FLOWER VISITORS HAVE A TASTE FOR SALT, BUT THIS MAY HAVE LITTLE
RELEVANCE TO NECTAR EVOLUTION: A COMMENT ON FINKELSTEIN ET AL.
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flower-visiting animals have a taste for salt, such that plants with sodium enriched

nectar received more visits and were visited by more animal species compared with
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control plants. They further suggest that plants could thus attract pollinators
through relatively high levels of sodium in their nectar and that this could drive

evolution of nectar sodium concentration.
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Firstly, the experimental manipulations carried
out by Finkelstein et al (2022) involved realistic
sugar concentration, but nectar volumes, sugar
weight and sodium concentrations were way
above natural levels, and hence unrealistic.
Finkelstein et al (2022) added artificial nectar to
flowers with a concentration of 35% wt/vol, a level
that lies within the observed range of reported
nectar sugar concentrations for the five plant
species included in their study (i.e., 27 to 61%
wt/vol; Table 1), and is therefore realistic.
However, they added 15 pl of this artificial nectar
to each open flower of each plant three times per
day, amounting to an additional 45 pl of artificial
nectar and 15.75 x 10° pg of sugar per flower per
day, which are levels way in excess of observed
standing crop volumes (i.e., 1-7 pl; Table 1), rates
of nectar production (i.e., <0.7 pl/h; Table 1), and
rate of sugar production (ie., <2 ug/day), per
flower for the five study species. We have been
unable to find reports regarding sodium
concentrations in nectar from the five plant
species, but this concentration was found to be
only 0.017% for the congeneric Penstemon barbeyi
(i.e., 7.5 mmol/L; Hiebert & Calder 1983) and the
sodium concentration for 19 plant species that are
mostly visited by hummingbirds averaged only
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However, as argued below, we reject this latter suggestion, especially because
manipulations departed significantly from natural
circumstances and were irrelevant to nectar evolution.

0.008% (i.e., 3.4 mmol/L; Hiebert & Calder 1983).
Thus the 1% wt/vol sodium concentration in added
nectar (Finkelstein et al. 2022) was also
unrealistically high.

Secondly, the observed numerical responses of
flower-visitors to experimental nectar addition
probably reflect simple efficient foraging rather
than visitor attraction. Because nectar addition was
carried out just 30min before observations of
flower visitors, there would have been insufficient
time for these visitors to be ‘attracted” to sodium-
enriched plants by remembering them and
returning to them (Pyke 2016a; Pyke 2016b). As the
locations of sodium-enriched and control plants
were randomised between days but were the same
for three experimental sessions on each day, it is
possible that some flower visitors may have
foraged during two or more of these sessions on
the same day, remembered the locations of the
sodium-enriched plants between sessions,
preferentially visited them, and thus been
attracted to them, but such occurrences are likely
to be rare. It is also unlikely that flower visitors can
detect sodium levels in floral nectar at a distance,
and before visiting and probing a flower, and so
this kind of attraction is also unlikely. Instead,
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Table 1: Nectar attributes for five plant species included in study by Finkelstein et al (2022). They added 15pL of artificial nectar
with concentration 35% wt/vol (i.e., 0.35 mg/uL) to individual flowers three times per day. This amounts to an additional 45 pL of
artificial nectar per flower per day, containing 15.75 x 103 ug sugar. Concentration of added nectar is within observed range for
study species, but added nectar volume and nectar sugar greatly exceed observed levels.

Species (Family) Nectar

per flower (uL)  flower

Nectar volume
standing crop production per

Sugar Sugar Reference
concentration
(% wtfvol)

production rate

Monarda didyma 7 2.3 uL/36h

(Lamiaceae)

Penstemon digitalis 0.7 pL/h
(Plantaginaceae)

Geranium sanguineum
(Geraniaceae)

Geranium sanguineum (o} 0
(Geraniaceae)

Echinacea purpurea
(Asteraceae) uL between

floral stages

depending on

stage

Achillea millefolium
(Asteraceae)

Net 0.07to 0.19

27 to 32% (Whitten 1981)
33% (Burdon et al. 2020)
46% (Masierowska 2006)

(Philipp & Hansen

2000)
33to0 61% (Wist & Davis 2006)
depending on
floral stage

<2 ug/ flower/ (Hicks et al. 2016;
day (i.e., 31 Sulborska &
ug/day per Weryszko-
capitulum; 17-30  Chmielewska 2006)
flowers)

because nectar attributes for flowers from the same
plant tend to be correlated, a flower-visitor that is
foraging efficiently, perhaps even optimally,
should tend to move from one flower on a plant to
another on the same plant if it found the nectar in
the first flower to be particularly rewarding (Pyke
et al. 2020a). So, if flower-visitors find sodium-
enriched nectar to be relatively rewarding, they
would tend to visit more flowers on plants with
sodium-enriched nectar than on control plants
(Pyke et al. 2020a). This would lead, in turn, to
greater numbers and higher diversity of flower-
visitors observed on sodium-enriched plants
compared with control plants, which is exactly
what was found (Finkelstein et al. 2022).

