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1. Phenology in highly diverse ecosystems
2. Phenology and climate change
3. Challenges to study phenology and climate change in highly 

diverse ecosystems
I. reviews and synthesis, unlocking literature and old observations;
II. use of herbarium records, to recover long term patterns and responses;
III. ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ŜǾƻƭǳǘƛƻƴŀǊȅ ŀƴŘ ƳƻŘŜƭƭƛƴƎ ǘƻƻƭǎ ǘƻ ǎŜŀǊŎƘ ŦƻǊ ŎƭŀŘŜΩǎ ǎŜƴǎƛǘƛǾŜƴŜǎǎ 

to changes on their phenological niche; 
IV. combine observations and experiments to understand temporal mismatches; 
V. experiments - impose climate scenarios to tropical plants (e.g. CO2 enrichment ς

FACE, drought experiments, transplants); 
VI. new technologies 
VII. networking- develop citizen science initiatives and monitoring networks to collect 

more comparative data over large special scales; 

4. Final remarks



EssentialBiodoversityVariables- EBV
Phenologyis the study of recurring life cycle events 
on plants and animal and its relation to climate. 

Phenologyhas a prominent position in the current 
scenario of global change research, considered:  the 
easiest and simplest way to monitor and detect plant 
responses and shifts to global warming. 

Listed as a EBVand linked to Sustainable 
Development Goals
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PHENOLOGY RESEARCH 

Phenologyis a multidisciplinary, Integrative science 
encompassing biometeorology, ecology, and 
evolutionary biology, and can also make a key 
contribution to conservation biology, management 
and restoration ecology 
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Outstanding Biodiversity                                         High dependence on animals for pollination and seed dispersal, 

Staggemeier et al. 2017. Biotropica

Photo ©: C.E.T. Paine
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Outstanding Biodiversity                                         Continuous observations on marked trees

No resting season 

Staggemeier et al. 2017. Biotropica

Photo ©: C.E.T. Paine
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Souza et al. 2017. J. Ecology
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ÁData collectedat individual level
ÁRestrictedareas
ÁLabor of humanobservers
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Outstanding Biodiversity                                         Continuous observations on marked trees ðno resting season 

Staggemeier et al. 2017. Biotropica

Photo ©: C.E.T. Paine
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Outstanding Biodiversity                                         Develop databases and bigdata tolls

Staggemeier et al. 2017. Biotropica

Photo ©: C.E.T. Paine
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2.  Phenology and climate change

Vitasse, Y
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VLong-term observation series/programs
Vspecies driven
Vone-to-few punctual events
VShort observations ςunmarked 



Mendoza, Peres, Morellato 2017. GPC  148:227-241

Bulk of evidence of 

phenologyshifts 

comes from temperate 

regions.

άThe short time series 

and the high species 

diversity make it 

difficult tracking 

phenology and detect 

cues and shifts in the  

ǘǊƻǇƛŎǎΦέ  

VLong-term observation programs

Albernethyet al. 2018. Biotropica
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Some predictions can 

be made considering 

variability in 

temperature, 

precipitationand 

length of growing 

season

Phenologyresponses 

and shifts should differ 

depending on the 

length of growing 

season - Long-term 

observations

Albernethyet al. 2018. Biotropica

Phenological responses to climate change in the tropics

Pau et al, 2011. GCB

Temperatureinterannualvariability Rainfallinterannualvariability

Seasonality of temperature (°C) Seasonality of rainfall (°C)
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Long-term collapse in fruit 

availability threatens Central African 

forest megafauna§
Emma R. Bush1,2À, Robin C. Whytock1,3*À, Laila Bahaa-el-din4, Stephanie Bourgeois3, 

Nils Bunnefeld1, Anabelle W. Cardoso5,6, Jean ThoussaintDikangadissi3, Pacome

Dimbonda3,Edmond Dimoto3, Josue EdzangNdong3, Kathryn J. Jeffery1, David 

Lehmann3, Loic Makaga3,

5 Brice Momboua3, Ludovic R. W. Momont7, Caroline E. G. Tutin1, Lee J. T. White1,8,9, 

Alden

Whittaker10, Katharine Abernethy1,9

VLong-term observation programs

Phenological responses to climate change in the tropics

SpecialSection2018: Long-term trends of
tropical plant phenology: consequences
for plantsandconsumers
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3.  to detect temporal responses in highly diverse ecosystems

I.   reviews and synthesis, unlocking literature and old observations
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