains were counted per samp.
le. Pollen types represented with less than 4% were not considered in order to prevent biases
caused by contamination. After assigning different weights to scopae filled to dlffergnt degrees
(full loads were 5 x more strongly weighted than scopae filled to only 1/5), the estimated %%
were summed up over all investigated samples of each spccifas. f‘

With the exception of Eucera parvicornis not found in the field, Fhe pollen-collecting be:
haviour of flower-visiting FF of the species with specialized morphological structures was recor
ded in 1993 and 1994 (Tab 1: observation localities) using a 3fold magnifying glass and a vide
camera.

Workers of Bombus pascuorum (Scopoli 1763) (Apidae) and FF of Osmia bicolor (Schrank
1781) (Megachilidae) were observed at flowers of Pulmonaria obscura Dumort. (Boraginaceas)
in order to see whether bee species lacking morphological specializations are also able to gathe
pollen from anthers within narrow tubes.

The nomenclature of the bees follows NOSKIEWICZ [1936] and SCHMIDT & WESTRICE

[1993] for the Colletidae, and WARNCKE [1986] for the other bee species. The plants are named

according to the Flora Europaea [TUTIN et al 1964-1980].

3 Results

13 Central European bee species were found to possess specialized morphological
structures which will be shown to be adaptations for harvesting pollen at flowers with
anthers hidden in narrow tubes: Colletes nasutus Smith 1853 (Colletidae), Andrena
nasuta Giraud 1863 (Andrenidae), Osmia pilicornis Smith 1846 (Megachilidae), 4
thophora acervorum (Linnaeus 1758), 4 aestivalis (Panzer 1801), A crassipes Lepe
tier 1841, A crinipes Smith 1854, A mucida Gribodo 1873, A nigrocincta Lepelet
1841, A retusa (Linnaeus 1758), Eucera cinerea Lepeletier 1841, E parvicornis Mo
ary 1878 and E seminuda Brullé 1832 (all Anthophoridae). These specialized morp
logical structures are developed only in the FF.

3.1 Description of the specialized morphological structures

The morphological specializations of all bee species consist of stout, curved br
les localized either on the tarsomera of pedes-1 (Colletes nasutus) or on the mouth p
(remaining species) (Fig 1, 2, 4, 5, 7, 8; Tab 1). Similar bristles are lacking in rela
species in which the tarsomera of pedes-I bear normal hairs and the mouth parts
provided at most with single fine hairs (Fig 3, 6).

Fig 1-8 [ = page 47]: Pollen-harvesting bristles on the tarsomera of pedes-I [P-I-ta] and on the
mouthparts [M-P] of several species of Apoidea [Hymenoptera].- 1,2 P-I-ta in Colletes nasutus
Smith 1853; 4, 5, 7, 8 M-P: 4 Andrena nasuta Giraud 1863, 5 Osmia pilicornis Smith 1846, 1
Anthophora acervorum (Linnaeus 1758) 8 Eucera parvicornis Mocsary 1878. By contrast, 3 the
normally haired pedes-I in Colletes succinctus (Linnaeus 1758), and 6 the naked M-P in Osmiaz
xanthomelana (Kirby 1802).- Fig 1, 3: 32x; Fig 2: 88x; Fig 4, 8: 20x; Fig 5, 6: 16x; Fig 7: 14x.
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utus, the bristles are localized at the outside of tarsomera-1/ -4 and of the
base E)nfgr’;zsmeron-i They are hooked and directed towards the tip of the leg (Fig 1., 2).
Compared with other Colletes species, the P-I but not the P-II of C nasutus are dlstlpct.
ly lengthened relative to body size (expressed as wing length). This elongation mainy
involves femur and tibia, but not the tarsus which is of equal relative length (Fig 9).
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Fig 9: The ratio of length of the pedes-I and -II against length of praealae in Colletes nasutus
Smith 1853 (* 3 individuals) compared with 12 other European Colletes species (e 2 individuals).

