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Abstract. We relate nectar sugar composition with
floral visitors in samples from two biogeographic
regions from Argentina: Chaco (99 spp. from its
southern region) and Patagonia (48 spp. from its
central region), using our own data published
in earlier papers. The variables to be compared
were sugar ratio and sucrose percentage. Differenc-
es in the sugar composition were observed when
comparing both regions. Bee- and butterfly-visited
Patagonian species showed lower sucrose percent-
ages and sugar ratios than Chaquean species; i.e., a
convergence in sugar composition was not verified.
Moth-visited species showed a wide range of
sucrose proportions and sugar ratios in both regions
with no significant differences between them. As the
differences found in sugar ratio between Chaco and
Patagonia, according to the predominant pollinator
guilds, may have been influenced by the sample size,
we searched for similarities in sugar ratios between
plants with the same visitor type in a comparative
way, comparing our data pooled together against
data by Baker and Baker’s (1983a). Our data do not
agree with theirs, i.e., no trends can be drawn for
bees, moths, and butterflies sugar preferences. The
exceptions were the hummingbird-visited species
that showed a similar pattern in both cases, i.c.,
there is a convergence among plants offering nectar
with a predominance of sucrose. To evaluate
whether closely related species within a family have
similar nectar composition and flower visitors,
regardless of their region, sugar proportions were

compared in several families. Hexose nectars were
predominant in Asteraceae, Fabaceae, Solanaceae,
and Verbenaceae, while sucrose nectars prevailed in
Bromeliaceae and Onagraceae. Nectar composition
seems to be a more conservative trait than flower
morphology. This may be a reason to explain the
absence of a convergence in sugar composition
between plants growing in different biogeographical
regions that share the same animal visitor guilds.

Key words: Angiosperms, nectar sugar composi-
tion, pollination, hummingbirds, bees, moths,
butterflies, convergence, phylogenetic constraints,
Chaco, Patagonia, Argentina.

Nectar is the most common mean by which
animal-pollinated plants reward their pollen
vectors (Proctor et al. 1996). Thus, the necta-
riferous plants of a given area are an important
energy resource for visitors (Kevan and Baker
1999). Baker and Baker (1983a) recommended
to study of nectar chemistry and pollination
biology on an ecosystem basis, rather than just
taking flower and visitor species in isolation,
because the pollinators in a given area may be
a reflection of the aggregate floral rewards
offered.

Sugars dominate the total nectar solutes
and represent the major energy source for
visitors (e.g. Percival 1961; Baker and Baker
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1983a, b; Stiles and Freeman 1993). Other
substances, e.g. amino acids, antioxidants,
lipids, phenols, etc., are found as well, mostly
in trace quantities (Baker and Baker 1975,
1983b). All its components often convey a
specific taste and/or odour that may be
important for maintaining pollinators. On the
other hand, success in attracting pollinators is
a relative matter. The presence of other flowers
with more desirable nectar in the vicinity will
result in the neglect of the less desirable ones,
but at the same time, the “absence of highly
attractive competitors may mean that only
partially desirable nectar will be taken by
‘desperate’ visitors” (Baker and Baker 1983a).

Nectar sugars may occasionally vary within
a species (e.g. Bernardello et al. 2000), but
sugar proportions are comparatively stable
for most species. These sugars are mainly the
disaccharide sucrose and the hexose monosac-
charides fructose and glucose varying from an
almost pure solution to a differently balanced
combination (e.g. Percival 1961; Baker and
Baker 1975, 1983a, b).

In general, sugar composition varies among
species and has been related either to the
pollinator guild or to the flower syndrome of
the plant species. There is a tendency in the
literature, chiefly following Baker and Baker
(1975; 1983a, b; 1990), to associate nectar sugar
composition to the visitor guilds, i.e. every kind
of anthophilous animal would prefer certain
components or certain combination, which
suggests the existence of a co-evolution be-
tween them. Baker and Baker based these
trends on their own, mostly unpublished data
on nectar chemical composition from North
and Central American plants. Pollinators have
the choice to select the species they visit when
faced to a diverse array of flowers with varied
nectar sugar proportions. Differences among
pollinator’s preferences have been explained on
the basis of the specific taste and odour that
different sugars convey to nectar (Pham-Dele-
gue et al. 1990), of the enzymatic capability of
floral visitors related to the efficiency of sucrose
absorption (Martinez del Rio et al. 1988,
Downs and Perrin 1996), and of different sugar

compositions needed to fulfil nutritional and
energetic animal requirements (Southwick et al.
1981).

