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Abstract— Management and conservation of wild pollinators in forests of the Chaco region of South America is of
great interest nowadays as they are pollen vectors that improve the reproductive success of many forest species
which are at risk due mainly to forest patch isolation and degradation by human activities. The assessment of the diet
of the stingless bee Melipona orbignyi was carried out by comparing different calculations from palynological data
being the index of relative importance (IRI) the most complete, objective, and here recommended. This index
showed that the order of the four most important pollen resources was Prosopis (IR1=3354), Albizia inundata
(1999), Cynophalla retusa (921), and Solanum type 2 (693), and the value of importance of species (SI) calculated
for honey resources showed that they were type Maytenus (SI=20.79), Prosopis (18.73), Cynophalla retusa
(6.72), and Ziziphus mistol (3.32). Three flower types predominated in pollen and nectar provisions: brush flowers,
solanoid flowers with poricidal anthers, and generalized small pale flowers, being the former two associated to
buzzing. The abundance of the nectarless Solanum in honey samples is discussed. Good forest management
practices for pollinator conservation native to the Chaco forest should include the keeping of undisturbed forest
patches for nesting and foraging while the surrounding forest resources are managed in a sustainable way.
Furthermore, because some threatened plants important for the M. orbignyi diet require gene flow to maintain
healthy populations, short distances among the forest patches are needed, a fact that also helps to avoid genetic drift
in Melipona colonies. The rational rearing of Melipona orbignyi would be a good practice to be implemented to
promote pollination of threatened tree and shrub individuals isolated by forest fragmentation.

brush flower / buzz pollination / deforestation / forest pollination / meliponiculture / pollen vector / pollinator
conservation / solanoid flower / understory pollinator

1. INTRODUCTION

The knowledge of the diet of wild pollen vec-
tors provides interesting information on plant-
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pollinator interaction and potential pollination in
diverse communities. Among pollinators, sting-
less bees are a special group as their perennial
colonies of many individuals can be reared inside
boxes or trunks in a rational way for many years
and so increasing the pollination of the surround-
ing native plants (Venturieri et al. 2003;
Cortopassi-Laurino et al. 2006; Roubik 2006).
Among meliponines, Melipona species are espe-
cially important in forest conservation as they are
capable of cross-pollination within 2 to 2.4-km
radius (Roubik and Aluja 1983; Aratijo et al.
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2004). On the other hand, the remaining
meliponines concentrate their foraging within
short distances from their nests, typically on
crowns of mass-flowering trees with small gener-
alized flowers (Wilms et al. 1997; Ramalho 2004;
Monteiro and Ramalho 2010). Nowadays, repro-
duction of most Chaquenian forest species is be-
ing threatened by degrading human activities and
fragmentation as patches are many times small
and are far apart (Aizen and Feinsinger 1994a,
1994b; Lin and Bernardello 1999; Zak et al.
2004; Ferreyra et al. 2007; Vesprini et al. 2011;
Bessega et al. 2012). This is also true for many
forest around the world (Brown and Albrecht 2001;
Brosi et al. 2008; Brosi 2009; Ferreira et al. 2015).
Melipona orbignyi (Guérin) belongs to Melipona
group favosa (Camargo and Pedro 2013), which
includes many circum-Amazonian species from
Argentina (25° S) to Panama (9° N) (Nates-Parra
and Roubik 1990). According to the interpretation
of Nates-Parra and Roubik (1990), M. orbignyi is a
polytypic species (these authors merged it with
Melipona phenax Cockerell and Melipona
lunulata Friese); therefore, M. orbignyi ranges
from Argentina to Panama. Schwarz (1932) had
noticed that coloration patterns are variable among
these taxa including Melipona baeri Vachal. Thus,
the polytypic M. orbignyi reaches the southern-
most distributional limit in the Chaco xerophytic
forest of South America (25° S).

Diet assessment can be effectively achieved by
means of pollen analysis of provisions stored in
stingless bee nests (Ramalho et al. 1989, 2007,
Vossler et al. 2010; Vossler 2015a, 2015b, 2018),
providing diverse information helpful for conser-
vation and pollination purposes (Vossler et al.
2018). The relative abundance of pollen types and
its frequency in samples have been the two calcu-
lations most used in bee diet studies. However, the
order of importance of plants in the bee diet has
been selected arbitrarily by many authors; in many
instances, they were chosen for being the most
abundant or the ones with the highest frequency,
or a combination of both (Lieux 1981; Obregon
and Nates-Parra 2014), although some studies in-
cluded a more accurate determination by combin-
ing them in a formula (Nates-Parra et al. 2013), or
the most abundant and the volume biomass
(Vossler et al. 2010) or the three components
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together (Dalmazzo and Vossler 2015). Pollen vol-
ume biomass is important in the study of bee diets,
as it can greatly vary among the plants foraged.
Another method includes the ranking of the total
harvested pollen volume (Villanueva-Gutiérrez and
Roubik 2004). Plant resources foraged by bees and
stored in nests have also successfully been estimat-
ed by indices of diversity and evenness (Kleinert-
Giovannini and Imperatriz-Fonseca 1987;
Cortopassi-Laurino and Ramalho 1988; Kajobe
2006; Cortopassi-Laurino et al. 2009; Vossler
et al. 2010; Hilgert-Moreira et al. 2013; Ferreira
and Absy 2015) and multivariate methods
(Ramalho et al. 2007; Rech and Absy 2011;
Vossler 2013, submitted ; Vossler et al. 2014).
Stingless bees (tribe Meliponini) are considered
as a broadly polylectic bee group (Cane and Sipes
2006); however, different degrees of polylecty
were detected for different species and genera ac-
cording to the spatial and temporal analysis of the
sampling performed (Vossler 2018). Only
Melipona species are able to vibrate flowers to
legitimately collect large amounts of pollen grains
from poricidal anthers usually from Solanum
(Solanaceae), Senna (Fabaceae, Papilionoideae,
Cassiinae) and Melastomataceae (Ramalho et al.
1989; Marques-Souza 1996; Nunes-Silva et al.
2010; Ferreira and Absy 2015). Convergent in
many lineages of bees, buzzing allowed to
Melipona the usage of exclusive floral resources
and in consequence the avoidance of competition
with no buzzing bees. Ramalho et al. (1989) ar-
gued that flowers specialized on tropical Melipona
compared with the remaining stingless bees were
bisexual, of radial symmetry, white to purple col-
ored and some with poricidal anthers. At family
level, it is interesting to mention that two of the
main pollen resources usually recorded for
Melipona in the Neotropics (Myrtaceae and
Melastomataceae) are absent in the dry forest
of the Chaco region, although the remaining
ones (Solanaceae, Fabaceae (the three sub-
families), Arecaceae, Anacardiaceac and
Sapindaceae) (Ramalho et al. 1989, 2007;
Marques-Souza et al. 1995) are abundant. It
is also possible that new pollen families as
well as pollination syndromes with specific
flower morphology were found in this sub-
tropical dry forest of South America and that
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they were highly represented in the diet of
Melipona orbignyi (Guérin).

The aims of the present study were to provide
information on the botanical origin of pollen and
honey provisions, assess the most important re-
sources in the diet by comparing different calcula-
tions and identify flower syndromes associated
with Melipona orbignyi in its southernmost distri-
butional limit. Furthermore, recommendations on
management and conservation of native bee polli-
nators in the Chaco xerophytic forest of South
America were provided.

