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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. applications of evolutionary and modelling tools to search for clade’s sensitiveness 

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 –

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



Essential Biodoversity Variables - EBV
Phenology is the study of recurring life cycle events 
on plants and animal and its relation to climate. 

Phenology has 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 EBV and linked to Sustainable 
Development Goals

1. Phenology in highly diverse ecosystems
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Phenology is 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

1. Phenology in highly diverse systems

Souza et al. 2017. J. Ecology
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Outstanding Biodiversity                                         Continuous observations on marked trees

No resting season 

Staggemeier et al. 2017. Biotropica

Photo ©: C.E.T. Paine

1. Phenology in highly diverse systems

Souza et al. 2017. J. Ecology

Phenology Lab

▪ Data collected at individual level
▪ Restricted areas
▪ Labor of human observers
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Outstanding Biodiversity                                         Continuous observations on marked trees – no resting season 

Staggemeier et al. 2017. Biotropica

Photo ©: C.E.T. Paine

1. Phenology in highly diverse systems

Souza et al. 2017. J. Ecology
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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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eScience
Data-intensive science 
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2.  Phenology and climate change

Vitasse, Y
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✓Long-term observation series/programs
✓species driven
✓ one-to-few punctual events
✓Short observations – unmarked 



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

Bulk of evidence of 

phenology shifts 

comes from temperate 

regions.

“The short time series 

and the high species 

diversity make it 

difficult tracking 

phenology and detect 

cues and shifts in the  

tropics.”  

✓Long-term observation programs

Albernethy et al. 2018. Biotropica
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2.  Phenology and climate change
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Some predictions can 

be made considering 

variability in 

temperature, 

precipitation and 

length of growing 

season

Phenology responses 

and shifts should differ 

depending on the 

length of growing 

season - Long-term 

observations

Albernethy et al. 2018. Biotropica

Phenological responses to climate change in the tropics

Pau et al, 2011. GCB

Temperature interannual variability Rainfall interannual variability

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. Bush1,2†, Robin C. Whytock1,3*†, Laila Bahaa-el-din4, Stephanie Bourgeois3, 

Nils Bunnefeld1, Anabelle W. Cardoso5,6, Jean Thoussaint Dikangadissi3, Pacome

Dimbonda3,Edmond Dimoto3, Josue Edzang Ndong3, 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

✓Long-term observation programs

Phenological responses to climate change in the tropics

Special Section 2018: Long-term trends of
tropical plant phenology: consequences
for plants and consumers
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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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➢ Half of analyzed 
Neotropical sites were 
subjected to some 
degree of fruiting 
seasonality. 

Fruiting availability is sensible to climate change scenarios. 
➢ Reduced fruiting season length as consequence of future 

climatic conditions may have a very detrimental effect for 
resident frugivores. 

Mendoza, I., Peres, C. A., Morellato, L.P.C. in prep. Large-scale

climatic predictors of fruiting seasonality across the Neotropics.

Phenology Lab

3. Challenges to detect temporal responses in highly diverse 
ecosystems
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II. use of herbarium records, to recover long term patterns and responses;

Analysis of flowering patterns from 
herbarium specimens: relationships 
with the climate and long-term 
shifts in flowering times

Phenology Lab

3. Challenges to detect temporal responses in highly diverse ecosystems
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III. applications of evolutionary and modelling tools to search for clade’s sensitiveness to changes on 
their phenological niche; 

✓ Detect trends, sensitivities  and shifts to climate change
➢ Phylogeny, Modeling and forecasting phenology 

Phylogenetic 
hypothesis 

21. Oct

25. Oct

23. Oct

05.Jan

13.Mar

Phenology

Phenology Lab
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Monthly systematic 
collection in the field

Phylogenetic 
hypothesis 

Closely related 
species would 
exhibit similar 
phenological

patterns because of 
their common 

ancestry 

21. Oct

25. Oct

23. Oct

05.Jan

13.Mar

Phenology

Prediction

Useful for:

• Identify groups with conservative 
phenology (potentially less resilient face 

to global warming)

