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CONTENT OF TOPIC 4 «Rewards in flowers» 

1. Consideration about the terminology 
2. Contrasting needs of plants and animals 
3. Types of rewards 
4. Costs, benefits and risks in producing a reward 
5. Deceit in pollination 
6. Pollen as reward 

 
7. Nectar as reward 
8. Nectar traits: volume & concentration 
9. Nectar chemical composition: Sugars, amino acids, SMs 
10. The «manipualtion» theory 

 
11. Practical methods for studying nectar in the field 
12. How to measure volume and concentration 
13. Different methods for nectar storing 
14. Nectar Energetics 
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Reward? 

There is no any kind of altruism in plant-pollinator interactions 

“natural selection cannot possibly produce any modification in a 

species exclusively for the good of another species.” (Darwin, 

1859) 

ATTRACTANT (Dafni A. 1995) could be a better terminology 
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mutualistic relationships hide an apparent paradox since each species tends to maximize the 
benefits and its own fitness when interacting with another and unrelated partners may have 
conflicts of interests 

Insects maximize the intake of food 
reducing the expenditure for 
foraging. Pollination is unintentional 

Flowers (plants) maximize the 
probability of pollination with the 
less investment in providing reward 
for efficient pollination attraction 

Strong conflict of interest between flowers and pollinators 
Mutualism Exploitation 
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Hymenoptera Lepidoptera birds Diptera Mammals 
(bats) 

Why animals visit flowers?  
•primary attractans 

From Dafni A. 1995. Pollination Ecology – A practical approch 

For a miriad of reasons, but not to pollinate 
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Why animals visit flowers? 
•secondary attractans 

From Dafni A. 1995. Pollination Ecology – A practical approch 

Serapias vomeracea 
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COST AND BENEFITS FOR PRODUCING A REWARD 

Pollen is the cheapest reward, since it must be produced by the plant regardless the interaction with pollinators. 
Pollen was thought to be the reward for pollinators in the flowers of very early first angiosperms. 

Stigmatic exudate is the reward for pollinators in early diverging  angiosperme lineages. At the same 
time stigmatic exudates are responsible for promoting pollen germination. 

All the other primary attractant (nectar, oils, floral tissues) are not essential for the plant, they are a 
surplus production and this means a cost.  

Nectar is very costly, since its high sugar content. Up to 37% of the daily 
photosynthate can be invested in nectar production  

This (high) extracost is compensated by the increased attractiveness 
of flowers, and thus possibly by an increased pollination service.  

plants have to balance the trade-off between nectar production and 
plant growt-reproduction 



THE RISKS OF PRODUCING A REWARD 

Alluring rewards for mutualists may also attract exploiters, i.e. organism that consume nectar without 
performing pollination  

Plants face a dilemma: How to attract mustualist (pollinators) and repel exploiters? 

They solved the dilemma by adjusting  the chemistry of nectar 

2006, 49: 840-854 
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Ants are considered  exploiters of floral nectar (nectar thieves), since 
they were frequently observed collecting nectar without performing 
pollination.  

Extrafloral nectaries in angiosperms may had evolved in order to distract ants  
from visiting the flowers 

THE RISKS OF PRODUCING A REWARD 



Nectar can be the medium for microorganisms’ growth..... For Metschnikowiaceae yeasts nectar is the elective habitat  
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Nectar proteins with 
antimicrobial and 
antifungal activity 

THE RISKS OF PRODUCING A REWARD 

Filamentous fungi bacteria Yeasts 

fermentation 

Ethanol, volatile substances 

Interaction with 
animals 

Sugar and amino acid consumption 
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POLLINATION BY FOOD DECEIT 

An unrewarding species mimic a rewarding species 
(model plant) 

•Model and mimetic plant are sympatric  

•Frequency of mimetic plant is lower  

•Reproduction success of mimetic plant is higher in the 
presence of model 

•Similar floral signals, difficult to recognize for common 
pollinator 

Batesian mimicry 

Prosoeca ganglbaueri pollinate nectar producing Zaluzianskya 

microsiphon (Scrophulariaceae) and rewardless mimic Disa 

nivea 

Deceptive food 

deceptive resin 
Pseudo-pollen 

Parnassia palustris 

False 
nectar 



Primary and secondary nectar robbing 

Linaria vulgaris 
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WHEN INSECTS DECEIVE THE PLANTS…..  

