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Abstract

The present study addresses the pollen preferences of two species of wild bees of the genus Melissodes in the intensively farmed
temperate Pampean region of Argentina. The resources used by M. (Ecplectica) tintinnans and M. (Ecplectica) rufithorax
were studied in a commercial plot of sunflower and its field margins in the locality of Carlos Casares, province of Buenos
Aires. Surveys before, during and after the bloom of sunflower were carried out. The bees emerged synchronously with the
beginning of the bloom, but continued foraging for over a month after maturation of the crop. Pollen analyses of scopal
loads indicated that sunflower was a major component of the diet. Bees also collected pollen from other Asteraceae during
and after the blooming of the sunflowers. Pollen from Ligustrum sp. and Eucalyptus sp., two trees common in the hedgerows,
was also collected in significant amounts. The vegetation on the field margins facilitated maintenance of the populations
after the blooming of the sunflower. The two species of native Melissodes used pollen of plant taxa that are frequent and
widespread in the Pampean agricultural ecosystems. This fact, together with their habit of nesting in aggregations, indicates
that these bees represent a valuable resource as crop pollinators.

Keywords: Melissodes tintinnans, Melissodes rufithorax, pollen resources, oligolectyc, field margins

Se@ wild bees provide important pollination ser-
vices to various crops (Buchmann & Nabhan, 1996;
DeGrandi-Hoffman & Watkins, 2000; Delaplane &
Mayer, 2000; Kremen et al., 2004; Herrmann et al.,
2007). Knowledge of their foraging preferences helps
to understand their bearing on the preservation of the
local flora in agricultural environments and, together
with knowledge on their biology, helps develop
strategies for their conservation and use as pollina-
tors (O’Toole, 1993; Stedman, 1994; Corbet, 1996;
Kim et al., 2006, Klein et al., 2007). The present
study addresses the pollen preferences of two species
of wild bees of the genus Melissodes in the intensively
farmed temperate Pampean region of Argentina.
Melissodes is by far the species-richest genus
among the New World bees of the tribe Eucerini
(Michener, 2007). It is the most diverse in North

and Central America, where more than 120 species
occur. In South America, Melissodes is represented
by seven species, most of which belong to the sub-
genus Ecplectica (Urban, 1973). Although few species
are present, they form locally abundant popula-
tions. These bees are typical solitary soil burrowers
that nest in aggregations (Cameron et al., 1996).
They are medium-sized bees, 10-12 mm long, that
carry their pollen loads on the scopa of the hind
tibia and basitarsus. Melissodes bees are important
sunflower pollinators in the United States (Parker,
1981a, 1981b; Greenleaf & Kremen, 2006; Ricketts
et al., 2008). Due to the large number of species and
the abundance of individuals, several authors have
stressed the role of many of its species as pollina-
tors of crops (Linsley, 1946; LaBerge, 19565; Hurd
et al., 1980; Parker, 1981a, 19815). The pollination
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Figure 1. General aspect of Melissodes rufithorax. Scale bar—5 mm.

services of these bees were significantly and positively
related to the increase of patches available for nesting
(Kremen et al., 2004; Kim et al., 2006).

The flower preferences of many species of
Melissodes were reported by LaBerge (1956a, 19560,
1957, 1961). Some species, such as most members of
the subgenus Melissodes, are highly polylectic. Other
species specialise on Onagraceae, Pontederiaceae,
Malvaceae and Asteraceae. Oligolecty of Asteraceae
is widespread, particularly in the subgenera Helio-
melissodes, Eumelissodes and Callimelissodes. Several
detailed studies have confirmed this oligolecty on
Asteraceae for M. (Eumelissodes) pallidisignata Cock-
erell (Thorp & Chemsak, 1964), M. rustica (Say)
(Clement, 1973; Cameron et al., 1996), M. (Eumelis-
sodes) muicrosticta Cockerell (Miliczky, 2000) and
M. (Eumelissodes) agilis Cresson, which has been indi-
cated as an oligolege of Helianthus species (Parker
etal., 1981).

However, the flower preferences of the species of
the subgenus Ecplectica are little known. Flower vis-
itation is mentioned for some species, but without
indication of whether pollen or nectar was col-
lected (Holmberg, 1884; LaBerge, 1956b). Silveira
et al. (1993) suggest that Melissodes (Ecplectica) sex-
cincta Lepeletier depends upon species of Triumferta
(Tiliaceae) in Minas Geraies, Brazil. Cilla et al.
(2007) indicate that M. (Ecplectica) tintinnans
Holmberg and M. (Ecplectica) rufithorax Bréthes
could be considered potential sunflower pollinators.
In this contribution we study pollen resources used
by the latter two species in a commercial plot of
sunflower and its field margins.

Material and methods
Study site

The field surveys were carried out in the province
of Buenos Aires, Argentina, near the locality of
Carlos Casares (Estancia San Claudio, 35° 56’ S and
61° 11’ W). The commercial field of sunflower stud-
ied measured 54.2 ha. On one side, a dirt road
separated it from a pasture. The other three sides
had herbaceous field margins, mostly 4 m wide, but
at some points as narrow as 0.5 m up to as wide as
8 m. These three sides were bordered by hedgerows
composed of Eucalyptus sp. (Myrtaceae), Ligustrum
lucidum W.T. Aiton (Oleaceae) and Gleditsia triacan-
thos L. (Fabaceae). There was no wild sunflowers in
the sampling area or in nearby lots.