• Understand the evolution of 
phenological strategies on plants

Myrtaceae

III. applications of evolutionary and modelling tools to search for clade’s sensitiveness to changes on their 
phenological niche; 

✓ Detect trends, 
sensitivities  and 
shifts to climate 
change

Phenology Lab3. Challenges to detect temporal responses in highly diverse ecosystems
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Staggemeier et al. 2017. Biotropica
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III. applications of evolutionary and modelling tools to search for clade’s sensitiveness to changes on 
their phenological niche; 
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Peak data
Sd
Variance

Climatic variables
(reproductive niche)

Temp, rainfall

Phenograms: best time for flowering

Flowering patterns 
recovered by 
herbarium records

present future
loss

gain

Projections in the 
geographical space

=predictions

3. Challenges: detect temporal responses in highly diverse ecosystems

III. applications of evolutionary and modelling tools to search for clade’s sensitiveness to changes on 
their phenological niche; 

➢ Phylogeny, Modeling and forecasting phenology 

Phenology Lab

II. use of herbarium records, to recover long term patterns and responses;
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FACE experiments aim to investigate how terrestrial 
ecosystems respond to elevated atmospheric CO2 
concentration 

Info: http://amazonface.inpa.org.br/
Dr David Lapola – UNICAMP Brazil

3. Challenges: detect temporal responses in highly diverse ecosystems

V. experiments - impose climate scenarios to tropical plants (e.g. CO2 enrichment – FACE, drought 
experiments, transplants); 

Phenology Lab

Tropical phenology and climate change in the crossroads

http://amazonface.org/


3. Challenges: detect temporal responses in highly diverse ecosystems

V. experiments - impose climate scenarios to tropical plants (e.g. CO2 enrichment – FACE, drought 
experiments, transplants); 
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→ Light Detection And Ranging (LiDAR), radar, etc.

Dufour et al. (2013)

→ participative science

Phenology Lab

VI. new technologies which may maximize our understanding at large scales

3. Challenges: detect temporal responses in highly diverse ecosystems



High resolution images are allowing to map 
individuals or groups of the same tree species, at 
special and temporal scales. 

Wagner (2020) used high-resolution images with 10 
m of spatial resolution to map the Pleroma trees 
(Sentinel-2 satellites - Copernicus Sentinel-2). The 
frequency of revisit is of five days at the Equator and 
enables to monitor Earth’s surface changes. The 
blooming of  Pleroma forest patches are visible, their 
colours rendering them detectable and separable 
from the forest and other landcover (Fig. 1c), showing
local landscape changes and plant phenology shifts. 
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3. Challenges to detect temporal responses in highly diverse 
ecosystems

VII. networking- develop citizen science initiatives and monitoring networks to collect more 
comparative data over large special scales; 

Jacaranda trees in Yunnan, China

Jacaranda trees in Pretoria

Jacaranda trees in 
Seville

Jacaranda trees in Buenos Aires

Citizen Science – Citizen Phenology

Jacaranda trees in Brazil

Phenology Lab
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Seasonally dry vegetations Phenocam Network
Caatinga  SDTFW Ecoregions

Phenological monitoring in 11 sites
- Vegetation types
- Soil
- Climate

~48 tree species
~320 individuals SECO: Resolving the current and future carbon dynamic of the dry tropics

3. Challenges: detect temporal responses in highly diverse ecosystems

VII. networking- develop citizen science initiatives and monitoring networks to collect more 
comparative data over large special scales; 
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Morellato et al. 2016 Biol. Cons

Biodiversity Conservation and restoration

The organization of flowering and fruiting phenology 
directly affects the structure and availability of plant 
resources over time and the maintenance of 
pollinators and seed dispersers
Genini et al. 2021 The Sience of Nature
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4. Remarks

VIII. Biodiversity Conservation and restoration; 

Tropical phenology and climate change in the crossroads



Flowering and pollinators Fruiting and frugivory

Phenological shifts and mismatches

Phenology Lab
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VIII. Biodiversity Conservation and restoration; 



Flowering and pollinators Fruiting and frugivory

Phenological shifts and mismatches
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