Bombus 

Xylocopa 

Nectar 
Robbing  
behaviour 
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sporoderm 

: 
EXINE: sporopollenin 

INTINE cellulose & pectins 

the male gametophyte is a dispersal structure: as such it is rich in nutrients 
(protein, amino acids, carbohydrates, lipids) but they are hiddden and 
protected 

POLLENKITT 

POLLEN AS REWARD 
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HOW TO EXTRACT NUTRIENTS FROM POLLEN GRAINS?  
Thrips can pierce the pollen grains and directly access the nutrients. 
Bees are usual to use osmotic shock to access the pollen cytoplasm 



POLLEN COLLECTION 
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Buzz pollination 
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Insects that forage on few or only one plant species (or from 
one plant genus)  

Colletes anchusae 

Cynoglottis barellierii 

OLIGOLECTIC-MONOLECTIC INSECTS 

INSECT SPECIALIZATION IN POLLEN COLLECTION 

HOW PLANTS ATTRACT THE VERY SPECIALIZED OLIGOLECTIC BEES? 
It is maily a matter of a «private channel» communication by  
uncommon scents  that are not perceived by other insects. 

POLYLECTIC INSECTS 
Insects that forage on a variety of pollen resources 
(althgough with a certain floral constancy at individual level) 



~ 20,000 species of angiosperms are strictly pollen-rewarding 

  There is a paradox: Every grain of pollen consumed by a pollinator is a lost reproductive opportunity 
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2021, 108: 1-9 

…. 



NECTAR AS REWARD 
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Beranardello G. 2007. A systematic survey of floral nectaries. In: 

Nectaries and nectar. Nicolson S.W., Nepi M., Pacini E. (eds.), 

Springer: Dordrecht. pp.19-128  

Nectar is sugary secretion produced by special organs, called 
nectaries, that can be highly diverse  concerning topography, 
anatomy and structure. Nectaries are very common in Angiosperms 
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HOW TO LOCATE NECTAR? 

 

Friendly and cohoperative flowers 

+ Ruthenium red staining 

unfriendly and uncohoperative flowers 
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NECTAR TRAITS: VOLUME, CONCENTRATION, TOTAL SUGARS 

CONCENTRATION 

Bird pollinated flowers commonly produce large quantity of diluted nectar, whereas insect pollinated 

flowers produce low volume of high concentrated nectar since their very high metabolic rate. 

The volume of nectar is generally relates to the size of the pollinators: larger 

animals generally require higher nectar volume. The highest volume are 

registered in flowers pollinated by birds and bats. 

VOLUME  

TOTAL SUGARS per flower 

After converting the concentration from % w/w to mg/µl (convertion tables) it 

is possible to calculate the total sugar quantity per flower: 

nectar volume (µl) * concentration (mg/µl) = mg of sugar per flower 

It represents the rel investment of flower in the production of nectar 
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Nectar volume and concentration are highly affected by T and RH of the air around the flower 

NECTAR TRAITS: VOLUME, CONCENTRATION, TOTAL SUGARS 

High T and low RH values decrease nectar volume and 

increase concentration because water loss by evaporation. 

POST SECRETORY CHANGES OF NECTAR 

EFFECT ON NECTAR VISCOSITY EFFECT ON 
FEEDING RATE 
AND FORAGING 
EFFICIENCY 

The effect of t & RH can be reduced by: 
 
 morphological features of flowers that offer 

more protection to the nectar (i.e. long 
corolla tubes, spurs 

 waterproofing lipid monolayers;  
 reabsorption of sugar 
 constant high secretion rate of diluted nectar  
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Interspecific and intraspecific variability of nectar traits 

There is a wide range of interspecific variability in nectar volume and 

concetration. This variability have been interpreted as adaptive: 

pollinators behaviour favours certain traits over other.  