Field sampling

Sampling was performed monthly between
November 2006 and March 2007. Bees (Figure 1)
were collected on flowers of sunflower, on weeds
within the field and on the herbaceous vegetation of
the field margins with the aid of an insect net. Each
specimen was placed in an individual vial. A survey
of the flowering plants that could serve as pollen
hosts was performed, both within the crop and the
field margins. Plant specimens were collected at the
site to prepare reference pollen slides.

The sampling in the field margins consisted of a
comprehensive census of the weeds in flower and
the capture of visiting bees along the four edges.
The sampling effort was 90 minutes on average
per edge. The censuses were performed before the
flowering of sunflower (14 and 16 November 2006;
4 and 6 December 2006), during flowering (3, 6,
9 and 13 January 2007), and after flowering (20 and
22 February 2007; 6 and 8 March 2007). The total
sampling effort in the field margins was 72 hours.
The area of cultivation was also sampled during the
flowering period. Transects four rows wide were ran-
domly chosen parallel to each surveyed field margin.

Pollen analyses

Pollen counts of scopal loads were made to identify
the importance of each plant host in the diet. One
hind leg from each female was removed, avoiding
contamination from pollen deposited on other parts
of the body. The scopa was treated with a 10% potas-
sium hydroxide (KOH) solution in a double boiler
(water bath) for 10 minutes. This treatment, applied
for pollen by von Post (1933), removes the intine
and cell content without damaging the exine. The
deflocculant properties of KOH (Fegri & Iversen,
1975) allow the successful separation of the pollen
attached to the scopae. Since pollen grains treated in
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this way decolourise, staining with Fuchsin was used
(Reitsma, 1969). The treated pollen was mounted in
80% glycerine on a slide. The slide was first scanned
under low magnification to verify that pollen was well
mixed and that a sufficient number of grains were
present. For taxonomic recognition, the pollen refer-
ence collection of the Museo Argentino de Ciencias
Naturales, Buenos Aires (BAPa) and pollen from
specimens collected around the study area were used.
To determine the relative frequency of taxa in pollen
loads, five parallel and equidistant transects across
the slide were counted, with at least 500 pollen grains
counted (von der Ohe, 2004). When the relative fre-
quencies did not stabilise, counts were continued for
another five parallel lines situated between the first
five. In some specimens that had partially loaded sco-
pae, the number of pollen grains considered for the
assessment of the frequency was 200 grains (Sipes &
Tepedino, 2005). When the number of grains was
less than 200, the total pollen grains were counted.

Pollen passively deposited on the body of the bees
was studied to detect plants that may have been vis-
ited as nectar sources. Previous to body treatment,
the remaining hind leg was removed and then the
body was treated as mentioned earlier for scopal
pollen loads.

Statistical analyses

In order to look for possible interactions between the
visited plant taxa and the two species of Melissodes,
a log-linear analysis (Agresti, 1996) was performed
on the matrix of plant/insect interactions (Table I).
A log-linear analysis allows the testing of the null
hypothesis of no interaction among main effects
(plant species and insect species), which means in
our case that we may find no special amount of
pollen apart from what is expected from the marginal
frequencies corresponding to each cell of Table I.
This implies that if the rows and columns in a
table are completely independent of each other, the
entries in the table (distribution of mass) can be
reproduced from the row and column totals alone.
Any deviations from the expected values (expected
under the hypothesis of complete independence of
the row and column variables) will contribute to
the overall Chi-square statistic. Maximum likelihood
Chi-square tests of marginal association were com-
puted. In order to assess whether the visited taxa
in search of pollen were represented among those
visited in search of nectar, a non-parametric corre-
lation test (Spearman R test) was also performed.
Proportions of the same pollen type in the scopal
loads and in the loads resulting from the survey of the
retained pollen in the hairs of other body parts for
each specimen from both species of Melissodes were
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compared. Analyses were run with the STATISTICA
software (StatSoft Inc., 1999).

Results
Bee activities

No specimens of the studied Melissodes were detected
during November and December, neither in the sun-
flower field nor in the field margins. Bees were first
sighted at the beginning of the flowering of sunflower
in January; they were present during all of the flower-
ing period (first to third week of January). After the
cultivated sunflowers wilted, the bees continued to
forage on herbaceous plants within the field and in
the field margins until March.

The highest abundance of individuals was coin-
cident with the flowering of sunflower. During this
period, 77% of the specimens caught were Melissodes
untinnans. After the flowering of cultivated sunflower
was over, the abundance of individuals observed on
flowering herbaceous plants was low (# = 10) and
M. rufithorax made up 70% of the specimens caught.

Avwailable flora

A survey of the flowering plants that could serve as
pollen sources was made, both within the crop and
in the field margins. We recorded a total of 36 herba-
ceous plants and two trees in bloom (Table II). Only
a fraction of these plants was visited for pollen by
the two studied species (indicated by an asterisk in
Table II).

Pollen analyses

Scopal loads. — A total of 58 female specimens were
collected for pollen analysis, 40 of Melissodes tintin-
nans and 18 of M. rufithorax (Tables III, IV, see
Appendix, Tables AI, AII). All pollen loads anal-
ysed of specimens of M. rnunnans collected during

Table I. Matrix of plant/insect interactions.

