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Tropical phenology and climate change in the
crossroads

1. Phenology in highly diverse ecosystems
Phenology and climate change

3. Challenges to study phenology and climate change in highly

diverse ecosystems

l. reviews and synthesis, unlocking literature and old observations;
. use of herbarium records, to recover long term patterns and responses;

[l. 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;

N

V. experiments - impose climate scenarios to tropical plants (e.g. CO2 enrichment —
FACE, drought experiments, transplants);
VI.  new technologies
VIl. networking- develop citizen science initiatives and monitoring networks to collect = 3

more comparative data over large special scales;
4. Final remarks
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1. Phenology in highly diverse ecosystems

Phenology is the study of recurring life cycle events
on plants and animal and its relation to climate. ey Spnciin

classes populations

Community

composition

Phenology has a prominent position in the current
scenario of global change research, considered: the — 1 , |
easiest and simplest way to monitor and detect plant ' . - okt
responses and shifts to global warming. |
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Fig. 1| A framework for EBVs on species traits. We suggest five EBVs within the EBV class ‘species traits’, comprising (1) phenology, (2) morphology,

(3) reproduction, (4) physiology and (5) movement. For each EBV, a definition, examples of species trait measurements, temporal sensitivity and societal
relevance are given. Societal relevance refers to those Aichi Biodiversity Targets and SDGs to which the specific EBV is of highest relevance (for details on
societal relevance see Supplementary Note 2 and Supplementary Table 2). Photo credits: Katja-Sabine Schulz.
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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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1. Phenology in highly diverse ecosystems
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1. Phenology in highly diverse ecosystems

PHENOLOGY RESEARCH .
Multi-scale/method

phenological observation

Satellite
observatlo
= Phenocam «

hemology

£

Landscape

EVOLUTIONARY
FACTORS

Community

CLIMATE

Flux tower
SIF, spectra

Human
observation

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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1. Phenology in highly diverse systems

v 4},

Outstanding Biodiversity High dependence on animals for pollination and seed dispersal,

(a) Cerrado Year-round networks Rainy season Dry season

networks networks
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(b) Chaco

Photo ©: C.E.T. Paine
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1. Phenology in highly diverse systems

tstanding Biodiversity Continuous observations on marked trees

No resting season

(@ Cerrado Year-round networks Rainy season Dry season

networks networks
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(a) Ordinal or linear scale (b) Angular or circular scale

Distance: 45° or ~45 days

Distance: 364 days
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1. Phenology in highly diverse systems

Continuous observations on marked trees — no resting season

(a) Resting systems (n = 1,000) (b) Non-resting systems (n = 1,000)
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The circular nature of recurrent life cycle events: a test
comparing tropical and temperate phenology
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Leonor Patricia Cerdeira Morellato! ©©
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1. Phenology in highly diverse systems

Outstanding Biodiversic Develop databases and bigdata tolls

G.C. Mariano et al. / Ecological Engineering 91 (2016) 396-408

eScience .
Data-intensive science e o RS
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(a) Overview of the proposed database
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Month 1 [==1 Month 12
Time series of on-the-ground phenology observations
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(b) Types of temporal data considered in e-phenology Project

Staggemeier et al. 2017. Biotropica
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2. Phenology and climate change

SIXTH ASSESSMENT REPORT ipcC

Working Group | — The Physical Science Basis INTERGOVERNMENTAL PANEL ON ClimaTe change  wmo UREP

Human influence has warmed the climate at a rate that is Figure SPM.1
unprecedented in at least the last 2000 years
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Aquecimenta glahal & smissses de OO 1E80-2005

Changes in global surface temperature relative to 1850-1900

a) Change in global surface temperature (decadal average) b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
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2. Phenology and climate change
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The world's longest phenological time series with the associated spring temperatures.
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2. Phenology and climate change

v'Long-term observation programs

Bulk of evidence of
phenology shifts
comes from temperate
regions.

4} ® sites included in this issue
®. other existing long-term sites .

“The short time series
and the high species
diversity make it
difficult tracking
phenology and detect
cues and shifts in the
tropics.”

Albernethy et al. 2018. Biotropica

Monitoring length
® 1yr
® 1-2yrs
O 2-5yrs
@ 5-10yrs

O >10 yrs

Mendoza, Peres, Morellato 2017. GPC 148:227-241
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2. Phenology and climate change

SIXTH ASSESSMENT REPORT ipcc @

Working Group | — The Physical Science Basis INTERGOVERNMENTAL PANEL ON Clim3Te change  wmo uREP

With every increment of global warming, changes get larger in Figure SPM.5
regional mean temperature, precipitation and soil moisture

d) Annual mean total column soil Across warming levels, changes in soil moisture largely follow changes in

moisture change (Standard deviation) g\r/zggg:ﬂggigt:itoar:so show some differences due to the influence of

Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming

a) Synthesis of assessment of observed change in hot extremes and
i man contribution to the observed changes in the world's regions

Relatively small absolute changes
may appear large when expressed &= 1.5 1.0 05 0 05 1.0 15 =5 PR "

in units of standard deviation in dry Change (standard deviation PP

regions with little interannual - £t [variability) T
variability in baseline conditions Drier ARt Wetter (0 ot

human contribution
ed change

n
8
3

® Low due to limited agreement
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IPBES-IPCC CO-SPONSORED WORKSHOP

BIODIVERSITY AND
CLIMATE CHANGE

WORKSHOP REPORT

Making Peace
with Nature

A scientific blueprint to tackle
the climate, biodiversity and
pollution emergencies

3.1. Relative global impact of direct drivers on major ecosystems

Terrestrial ecosystems

Freshwater ecosystems

Marine ecosystems

1 | | |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Land-/ sea-use Direct Climate . Pollution Invasive alien Other human
change exploitation change species activities

Figure 3.1: Relative global impact of direct drivers on major ecosystems, ranking the past and current causes of declines in biodiversity.
Source: IPBES 20193, GA SPM, Figure SPM 2

2. Phenology and climate change

3.4. Land degradation world maps
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a) Human footprint value b) Soil erosion value
. -~ - -
—~ S J ; ; < 2
""\_-, & -'{1_,
i | ~‘ >
¢ i
Ny
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[ [ N N D S
0 1 4 50 0-4  4-15 15-34 34-65 65-108 108-164 164-325
Remaining Intact Modified
Wilderness
¢) Human appropriation of net primary production d) Total abundance of species occurring in primary vegetation

& -~

-

I N S N
<60% 60 -80% 80-90% 90 -95% >95%

Figure 3.4: Human activities have modified the land surface of the planet as shown through the human footprint value indicating the intactness of terrestrial
ecosystems (panel a) the soil erosion value (panel b), the human appropriation of net primary production (panel c) and the total abundance of originally occurring
species as a percentage of their total abundance in minimally disturbed primary vegetation, expressed as the Biodiversity Intactness Index (panel d).

Data sources: a) Brooke, et al. (2020), b) Borrelli et al. (2007), c) Newbold et al. (2016), d) Haberl et al. (2007)
Data compiled and plotted by Emily Zhang



Phenological responses to climate change in the tropics
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(a) Temperature interannual variability (b) Ralnfall interannual varlablllty

Some predictions can
be made considering
variability in
temperature,
precipitation and
length of growing
season

Phenology responses

. . | ' A ‘ - - Latitudinal trends
and shifts should differ — . .
Temporal niche Drivers of phenology shift
H i ith fi
depending on the S"Zﬁﬁ&?ﬁ;"?éiiﬁ abotic to biotic

length of growing
season - Long-term
observations

Abiotic (light shade):
e g Frost damage

B:otlc (dark shade):
e.g, Mismatch with pollinators,
increased competition

Relative
abundance

Growing season length

Pau et al, 2011. GCB
Albernethy et al. 2018. Biotropica



v'Long-term observation programs
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OPEN a ACCESS Freely available online

Phenological Changes in the Southern Hemisphere o "(

Lynda E. Chambers'*, Res Altwegg™'®, Christophe Barbraud®, Phoebe Barnard®'®, Linda J. Beaumont’, .
Robert J. M. Crawford®, Joel M. Durant®, Lesley Hughes®, Marie R. Keatley’, Matt Low®,

Patricia C. Morellato®, Elvira S. Poloczanska'®, Valeria Ruoppolo'"'?, Ralph E. T. Vanstreels'?, ‘

Eric J. Woehler'?, Anton C. Wolfaardt'*

October 2013 | Volume 8 | Issue 10 | e7551¢

The El Nino Southern Oscillation, Variable Fruit Production, and Famine in
a Tropical Forest

S. Joseph Wright

nature
climate change

LETTERS

PUBLISHED ONLINE: 7 JULY 2013 | DOI: 101038/ NCLIMATE1934.

Ecology, Vol. 80,
£y " Clouds and temperature drive dynamic changes in

tropical flower production

Stephanie Pau'?*, Elizabeth M. Wolkovich?, Benjamin I. Cook®*, Christopher J. Nytch®,
James Regetz?, Jess K. Zimmerman® and S. Joseph Wright”

DIOTROPICA

Special Section 2018: Long-term trends of
tropical plant phenology: consequences
for plants and consumers

JOURNAL BF

communications
biology

ARTICLE

Impacts of climate change on reproductive

OPEN

Phenological responses to climate change in the tropics
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Figure 2 | Long-term trends in flower production (solid line) and

maximum temperature (dotted line) at BCl from 1987 to 2009. Flower
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phenology in tropical rainforests of Southeast Asia
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Long-term collapse in fruit
availability threatens Central African
forest megafaunas
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Lehmann3, Loic Makaga3,
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Phenology and climate change