2. MATERIALS AND METHODS

2.1. Study area: the Chaco dry forest in
South America

The Chaco region is a large sedimentary plain of
about 1000,000 km?, extending both north and
south of the Tropic of Capricorn over northern
Argentina, western Paraguay, eastern Bolivia, and
part of southeastern Brazil. The original vegetation
consisted of a mosaic formed by xerophytic forests,
gallery forests and soil-determined or fire-
generated savannas (Adamoli et al. 1990). The
present survey was carried out in a continuous dry
forest locally named ‘palosantal” due to a dominant
zygophyllaceous tree, the ‘palo santo’ (Bulnesia
sarmientoi ). The climate at the study area is strong-
ly seasonal with very hot summer (December to
March) and low temperatures and frost during win-
ter (July to September) (Prado 1993); there is a
great yearly variation in rainfall, with a marked
dry season in winter-spring and a rainy season from
October to April (Papadakis 1973).

2.2. Pollen analysis of pollen and honey
provisions and plant and bee references

A total of eight honey and nine pollen provi-
sion samples were palynologically analyzed from
nine nests sampled in a xerophilous forest at two
sites in the Argentinean Chaco: El Espinillo (25°
24' S, 60° 27" W) and El Sauzalito (24° 24’ S, 61°
40" W) (Figure 1a, b; Table I). Dense clusters of
honey and pollen pots were taken from colonies
between February 2006 and February 2009. Hon-
ey from 1 to 70 and pollen provision from 1 to 20
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pots per nest (and pollen from approximately 550
brood cells in nest 1) were studied. Closed pots
were preferred for sampling honey, as they
contained pure honey. However, honey was also
sampled when only open pots were available
(these honey samples were probably contaminat-
ed during their sampling with pollen grains from
pot pollen, and the interpretation on nectar re-
sources was cautiously done). The honey content
from different pots from each nest was mixed and
this analyzed per each nest. In the case of pollen
provisions, one slide per pot was obtained from all
pots sampled (see Table I), and their abundance
values were averaged, and therefore, one value
per nest was presented (nest pollen analysis). In
the case of broken pollen pots, their content was
mixed, and one slide was obtained per nest
(Table I). Moist pollen from broken pollen pots
was also considered as probably contaminated
from honey, but the abundance of pollen grains
in honey is minimal in comparison with the one
present in pollen pots. Honey samples were dis-
solved in distilled water at 80-90 °C and imme-
diately stirred with a magnetic stirrer for 10—
15 min. The same steps were performed for pollen
provision samples, but they were hydrated for up
to 24 h to complete individual pollen load disso-
lution. A representative mixture of 5-10 ml was
obtained and centrifuged at 472x g for 5 min. The
processing of honey included standard acetolysis
(Erdtman 1960) followed by counting of 500 pol-
len grains per slide. Pollen provisions were
acetolyzed, and a total of 300-500 pollen grains
were counted per sample, as in most slides, no
new types were identified when 300 grains were
counted. Pollen identification was carried out by
comparing pollen provision slides with the pollen
reference of plants grown in the sites sampled,
using a light microscope Nikon Eclipse E200.
Pollen-type nomenclature follows the recommen-
dations of Joosten and De Klerk (2002) and De
Klerk and Joosten (2007) (see ESM 1). Pollen
types were photographed using a scanning elec-
tron microscope PHILIPS X130 (Figure 1c, e, g).
The reference pollen collection was made from
flower buds of plant species collected in various
localities from the Chaco province of Argentina
(Juan José Castelli, Villa Rio Bermejito,
Miraflores, El Espinillo and El Sauzalito). These
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outh America [El Espinillo 25°24'S, 60° 27" W (site 1)
and El Sauzalito 24° 24’ S, 61° 40’ W (site 2)]. b The ‘palosantal’ dry forest during October; many ‘palo santo’
(Bulnesia sarmientoi) trees at the highest stratum can be seen. ¢, e Scanning photomicrograph of pollen grains
found in pollen provisions of Melipona orbignyi showing a great variety of pollen volumes: tetrad of Mimosa (1),
polyad of Albizia inundata (2), Prosopis (3), Cynophalla retusa (4), type Senegalia praecox (5) and type Vachellia
aroma (6) (bar=20 um (¢ ), 100 pum (e )). d Pollen collection by buzzing on the ‘solanoid type’ flower of Solanum
aridum (Solanaceae). Pollen loads can be seen on the corbiculae. f Nest entrance of M. orbignyi in a living tree

trunk of Ziziphus mistol . g Scanning photomicrograph of the pollen grain of Solanum (bar=10 pum).
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Table I. Data of the honey and pollen provisions from the nine nests studied

Nest Type of provision Collection date (and time of year) ~ Number of pollen pots/brood ~ Number of honey pots analyzed
cells analyzed

1 P+H February 2006 (mid-summer) ca. 550 brood cells 20 pots*

4 P+H December 2008 (late spring) 3 pots 1 pot

5 P+H December 2008 (late spring) 5 pots 22 pots

6 P+H December 2008 (late spring) 7 pots 6 pots

7 P+H December 2008 (late spring) 6 pots* 22 pots*

8 P+H October 2008 (early spring) 1 pot* 70 pots*

9 P February 2009 (mid-summer) 5 pots -

10 P+H February 2009 (mid-summer) 5 pots* 23 pots*

11 P+H September 2008 (late winter) 20 pots* 5 pots

9nests 9 pollen and 8 honey 4 months and 3 seasons 52 pollen pots and ca. 550 169 honey pots

provision samples

pollen brood cells

*Probably contaminated samples

plant specimens were pressed, dried, identified by
the author, and deposited in the Herbarium of the
Museo de La Plata (LP), the Herbarium of Museo
Argentino de Ciencias Naturales ‘Bernardino
Rivadavia’ (BA), Buenos Aires, and the Herbarium
Lorentz (DTE) of Diamante, Entre Rios, Argentina.
Flower types were photographed (Figures 1d and 2).
Bee specimens were collected from nests, identified
by Arturo Roig-Alsina, and deposited in the Ento-
mology Collection of the Museo Argentino de
Ciencias Naturales ‘Bernardino Rivadavia’, Buenos
Aires, Argentina.

2.3. Calculations performed to assess bee
diet (Figure 3)

2.3.1. Absolute volume of pollen grains

To estimate the absolute volume of pollen used
by bees, fresh grains from reference plants (and
from pollen provision samples when necessary)
were dyed using fuchsine (but not acetolyzed),
mounted in slides using a glycerine-gelatin mix-
ture and measured using a light microscope Nikon
Eclipse E200 at x1000 magnification and
photographed using a scanning electron micro-
scope PHILIPS X130 (Figure 1c, e, g). The abso-
lute volume (mean + SD) of each pollen type/
pollen species was estimated by means of the
measurement of axes p and e for ellipsoidal and
spherical shapes (equatorial view) and 42 and s for
prismatic ones (two views) of 9 to 15 pollen grains

per plant species, following Vossler (2015a). Only
the cytoplasm was measured (excluding the exine)
as it provides almost the total amount of the di-
gestible biomass (Ueira-Vieira et al. 2013). The
allocation in pollen volume categories (Vossler
2015a) was also done.