In Andrena nasuta, the bristles densely cover the praementum, the stipites and the
galeae of the proboscis (Fig 4). They are mainly straight on praementum and stipites but
distinctly hooked on the galeae. In ‘Osmia pilicornis as well as in Anthophora acer-
vorum, the bristles are confined to the galeae (Fig 5, 7). They are strongly hooked in the
former species but only slightly so in the latter. Eucera parvicornis possesses strong
bristles on the galeae and the outside of the first 2 segments of the palpi labiales (Fig 8).
The shape of the bristles varies from distinctly hooked to nearly straight.

3.2 Composition of the larval provisions

The FF of the bee species examined collect pollen exclusively (Colletes nasutus,
Andrena nasuta, Eucera parvicornis) or frequently (Osmia pilicornis, Anthophora
acervorum) on flowers of the Boraginaceae (Fig 10; Tab 1). C nasutus appears to be
oligolectic at the genus level; the pollen loads analysed consisted solely of Anchusa
pollen. Anchusa is also by far the most important pollen source of 4 nasuta and E par-
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vicornis. O pilicornis and A acervorum are both polylectic with a distinct preference for
Pulmonaria. Besides Pulmonaria and representatives of the Lamiaceae, .P.rzmula
(Primulaceae) was also found to be an important component in the larval provisions of

A acervorum (Fig 10). .
The flowers of Anchusa, Pulmonaria and Primula are all characterized by narrow

corolla tubes with enclosed anthers. Pollen from flowers with hidden anthfars, therefore,
plays an important role in the larval nourishment of all examined bee species.
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Fig 10: Composition of pollen loads in several European species of Apoidea [Hymenoptera].- n
total number of examined loads; N number of different localities. FUM Fumariaceae; FAB Fa-
baceae; VIO Violaceae, CIS Cistaceac; BRA Brassicaceae; PRI Primulaceae; CAR Caryo-
phyllaceae; CAP Caprifoliaceae; BOR Boraginaceae; LAM Lamiaceae; LIL Liliaceae; ?
unidentified pollen .- The stippled areas specify the part of amount of Anchusa pollen in the
examined pollen loads of Colletes nasutus Smith 1853, Andrena nasuta Giraud 1863, and Eucera
parvicornis Mocsary 1878, or the part of amount of Pulmonaria pollen in the investigated scopae
of Osmia pilicornis Smith 1846,or the part of amount of Pulmonaria and Primula pollen in the
analysed samples of Anthophora acervorum (Linnaeus 1758), respectively.
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3.3 Flower-visiting behaviour

The observation of flower-visiting FF of Colletes nasutus, Andrena nasuta, Osmig
pilicornis and Anthophora acervorum revealed that the strong bristles on the tarsomers
of pedes-I and on the mouth parts, respectively, are indeed used to scrape pollen out of
narrow flower tubes (Tab 1). Eucera parvicornis could nqt be. obsewed in t_he ﬁeld but
the occurrence of the same type of bristles on the proboscis (Fig 8) in c.ombmatlor.l with
a distinct preference for pollen of narrow-tubed flowers of the Boraginaceae (Fig 1)
indicates that this species, too, makes use of the specialized morphological structures
for removing pollen from hidden anthers. .

After landing on a flower of Anchusa officinalis, FF of C nasu{us were first obser-
ved to force the head between the throat scales and drink nectar which is located at the
bottom of the flowers. The FF then withdraw their heads, insert both P-I into the flower
tube and extract pollen out of the hidden anthers by rep.eatedly moving thc.air lengthened
(see above) pedes-I up and down. The legs are moved simultaneously but in an alternate
manner inside the flower tube.