Number of pollen grains

Melissodes Melissodes
Plant taxa ununnans rufithorax Total
Helianthus annuus 26 137 9102 35 239
Ligustrum sp. 7292 346 7638
Carduus sp. 318 20 338
Polygonum sp. 134 11 145
Crepis sp. 67 0 67
Eucalyptus sp. 1321 0 1321
Bidens sp. 1935 3157 5092
Baccharis sp. 0 549 549
Total 37 204 13 183 50 389
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Table II. Plant taxa in bloom in the field margins, hedgerows and within the crop during November—March.

Family Species

Nov Dec Jan Feb Mar

Amaranthaceae
Apiaceae Ammi majus L.
Conium maculatum L.

Alternanthera philoxeroides (Mart.) Griseb.

Asteraceae Anthemis cotula L.
Carduus acanthoides 1..*
Cirsiun vulgare (Savi) Ten.
Bidens laevis (1L.)*
Crepis setosa Haller*
Lactuca serriola L.
Sonchus oleraceus L.
Taraxacum officinale Weber ex F.H. Wigg.
Baccharis pingraea DC*
Eclipta postrata (L.) L.
Pluchea sagittalis (Lam.) Cabrera
Tagetes minuta L.
Brassicaceae Hirschfeldia incana (L.) Lagr.-Fossat
Sisymbrium officinale (L..) Scop.
Commelinaceae Commelina erecta L.
Cucurbitaceae Cucurbita maxima Duchesne ssp. andreana (Naudin) Filov
Fabaceae Trifolium pratense L.
Trifolium repens L.
Medicago lupulina L.
Gentianaceae Centaurium pulchellum (Sw.) Druce
Lamiaceae Lamium amplexicaule L.
Lythraceae Lythrum hyssopifolia L.
Malvaceae Malva nicaensis All.
Onagraceae Ludwigia peploides (Kunth) P.H. Raven
Polygonaceae Polygonum aviculare L.
Polygonum persicaria L.*
Portulacaceae Portulaca oleracea L.
Solanaceae Physalis viscosa L.
Solanum glaucophyllum Desf.
Solanum sisymbritfolium Lam.
Solanum sublobarum Willd.
Verbenaceae Verbena gracilescens (Cham.) Verter
Verbena intermedia Gillies et Hook.
Oleaceae Ligustrum lucidum Ait.*
Myrtaceae Eucalyptus sp.*

*Plants visited for pollen by both species of Melissodes.

flowering of the cultivated sunflowers (z = 37) had
pollen of Helianthus annuus L. in various proportions
(Figure 2A-D). Of these, 18 scopal loads consisted
of pure sunflower pollen. Other scopal loads had
variable proportions of five pollen types, belonging
to four different families: Oleaceae (Ligustrum sp.;
Figure 2A), Myrtaceae (Eucalyptus sp.; Figure 2B),
Asteraceae (Crepis sp. and Carduus sp.; Figure 2C, D)
and Polygonaceae (Polygonum sp.). When the flow-
ering of cultivated sunflowers was over, the pollen
loads examined (z = 3) were pure loads of Bidens
sp. (Asteraceae).

All scopal loads analysed of specimens of Melissodes
rufithorax collected during blooming of the field of
sunflowers (z = 11) had pollen of Helianthus annuus.
Eight scopal loads consisted of pure sunflower pollen.
The other samples (z = 3) had pollen of Ligustrum
sp. and a low proportion of pollen of Carduus sp. and
Polygonum sp. After the blooming of sunflower, the

scopal loads analysed had pure loads of Bidens sp.
(n = 3) and mixed loads of Bidens sp. and Baccharis
sp. (n = 4).

For both species of bees, Bidens sp. and Baccharis
sp. only appear in the scopal loads when there is no
sunflower in bloom, while Ligustrum sp., Eucalyptus
sp., Crepis sp., Carduus sp. and Polygonum sp. occur
when sunflower is present as well.

Pollen on the body hairs. — The pollen carried by the
body hairs (hind legs removed) was analysed from
58 female bees. This pollen was not actively collected
by the bees and reflects all the visits paid to flowers,
both for nectar and pollen (Table IV, see Appendix,
Table AII).

All the specimens analysed of Melissodes tintinnans
that were collected during the blooming of sunflower
(n = 37) had pollen of Helianthus annuus on them,
17 of which had exclusively this type of pollen. The
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Table III. Number of samples and percentage of pollen in each sample of the plant taxa present in scopal loads (S) and body hair loads

(C) of Melissodes tintinnans during and after the sunflower bloom.

Bloom After bloom
(n=37) (n=3)
<5% 5-50% >50% 100% 100%
Habit Taxa S C S C S C N C S C
Herb Asteraceae
Baccharis sp.
Bidens sp. 3 3
Carduus sp. 1 1 1
Crepis sp. 4 3 1 1
Helianthus 1 1 4 15 17 18 17
annuus
Polygonaceae
Polygonum sp. 1 1 1
Tree Oleaceae
Ligustrum sp. 16 17 6 5 2 1
Myrtaceae
Eucalyptus sp. 5 6 7 6 1 2

20 mixed samples had various proportions of the
same six major pollen types present in scopal loads
that is, in decreasing importance: Helianthus annuus,
Ligustrum sp., Eucalyptus sp., Carduus sp., Polygonum
sp. and Crepis sp. When the flowering of cultivated
sunflowers was over, the pollen on the body hairs
(n = 3) was exclusively pollen of Bidens sp.