 

A broad intraspecific variability was also demonstrated at different 

level: 

 

 Between nectaries within individual flowers   

 

 Between flowers within Individual plants (position in the 

inflorescence, micro-environ. around flowers, flower age, sexual 

phase). A variable fraction of flowers within individuals are void of 

nectar. 

 

 Between plants within a population (genetic diversity, dioecious 

species, dimorphic species) 

 

 Between populations 

 

Many researchers argue that nectar variability 
may itself be adaptive because pollinators 
encountering variable rewards are more likely to 
move from plant to plant, promoting outcrossing  

NECTAR TRAITS: VOLUME, CONCENTRATION, TOTAL SUGARS 



CA18201. ConservePlants 
An integrated approach to conservation of threatened plants for the 21st Century 

Training School 
Flower Biology and Pollination Ecology 

NECTAR TRAITS: VOLUME, CONCENTRATION, TOTAL SUGARS 

Pollinators may contaminate nectar by transporting fungi or bacteria, or 

the airborne spores of these organisms may directly contaminate 

nectar.  

These microorganisms exploit nectar nutrients and are responsible 

for the decrease in nectar concentration (as well as a modification 

of the sugar and amino acid profile) 
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NECTAR TRAITS: COMPOSITION 

Why a so large variety of animals collect and feed on nectar? 
Being simple sugars the main components, it is a very energetic drink that can be 

easily collected and absorbed (it does not require digestion)  

Glucose 

Fructose 

Sucrose 

THE BIG THREE 



Baker HG and Baker I. 1983. Floral nectar sugar constituents in relation to 
pollinator type. In: “Handbook of pollination Biology” Jones CE and Littles RJ. 

Scientific and Academic Edition, New York.  

convergence of nectar chemestry driven by pollinators 
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Amino acids, after sugars, are the more abundant components of nectar. 
They contribute to the taste of nectar 

20 Protein amino 
acids  
 
Hundreds non-protein  
Aminoacids (secondary 
compounds) 

β-alanine,  
γ-aminobutyric acid (GABA),  
taurine 

NECTAR TRAITS: COMPOSITION 

the effects of amino acids on insect 
chemoreceptors has permitted the description 
of four taste classes of amino acids: 
 
Class I (Asn, Gln, Ala, Cys, Gly, Ser Thr, Tyr) have 
no effect on the chemoreceptors.  
Class II (Arg, Asp, Glu, His, Lys) are generally 
inhibitory to insect chemoreceptors.  
Class III (Pro and Hyp) have the unique ability to 
stimulate the salt cell (increased feeding 
behavior).  
Class IV (Ile, Leu, Met, Phe, Trp, Val) includes 
amino acids with the ability to stimulate the 
sugar cell (increased attraction to sugar rich 
solution) 

Proline in honeybee: 
• most abundant amino acid in 

the hemolymph 
• necessary for egg laying 
• provides a rapid, short burst of 

energy 



bird pollinated 

bee pollinated 

bumble bee Phenotipic 
plasticity of 
nectar 
composition 



Amino 
acid 

Total AA% 

Pro 56.18 

Ala 10.91 

Ser 10.07 

β-Ala 4.92 

GABA 3.82 

Amino 
acid 

Total AA% 

Pro 25.44 

Ala 10.24 

Ser 3.25 

β-Ala 9.29 

GABA 33.13 

High plasticity of nectar traits  



Aloe sp. 

Constant nectar 
composition despite the 
large number of 
different pollinators 

Strong 
Phylogenetic constrain  
 



What are nectar 
NPAAs for?  



A supplement for muscular activity in the nectar? 

Natural doping for 
insects!! 

+ insect flying ability = + possibility of pollination 

Nectar NPAAs 
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Citrus sinensis Citrus reticulata 

ALKALOIDS IN NECATR 





Floral nectar is much more than 
simply a food reward for 
pollinators!!! 

THANK YOU FOR YOUR KIND ATTENTION 