3. Challenges to study phenology and climate change in highly

diverse ecosystems

l. reviews and synthesis, unlocking literature and old observations;
. use of herbarium records, to recover long term patterns and responses;

[l. 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;

N

V. experiments - impose climate scenarios to tropical plants (e.g. CO2 enrichment —
FACE, drought experiments, transplants);
VI.  new technologies
VIl. networking- develop citizen science initiatives and monitoring networks to collect = 3

more comparative data over large special scales;
4. Final remarks




3. to detect temporal responses in highly diverse ecosystems

Phenology Lab
|. reviews and synthesis, unlocking literature and old observations
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Comparacio de dois métodos de avaliacdo da fenologia de plantas, sua
interpretacio e representac:?loI

CINARA S.C. BENCKE® ¢ L. PATRICIA C. MORELLATO™
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%,, . . . Phenology Lab
3. Challenges to detect temporal responses in highly diverse
8000 g 41 e CO SYSte m S
- : Fruiting availability is sensible to climate change scenarios.
5 o » Reduced fruiting season length as consequence of future
Q ¢ savma climatic conditions may have a very detrimental effect for
3 resident frugivores.
Lostalt o

0

-1000 -%00 -800 -vOO -600 -500 -400 -300 -200 -100 0

Maximum Climatological Water Defic

» Half of analyzed
Neotropical sites were
subjected to some
degree of fruiting
seasonality.

circular standard deviation length of the r vector

o < 3 months 2 0-02

© 4 months ©>02-04
0 5 months (0 >04-06
() 6 months (=06

o rainforest o rainforest
B seasonal B seasonal

B savanna B savanna

Mendoza, |., Peres, C. A., Morellato, L.P.C. in prep. Large-scale
climatic predictors of fruiting seasonality across the Neotropics.
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Phenology Lab

3. Challenges to detect temporal responses in highly diverse ecosystems

ll. use of herbarium records, to recover long term patterns and responses;

herbarium specimens in a stage of early leat-out demonstrated that trees now leaf-out earfier than a century ago and leaf-out earfier in warm years [18]. A surprising g
finding was that annual variation in temperature was far greater in detenmining leaf-out dates than vartation in and that dfferences among =
species in leaf-out times were not significant. Further, the geographic variation in leat-out dates determined using herbarium specimens was significantly correlated
with geographic variation in leaf-out dates determined using remote sensing data provided by satelites, This correlation provides independent confimation that
remote sensing, a rapidly growing tool in climate change research, is accurately measuring leaf-out times over large geographic areas. The study also showed that,
onaverage, herbarium specimens show later leaf-out dates than remote sensing dates, perhaps b g instruments to ground cover,

the shrub layer, and the very first tree leaves.

Photography and
collector note indicating
the presence of flowers
Identify species with

conspicuous flowers

(A - ®) i —_TTabebuia aur;
Old Plants, New Tricks: . B
Phenological Research Using Sesrchonine databsses for L.
Herbarium Specimens e GBIF

Charles G. Willis,"* Elizabeth R. Ellwood,** ,
Richard B. Primack,® Charles C. Davis,' Katelin D. Pearson,?
Amanda S. Gallinat,® Jenn M. Yost," Gil Nelson,”

¥

Field notes
Susan J. Mazer,” N.a;alie L. Rossington,” Tim H. Sparks,*” 3 Herbarium specimens Use machine learning to retain [ SRR
and Pamela S, Soltis ©1 Images reliable records of specimens
= — with flowers o
1 40' 18I6|J : 18’80 y 19'00 ! 19‘20 ! 19'40 ) 15'60 ! !9’30 : ZD'OO I20 0
Year B ——— — o 4
e
Model the derived long term
. . time series to identify I .
Ana|y5IS of ﬂowerlng patterns from changes in flowering times g ¥ P VO
: H . : : and relationships with the §°] T
herbarium specimens: relationships o ol o : ,
with the climate and long-term 52 - - o

shifts in flowering times

Figure |. Example of Integrated Historical Data Sources. (A) Plot of flowering day over time for 28

inthe

yearcoliected



% Tropical phenology and climate change in the crossroads

3. Challenges to detect temporal responses in highly diverse ecosystems

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

v Detect trends, sensitivities and shifts to climate change
» Phylogeny, Modeling and forecasting phenology

Phylogenetic g | Phenology

hypothesis 3 Journal of Ecology

e o Jowrnal of Ecology doi: 10.1111/j.1365-2745.2010.01717.x
= P 21. Oct

The shared influence of phylogeny and ecology on the
reproductive patterns of Myrteae (Myrtaceae)