Pollen-collecting FF of A nasuta insert their extended proboscis into the flower ty-
be of Anchusa officinalis and pick up pollen with the bristles by violently moving the
proboscis several times up and down. Pollen grains adhering to the p_roboscis are remo-
ved by rapid stroking movements of the P-I immediately before leaving the flower. For
that purpose, the bees lean back on the flower petals. The same up and down brushing
movements of the extended proboscis were observed in the FF of A4 acervorum harve.
sting pollen at flowers of Pulmonaria obscura, Nonea lutea (Desr) DC (Boraginaceae)
and Primula vulgaris Hudson, respectively. This bee species picks up the pollen grains
sticking to the bristled galeae in flight with the tarsomera of pedes-I immediately after
leaving the flower. The supposed function of the hooked bristles on the proboscis of 0
pilicornis could be ascertained only in an indirect way. Because FF visiting the flowers
of Pulmonaria obscura press their head tightly against the small tube entrance, the
action of the mouth parts cannot be seen. But the conspicuous white-coloured pollen
grains of Pulmonaria, which were always seen sticking to the black mouthparts after
the FF had withdrawn them from the flower tube, confirmed that pollen is harvested
with the aid of the bristled proboscis in this species, too. As in A acervorum, the pollen
grains are removed from the proboscis in flight with the pedes-I immediately after lea-
ving the Pulmonaria flowers.

None of the bee species mentioned above was observed to vibrate its indirect -
flight muscles during pollen collection. Thus, buzzing is not involved in pollen uptake
from concealed anthers in these bees.

At the same 2 localities where the pollen-collecting behaviour of O pilicornis and
A acervorum was observed (Tab 1), numerous workers of Bombus pascuorum (Apidae)
and several FF of Osmia bicolor (Megachilidae) also visited the flowers of Pulmonaria
obscura. Both bee species lack a specialized pollen-collecting apparatus. Their tarsome-
ra of pedes-I bear normal hairs and their mouth parts are naked. All bumblebee workers
only collected nectar at Pulmonaria. Their corbiculae were devoid of pollen without
exception. No Pulmonaria pollen grains were detected in the examined pollen loads of
2 O bicolor FF captured at Pulmonaria. Bee species lacking specialized morphological
devices, therefore, may be unable to gather pollen efficiently from anthers located wit-

hin narrow tubes unless the floral openings are wide enough allowing pollen gathering
by buzzing.
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4 Discussion

4.1 Adaptive morphological convergence for pollen removal
from narrow-tubed flowers

The FF of 13 Central European bee species belonging to 4 familiae and 5 genera
were found to have developed a pollen-collecting apparatus that is used for harvgsting
pollen at plants which have their anthers concealed in narrow corolla tubes, viz re-
presentatives of the Boraginaceae and Primulaceae. It consists of stout, hooked or
straight bristles localized either on the tarsomera of pedes-I or on different parts of the

proboscis. o o
Similar morphological specializations are also known to exist in the FF of several

bee species from outside Central Europe where they likewise serve as a tool for remo-
ving pollen from narrow flower tubes.

The tarsomera of pedes-I of 4 North American Calliopsis species (Andrenidae) are provided
with curled bristles which are used to scrape pollen out of the slender flower tubes of Verbena
(Verbenaceae) [ROBERTSON 1914, 1925, SHINN 1967]. The praementum and galeae of the probo-
scis of 2 North American Andrena species (Andrenidae) which are both oligolectic on narrow-
tubed Cryptantha species (Boraginaceae) are covered with numerous hooked setae [MICHENER
1944, LABERGE 1964]. The FF of 7 Perdita species (Andrenidae) occurring in North and Central
America are equipped with a pollen-collecting apparatus composed of long, coarse hairs on the
inner margins of the cheeks next to the proboscideal cavity which serve to pull pollen out of the
slender corolla tubes of Heliotropium and Coldenia flowers (Boraginaceae) [TIMBERLAKE 1954,
THORP 1979].