All the Melissodes rufithorax bees collected dur-
ing the blooming of sunflowers (z = 11) had pollen
of Helianthus annuus on them, seven of which bees
had exclusively this type of pollen. The other speci-
mens had low proportions of pollen of Ligustrum sp.
and Carduus sp. accompanying the H. annuus pollen.
After the blooming of sunflowers, the bodies analysed

showed pure loads of Bidens sp. (n = 3) and mixed
loads of Bidens sp. and Baccharis sp. (n = 4).

For both species of bees, Bidens sp. and Baccharis
sp. appear on the body hairs only when there is no
sunflower in bloom, while all other plant taxa occur
in the presence of it.

Statistical analyses

Chi-square marginal tests showed very highly signif-
icant interactions among the visited plant taxa and
species of Melissodes, (ML x? = 6953.8, p < 0.00001;
Figure 3). In the absence of sunflower, Baccharis sp.
and Bidens sp. change their predominance according

Table IV. Number of samples and percentage of pollen in each sample of the plant taxa present in scopal loads (S) and body hair loads (C)

of Melissodes rufithorax during and after the sunflower bloom.

Bloom After bloom
(n=11) (n="17)
<5% 5-50% >50% 100% 5-50% >50% 100%

Habit Taxa S C S C S C S C S C S C S C
Herb Asteraceae

Baccharis sp. 4 4

Bidens sp. 4 4 3 3

Carduus sp. 2 2

Crepis sp.

Helianthus 3 4 8 7

annuus

Polygonaceae

Polygonum sp. 2

Tree Oleaceae

Ligustrum sp. 1 1 2 3
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to the insect species bearing their pollen, Melissodes
tintinnans bearing, on the average, the most of Bidens
sp. pollen and M. rufithorax the most of Baccharis sp.
pollen. When sunflower is present, M. rufithorax bore
the most of the Helianthus annuus pollen whereas
M. untinnans bore the most of Ligustrum sp. pollen.
Considering all the other species, M. nntinnans was
the species collecting most of the pollen. Correlation
analyses showed that the proportions of each pollen
type loaded on the scopae and hairs were similar for
both Melissodes species. Spearman correlation coef-
ficients were 0.81 (p < 0.000001) for M. zinzinnans
and 1.00 (p < 0.000001) for M. rufithorax.

Discussion

Pollen of Helianthus annuus represents a major com-
ponent of the diet of Melissodes tintinnans and
M. rufithorax in the studied area. The emergence of
the two species synchronously with the beginning of
the flowering of the cultivated sunflower and the con-
cordance of the decline of their abundance with the
end of the flowering period of the crop is a striking
fact. This synchrony was closer in M. rntinnans, but
less evident at the end of the period in M. rufithorax,
although both species continued foraging for over
a month after the sunflower crop wilted. The two
species are aestival bees in the temperate region of
Argentina. Further studies may reveal whether local
populations may have become synchronised with the
bloom of sunflowers.

Both species showed a strong tendency to col-
lect pollen of Asteraceae, but they also gathered
pollen from plants in other families. Pollen from
Ligustrum (Oleaceae) and Eucalyprus (Myrtaceae)
was also gathered in significant amounts at the same
time of the sunflower bloom. Bees collected pollen
from other Asteraceae during and after the bloom of
sunflowers, but in different tribes of this large fam-
ily (Astereae, Cichoreae, Cynareae and Heliantheae).
Melissodes tintinnans would be classified as eclectic
oligolectic and M. rufithorax as broadly oligolectic,
following the classification of pollen host specialisa-
tion of Cane and Sipes (2006) and the modifications
proposed by Miiller and Kuhlmann (2008).

The latter authors assigned the different subcate-
gories of oligolecty and inferred bee host ranges by
microscopical analysis of scopal pollen loads based

e
Figure 2. Scopal load of Melissodes tintinnans. A. Pollen of

Helianthus annuus (a) and Ligustrum sp. (b); B. Helianthus annuus
(a) and Eucalyptus sp. (c); C. Helianthus annuus (a) and Crepis
sp. (d); D. Helianthus annuus (a) and Carduus sp. (e). Scale
bars — 20 pm.
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on two different methods: (1) on the number of
pollen grains counted and (2) the individual com-
position of the pollen loads. Melissodes tintinnans is
eclectic oligolectic (pollen collection from two to
four plant genera belonging to two or three plant
families) according to the first method: 98% of
the pollen grains counted belong to the same four
plant genera from three plant families: Asteraceae
(Helianthus and Bidens), Oleaceae (Ligustrum) and
Myrtaceae (Eucalyprus). It is also eclectic oligolectic
according to the second method: pollen grains of the
same four plant genera from three plant families were
found in 100% of the pollen loads. Melissodes rufitho-
rax is broadly oligolectic (pollen collection from two
or more genera of one plant tribe, subfamily or
family) according to the first method: 97% of the
pollen grains counted belong to one plant family, the
Asteraceae, but it is eclectic oligolectic according to
the second method as 100% of the pollen loads had
pollen of the same four plant genera from two fam-
ilies, Asteraceae (Helianthus, Baccharis and Bidens)
and Oleaceae (Ligustrum). The two methods resulted
in different categorisation. In this case, we assigned
the higher degree of specialisation (i.e., broad
oligolecty) as the authors suggest when the number
of pollen loads analysed is less than 20 (z = 18).