In some plant groups, a positive pollinator-
adaptation was reported in determining the
nectar sugar components (e.g. Baker and
Baker 1983a, Dafni et al. 1988), but in other
groups, the available data indicate that sugar
composition is a conservative character that
reflects phylogenetic constraints (van Wyck
et al. 1993, Galetto et al. 1998, Perret et al.
2001). Baker and Baker (1983a) were particu-
larly conscious of this problem when they
wrote (p. 131): “Many of the long-tongued bee
flowers in our sample come from the Lamia-
ceae and Ranunculaceae, families character-
ized by sucrose-richness is common, as well as
from the genera of the Scrophulariaceae in
which sucrose-richness is common. By con-
trast, many of the short-tongued bee-flowers
are members of the Brassicaceae and Astera-
ceae which have the opposite characterization.
It is difficult to see how one can resolve which
is the cart and which is the horse in these
relationships”.

To give an insight into this matter, we here
made a quantitative attempt to answer if
convergence occurs in the nectar sugar com-
position of plant species visited by the same
kind of pollinator guilds in samples from two
biogeographical regions of Argentina. If flower
visitors are modelling sugar composition ac-
cording to their preferences, we would expect
to find similar tendencies within guilds when
comparing species from these regions. Never-
theless, caution must be taken when interpret-
ing nectar characteristics strictly in terms of
pollinator selection. Several authors have
pointed out that members of a single clade
can be expected to have the same floral trait
because they share recent ancestors, rather
than because they share some ecological fea-
tures (Armbruster 1996, Silvertown and Dodd
1997). Thus, we also examined sugar compo-
sition within families in order to analyse
phylogenetic relatedness.

We used two data sets on Patagonian
and on Chaquean plants, taken from our
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previously published works. The Patagonia is a
semi desert shrubland and its climate is dry
and cold with strong winds, snowfalls in
winter, and frosts almost all the year round
(Cabrera 1971); we studied Patagonian plants
from the southern region, known as ‘“‘chubu-
tense district” (mean annual temperature 12—
14 °C, mean annual rainfall 200 mm). The
Chaco is a vast region covering plains of
Argentina, Paraguay, Bolivia and Brazil,
mainly covered with semiarid forests and
woodlands with continental climate (moderate
to scarce rains, mild winters and hot summers;
Cabrera 1971); we analysed Chaquean plants
mostly from the “Chaquenio Serrano district”
(mean annual temperature 20-22 °C, mean
annual rainfall 800 mm). The studied regions
are over 1,200 km apart.

Material and methods

Data on a total of 147 studied species from both
regions were taken from previous papers (see
Appendix 1 for Chaco: 99 species, and Appendix
2 for Patagonia: 48 species), in which provenance,
sample size, collectors, etc., can be found. Sugar
analysis was done in all cases using gas—liquid
chromatography, following Sweeley et al. (1963) as
explained in Forcone et al. (1997). The main floral
visitors were determined by using our own field
data, most of them published in the cited papers,
but complemented by new unpublished observa-
tions.

Statistical analyses were performed using meth-
ods described in Sokal and Rohlf (1995). Kruskal-
Wallis one-way analysis of variance was used to
compare sucrose percentage and sugar ratio be-
tween species from Chaco and Patagonia grouped
by visitor type, because data distributions depart
from normality (Kolmogorov-Smirnov test for
goodness of fit). The statistical program package
SPSS (1992) was used for all analyses.