Coldenia is also the main or exclusive pollen source of 3 North American Hesperapis spe-
cies (Melittidae) which likewise possess specialized morphological devices for harvesting Col-
denia pollen: the mandibula, the proboscis and the cheeks adjacent to the proboscideal cavity are
covered with long, apically wavy hairs [STAGE 1966, MICHENER 1981]. In the North American
Dufourea novaeangliae (Halictidae), strong setae on praementum, galeae and palpi labiales are
thought to be an adaptation for collecting pollen from the short anthers hidden in the corolla of
the tristylous Pontederia cordata (Pontederiaceae), a plant species on which this bee is complete-
ly dependent [EICKWORT, KUKUK & WESLEY 1986].

The galeae and/or the palpi labiales of 4 North American Osmia species (Megachilidae)
belonging to 3 different subgenera are beset with hooked bristles. FF of these species visit,
among other plants, the narrow-tubed flowers of Lithospermum, Amsinckia and Cryptantha
which all belong to the Boraginaceae [SANDHOUSE 1939, MICHENER 1944, 1949, PARKER &
TEPEDINO 1982]. 3 Osmia species living in Asia and the Canary Islands, respectively, possess
long and apically thickened bristles on their palpi labiales which are probably employed when
gathering pollen at flowers of Heliotropium [PETERS 1974]. Most of the 32 described North
American Proteriades species (Megachilidae) exclusively or preferentially collect pollen on
Cryptantha. Stiff, curved bristles on the galeae and the palpi labiales help these bees extract the
pollen from the slender Cryptantha tubes [MICHENER 1944, TIMBERLAKE & MICHENER 1950,
PARKER 1978, THORP 1979].

Hairs on the basal part of the proboscis of a South American Euglossa species (Apidae)
were observed by MICHENER, WINSTON & JANDER [1978] to be responsible for the extraction of
pollen out of the small tubular flowers of Sabicea (Rubiaceae). Several South American and
African stingless bee species of the genera Trigona and Dactylurina (Apidae) have a few very
long bristles on galeae and palpi labiales which are either sinuate or hooked. These are believed
to assist the mouth parts in pulling pollen from flowers with small tubular corollae, from porici-
dal anthers or from anthers the bees have perforated or chewed open [MICHENER 1944, WILLE
1979, RENNER 1983, ROUBIK 1989].
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The above-mentioned bee species belong to many _different taxonomical groupy
and live in many different parts of the world. Thus, specialized mprphologlcal structy.
res enabling female bees to harvest pollen efﬁmently at ﬂpwers with concealed anther
have evolved independently many times during bee evolution.

In another pollen-collecting Hymenoptera group, the honey wasps (Vespoidey
Masaridae), no similar adaptations to pollen harvesting at flowers with concealed ap.
thers are currently recognized [RICHARDS 1962, (_3ESS & GE‘SS 1989,_GEss. 1992]. The
tarsomera of pedes-1 of the FF of the South American Masarldae species Trqneria mon.
rosi, however, are beset with "an outstanding bristle-like pubescence of which the tips
are in part recurved”, and the FF of the Australiap Rolandia maculata have a "markeq
fringe of bristles on the periphery of the lower side of the head around the oral fosg

making a sort of basket" [RICHARDS 1962].

It may be assumed that these peculiar structures also haye evolved for extracting
pollen from hidden anthers, especially since the latter species was obser\{ed to visit
flowers of Lippia nodiflora (Verbenaceae), a plant species which keeps its staming
enclosed in a flower tube.

4.2 The pollen-collecting apparatus of Colletes nasutus

The specialized bristles for pollen uptake are localized on different parts of the
head and the mouth parts in the majority of the bee species discussed above. Only in the
Eurasian Colletes nasutus and the above-mentioned North American Calliopsis species,
they cover the tarsomera of pedes-1. The question arises why these species did not evol-
ve hooked bristles on the mouth parts, too. At least in the case of C nasutus, a tentative
answer can be given. The glossa of the Colletidae is thought to be a highly derived
structure that is employed for lining the walls of the brood cells with glandular secreti
ons [BATRA 1980, MICHENER 1992]. It may be postulated that the colletid proboscis
cannot be easily modified because the glossa plays an important role in cell lining.