2.3.2. Types of pollen counts

The direct pollen count (i.c., the relative abun-
dance of pollen types) was applied for honey and
pollen samples and expressed as percentage (Fig-
ure 3; Table II). In contrast, the relative volume
was only performed for pollen samples and cal-
culated multiplying the mean absolute volume for
each pollen type/pollen species by its absolute
number of grains counted per sample, divided by
the sum of all these values and express as percent-
age (Figure 3; Table II). The chi-squared (y °) test
(a =0.05) was used for comparison of percentage
values of the population of pollen types of each
kind of count per nest pollen sample (Table II).
Pollen types occurring in more than 5% were
considered as the abundant resources (versus mi-
nor, those <5%) following Vossler (2018).

2.3.3. Indices of diversity of Shannon-Wiener
(H') and evenness (J')

To calculate the diversity (H') and evenness
(J") of the pollen types, the version 1.81 of PAST
statistical package (Hammer et al. 2008) was used.

@ Springer



396

Fig. 2. ‘Brush type’ flowers of Prosopis ruscifolia (a) and Senegalia praecox (b) and generalised small pale

F. G. Vossler

flowers of Schinopsis balansae (¢) and Maytenus vitis-idaea (d).

The diversity index (H') (Hutcheson 1970) was
used to estimate the trophic niche size of
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Table II (continued)

6(5)

64)

1.055
0.589
0.125

7(7)
1213

54)
0.459

5(5)
0.55
0.341

16 (11)
1.551
0.559

8 (7)
0.96

8(5)

6(5)

1.342
0.749

1.056
0.589

0.353
0.219

0.934
0.58

1.162
0.559

0.639 1.021
0.491

0.575
0.321

0.624

0.285

0.462

0.356

0.555

0.012

3.36 E-07

0.133
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type i . Evenness index (J') was calculated accord-
ing to Pielou (1977): J'=H'/ S, where S =1n P,
and P is the number of pollen types per sample.
Both indices were calculated for pollen and honey
provisions from the direct pollen count and rela-
tive volume (Figure 3). To compare the A’ index
between nests, the ¢ test was applied using natural
logarithm with a =0.05.

2.3.4. Value of importance of species

To estimate the order of importance of the
honey resources, the value of importance of spe-
cies (SI) was used, being SI j =mean relative
abundance j X number of samplesj / total number
of samples, where j is each pollen type (Nates-
Parra et al. 2013). The SI was also used for pollen
resources comparing this result with that provided
by index of relative importance (IRI) (Table III).

2.3.5. Index of relative importance of pollen
hosts in the diet

For ranking the relative importance of pollen
types that composed the pollen diet of this sting-
less bee, the IRI was estimated using the formula:
IRI=(N + V)F, where N =numerical percent-
age, V = volumetric percentage, and F' = frequen-
cy of occurrence percentage (Figure 3; Table IV)
(Pinkas et al. 1971; Hart et al. 2002). The IRI was
here used for the first time in stingless bees and for
the second time in bees (in the halictid
Augochlora amphitrite by Dalmazzo and Vossler
(2015)). As pollen grain volume is irrelevant in
the nectar diet, IRI is only calculated from pollen
resources. The IRI takes into account not only the
relative abundance of each pollen type but also its
relative volume and frequency of occurrence in
samples; the higher the combination of values of
these three components, the higher the IRI value.
The numerical percentage (N value) was calcu-
lated by counting the number of grains (or another
unit of dispersion such as polyad) per pollen type,
and then, they were added across the nine nests.
This value was divided by the total sum of all
these values and multiplied by 100 (Table IV). To
calculate the volumetric percentage (V value), the
mean absolute volume of each pollen type was
divided by the sum of mean absolute volume of all
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types (23 out of the 25 types foraged were calcu-
lated) and then multiplied by 100 (Table IV). And,
frequency of occurrence percentage (F value) is
the percentage of samples containing each pollen
type. As example, the pollen type Prosopis was
found in eight out of the nine nests; therefore, 8
was divided by 9 and multiplied by 100 obtaining
thus the F' value (88.89%). Details of calculation
of IRI can be found in Dalmazzo and Vossler
(2015). To calculate the IRI value of the type
Maytenus , absolute volume from reference pollen
grains from Maytenus vitis-idaea and Moya
spinosa was averaged. IRl was not calculated
for types Unidentified 5 and Unidentified 6 as
their absolute volume could not be estimated be-
cause only a few grains were available. As only a
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few grains of Solanum type 1 were found in
samples, volume value of Solanum type 2 of
similar size was used.

3. RESULTS

3.1. Botanical origin of pollen and honey
provisions

From nine nests analyzed, a total of 30 pollen
types were found in both provision types. A total
of 25 pollen types from 15 families were present
in pollen provisions; 10 types of those from 7
families were abundantly represented (> 5%). In
decreasing order of their maximum value (from
direct pollen count), they were type Schinopsis

Table III. Pollen types present in pollen and honey resources arranged in decreasing order of their value of
importance of species (SI). Values of mean relative abundance (mean RA j ) and number of samples (no. of samples

j) were also provided

Pollen types in No. of samplesj; Mean RAj SI; pollen Pollen types in honey No. of Mean SIj
pollen provisions samples; RAj nectar
Prosopis 8 31.19 27.73 type Maytenus 8 20.79 20.79
Cynophalla retusa 5 14.21 7.90 Prosopis 8 18.73 18.73
Solanum type 2 4 14.79 6.57 Cynophalla retusa 3 1793 6.72
type Schinopsis 3 11.78 3.93 Ziziphus mistol 7 379 332
type Senegalia praecox 4 6.66 2.96 Solanum type 2 3 8.80 3.30
Ximenia americana 3 8.35 2.78 type Senegalia praecox 5 5.04 3.15
Sideroxylon obtusifolium 6 3.28 2.19 Bulnesia sarmientoi 3 427  1.60
Anisocapparis speciosa 4 4.03 1.79 Ximenia americana 3 242 091
Albizia inundata 5 1.52 0.85 type Schinopsis 1 6.74  0.84
Parkinsonia 4 0.97 0.43 Anisocapparis speciosa 1 5.63 0.70
type Maytenus 4 0.75 0.33 Albizia inundata 5 0.75 047
Bulnesia sarmientoi 3 0.77 0.26 Sideroxylon obtusifolium 3 1.03  0.39
Pisonia zapallo 4 0.36 0.16 Pisonia zapallo 2 122 031
Clematis campestris 3 0.47 0.16 Apocynoideae 2 0.78 0.20
Mimosa detinens 3 0.17 0.06 Mimosa detinens 3 041 0.16
Unidentified 5 2 0.16 0.04 type Vachellia aroma 3 032 0.12
type Tabebuia 3 0.11 0.04 Capparicordis |Anisocapparis 1 0.67 0.08
Ziziphus mistol 2 0.12 0.03 Clematis campestris 2 0.19  0.05
Unidentified 6 2 0.11 0.02 Solanum type 1 2 0.15 0.04
Solanum type 1 2 0.09 0.02 Parkinsonia 2 0.14  0.04
Tripodanthus acutifolius 2 0.04 0.009  type Tabebuia 2 0.09 0.02
type Vachellia aroma 1 0.04 0.004  Cactaceae Cereoideae type 1 1 0.06  0.007
Castela coccinea 1 0.01 0.001  Achatocarpus praecox 1 0.03  0.004
Trithrinax schizophylla 1 0.005 0.001  Salta triflora 1 0.03  0.003
Fridericia dichotoma 1 0.005 0.001
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Table IV. Pollen types arranged in decreasing order of their index of relative importance (IRI). Values of absolute
cytoplasmic volume (mean + SD), N (numerical percentage), V (volumetric percentage) and F (frequency of