Frequencies of the species with the same visitor
guild (VG: moth, bees, and butterflies) and bio-
geographical region (BR: Chaco and Patagonia)
were compared by a VG x BR contingency table.
Our data pooled from both studied regions were
compared with those published by Baker and
Baker (1983a) for the different pollinator groups;
frequencies of different sugar ratios (SR: sucrose

dominant, sucrose rich, hexose rich, and hexose
dominant) and data sets (DS: Argentina, Baker and
Baker’s) were compared by a SR x DS contingency
table. The differences found in sugar ratio between
Chaco and Patagonia, according to the predomi-
nant floral visitors, may have been influenced by
the sample size. As Baker and Baker (1983a)
published a data set based on a larger sample of
plant species from a wide range of habitats and
climatic zones, we searched for similarities in sugar
ratios between plants with the same visitor type,
comparing our data pooled together against theirs
(Baker and Baker 1983a: Tables 5-10). For a
conservative comparison, we combined bee and
moth categories from Baker and Baker (1983a).
Finally, it is necessary to point out that there is no
overlapping between our data and Baker and
Baker’s (1983a).

To evaluate if closely related species within a
family have similar nectar composition, irrespec-
tive of the biogeographical region (Chaco and
Patagonia) where they grow, we compared sugar
proportions in seven families in which at least ten
species have been examined.

Results

First of all, we assessed if the sampled species
from the Chaquean and Patagonian regions
were comparable in terms of number of species
visited by the different animal visitor guilds.
Significant differences were found between
them (x° 3. 1407 = 17.9; P < 0.0001), when
comparing all the guilds with more than five
species in each region (Fig. 1). As humming-
bird-visited species are absent in Patagonia,
this guild was removed from the analysis, and
the frequencies for bee-, moth-, and butterfly-
visited species were analogous between Chaco
and Patagonia (¢ 2, 116=23.02; P=0.22).
Thus, we only used these three animal guilds
to evaluate if there is a convergence in the
nectar sugar composition of plant species at a
biogeographical scale.

Nectar sugar composition. Differences in
the sugar composition were observed when
comparing Chaco and Patagonia (H=28.9,
P=0.01; H=9.02, P=0.01, for sucrose per-
centage and sugar ratio, respectively; Figs. 2,
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3). Bee- and butterfly-visited Patagonian spe-
cies showed lower sucrose percentages (Fig. 2)
and sugar ratios (Fig. 3) than Chaquean
species. In other words, a convergence in sugar
composition was not observed. On the other
hand, moth-visited species showed a wide
range of sucrose proportions (Fig.2) and
sugar ratios (Fig. 3) in both regions, with no
significant differences between them.

REGION

[Jcnaco

g7} patagonia
Fig. 1. Frequency histogram showing the
number of species for each animal visitor’s
guild in Chaco and Patagonia

REGION Fig. 2. Box-plot of the percentage of su-

Cen crose for each plant group with the same

aco animal visitor guild in Chaco and Pata-
Patagonia  gonia. A posteriori analyses showed that the

differences were significant between regions
for flowers visited by bees and butterflies
but not for flowers visited by moths

Sugar ratios and pollinator guilds. In gen-
eral, our data do not agree with Baker and
Baker (1983a; Table 1) and no trends can be
drawn for bees’, moths’, and butterflies’ sugar
preferences. The only exception are humming-
bird-visited species that showed a similar
pattern for the different categories of sugar
ratios of the whole data set, i.e. there is a
clear convergence among hummingbird-visited
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Fig. 3. Box-plot of the sugar ratio for each
plant group with the same animal visitor
guild in Chaco and Patagonia. 4 posteriori
analyses showed that the differences were

significant between regions for flowers
visited by bees and butterflies but not for

flowers visited by moths

Table 1. Comparison of sugar ratios according to the visitor type from Baker and Baker (1983a) and our
data. Data are: frequency in number of species (relative percentage within the visitor type category for each
data set). 4 stands for the frequencies

Nectar sugar

Data

Moth-visited

Bee-visited

Butterfly-visited Hummingbird-

ratio species species species visited species
Hexose Present work 8 (33.3) 45 (62.5) 12 (60.0) 0 (0)
dominant Baker and Baker 5 (4.8) 128 (27.5) 5(6.6) 0 (0)
Hexose rich Present work 5(20.8) 18 (25.0) 5(25.0) 3 (12.5)
Baker and Baker 22 (21.1) 178 (38.2) 17 (22.6) 18 (12.8)
Sucrose rich  Present work 2 (8.3) 2 (2.7 1 (5.0) 7 (29.5)
Baker and Baker 30 (28.8) 77 (16.5) 24 (32.0) 45 (32.1)
Sucrose Present work 9 (37.5) 709.7) 2 (10.0) 14 (58.3)
dominant Baker and Baker 47 (45.2) 83 (17.8) 29 (38.7) 77 (55.0)
Statistical test Xz [3, 126] = 18.8 XZ [3, 537] = 22.1 Xz [3, 96] — 33.9 Xz [3, 163] 0.08
P < 0.0001 P < 0.0001 P < 0.0001 P = 096

plants offering nectar with a predominance of

SucCrose.