Thirdly, for experimental nectar additions to
provide information relevant to nectar evolution,
they must be carried out at a scale relevant to
natural selection, and very different from the scale
adopted in Finkelstein et al (2022), and must
address various components of biological fitness.
To be relevant to nectar evolution, experimental
manipulations should imitate what happens to
mutant plants producing nectar that differs

slightly from the average attributes (Pyke 2016b).
In such experiments, again because nectar
attributes of flowers from the same plant, mutant
and otherwise, will likely be correlated, a flower-
visiting animal that visits a flower on a mutant
plant, and finds encountered nectar to be relatively
favourable (e.g., slightly higher than average
nectar volume, concentration or sodium content),
should be more likely to visit another flower on the
same plant, than if nectar in the first flower was
less favourable (Pyke 2016b). In this way, mutant
plants with flowers considered relatively
favourable by flower-visitors should have more
flowers probed per plant visit than plants with less
favourable nectar (Pyke 2016b). In turn, this would
result in the plants with favourable nectar
receiving and transmitting more pollen, and thus
having higher potential reproductive fitness than
plants with less favourable nectar (Pyke 2016b). At
the same time, there could also be trade-offs within
plants between resources used to produce
favourable nectar and resources required for other
activities (Pyke 2016b; Pyke et al. 2020b). Under
these circumstances, average nectar attributes
should evolve towards intermediate levels such
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that net biological fitness is maximised (Pyke
2016b).

In summary, the experiments carried out by
Finkelstein et al (2022), and their results, are
irrelevant to possible evolution of sodium levels in
floral nectar, through attraction of pollinators,
because these experiments involved unnaturally
high nectar volumes and sodium concentrations,
the results are probably consequences of flower-
visitors foraging efficiently at individual plants
and not because they are attracted to particular
plants, and the experiments did not consider the
responses of flower-visitors to nectar attributes
differing slightly from the average.

REFERENCES

Burdon RCF, Raguso RA, Gegear R], Pierce EC, Kessler
A, Parachnowitsch AL (2020) Scented nectar and the
challenge of measuring honest signals in pollination.
Journal of Ecology 108:2132-2144. doi: 10.1111/1365-
2745.13432

Finkelstein CJ, CaraDonna PJ, Gruver A, Welti EAR,
Kaspari M, Sanders NJ (2022) Sodium-enriched floral
nectar increases pollinator visitation rate and diversity.
Biology Letters 18:20220016. doi:
10.1098/rsb1.2022.0016

Hicks DM et al. (2016) Food for Pollinators: Quantifying
the Nectar and Pollen Resources of Urban Flower
Meadows. Plos One 11:e0158117. doi:
10.1371/journal.pone.0158117

Hiebert SM, Calder WA (1983) Sodium, potassium and
chloride in floral nectars energy - free contributions to
refractive index and salt balance. Ecology 64:399-402

J Poll Ecol 31(7)

Masierowska M (2006) Flowering and nectar and pollen
flow in Geranium sanguineum L., Geraniaceae. Acta
Agrobotanica 59:165-175

Philipp M, Hansen T (2000) The influence of plant and
corolla size on pollen deposition and seed set in
Geranium sanguineum (Geraniaceae). Nordic Journal of
Botany 20:129-140. doi: 10.1111/5.1756-
1051.2000.tb01556.x

Pyke GH (2016a) Floral Nectar: Pollinator Attraction or
Manipulation? Trends in Ecology & Evolution 31:339-
341. doi: 10.1016/j.tree.2016.02.013

Pyke GH (2016b) Plant-pollinator co-evolution: It's time
to reconnect with Optimal Foraging Theory and
Evolutionarily Stable Strategies. Perspectives in Plant
Ecology Evolution and Systematics 19:70-76. doi:
10.1016/j.ppees.2016.02.004

Pyke GH, Kalman JRM, Bordin DM, Blanes L, Doble PA
(2020a) Patterns of floral nectar standing crops allow
plants to manipulate their pollinators. Scientific
Reports 10:1660. doi: 10.1038/s41598-020-58102-7

Pyke GH, Ren Z-X, Trunschke J, Lunau K, Wang H
(2020b) Salvage of floral resources through re-
absorption before flower abscission. Scientific Reports
10:15960. doi: 10.1038/s41598-020-72994-5

Sulborska A, Weryszko-Chmielewska E (2006)
Morphology, anatomy and ultrastructure of yarrow
(Achillea  millefolium L.) floral nectaries. Acta
Agrobotanica 59:17-28

Whitten WM (1981) Pollination ecology of Monarda
didyma, M. clinopodia, and hybrids (Lamiaceae) in the
Southern Appalachian Mountains. American Journal
of Botany 68:435-442

Wist TJ, Davis AR (2006) Floral nectar production and
nectary anatomy and ultrastructure of Echinacea

purpurea (Asteraceae). Annals of Botany 97:177-193.
doi: 10.1093/aob/mcj027

©=82 This work is licensed under a Creative Commons Attribution 4.0 License.


https://creativecommons.org/licenses/by/4.0/