occurrence percentage) are also provided

Pollen type Absolute volume (mean + SD) N \%4 F IRI=(N +V)F
Prosopis 8708 + 1339 31.19 6.54 88.89 3354
Albizia inundata 45,843 + 9298 1.52 34.46 55.56 1999
Cynophalla retusa 3154 + 530 14.21 2.37 55.56 921
Solanum type 2 1066 + 139 14.79 0.80 44.44 693
type Senegalia praecox 8313+ 1373 6.66 6.25 44.44 574
type Schinopsis 4661 + 1072 11.78 3.50 33.33 509
Sideroxylon obtusifolium 2054 + 318 3.28 1.54 66.67 322
Anisocapparis speciosa 4107 + 735 4.03 3.09 44.44 317
Ximenia americana 565 + 63 8.35 0.42 33.33 292
Pisonia zapallo 5615+ 1151 0.36 4.22 44.44 203
Parkinsonia 4167 £ 1631 0.97 3.13 44.44 182
type Tabebuia 5873 + 1121 0.11 441 3333 151
Tripodanthus acutifolius 8294 + 1118 0.04 6.23 2222 139
Fridericia dichotoma 11,432 + 5021 0.005 8.59 11.11 96
type Maytenus 1153 + 241 0.75 0.87 44.44 72
Clematis campestris 2174 +397 047 1.63 33.33 70
type Vachellia aroma 6433 + 718 0.04 4.84 11.11 54
Bulnesia sarmientoi 926 + 144 0.77 0.70 33.33 49
Ziziphus mistol 1974 + 286 0.12 1.48 22.22 36
Mimosa detinens 755+ 139 0.170 0.57 33.33 25
Castela coccinea 2543 + 489 0.01 1.91 11.11 21
Solanum type 1 1066 + 139 0.09 0.80 22.22 20
Trithrinax schizophylla 2174+ 1084 0.005 1.63 11.11 18
Total 99.73 100.00 844.44 10,117

(Anacardiaceae) (up to 88.75% in nest 10),
Cynophalla retusa (Capparaceae) (up to 84.74%
in nest 7), Solanum type 2 (Solanaceae) (up to
84.83% in nest 9), Prosopis (Fabaceae, subfamily
Mimosoideae) (up to 71.24% in nest 6), Ximenia
americana (Ximeniaceae), type Senegalia praecox
(Fabaceae, subfamily Mimosoideae), Anisocapparis
speciosa (Capparaceae), Sideroxylon obtusifolium
(Sapotaceae), Bulnesia sarmientoi
(Zygophyllaceae), and Albizia inundata (Fabaceae,
subfamily Mimosoideae) (Table II). This order var-
ied when averaging these values for all nests togeth-
er (N values of Table IV) (Prosopis , Solanum type
2, Cynophalla retusa , type Schinopsis , etc.).
When considering their relative contribution
of biomass (i.e., the relative volume), Albizia
inundata (Fabaceae, subfamily Mimosoideae)
was detected as a highly represented resource

in four out of the nine nests (Table II). Signif-
icant differences (p <0.05) were found among
direct pollen count and relative volume in six
out of the nine pollen provision samples (Ta-
ble II). These samples were dominated by
grains of smaller absolute volume (such as
Solanum type 2 in nest 9 or Ximenia america-
na in nest 8), medium grains of Prosopis
followed by scarce amounts of large polyads
of Albizia inundata or many small grains (Ta-
ble II). In contrast, in the remaining three sam-
ples, the direct pollen count and relative vol-
ume were not significantly different (p >0.05)
as they were dominated by grains of small
volume of >3000 pum’ such as Cynophalla
retusa (nest 7) and type Schinopsis (nest 10)
or by medium volume grains of the types
Senegalia praecox and Prosopis (nest 11).
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A total of 24 pollen types from 16 families
were present in honey samples, from which 13
types (from 10 families) were abundantly repre-
sented. In decreasing order of their maximum
value of direct pollen count, they were type
Maytenus (Celastraceae) (up to 95.01% in nest
5), Cynophalla retusa (up to 64.41% in nest 7),
Prosopis (up to 63.76% in nest 4), type
Schinopsis (up to 53.89% in nest 10), Solanum
type 2, Anisocapparis speciosa , type Senegalia
praecox , Bulnesia sarmientoi (Zygophyllaceae),
Ximenia americana, Ziziphus mistol
(Rhamnaceae), Apocynoideac (Apocynaceae),
Capparicordis [Anisocapparis (Capparaceae),
and Pisonia zapallo (Nyctaginaceae) (Table II).

3.2. Absolute volume of pollen foraged

Absolute volume (mean + SD) varied from
11,432+5021 pum’® for Fridericia dichotoma
monads (Bignoniaceae) or from 45,843 =+
9298 um® for the Albizia inundata polyads
(Fabaceae, Mimosoideae) to 565 +63 um3 for
Ximenia americana (Ximeniaceae) (Table IV).
The greatest volume values recorded were
from Fabaceaec (Mimosoideae), Bignoniaceae,
Loranthaceae and Nyctaginaceae, while the
smallest from Rhamnaceae, Celastraceae,
Solanaceae, Zygophyllaceae, Fabacecae
(Mimosoideae) and Ximeniaceae (Table IV).
Only two of the five cytoplasmic volume cat-
egories proposed by Vossler (2015a) were
identified in the diet: small and medium (Ta-
ble IV). From the total of 23 pollen types or
pollen species measured, 18 of them were
small (565+63 to 6433+718 pm’) and five
medium (8294 + 1118 to 45,843 +9298 pm’).
Taking into account the pollen types most
abundant in the diet (ten types), the small
pollen volumes were represented by seven
pollen types while the medium ones by three
(Table 1V).

3.3. Diversity (/') and evenness (J') indices
in the diet of Melipona orbignyi
(Table II)

The highest value of H' and J' for pollen
samples was from nest 4 (high richness and little
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variation in abundances). And, the highest ones
for honey samples were from different nests (high
richness in honey of nest 8 and high evenness in
nests 1 and 11) (Table II). Taking into account all
nests of M. orbignyi , mean H' values were 0.97 +
0.53 and 0.92+0.42 for pollen provisions (for
direct count and relative volume) and 1.17 +0.40
for honey, while J’ were 0.45+0.13, 0.45+0.15,
and 0.55+0.19, respectively.

3.4. The value of importance of species
providers of nectar and pollen
resources

According to this index, the most important
nectar resources were type Maytenus (SI=
20.79), Prosopis (18.73), Cynophalla retusa
(6.72) and Ziziphus mistol (3.32) (Table III),
while the most important pollen resources were
Prosopis (27.73), Cynophalla retusa (7.90), So-
lanum type 2 (6.57), and type Schinopsis (3.93)
(Table III).