Phylogenetic constraints. We evaluate if
closely related species within a family have
similar nectar composition, regardless of the
biogeographical region, comparing sugar pro-
portions in several families. Most of them
(Asteraceae, Fabaceae, Solanaceae, Verbena-

ceae) showed a tendency to have hexose
nectars (either dominant or rich), while two

(Bromeliaceae, Onagraceae)

predominantly

sucrose nectars (Fig. 4). On the other hand,
Bignoniaceae showed about the same number
of species with sucrose or hexose predominant

nectars (Fig. 4).



74 L. Galetto and G. Bernardello: Nectar sugar composition in angiosperms

7
5 7
3 % 7
£ % %
% %
Z |7
7 %
é Z V7 hexoses
0 % 7. 1 7 1| [ Jsuorose

Fig. 4. Frequency histogram showing number of species with hexose or sucrose predominant nectar in seven

compared families that inhabit Chaco and Patagonia

Discussion

Baker and Baker (1983a, 1990) indicated that
nectar sugar ratios show a close relationship
with the pollinator type that visit the flowers,
irrespective of the plants taxonomic order.
Thus, when nectar composition is taken in
conjunction with the flower and inflore-
scence morphology, sugar ratio can be a good
predictor of the pollinators a plant species may
have (Baker and Baker 1983a).

Our data on sugar composition did not
match with the preferences suggested by Baker
and Baker (1983a, b) for the different animal
groups that visit flowers, with the exception of
the nectar type of the hummingbird-visited
plants in the Chaco. Effectively, hummingbird
flowers tended to produce a sucrose-dominant

nectar in North, Central and South America
(e.g. Baker and Baker 1983a; Freeman et al.
1984, 1985; Gottsberger et al. 1984; Stiles and
Freeman 1993; Baker et al. 1998). In addition,
experimental studies on sugar preferences of
these birds showed that they preferred sucrose
solutions instead of equivalent monosaccha-
rides ones (e.g. Martinez del Rio 1990, Strom-
berg and Johnsen 1990). Hummingbirds are
very well known for taking nectar on a large
scale and for being limited to the New World
(Proctor et al. 1996). It is thought that hum-
mingbird lineages began to radiate early in the
Miocene, diversifying from South to North
America (Bleiweiss 1998). The relationship
between floral nectar and hummingbird’s
sugar preferences is consistent in all the distri-
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bution range of these birds, even though the
hummingbird—plant interactions are recent in
the evolutionary time compared to the time of
radiation of the insect orders that assiduously
visit flowers.

Although more ecosystem based data are
needed, the available studies in the American
continent suggest that nectar characteristics
not always tend to be similar for plants
visited by the same animal taxa as it was
formerly thought. The limitations may be in
what the plants can produce in a certain
climate, in that certain areas have not
hummingbird—plant interactions, or simply
due to phylogenetic constraints. For instance,
the studied Patagonian plants (Forcone et al.
1997, Bernardello et al. 1999), as well as
plants from the Alpine zone in the Colorado
Rockies (Baker and Baker 1983a), showed
hexose dominance in general. These regions
have severe climatic conditions and absence
of hummingbird-visited species. On the con-
trary, data on regions from the U.S.A.
(Freeman and Worthington 1985), Mexico
(Freeman et al. 1985), Brazil (Gottsberger
et al. 1984), and the Argentinean Chaco (lit.
cited in Appendix 1) showed many species
with sucrose-dominated nectars, where the
climate is moderate and there are many
hummingbird-visited species.