Natural selection, therefore, might have favoured the development of hooked
bristles on the tarsomera of pedes-I instead. Similarly, the conspicuous elongation of the
palpi labiales or the palpi maxillares, but not of the glossa which enables several
Australian Colletidae to reach nectar even in long-tubed flowers is explained by the
important function of the glossa in nesting behaviour of Colletidae species [HOUSTON
1983].

The development of hooked bristles on the tarsomera of pedes-1 of C nasutus is
accompanied by a distinct elongation of femur and tibia of the pedes-I. This leng-
thening may facilitate the pollen-collecting process by improving the reach and versa-
tility of the P-I. The elongated P-1 of C nasutus, therefore, appear to be an additional
adaptation to pollen harvesting at the deep tubular Anchusa flowers. A similar, though
much more distinct prolongation of the P-I is known from several bee species of the
South African genus Rediviva (Melittidae). Here, the extraordinarily lengthened P-I ar¢
simultaneously inserted into the 2 long spurs of Diascia flowers (Scrophulariaceae) in
order to harvest the floral oils [VOGEL 1984, STEINER & WHITEHEAD 1990]. A notice-
able prolongation of the P-I was also found in the South American bee species Centris
hyptidis (Anthophoridae) where it has apparently evolved to facilitate the handling of
the divergent deep pouches of the oil flowers of Angelonia pubescens
(Scrophulariaceae) [VOGEL & MACHADO 1991].
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4.3 Frequency and kinds of morphological specializations for pollen harvesting

In contrast to both nectar and oil which can be hidden deep inside the ﬂower. and
which are actually used to place nectar-sucking or oil-harvesting insects in a position
favourable for pollination [VOGEL 1974, WESTERKAMP 1987, STEINER & WHI’I."EHEA‘D
1990], the concealing of anthers within flowers is constrained by the}r own function, viz
pollen export. Morphological adaptations for harvesting nectar or oil are thus expected
to be much more frequent than for pollen uptake. Indeed, while there are many lgnown
morphological adaptations in bees for extracting nectar and harvesting flower oils, re-
spectively [STEPHEN, BOHART & TORCHIO 1969, VOGEL 1974, NEFF & SIMPSON 1981,
BUCHMANN 1987, WESTERKAMP 1987, CANE & EICKWORT unpublished manuscript],
female bees obviously have only exceptionally developed specialized morphological
structures for the uptake of pollen from the flowers [THORP 1979, WESTERKAMP 1987,
WESTRICH 1989, CANE & EICKWORT unpubl manuscr). Bees usually harvest pollen
with the basitarsal brushes of the (pro)pedes [GRINFEL'D 1962, MICHENER, WINSTON &
JANDER 1978, WESTERKAMP 1987, WESTRICH 1989]. Basitarsal brushes are widespread
among aculeate Hymenoptera where they primarily serve as grooming structures. In
bees, they are additionally employed as pollen-harvesting tools. Basitarsal brushes are
thus believed to have been a preadaptation to pollen collection in the precursors of the
bees [GRINFEL'D 1962, JANDER 1976]. Apart from leg basitarsal brushes, both mandibu-
la and scopal brushes (particularly the abdominal scopa) are also involved in pollen
uptake in many bees [STEPHEN, BOHART & TORCHIO 1969, WESTERKAMP 1987,
WESTRICH 1989]. They too, however, were not specially developed as pollen-
harvesting devices, the scopal brushes being primarily pollen transport structures
[WESTERKAMP 1987].