3.5. The index of relative importance of
pollen hosts

The most important pollen types according
to IRI values were Prosopis (IR1=3354), due
to its high constancy across the nests (F =
88.89%; i.e., it was found in eight out of the
nine nests) and its high abundance in nests
(N =31.19%). 1t was followed by Albizia
inundata (IRI=1999) due mainly to its pres-
ence in approximately half of the samples
(F =55.56%) and its polyads which are the
largest in absolute volume value (45,843 +
9298 um?®; Table IV) of all the pollen types
foraged, and thus, it has a high V value
(34.46%) (Table 1V). Similar to Prosopis,
Cynophalla retusa (IRI=921) and Solanum
type 2 (IRI=693) showed high F followed
by N values, but low V values (Table IV).
They were followed by type Senegalia
praecox (574), type Schinopsis (509),
Sideroxylon obtusifolium (322), Anisocapparis
speciosa (317), Ximenia americana (292),
Pisonia zapallo (203), etc. The lowest value
was found for Trithrinax schizophylla (IRI1=
18) (Table 1V).
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4. DISCUSSION

4.1. Assessing the most important pollen
resources in the bee diet

In the present study, a comparison using dif-
ferent types of calculations was provided show-
ing that the importance of floral resources in the
bee diet depends on the calculation used. Such
comparison is usually not performed in
entomopalynological studies. Itis also an impor-
tant issue to be taken into account in diet assess-
ment of the different Anthophila. For instance,
the broadly used direct pollen count showed that
the order of the four most important pollen re-
sources in the diet of Melipona orbignyi was type
Schinopsis , Cynophalla retusa , Solanum type 2
and Prosopis ; the relative volume showed that
they were type Schinopsis, Prosopis,
Cynophalla retusa and Solanum type 2; the val-
ue of importance of species (SI) showed that they
were Prosopis, Cynophalla retusa , Solanum
type 2 and type Schinopsis ; and the IRI showed
that they were Prosopis, Albizia inundata,
Cynophalla retusa and Solanum type 2. Among
the calculations performed for pollen resources,
the IRI is the most complete and objective, as it
takes into account the relative abundance of each
pollen type, their relative biomass and constancy
of usage across the nests in a single formula
(Table IV). For example, if only N values were
used, the importance of Albizia inundata would
have been underestimated due to its low abun-
dance among samples, and type Schinopsis and
Ximenia americana overrated in the diet of
M. orbignyi for their high abundance in samples
but low volume and/or frequency. If only V
values were used, the importance of abundant
resources such as Solanum type 2 and Ximenia
americana would have been underestimated for
their low volume and those hardly foraged or
contaminants such as Fridericia dichotoma and
type Vachellia aroma overrated for their large
volume. If only F values were used, the impor-
tance of type Schinopsis would have been
underestimated as it was present in only three
samples and that of Sideroxylon obtusifolium
overrated as it was present in six nests but abun-
dant only in one.
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Some bee diet studies detected the importance
of pollen resources for stingless bees by means of
the relative volume considering that they are pro-
viders of high cytoplasm biomass, such as in the
case of Pisonia zapallo (Nyctaginaceae) and Sal-
ta triflora (Polygonaceae) in the diet of
Geotrigona argentina (Vossler et al. 2010), of
Caesalpinia paraguariensis (Fabaceae,
Caesalpinioideae), Sapium haematospermum
(Euphorbiaceae) and Salta triflora in
Tetragonisca fiebrigi (Vossler 2013; Vossler,
submitted ) and of Parkinsonia (Fabaceae,
Caesalpinioideae) in M. orbignyi (the present
study) in the Chaco region. If only direct pollen
count had been calculated, they would not have
been considered as an important resource for these
stingless bees; this has also been reported for Apis
mellifera by Biesmeijer et al. (1992). In conclu-
sion, the relative volume should be more frequent-
ly used for assessing bee diets than only the direct
pollen count as abundant pollen types could be
assumed to be the most important in a bee diet, but
when taking in consideration their relative vol-
ume, it could be otherwise (Buchmann and O’
Rourke 1991; O’Rourke and Buchmann 1991;
Silveira 1991; Biesmeijer et al. 1992). Similarly,
diversity and evenness indices calculated from
volume estimates showed a different pattern of
resource usage by Apis in Surinam than those
from direct pollen counts (Biesmeijer et al. 1992).

Over and above the importance of volume,
direct pollen count continues being the most im-
portant calculation as it provides the first quanti-
tative information obtained directly from the sam-
ples and is therefore the only calculation per-
formed in most bee diet studies. Moreover, it is
the fastest way to estimate foraging intensity and
floral preference. On the other hand, the estima-
tion of the relative volume requires the measure-
ment of pollen sizes preferably from unacetolyzed
grains, which implies additional tasks to that of
the direct pollen count. Although there is some
inaccuracy in the estimation of pollen volume
based on linear measurements because the shape
of many pollen types does not conform to stan-
dard geometric figures, the calculation of relative
volume based on such shapes confers a more
accurate value than that obtained by direct pollen
count alone. Although frequency is often used in
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combination with direct pollen count in honey
studies (Lieux 1981; Cabrera 2006; Caccavari
and Fagindez 2010; Obregon and Nates-Parra
2014), it is not often enough used in pollen re-
source studies. In the present study, frequency and
direct pollen count were combined in a formula
(SI) according to Nates-Parra et al. (2013), with-
out the need of using the relative volume, showing
different results on the most important pollen re-
sources (the SI underestimated Albizia inundata
as this index does not consider pollen volume
values).

4.2. Forest nectar resources foraged

The SI was useful to objectively determine the
most important honey plants for M. orbignyi : type
Maytenus , Prosopis, Cynophalla retusa and
Ziziphus mistol, followed by Solanum type 2,
type Senegalia praecox, Bulnesia sarmientoi
and others. Different to IRI, this index does not
consider the relative volume in its formula as
pollen grain volume is irrelevant in the nectar diet.
Therefore, SI is appropriate to assess the impor-
tance of nectar resources present in honey. The
types Schinopsis , Anisocapparis speciosa and
Ximenia americana from honey of nests 8 and
10 were probably contaminants during sampling
and therefore discarded from this analysis. Sola-
num (ca. 2000 species) is recorded as having
nectarless flowers with only pollen rewards in
poricidal anthers (Vogel 1978; Symon 1979);
however, it was found in pure honey samples of
M. orbignyi (nest 1) and other Melipona in the
Neotropics (Kleinert-Giovannini and Imperatriz-
Fonseca 1987; Wilms and Wiechers 1997;
Obregon and Nates-Parra 2014). Although the
other meliponine genera are capable of robbing
residual pollen grains found in Solanum petals
and anther tips after being foraged by vibratile
bees (Bezerra and Machado 2003), Solanum
was not recorded in any type of provision of the
non-buzzing bees Geotrigona and Tetragonisca
from the Chaco dry forest (Vossler et al. 2010,
2014; Vossler 2013; Vossler, submitted ). Howev-
er, this pollen type has been recorded abundantly
(>10%) in a few honey samples of the non-
buzzing bee Apis mellifera (Cabrera 2006;
Caccavari and Fagtiindez 2010). The abundance
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of this nectarless resource in honey samples of
highly eusocial bees is possible because they can
forage on non-Solanum nectar contaminated with
Solanum pollen released during buzzing. And, as
many researchers reported Solanum presence in
pure honey samples, another alternative is the
contamination within the colony before their sam-
pling. However, it would be interesting to deter-
mine other causes of nectar and/or honey contam-
ination, as they might occur at any time from the
moment of foraging to honey sampling. It is rele-
vant to mention the abundance of other pollen
types from nectarless melittophilous species be-
longing to Mimosa , Acacia , Miconia , Spondias ,
some Arecaceae, Papaver, Sambucus, Cistus,
etc., in stingless bee and Apis honeys, which can
lead to misidentification of their botanical origin
(Maurizio 1951; Roubik and Moreno Patifio
2013).