Several authors have pointed out that
taxonomically related plants showed the
same pattern in nectar sugar because they
share common ancestors, rather than because
they share the same floral visitors. Since the
data published by Percival (1961), many
authors have recognized trends in sugar
composition within certain families (e.g.
Baker and Baker 1983a), tribes (Elisens and
Freeman 1988, Perret et al. 2001, Torres and
Galetto 2002), and genera (van Wyk 1993,
van Wyk et al. 1993, Galetto et al. 1998)
independently of their visitors. As an exam-

ple, nectar sugar composition was document-
ed for 45 species of tribe Sinningieae
(Gesneriaceae), which exhibit hummingbird,
bee, bat, and moth syndromes (Perret et al.
2001); nevertheless, the nectar of all but one
species is sucrose-dominated, indicating that
nectar chemistry is conservative within this
monophyletic plant group (Perret et al
2001). Phylogenetic constraints seem to be
also influencing nectar sugar composition.
Thus, nectar composition is a trait more
conservative than flower morphology (e.g.
van Wyk et al. 1993, Galetto et al. 1998,
Perret et al. 2001), which suggests that the
plant—visitors interactions may determine
rapid changes in flower structure (Galen
1996) in comparison to changes in nectar
composition. This may be a reason to
explain the absence of a convergence in
sugar composition between plants growing
in different biogeographical regions that
share the same animal visitor guilds. A
question remains open: does the convergence
in sugar composition between hummingbird-
visited plants growing in different regions
mainly respond to the animal-plant interac-
tion, or to the taxonomic membership of the
plants?
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Agencia Cordoba Ciencia, Agencia Nacional
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National Geographic Society. Héctor Juliani and
Norma Perassi provided lab facilities. Alicia
Forcone and Carolina Torres provided perso-
nal observations on floral visitor’s on some
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Appendix 2. Analysed species from the Argentinean Patagonia region, indicating nectar sugar ratio
(sucrose/fructose + glucose), percentages of sucrose, fructose, and glucose in nectar, floral visitors, and