The eclectic behaviour of Melissodes untinnans
would be reflected in the choice of plant taxa
different to the Asteraceae, while M. rufithorax shows
greater fidelity to species of this family (Figure 3).
When sunflower was present, M. rufithorax bore the
most Helianthus annuus pollen, whereas M. tintinnans
bore the most Ligustrum sp. pollen, as well as pollen
of all other plant taxa.

Both species collected pollen not only from the
herbaceous vegetation, but also from trees. The spec-
imens captured in the morning (9.30-11.00 am) col-
lected pollen of Ligustrum sp. and/or Eucalyptus sp.
The loads were clearly distinguishable by the white
colour of part or of the entire load compared to the
uniform yellow-orange colour of the pure sunflower
loads. Pollen of Ligustrum sp. and Eucalyptus sp. was
present in a large number of specimens and in some
scopal loads in a large percentage. Two loads had
50% and 70% of Ligustrum sp. pollen, respectively,
while one load had 50% of Eucalyptus sp. pollen
and another one consisted of 98% of Eucalyptus sp.
pollen. The presence of this pollen may be related to
the mass supply of pollen produced by these florif-
erous trees in the study area (Giscafré & Ragonese,
1946).

Even when a crop is in full bloom, a good nec-
tar or pollen flow from other plants can attract the
bees away from the crop (Crane, 1990). A study con-
ducted in Spain with Apis mellifera L. (honeybees)
in sunflower revealed that foraging activity in the
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Figure 3. Plot of mean observed pollen grain frequency from
Helianthus annuus (Ha), Ligustrum sp. (Li), Carduus sp. (Ca),
Polygonum sp. (Po), Crepis sp. (Cr), Eucalyptus sp. (Eu), Bidens
sp. (Bi) and Baccharis sp. (Ba) loaded on Melissodes tintinnans and
M. rufithorax.

crop is related to the dehiscence of other competitive
pollen sources (Ortiz-Sanchez & Tinaut, 1994). The
pollen sources of nearby sunflower fields in the lower
valley of Rio Colorado (province of Buenos Aires,
Argentina) were highly attractive to bees even when
the abundance of those sources was low in the area
and the sunflower was in full bloom (Andrada et al.,
2004). The answer to why pollen of Eucalyptus sp.
and Ligustrum sp. appears only in loads of bees cap-
tured in the morning could lie in the biology of these
two arboreal species. The dehiscence or production
of nectar with a high concentration of sugars in
the morning would make these species alternative
sources for the bees. However, in the absence of
sunflower, Melissodes tintinnans selected Bidens sp. as
the sole source of pollen, even in the simultaneous
presence of Eucalyprus sp. and Ligustrum sp.

Further studies on a broader geographic range
would be desirable to better define the diet of
these species. Our results suggest that Melissodes
untinnans and M. rufithorax of the subgenus
Ecplectica may be more similar in their foraging
behaviour to the species specialised on Asteraceae of
widespread occurrence, particularly in the subgenera
Heliomelissodes, Eumelissodes and Callimelissodes.

The pollen carried by the bees on their body hairs
did not reveal a different pattern of flower visita-
tion. Pollen on the body may reflect nectar hosts
other than those visited for pollen. The similar pollen
spectra found in the scopae and on the body for
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both species suggest that they use the same plants
to collect nectar and pollen.

Conclusion

The pollen analyses allow us to conclude even
though the pollen of sunflower represented a major
component of the diet at the study site, both
Melissodes species studied did not present a narrow
oligolectic foraging behaviour on Helianthus annuus,
the bees not only visited herbaceous but also arboreal
vegetation, and the herbaceous vegetation in the
field margins and the hedgerows facilitated the
maintenance of the populations after the bloom of
sunflowers.

The plant taxa used as pollen sources by the two
studied species of native Melissodes occur frequently
and widespread in the Pampean agricultural ecosys-
tems (Cabrera, 1963; Parodi, 1964; Cozzo, 1967).
This, together with the habit of nesting in aggrega-
tions of M. ununnans and M. rufithorax, both within
the crop and in the field margins, indicate that these
bees may represent a valuable resource as crop pol-
linators in the intensively farmed Pampean region of
Argentina.

Acknowledgements

The authors are grateful to the Reproductive
Biology Study Group, Catedra de Botanica Agricola,
Facultad de Agronomia, Universidad de Buenos
Aires, for their support, to Juan Pablo Torreta
for his help during fieldwork and to the Centro
de Investigaciones Cientificas y Transferencia de
Tecnologia a la Producciéon (CICyTTP) for the use
of its facilities. This study was partially supported
by the Agencia Nacional de Promocion Cientifica y
Técnica (FONCyT, PICT 08/12504, D. Medan,
principal researcher).

References

Agresti, A. (1996). An introduction to categorical data analysis.
New York: Wiley.

Andrada, A., Valle, A., Paoloni, P. & Gallez, L. (2004). Pollen and
nectar sources used by honeybee colonies pollinating sunflower
(Helianthus annuus) in the Colorado River Valley, Argentina.
Boletin de la Sociedad Argentina de Botanica, 39, 75-82.

Buchmann, S. L. & Nabhan, G. P. (1996). The forgotten pollinators.
Washington, DC: Island Press.

Cabrera, A. L. (1963). Flora de la Provincia de Buenos Aires. Buenos
Aires: Coleccion Cientifica del INTA.