It is also worth mentioning that an association
between highly nectariferous plants such as
Prosopis , Maytenus and Ziziphus and high pro-
tein values of their pollen grains has been reported
(Vossler 2015b) which could be related to the
presence of Solanum in honeys.

4.3. Utilization of pollen and nectar
resources by colonies of M. orbignyi

Melipona orbignyi colonies used a broad spec-
trum of pollen (25 pollen types of which 10 were
intensively used) and nectar resources (24 of
which 13 were intensively used). Concerning the
usage of pollen and nectar resources, it was vari-
able across colonies (high and low H' and J'
values regardless the season) (Table II). Except
for two spring nests (4 and 5) (Table II), H' and J'
values of each nest were higher in honey than in
pollen suggesting that M. orbignyi exploited dif-
ferently nectar and pollen resources (nectar was
mainly foraged from a higher number of plants
and/or in a more homogeneous way (three to five
sources predominated) than pollen (two sources)
(Table II)). On the contrary, generally higher H’
values were recorded in pollen than honey in
Geotrigona and Tetragonisca in this same forest
(Vossler et al. 2010; Vossler 2013; Vossler,
submitted).
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Although many pollen types were present in
each sample analyzed, only one, two or up to three
were dominant. This foraging pattern (many
plants foraged, but only a few abundantly repre-
sented) has already been observed in the diet of
the studied meliponine genera and associated with
the recruitment behavior highly developed in
stingless bees (Ramalho et al. 1985, 1989, 2007,
Kleinert-Giovannini and Imperatriz-Fonseca
1987; Ramalho 1990; Wilms and Wiechers
1997; Carvalho et al. 2001; Oliveira et al. 2009;
Vossler et al. 2010; Hilgert-Moreira et al. 2013;
Vossler 2018). Despite the fact that the total of 30
pollen types were foraged in both types of provi-
sions in M. orbignyi, this genus is recorded as
foraging on the lowest diversity of resources
among stingless bees (Ramalho et al. 1985),
which is believed to be caused by their small
populated colonies of approximately 500—1000
individuals (i.e., there is a low exploration of floral
resources) (Sommeijer et al. 1983; Ramalho et al.
1989), high efficiency in recruitment behavior
(Ramalho et al. 1989, 2007; Hrncir et al. 2000;
Jarau et al. 2000, 2003) and/or floral preferences
(i.e., innate preferences instead of random exploi-
tation of floral resources) (Ramalho et al. 2007).

4.4. Flower types associated with Melipona
in the Chaco dry forest inferred from
palynological data

There is sufficient evidence to support the hy-
pothesis that floral traits associated to male struc-
tures (heteranthery, poricidal dehiscence, absence
of floral nectaries and enantiostyly) are converged
in different plant lineages as response to similar
selective pressures modulated by pollinators and/
or pollen thieves to avoid excessive removal of
pollen from anthers (Hargreaves et al. 2009;
Vallejo-Marin et al. 2010). These flower traits
are present among the numerous forest species
of the Chaco vegetation. However, among them,
only the poricidal dehiscence seems to be associ-
ated with the buzzing behavior performed by
many lineages of bees, among them the genus
Melipona (Ramalho et al. 1989).

Buzzing behavior allowed Melipona orbignyi
to legitimately collect large amounts of pollen
from anthers of poricidal dehiscence from flowers
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of the ‘solanoid type’ sensu Vogel (1978)
(Figure 1d), as it was the case of pollen grains of
small volume of Solanum type 2 (Figure 1g). The
entomopalynological studies carried out in the dry
Chaco showed that these pollen resources were
not foraged for the non-buzzing meliponines
Geotrigona and Tetragonisca, not even in the
illegitimate way. For instance, Bezerra and
Machado (2003) demonstrated the effective polli-
nation in Solanum by means of buzzing by
Melipona scutellaris and that other stingless bee
genera are only pollen robbers (Plebeia,
Tetragonisca , Trigona s. str. ). Many other studies
also supported buzzing pollination by Melipona
species in other poricidal anther flowers
(Miconia , Tibouchina ) (Renner 1989) as well as
in flowers with longitudinally dehiscent anthers
(Swartzia, Myrcia, Gomidesia) (Lopes and
Machado 1996; Fidalgo and Kleinert 2009).
Other floral shapes associated to the predomi-
nant pollen grains found in the provisions of
M. orbignyi were ‘brush type’ (sensu Vogel
1978) and the generalized small pale flowers
(Figure 2). Brush flowers with numerous stamens
massed like a ‘shaving brush” have been reported
by Buchmann (1985) as being associated with
buzzing behavior in bees often together with the
absence of floral nectar, either having poricidal
(Bixa , Cochlospermum ) or longitudinally dehis-
cent anthers (Rosa, Rubus, Argemone). The
prevalence of Fabaceac Mimosoideae (Albizia
inundata, Acacia s.l. and Prosopis)
(Figure 2a, b) and Capparaceae in pollen provi-
sions of M. orbignyi could be due to buzzing in
their brush flowers with longitudinally dehiscent
anthers. Although Prosopis and Capparaceac also
were dominant in pollen samples of Geotrigona
and Tetragonisca in the same forests, A/bizia and
Acacia s.l. were only found in Melipona samples.
An especial case requiring of further study is
that of Ximenia americana whose showy hairs in
petals might simulate stamen filaments possibly
deceiving M. orbignyi from legitimate brush
flowers. This resource was observed only in pol-
len provisions (and in one contaminated honey).
The tight association between bees of the genus
Melipona and brush flowers is here supported
which would help to understand the high occur-
rence of Myrtaceae in provisions of tropical

@ Springer



406

Melipona species documented in diverse
entomopalynological studies (Ramalho et al.
1989, 2007; Marques-Souza et al. 1995;
Marques-Souza 1996; Wilms and Wiechers
1997; Antonini et al. 2006; Luz et al. 2011;
Hilgert-Moreira et al. 2013; Ferreira and Absy
2015). Both Myrtaceae (brush flowers) and
Melastomataceae (those species with poricidal an-
thers) are pollen families usually associated with
Melipona in tropical areas, but its absence in
samples from the dry Chaco forest is due to they
are not found in the area.