literature from where data were taken

Family Taxon Sugar % % Y% Main Literature
ratio sucrose fructose glucose floral
visitors
Asteraceae Mutisia retrorsa 0.01 1.16  40.23 57.7 bees Bernardello
Cav. et al. 1999
Fabaceae Adesmia ameghinoi 0.02 233 42.36 55.31 bees Bernardello
Speg. et al. 1999
A. candida Hook. f. 0.004 0.4 46.8 52.7 bees Forcone
et al. 1997,
Bernardello
et al. 1999
A. corymbosa 0.43 0 69.5 30.49 bees Bernardello
Clos et al. 1999
A. filipes A. Gray 0.002 0.2 38.2 61.6 bees Forcone
et al. 1997
A. lotoides 0.04 4.1 41.36 54.54 bees Bernardello
J. D. Hook. et al. 1999
A. muricata 0.003 0.3 43.2 56.5 bees Forcone
(Jacq.) DC. et al. 1997
A. obcordata Clos 0 0 44.13 55.86 bees Bernardello
et al. 1999
A. serrana Correa 0.018 1.8 42.9 55.3 bees Forcone
et al. 1997
A. villosa 0.02 1.99  42.05 55.96 bees Bernardello
J. D. Hook. f. et al. 1999
A. volkmanni Phil. 0.015 1.5 40.7 57.7 bees Forcone
et al. 1997,
Bernardello
et al. 1999
Anarthrophyllum 0.026 2.6 39.1 58.3 bees Forcone
rigidum (Hook. et al. 1997
& Arn.) Hieron.
Astragalus cruckshanksii  0.02 2.24  43.63 54.12 bees Forcone
(Hook. & Arn.) et al. 1997,
Griseb. Bernardello
et al. 1999
Glycyrrhiza astragalina ~ 0.99 4947  28.02 22.52 bees Bernardello
Gill. ex Hook. & Arn. et al. 1999
Hoffmannseggia 0.09 8.01 36.85 55.14 bees Bernardello
erecta Phil. et al. 1999
H. trifoliata Cav. 0.057 54 39.2 55.3 bees Forcone
et al. 1997
Frankeniaceae Frankenia 0.003 0.3 47.5 52.2 flies Forcone
patagonica Speg. et al. 1997
Iridaceae Sisyrinchium 0.405 28.8 26.3 44.8 bees Forcone
Junceum Presl et al. 1997
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Appendix 2 (continued)
Family Taxon Sugar % % % Main Literature
ratio sucrose fructose glucose floral
visitors
Loasaceae Loasa argentina Urb. 0.283 223 32.9 45.8 bees Forcone
& Gilg. in Speg. et al. 1997
Nyctaginaceae Bougainvillea spinosa 0.042 4.1 37.9 57.9 moths Forcone
(Cav.) Heimerl et al. 1997
Oleaceae Menodora robusta 0.067 6.3 41 52.7 bees Forcone
(Benth.) A. Gray et al. 1997
Onagraceae Oenothera bahia-blancae 27.6 96.46 1.81 1.73 moths Bernardello
W. Dietrich et al. 1999
Oe. magellanica Phil. 4917 83.1 11.8 5.1 moths Forcone
et al. 1997
Oe. mendocinensis 20 94.51 3.2 2.28 moths Bernardello
Gill. ex Hook. & Arn. et al. 1999
Oe. odorata Jacq. 541 84.4 9.2 6.4 moths Forcone
et al. 1997
Oe. rivadaviae 19.408 95.1 3.8 1.1 moths Forcone
W. Dietrich et al. 1997
Oe. stricta 0.009 0.9 41.9 57.1 moths Forcone
Ledeb. ex Link et al. 1997
Polygalaceae  Bredemeyera microphylla 0.01 0.58 44.22 55.2 bees Bernardello
(Griseb.) Hieron. ex et al. 1999
Lorentz & Niederl.
Rhamnaceae  Discaria articulata 0 0 38.13 61.86 bees Bernardello
(Phil.) Miers et al. 1999
Retanilla patagonica 0 0 60.4 39.6 bees Forcone
(Speg.) Tortosa et al. 1997
Rubiaceae Oreopolus glacialis 0.02 1.92  46.58 51.51 moths Bernardello
(Poepp.) Ricardi et al. 1999
Santalaceae Arjona tuberosa 0.042 4.1 394 56.4 Butterflies Forcone
Cav. et al. 1997
Solanaceae Fabiana denudata 0 0 40.3 59.7 moths Forcone
Miers et al. 1997
F. patagonica Speg. 0.453 31.2 27.5 41.3 moths Forcone
et al. 1997
Nicotiana petunioides 0.295 228 28.9 48.3 moths Forcone
(Griseb.) Millan et al. 1997
Tropaeolaceae Magallana porifolia 0.029 2.9 31.7 65.3 bees Forcone
Cav. et al. 1997
Verbenaceae  Glandularia aurantiaca 0.77 39.47  27.25 33.28 Butterflies Bernardello
(Speg.) Botta et al. 1999
G. crithmifolia 0.002 0.2 44.2 55.6 Butterflies Forcone
(Gill. & Hook.) Covas et al. 1997
& Schnack
G. flava (Gill. & Hook.) 0.412 29.2 344 36.4 Butterflies Bernardello
Covas & Schnack et al. 1999
G. macrosperma (Speg.)  0.05 4.51 42.96 52.53 Butterflies Bernardello

Troncoso

et al. 1999
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Appendix 2 (continued)

Family Taxon Sugar % % % Main Literature
ratio sucrose fructose glucose floral
visitors
Junellia connatibracteata 0.01 0.59 43.43 55.98 Butterflies Bernardello
(O. Kuntze) Moldenke et al. 1999
J. juniperina (Lagasca) 0 0 42.8 57.2 Butterflies Bernardello
Moldenke et al. 1999
J. ligustrina (Lagasca) 0.067 6.3 37.9 55.8 Butterflies Forcone
Moldenke et al. 1997
J. mulinoides (Speg.) 0.011 1.1 41 57.8 Butterflies Forcone
Moldenke et al. 1997,
Bernardello
et al. 1999
J. thymifolia (Lagasca) 0.02 2.09 43.13 54.77 Butterflies Bernardello
Moldenke et al. 1999
J. tridens (Lagasca) 0 0.3 41.8 57.9 Butterflies Bernardello
Moldenke et al. 1999
Zygophyllaceae Larrea divaricata 0.01 1 41.9 57.1 bees Forcone
Cav. et al. 1997
L. nitida Cav. 0.014 1.4 39.7 58.9 bees Forcone
et al. 1997
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