Cane, J. & Sipes, S. (2006). Characterizing floral specialization
among bees: Analytical methods and a revised lexicon for
oligolecty. In M. Waser & J. Ollerton (Eds), Plant—pollinator
interactions: From specialization to generalization (pp. 99-122).
Chicago, IL: The University of Chicago Press.

Cameron, S. A., Whitfield, J. B., Hulslander, C. L., Cresko,
W. A., Isenberg, S. B. & King, R. W. (1996). Nesting biol-
ogy and foraging patterns of the solitary bee Melissodes rustica
(Hymenopera: Apidae) in northwest Arkansas. Journal of the
Kansas Entomological Society, 69, 260-273.

Cilla, G., Caccavari, M. & Roig Alsina, A. (2007). Estudios
preliminares del polen transportado en las escopas de abe-
jas silvestres de la especie Melissodes Latreille (Hymenoptera:
Eucerini). Boletin de la Sociedad Argentina de Botanica,
42, 229.

Clement, S. L. (1973). The biological nesting of Melissodes
(Eumelissodes) rustica (Say), with a description of the larva.
Fournal of the Kansas Entomological Society, 46, 516-525.

Corbet, S. A. (1996). Which bees do plants need? In A. Matheson,
S. L. Buchmann, C. O’Toole, P. Westrich & J. H. Williams
(Eds), The conservation of bees (pp. 105-114). London:
Academic Press.

Cozzo, D. (1967). La Argentina forestal. Buenos Aires: Eudeba.

Crane, E. (1990). Bees and beekeeping. Oxford: Heinemann
Newnes.

DeGrandi-Hoffman, G. & Watkins, J. C. (2000). The foraging
activity of honey bees Apis mellifera and non-Apis bees on
hybrid sunflowers (Helianthus annuus) and its influence on
cross-pollination and seed set. Journal of Apicultural Research,
39, 37-45.

Delaplane, K. S. & Mayer, D.F. (2000). Crop pollination by bees.
Wallingford: CABI Publishing.

Fegri, K. & Iversen, J. (1975). Téxtbook of pollen analysis.
Copenhagen: Munksgaard.

Giscafré, L. & Ragonese, A. (1946). Polinosis ocasionada por el
“ligustro” (Ligustrum lucidum Ait.). Darwiniana, 7, 198-207.

Greenleaf, S. S. & Kremen, C. (2006). Wild bees enhance honey
bees’ pollination of hybrid sunflower. Proceedings of the National
Academy of Sciences, 103, 13890-13895.

Herrmann, F., Westphal, C. R., Moritz, R. F. A. & Steffan-
Dewenter, I. (2007). Genetic diversity and mass resources pro-
mote colony size and forager densities of a social bee (Bombus
pascuorum) in agricultural landscapes. Molecular Ecology, 16,
1167-1178.

Holmberg, E. L. (1884). Viajes a las Sierras del Tandil y de
la Tinta. Hymenoptera-Apidae. Actas Academia Nacional de
Ciencias de Cordoba, Argentina, 5, 117-136.

Hurd, P. D., LaBerge, W. E. & Linsley, E. G. (1980). Principal
sunflower bees of North America with emphasis on the south-
western United States (Hymenoptera: Apoidea). Smithsonian
Contributions to Zoology, 310, 1-158.

Klein, A. M., Vaissiere, B. E., Cane J. H., Steffan-Dewenter, 1.,
Cunningham, S. A., Kremen, C. & Tscharntke, T. (2007).
Importance of pollinators in changing landscapes for world
crops. Proceedings of the Royal Society: Biological Sciences, 274,
303-313.

Kremen, C., Williams, N. M., Bugg, R. L., Fay, J. P. & Thorp,
R. W. (2004). The area requirements of an ecosystem ser-
vice: Crop pollination by native bee communities in California.
Ecological Letters, 7, 1109-1119.

Kim, J., Williams, N. & Kremer, C. (2006). Effects of culti-
vation and proximity to natural habitat on ground-nesting
native bees in California sunflower fields. Journal of the Kansas
Entomological Society, 79, 309-320.

LaBerge, W. E. (1956a). A revision of the bees of the
genus Melissodes in North and Central America. Part I
(Hymenoptera, Apoidea). University of Kansas Science Bulletin,
37,911-1194.

LaBerge, W. E. (1956b). A revision of the bees of the
genus Melissodes in North and Central America. Part II
(Hymenoptera, Apoidea). University of Kansas Science Bulletin,
38, 533-578.



Downloaded by [Arturo Roig Alsina] at 05:42 21 March 2012

LaBerge, W. E. (1957). The genera of bees of the tribe Eucerini
in North and Central America (Hymenoptera, Apoidea).
American Museum Novitates, 1837, 1-44.

LaBerge, W. E. (1961). A revision of the bees of the
genus Melissodes in North and Central America. Part III
(Hymenoptera, Apoidea). University of Kansas Science Bulletin,
42, 283-661.

Linsley, E. G. (1946). Insect pollinators of alfalfa in California.
FJournal of Economic Entomology, 39, 18-28.

Michener, C. D. (2007). The bees of the world. New York: Johns
Hopkins University Press.

Miliczky, E. (2000). Nesting biology of the bee Melissodes
(Eumelissodes) microsticta Cockerell in Washington State (Hym-
enoptera: Apidae). Pan-Pacific Entomologist, 76, 184—196.