The generalized small pale flowers were here
represented by the type Schinopsis (correspond-
ing to Schinopsis and/or Schinus species)
(Figure 2c) and Sideroxylon obtusifolium . They
have tiny open nectar flowers of pale colors
(greenish, yellowish and white) that bloom mas-
sively, a floral syndrome commonly found in
tropical forests, and that has been strongly associ-
ated with generalist bees such as Meliponini,
Halictidae and other small-sized generalist polli-
nators that concentrate their foraging on tree
crowns (Bawa 1980, 1990; Wilms et al. 1997;
Ramalho 2004; Monteiro and Ramalho 2010).
This kind of generalized flower is among the most
foraged by non-buzzing meliponine genera
(Scaptotrigona, Tetragonisca and Geotrigona )
in the Chaco dry forest (Vossler 2015a). Other
pollination syndromes with specific flower mor-
phology of minor importance associated with
buzzing bees were gullet-shaped zygomorphic
flowers of Angelonia pubescens (Plantaginaceae
s. str. (Vogel and Machado 1991) and
Pedicullaris (Orobanchaceae s. st ) (Buchmann
1985)), but they were not detected in the present
study.

4.5. Recommendations on forest
management for native pollinator
conservation

Native pollinators as pollen vectors have be-
come of interest as pollination of many forest
species is in risk due to isolation and degradation
of forest patches by human activities, as the in-
creasingly observed in the Chaco region of South
America (Aizen and Feinsinger 1994a, 1994b;
Ferreyra et al. 2007; Gasparri and Grau 2009;
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Bessega et al. 2012; Piquer-Rodriguez et al.
2015). Due to their important role in forest dy-
namic and that many problems have been detected
concerning the actual Chaco forest management,
their need of conservation has recently been
highlighted and many good practices incorporated
for a sustainable management of forests integrat-
ing cattle ranching (Aprile et al. 2016). It is im-
portant to point out that the recommendations here
proposed apply to class 2 or yellow zone forests
(forests for sustainable usage) according to the
Argentine Forest Law of 2007 (Ley de
Presupuestos Minimos de Proteccion Ambiental
de los Bosques Nativos 26.331).

Palynological studies and the usage of multiple
calculations to assess bee diets, such as here per-
formed, are good tools to objectively detect the
most important floral resources for bees in natural
ecosystems, which is needed to establish good
forest management practices for pollinator conser-
vation and to restore very anthropized forests.
Moreover, although sampling was not systemati-
cally performed in the present study, the samples
here analyzed are important as they were taken
from continuous native dry forest in the core of
the Chaco region (1,000,000 km?) which is in-
creasingly being fragmented. Therefore, these
samples will have an added value as they show
how the flora-native bee interaction was prior to
the fragmentation, useful information in forest
conservation in anthropized areas.

Melipona species are especially important in
forest conservation as they are capable of cross-
pollination among relatively distant forest patches
(Roubik and Aluja 1983; Aragjo et al. 2004) and
the pollination of resources not used by other
stingless bees such as solanoid flowers (Bezerra
and Machado 2003). The IRI showed that
medium- and small-sized trees and shrubs
(Prosopis , Albizia, Cynophalla) as well as her-
baceous or shrubby Solanum were the most im-
portant resources for M. orbignyi followed by
Senegalia, Schinopsis, Sideroxylon,
Anisocapparis , Ximenia , etc., being their preser-
vation a good practice to promote foraging and
conservation of this bee species. Good forest
management practices for pollinator
conservation native to the Chaco forest proposed
by Aprile et al. (2016) included the keeping of
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undisturbed forest patches composed of plant spe-
cies used for nesting and foraging while the
surrounding forest resources are managed in a
sustainable way. The species of these patches
included trees, shrubs and herbs composing the
three strata, those with soft trunks such as
Cactaceae, Ceiba and Phytolacca and the dead
trunks and those blooming in different seasons
thus preserving floral availability during long
periods. These practices aim at preserving
nesting substrates and sites of diverse groups of
pollinators, which usually are extracted and
discarded as useless for logging. Other good
practices included the maintenance of water
bodies, and patches with undisturbed soil and
open vegetation. Aprile et al. (2016) noticed that
one of the main threats to native pollinators in the
Chaco region is the low flower availability in
homogeneous forests and/or during certain
months, which is intensified in sites with selective
extraction of lower strata (a few tree species are
selectively being maintained for future logging
and the remaining, mainly shrubs, deforested dur-
ing understory ‘cleaning’). Brosi (2009) reported
that in tropical forests (continuous forests and
patches of diverse size), stingless bee composition
was most strongly related to plant species rich-
ness, only weakly to forest cover and not related to
blooming plant abundance. Other threats noticed
by Aprile et al. (2016) were the low water avail-
ability during certain months, agrochemical con-
tamination from nearby crops and different degree
of competition with the exotic ‘honey bee’ Apis
mellifera for floral resources. The access of
A. mellifera to floral resources seems to be facil-
itated in forest fragmentation conditions in detri-
ment of the access by native flower visitors (Aizen
and Feinsinger 1994b).

It is important to mention that many Chaco
forest species are used by stingless bees for both
nesting and foraging (Vossler 2012). It has been
reported nesting by M. orbignyi in large and
medium living tree trunks of three Prosopis
species, Bulnesia sarmientoi and Ziziphus
mistol (Vossler 2012), and these species also
are abundant in its pollen and honey provisions.
Another important food source is Solanum ,
with poricidal anthers in solanoid type flowers
and high protein levels (Roulston et al. 2000),
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preferred by Melipona bees along the Neotrop-
ics (Ramalho et al. 1989). Both Prosopis and
Solanum are rich genera, and they are abundant
in the Chaco forest providing a long flowering
period for foraging (Vossler 2013). They are
mainly composed of pioneer species growing
in open and disturbed areas such as deforested
sites, abandoned crops, forest patch edges and
riparian habitats, and they are very commonly
found in grazing sites (obs. pers.). Although
these floral resources are preferred by
M. orbignyi and abundant in continuous and
fragmented forests, Prosopis trees (P. alba,
P nigra, P. kuntzei, P. ruscifolia, P. vinalillo)
are being intensively exploited as they are very
reputable for their hardwood mainly for furni-
ture. Moreover, the expansion of soybean pro-
duction and intensified cattle ranching are the
main causes of Chaco dry forest loss (Gasparri
and Grau 2009; Piquer-Rodriguez et al. 2015).
This region experienced a dramatic acceleration
of fragmentation and loss of connectivity: dur-
ing 1977-2002, about 20,000 km? were
deforested, while almost 40,000 km? were
deforested in 2002-2010 (Piquer-Rodriguez
et al. 2015). This equals a rate of roughly
4750 km?/year (> 0.5 km*/h) over the last de-
cade, being more than double the rates from the
1990s and more than three times the rates from
the 1980s (Piquer-Rodriguez et al. 2015).
Furthermore, Ferreyra et al. (2007) showed that
most of genetic variability of Prosopis alba and
other related Prosopis species occurs within
populations and regional differentiation is
limited. Bessega et al. (2012) highlighted the need
of conserving short distant forest patches to avoid
the effects of inbreeding and drift within
populations of P. alba . Due to its limited pollen
and seed dispersal, Bessega et al. (2012) proposed
a strategy to preserve in situ diversity of P. alba
compatible with a rational usage of resources
which would imply the conservation of patches
connected by pollinators and seed dispersers in
agroforestry systems combined with livestock
breeding. Due to the numerous elements of the
medium and low forest strata in pollen and nectar
provisions found in the present study (the most
important being Prosopis, Albizia, Cynophalla,
Solanum , Maytenus , Ziziphus, Senegalia
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Anisocapparis , Ximenia ), the keeping of undis-
turbed patches in the cattle ranching—managed
forests is therefore a good management practice
to preserve pollen vectors such as M. orbignyi.
Furthermore, the dominant high stratum elements
of the Chaco forest were also found to be impor-
tant in its diet, and they have been historically
intensively exploited in a selective way mainly
for extraction of tannin and railway sleepers in
the case of ‘quebrachos colorados’ (Schinopsis
balansae, S. lorentzii and S. heterophylla)
(Zarrilli 2008; Barberis et al. 2012) and the pleas-
antly smelling essential oil by perfume and soap
industry in the case of ‘palo santo’ (Bulnesia
sarmientoi ) (Waller et al. 2012), and therefore,
they are nowadays of reduced height and/or are
scarce in many areas resulting in lower forests
(Zarrilli 2008; obs. pers. ). The Schinopsis species
and Bulnesia sarmientoi grow together with an-
other hardwood dominant tree also of slow
growth: the ‘quebracho blanco’ (Aspidosperma
quebracho-blanco ), which has been selectively
exploited for coal production (Ezcurra 1981).
Populations of these dominant trees have been
isolated as forest fragmentation reached unprece-
dented levels (Gasparri and Grau 2009; Piquer-
Rodriguez et al. 2015). Similarly to what was
reported for Prosopis species, gene flow is neces-
sary to avoid the negative effects of population
isolation in Schinopsis balansae , as Vesprini et al.
(2011) showed the importance of the presence of
staminate individuals near pistillate ones to pro-
vide genetic variability in reduced populations.
On the other hand, A. guebracho-blanco is appar-
ently pollinated by nocturnal moths by means of
deceit and whose floral rewards are provided by
other sympatric plant species (Lin and
Bernardello 1999), which indicates the need to
preserve many Chaco forest elements to ensure
the reproductive success of this dominant tree.
Information on breeding system and effect of
fragmentation on B. sarmientoi and the other
Schinopsis species are yet unknown, as well as
on most Chaco forest species important in the diet
of M. orbignyi .