Other morphological devices especially developed for pollen uptake are expected
to have evolved only as a response to pollen collection at plants with complicated flo-
wer structures or with dense inflorescences composed of small flowers where an effi-
cient pollen removal either with the (pro)pedes, the mandibula or the scopal brushes
proves difficult. As the following short synopsis shows, bees dependent on such plants
actually have developed specialized morphological structures for pollen gathering.

Bees gaining pollen at flowers which have their anthers enclosed in narrow flower
tubes are provided with strong, curved bristles either on the P-1 or on the mouth parts
(present publ). The FF of several European bee and honey wasp species are equipped
with a pollen-collecting apparatus that consists of a peculiar facial pilosity. It is used to
harvest pollen from nototribic flowers of the Lamiaceae and Scrophulariaceae where
the raised position of the anthers obviously renders it difficult to collect pollen in an
efficient manner [SCHREMMER 1959, WESTRICH 1989, MULLER in press]. The tarsome-
ra of P-I in the FF of the North American bee species Megandrena mentzeliae
(Andrenidae) bear long, flexible and wavy bristles. By pulling the tarsomera of P-I
through the compact multistaminate androecium of Mentzelia tricuspis (Loasaceae), the
bristles comb the pollen from spaces between the filaments where it has fallen after
anther dehiscence [ZAVORTINK 1972].

The oral vestiture of the FF of 2 North American Xeralictoides species
(Melittidae) which are associated with Eucnide urens and Mentzelia spp. (Loasaceae) is
modified: the mandibula, the stipites of the proboscis, and the inner margins of the
cheeks next to the proboscideal cavity are densely covered with unusually long and
minutely barbed hairs [STAGE 1966, MICHENER 1981]. Judging from the flower-visiting
behaviour described by ZAVORTINK [1972], this oral brush may assist the bees in wi-
ping the pollen masses from a basal pollen chamber that in both, Eucnide and Mentze-
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Jia is formed around the base of the style by the incurvature of the filamen
[THOMPSON & ERNST 1967]. ' _

Specialized arrays of branched or sinuous setae on the undgrmde of the abdqmen
or thorax in various species of Svastra, Xenoglossodes, Tetralonia (all Anthophqudae)
and Anthidium (Megachilidae) associated with the Asteraceae are thought to be directly
involved in pollen removal from the floral head§ [NEFF 1?84, WE_STERKAMP 1987,
personal observation]. Similarly, several Paracolletini (Colletldag) whlqh harvest_pollen
on the dense inflorescences of Prosopis (Mimosaceae) are provided with a special me-
tasomal pilosity which probably aids in pollen uptake [NEFF 1984]. ' .

Stingless bee species of the subgenus Scaura of T) rigonc_z (Apidae) are specialized
pollen gleaners which visit inflorescences consisting of 'rela.tlvely broad surfac'es from
which fallen pollen is swept up by dragging the extraordinarily flattened and hairy hind
basitarsus across the flower parts [MICHENER, WINSTON & JANDER 1978, ROUBIK
1989].

']I’he peculiarly shaped clypeus of several Eurasian Osmia species (Megachilidae)
may prove to be a further example of a specialized pollen-harvesting device. The cly-
peus of the FF of these bees bears laterally 2 projecting horns enclosing a hairless,
smooth and impressed area that is bordered by a dense fringe of hairs towards the in-
sertions of the antennae [PETERS 1978]. The function of this conspicuous clypeus
structure remains obscure. It is interpreted either as a tool to tamp down and smooth
mud during nest building [O'TOOLE & RAW 1991], as a basket to catch pollen from
hanging anthers [WESTRICH 1989] or as a short-term reservoir for pollen that the bees
have picked up from small flowers with the aid of the tarsomera of pedes-1 and mandi-
bula [PETERS 1978]. Other examples of morphological specializations for pollen remo-
val in bees are not known at present [MICHENER 1944, STEPHEN, BOHART & TORCHIO
1969, THORP 1979, EICKWORT & GINSBERG 1980, WESTERKAMP 1987, ROUBIK 1989,
WESTRICH 1989, CANE & EICKWORT unpubl manuscr].