Muller, A. & Kuhlmann, M. (2008). Pollen hosts of western
Palaearctic bees of the genus Colletes (Hymenoptera:
Colletidae): The Asteraceae paradox. Biological Fournal of the
Linnean Society, 95, 719-733.

Ortiz-Sanchez, F. J. & Tinaut, A. (1994). Composicion y dindmica
de la comunidad de polinizadores potenciales del girasol
(Heliantus annuus 1..) en Granada (Espana). Boletin de Sanidad
Vegetal PlagasBoletin de Sanidad Vegetal Plagas, 20, 737-756.

O’Toole, C. (1993). Diversity of native bees and agroecosystems.
In]. La Salle & I. D. Gould (Eds), Hymenoptera and biodiversity
(pp. 169-215). London: CAB International.

Parker, F. D. (1981a). Sunflower pollination: Abundance, diver-
sity, and seasonality of bees and their effect on yields. Fournal
of Apicultural Research, 20, 49-61.

Parker, F. D. (19815). How efficient are bees in pollinating
sunflowers? Journal of the Kansas Entomological Society, 54,
61-67.

Parker, F. D., Tepedino, V. J. & Bohart G. E. (1981). Notes on the
biology of a common sunflower bee, Melissodes (Eumelissodes)
agilis Cresson. Bulletin of the New York Entomological Society,
89, 43-52.

Parodi, L. R. (1964). Enciclopedia Argentina de agricultura y
jardineria. Buenos Aires: Acme.

Foraging preferences of Melissodes species 71

Reitsma, T. J. (1969). Size modification of recent pollen
grains under different treatments. Review of Palaeobotany and
Palynology, 9, 175-202.

Ricketts, T. H., Regetz, J., Steffan-Dewenter, 1., Cunningham,
S. A., Kremen, C., Bogdanski, A., Gemmill-Herren, B.,
Greenleaf, S. S., Klein, A. M., Mayfield, M. M., Morandin, L.
A., Ochieng, A. & Viana, B. F. (2008). Landscape effects on
crop pollination services: Are there general patterns? Ecological
Letters, 11, 499-515.

Silveira, F. A., Rocha Lima, L. B., Cure, ]J. R. & Oliveira,
M. J. F. (1993). Abelhas silvestres (Hymenoptera, Apoidea)
da zona da mata de Minas Gerais, II. Diversidade, abundan-
cia e fontes de alimento em uma pastagem abandon-
ada em Ponte Nova. Revista Brasiletra de Entomologia, 37,
595-610.

Sipes, S. D. & Tepedino, V. (2005). Pollen-host specificity and
evolutionary patterns of host switching in a clade of special-
ist bees (Apoidea: Diadasia). Biological Fournal of the Linnean
Sociery, 86, 487-505.

StatSoft Inc. (1999). STATISTICA for Windows. http:/www.
statsoft.com

Stedman, B. (1994). Government and European land use pol-
icy. In A. C. Matheson (Ed.), Forage for bees in an agricul-
tural landscape (pp. 3—6). Cardiff: International Bee Research
Association Press.

Thorp, R. W. & Chemsak, J. A. (1964). Biological observations on
Melissodes (Eumelissodes) pallidisignata. Pan-Pacific Entomologist,
40, 75-83.

Urban, D. (1973). As espécies sulamericanas do género Melissodes
(Latreille, 1829). Revista Brasileira de Entomologia, 33,
201-220.

von der Ohe, W., Persano Oddo, L., Piana, M. L., Mortolot, M. &
Martin, P. (2004). Harmonized method of melissopalynology.
Apidologie, 35, 18-25.

von Post, L. (1933). On improvements of the pollen analysis tech-
nique. Geologiska Foreningens i1 Stockholm Forhandlingar, 55,
523-5217.


http://www.statsoft.com
http://www.statsoft.com

G. Cilla et al.

72

I8¢ %00T Le
(4% % 1> % 1> %00T 9¢
0ce %81 %l %18 e
1cI % 1> %00T e
65T % 1> %001 % 1> €e
ITe % 1> % 1> %00T [42
GI8 %V %¥6 %< 152
S1cC % 1> %00T 0¢
86¢C %l %56 %V 6¢
G191 %00T 8¢
0¢ct %001 Le
0€9 %¥C %C %L 9¢
866 %86 %<C 14
0cel % 1> %00T 44
981 %S %56 €C
8¢l %S %S6 (44
6L1 %LT %S¥ %8¢ 1c
08I %00T 0cC
0TI %001 61
8IS %S'1 %S"L %16 8I
cL9 %61 %18 L1
c¢IL %S %6% 91
168L %0% %0% <1
1Ly %6 %16 4!
1€0¢ % 1> %001 el
069 % 1> %00T 4!
oeet % 1> %001 1T
00¢t % 1> %00T % 1> 0l
696 %V %LS 6

0sel %1 %66 8

ey %cC %8L L

126 %L %P1 %6L 9

09¢1 % 1> % 1> %001 % 1> S

(44! %V %IL %S¢T 4

(40 %07 %09 ¢

00TT % 1> %00T [4

£€90¢ %0L %0¢ 1

(Lg = u) woorg
suvuunULl SIPOSSYIINT
sureid usqjod ‘ds smdpongy  ds wnagsnSry - -ds wnuoSAjo g snnuup “ds sidaur) “ds snnpavr) “ds suaprg “ds suvyoovg Ioquinu BXBJ,
JO IoquInN SNYIUDIIE] ordweg
9BIOBIIA 9BIBI[O 9B0RUOSA[OJ 9BI0BINSY
Q217, qQIH