These dominant large trees characteristic of
the Chaco region forest (and which provide
local names to these forests: ‘quebrachal’ and
‘palosantal’) have been exploited for more than
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140 years (Zarrilli 2008). For instance, White
(1957) reported that the annual production of
tannin extracts from Schinopsis species
reached 200,000-250,000 t from natural stands
of timber from Argentina and Brazil and that
their cultivation (reforestation) was not orga-
nized (or simply not carried out (Valentini
1960)). During these years, although saplings
were observed growing among grasses after
logging, natural reforestation was impeded by
browsing and trampling by cattle and burning
of the fields (Valentini 1960), practices still
carried out. However, current threats include
complete deforestation using bulldozers, burn-
ing and finally the extensive monoculture of
soybean crops. In red zones or class 1 forests
(fully protected forests of non-commercial us-
age, according to the Argentine Forest Law),
the clandestine deforestation is currently a com-
mon practice, being the Chaco forest severely
endangered. This devastation is also valid for
the palosantal forest of B. sarmientoi, which
timber primary production in Argentina and
Paraguay soared from less than 500 t of logs
in 2000 to 35,000 t annually in the last years,
and Argentina seems to be the main producer,
with more than 20,000 t of timber harvested
each year (Waller et al. 2012). Argentina is
currently the major exporter of B. sarmientoi
timber, while Paraguay is the main producer of
essential oil for the international perfume indus-
try (Waller et al. 2012).

Although large forest fragments provide better
habitats for many forest species, the small ones are
also important to be preserved particularly in
cases when they function as stepping stones for
connecting large forest remnants (Piquer-
Rodriguez et al. 2015). For instance, Torrella
et al. (2015) showed that small fragments in the
Three Quebrachos Forest of the Central Chaco
presented the same density and size-class structure
than the larger ones in the dominant trees
Schinopsis balansae , Aspidosperma quebracho-
blanco , Prosopis kuntzei among others, but these
forest remnants are strongly threatened by agri-
culture expansion. In this context, the usage of
non-timber forest resources, such as the
meliponiculture, would allow the gene flow by
pollen dispersal among isolated individuals and
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patches and therefore enhance the resistance to the
negative effects of the fragmentation. On the other
hand, it is worth mentioning that fragments isolat-
ed by distances longer than the longest flight
range (2 to 2.4 km in Melipona) likely produce
the isolating of Melipona colonies which are par-
ticularly sensitive to the effects of genetic drift due
to homozygosity in the Xo sex determination
locus (Aratijo 2000). Some Melipona species
from Brazil appeared to be affected by deforesta-
tion as they were present mainly in areas where
the forest was more undisturbed (Brown and
Albrecht 2001). Stingless bees of medium
(Scaptotrigona, Geotrigona, Lestrimelitta) and
small sizes (Tetragonisca , Plebeia ) are more sus-
ceptible to negative effects of population isolation
as their maximum flight range is more reduced
(Aratjo et al. 2004). Moreover, extinction of local
populations of Meliponini due to loss of alleles
has been reported (Carvalho et al. 1995). For the
above exposed, fragment connectivity is needed
for conservation of plant and stingless bee popu-
lation structure.

Among pollinators, the management of sting-
less bees is a good option as they are successfully
reared in boxes and containers of different designs
in tropical and subtropical areas of the world
(Venturieri et al. 2003), and most species are
suitable for meliponiculture in the dry Chaco re-
gion (Vossler 2012). Although this activity still
remains incipient in the Chaco forest, these bees
could be reared in forest understory in the same
way as Apis mellifera, but adapted for unfavor-
able climate conditions such as frost and insola-
tion. Hive densities should be low in small
patches, to avoid floral resource competition and
massive robbing as the occurring between Apis
and Scaptotrigona in this dry forest (Vossler et al.,
in prep.). A good management of forest would
include the rearing of several native stingless bee
species both in their natural nesting holes (mainly
large living tree trunks) to preserve mother colo-
nies and in boxes for a hygienic and careful ex-
traction of their products (honey, pollen, ceru-
men), reproduction of colonies and other
practices.

Nowadays, intensive rearing of Tetragonisca
fiebrigi and Scaptotrigona jujuyensis for hon-
ey production in a large area of the Chaco forest
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has recently been proposed, but a balance be-
tween conservation and economic aims is need-
ed to avoid an excessive nest extraction directly
from native forest trees (as it happened in
Misiones province, a neighboring region of
Northeastern Argentina, where Tefragonisca
honeys reached very high prices). The intensive
management of M. orbignyi has not yet been
proposed, but the present study provides useful
information on the floral resources used by
colonies sampled in the continuous native for-
est, which is important for good colony man-
agement and for restoring degraded forest
patches. For instance, the most important re-
source for the Chaquenian Melipona species
is Prosopis, which are colonizing species
known to facilitate the recolonization and es-
tablishment of other plants (Cesca et al. 2012).

In the present study, Melipona orbignyi for-
aged on a large number of forest species and likely
helped to pollinate them, which is needed for their
conservation and the maintenance of healthy for-
ests. Although pollination effectiveness by
M. orbignyi was not assessed, it is important to
be considered for further studies, mainly on threat-
ened species of this forest. Although a vast num-
ber of crops are suitable for pollination using this
species and particularly Solanum (tomato, egg-
plant) due to its buzzing behavior, this has not yet
been implemented in the region (Vossler et al.
2018).
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