In summary, specialized morphological structures evolved to facilitate the uptake
of pollen are more widely spread in bees than hitherto thought. Nevertheless, they are
rare and restricted to bees associated with plants the flowers of which are difficult to
exploit efficiently by usual methods.
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DORFLER E & DORFLER M: Neue Lebensréiume. Mehr Artenvielfalt in Landschaft und Garten. --
[200 Pp, 49 Zweifarb-Fig, 42 Farbfot, 7 Tab, 130 x 220mm, Balacr-Hartkart-Ug].- Publ: Harri
Deutsch Vlg, Frankfurt/M-Thun 1990; ISBN: 3-8171-1175-4; Pr: DM 26,30. --- [EGR-Nr 1938].

nArtenschwund durch Landschaftswandel”, "Bedarf an Lebensrdaumen", "Vernetzung statt
Verinselung" -- das sind nur drei von zahlreichen Themen, die in diesem Buchlein behandelt
werden. Von einer Erorterung der historischen Entwicklung des mitteleuropdischen Land-
schaftsbildes, seinen Lebensgemeinschaften, seiner Flora und Fauna bis zur praktischen Anlei-
tung zwecks Erhaltung letzter Naturreservate und zur Wiedereinrichtung naturnaher Land-
schaftsgemeinschaften, im groBen wie im kleinen, auch im eigenen Hausgarten, bietet es eine
Fiille von Wissen und Ideen. Okologen und Entomologen, Schiiler und Studenten, die sich dem
Natur- und Landschaftsschutz widmen mdchten, aber auch Behorden, Vereine, Verbdnde sowie
Architekten und Landschaftspfleger sollten es gewinnbringend zu Rate ziehen.
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NuLtscH W: Mikroskopisch-Botanisches Praktikum fiir Anfinger. 9. durchgesehene Aufl
unter Mitarbeit von U RUFFER. [VIII + 207 S, 101 Abb in 315 Einzeldarst, 120 x 190 mm, Balacr
Weichkart Ebd].- Publ: Georg Thieme Verlag, Stuttgart-New York 1993; ISBN: 3-13440309-9;
Pr: DM 19,80. --- [EGR-Nr 2220].

Given the large number of botanical textbooks, one might wonder why a guide for basical
microscopical practica is necessary. The book by W Nultsch has a long tradition in giving essen-
tial information about usually studied botanical subjects of general interest. Basic practica in
botany deal with cellular and histological details of representative plant material to gain insight
into principles of plant life. This book reveals an overview about all important subjects covering
the usual contents of botanical practica for beginners. The text is concisely written and reduces all
facts on certain objects in a manner that the reader will be informed in detail without being con-
fused by minor matters. In order to focus on practical application, detailed descriptions of in-
structive light microscopic images are completed by paragraphs about several techniques
concerning the proof of a variety of cellular and cell wall ingredients. The microscopic images
improve and fasten the re-cognition and location of certain structures and tissues in the prepara-
tion slide studied. Throughout the concept of this book, the relation between structure and func-
tion is emphasized and demonstrated with the help of selected subjects, thus revealing a principle
of general importance. The 9th edition does not contain new objects compared to the previous
edition, keeping the tradition of a concise practical guide. The text has been checked over again
and linguistically improved. Following the development in the field, the form of expression is
scientifically even more exact than in the 8th edition, but still remains comprehensible for the
student. The mode of expression and the use of scientific terms is in agreement with that of most
botany textbooks used at universities. Resulting from permanent use in practica by a vast range of
biology students, this book really contains information about the practical approach it promises.
The thorough testing by generations of students made the 9th edition of this book what it should
be: a clear-written practical guide through the basic botanical practica for students and supervi-
sors.

Dr Gabriele Wolff, Ruhr-Universitidt Bochum.