"WOO[q I2MOPUNS Y3 Id91Je PUE JULIND XDU0YILNL [ PUR SUDUULIULL SaPOSSYITAT JO SPeO] [ed0s PaIpnis [[& Ul winiddds ud[[oJ TV 9[qE],

xrpuaddy

2102 Yo\ TZ 217:G0 I [euss|v Bioy oinuy] Ag pspeojumoq



] 73

A

des spec

1SSO

oferences of Mel

ng pre,

Forag

786 %00T L
861 %0¥ %09 9
LI %9¢ %¥9 S
0ve %EeP %LS 4
I1e %1v %6S 3
086 %001 [4
1c8 %00T I
(L = u) woo[q 1y
10¢ %00T 1T
¥SoT1 %S %56 (028
089 %00T 6
09¢ %001 8
8¢ %cl %L8 % 1> L
956 %001 9
029 %00T S
0¢0¢ %001 4
0cIcC %00T €
GLI %01 % 1> %68 [4
00¢1 % 1> %00T I
(11 = u) woorg
XDAOYI1fNL SIPOSSYIIAT
GL8 %00T €
9L8 %00T 4
S8L %001 1
(¢ = u) woo[q YV
sureid usqjod ‘ds smdoongy - ds wnaasnsry - -ds wnuo3Ajog snnuu “ds snnpavy) “ds suaprg ‘ds suvyoovg Joquinu BXB],
Jo I_2qUINN SnYIUDYIE] ordweg
JBIOBIIA 2B0BI[O 9B20RUOSA[OJ 9BI0BIANSY
9217,

2102 Yo\ TZ 217:G0 I [euss|v Bioy oinuy] Ag pspeojumoq

“(panunuoD) TV 21981L



G. Cilla et al.

801 %00T Le
091 % 1> % 1> %001 9¢
GLI %0¢ %1 %6L e
01 % 1> %001 e
ecl % 1> %00T % 1> €e
VLI % 1> % 1> %001 (43
el %< %t %S6 1c
¢Ic % 1> %001 0¢
SII %< %S6 %€ 6¢
9 %001 8¢
(V% %00T LT
0¢eC %0¢ %l YLL 9¢
8¢¢ %86 %C 14
08¢ % 1> %001 44
981 %S %S6 €<
8¢l %S %56 (44
6L1 %0¢ %0% %0¢ 1c
081 %001 0¢
OIT %00T 61
816 %< %38 %06 81
[ X44 %61 %18 LT
€ee %IS %67 91
I8¢ %0% %0% [
01 %6 %16 4!
vee % 1> %00T el
691 % 1> %00T cl
8LI % 1> %00T 1T
vee % 1> %001 % 1> 0T
e %C %86 6

601 %l %66 8

e %01 %06 L

Ice %S'e %S L %06 9

OIT %00T S

9&¥ %V %IL %ST 4

0ve %0¢ %0L 3

0TI % 1> %001 [4

00¢ %06 %01 I

(€g = w) woorg
SUDUUIULL SIPOSSITAT
sureid usqjod «ds smdGoonggy - ds wnasnsry - +ds wnuodAjog snnuu “ds sidaan) *ds snnpavy) “ds suaprg “ds suvyoovg Ioquinu BXB],
JO IPqUUINN SnYIUDIIE] ordweg
QBIIBIIAN 9BIIBIA[O 9BOBUOSA[O] 9BIIBIAISY
9217, qrH

74

‘WO0[q IIMOPUNS SY3 J9YJe pue SULIND Xvloyiifid “Jy PUR SUDUUIULL SIPOSSHaPA7 JO SUSWIDAAS [[ JO Speo] Jrey Apoq Jo winxodds Us[[od IV S[9EL

2102 Yo\ TZ 217:G0 I [euss|v Bioy oinuy] Ag pspeojumoq



] 75

A

des spec

1SSO

oferences of Mel

ng pre,

Forag

Sve %00T L
L8 %0¥ %09 9
8 %1¥ %6S S
6¢l %S¥ %S9 4
€0¢ %0% %09 3
08¢ %001 [4
01¢ %00T 1
(L = u) woo[q 12y
16 %00T 1T
08¢ Y%L %€6 % 1> 0T
08¢ %00T 6
0LT %< %86 8
08 %38 %C6 %1 L
(49 %001 9
091 %00T S
0S¢ %001 4
0TI %00T €
cl %€l %L8 [4
0ce %00T I
(6 = u) woorg
XDAOYI1fNA SIPOSSYIIAT
G8I %00T €
0¢e %00T 4
vee %001 1
(¢ = u) woo[q YV
sureid usqjod ‘ds smdoongy - ds wnaasnsry - -ds wnuo3Ajog snnuup “ds sidasr) “ds snnpavy) “ds suaprg “ds suvyoovg Joquinu BXB],
Jo I_2qUINN SnYIUDYIE] ordweg
JBIOBIIA 2B0BI[O 9B20RUOSA[OJ 9BI0BIANSY
9217, qIoH

2102 Yo\ TZ 217:G0 I [euss|v Bioy oinuy] Ag pspeojumoq

“(ponunuoD) "IV 21981L