— Vanessa Graziele Staggemeier'*, José Alexandre Felizola Diniz-Filho? and
25- OCt Leonor Patricia Cerdeira Morellato’

23. Oct =
Contents lists available at ScienceDirect n Plant £cology,
Py Ihp
¢ Perspectives in Plant Ecology, Evolution and Systematics | E
13.Mar 2 journal homepage: www.elsevier.com/locate/ppees =9

Research article

S Clade-specific responses regulate phenological patterns in
:f " 05 .Ja n Neotropical Myrtaceae

Vanessa G. Staggemeier™*, José Alexandre F. Diniz-Filho*, Valesca B. Zipparro®,
Eliana Gressler”, Everaldo Rodrigo de Castro®, Fiorella Mazine ¢,
Itayguara Ribeiro da Costa®, Eve Lucas', Leonor Patricia C. Morellato”

Phenology Lab



%"

3. Challenges to detect temporal responses in highly diverse ecosystems

g Tropical phenology and climate change in the crossroads

lll. applications of evolutionary and modelling tools to search for clade’s sensitiveness to changes on their

phenological niche;

v" Detect trends,
sensitivities and
shifts to climate
change

"‘"’]

| homepage: www.elsevier.com/locate/ppees

Phylogenetic
hypothesis

Myrtaceae

Consensus
sequence of species

DNA extraction, amplification
and alignment

J
MM\"M\MM Il (“"\-

Consensus Alignment
of all species

Perspectives in Plant Ecology, Evolution and Systematics
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Research article
Clade-specific responses regulate phenological patterns in
Neotropical Myrtaceae
gemeier™*, José Alexandre F. Diniz-Filho*, Valesca B. Zipparro”,
ler”, Everaldo Rodrigo de Castro®, Fiorella Mazine?,
da Costa®, Eve Lucas’, Leonor Patricia C. Morellato®
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Phenology
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25. Oct

23. Oct

13.Mar

05.Jan

Monthly systematic
collection in the field

Prediction

Closely related
species would
exhibit similar
phenological
patterns because of
their common
ancestry

Useful for:

Identify groups with conservative
phenology (potentially less resilient face

to global warming)

First flowering axis (73%)

-0.5 -0.3 -0.1 0.1 0.3 0.5 0.7
Phylogenetic vector 1

Understand the evolution of

phenological strategies on plants

Phenology Lab



Tropical phenology and climate change in the crossroads

Phenology Lab

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

(a) Resting systems (n = 1,000) (b) Non-resting systems (n = 1,000)
o : Mean DOY: 178 ; Mean DOY: 212
(a) Ordinal or linear scale (b) Angular or circular scale E ° © L
g 8 8
o g % o g‘ °
Distance: 45° or ~45 days oy £ ~ A
= FK g 3
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J01- 10.1111/1365-2745 13266

SOCETY

MINI-REVIEW Journal of Ecology i

The circular nature of recurrent life cycle events: a test
comparing tropical and temperate phenology

Vanessa Graziele Staggemeier® | Maria Gabriela Gutierrez Camargo® |

José Alexandre Felizola Diniz-Filho?® | Robert Freckleton®® | Lucas Jardim? | ggemeier et al. 2017. Biotropica

Leonor Patricia Cerdeira Morellato®
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Phenology Lab

3. Challenges: detect temporal responses in highly diverse ecosystems

Il. use of herbarium records, to recover long term patterns and responses;
lll. applications of evolutionary and modelling tools to search for clade’s sensitiveness to changes on
their phenological niche;

Phenograms: best time for flowering
Dez"_l“Jan\
| — /
out s0 Peak data \ mar
p— Variance
25
Set ) ~/ Abr
§=2834°+532 o .
N = 456 Climatic va'rlablt-es
r=0,65 (reproductive niche)
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Projections in the —predictions
. geographical space =predict
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herbarium records
present | future
Jomao gy [ ;7 b
Dt W et oy T — i A |- -
*© | Maria Gabriela Gutierrez Camargo' & | o ,1 " ’ 5
}o;‘ée::)?:;::':esl:ﬁe;:rFllhu: | Robert Fre | Lucas | ,,.4-‘ i : Ao -
Leonor Patricia Cerdelra Morellato’ ( f
» Phylogeny, Modeling and forecasting phenology ’




= Tropical phenology and climate change in the crossroads

3. Challenges: detect temporal responses in highly diverse ecosystems Phenology Lab

V. experiments - impose climate scenarios to tropical plants (e.g. CO2 enrichment — FACE, drought

experiments, transplants);

AMAZONFACE

Assessing the effects of increased atmospheric CO,
on the ecology and resilience of the Amazon forest.

ATRN [NFOCUS

Experiment aims to steep
rainforest in carbon dioxide

Sensur—s!uddedplutsmtheAmuzunfuresIwﬂ]nml_ruRE | VOL 496 | 25 APRIL 2012

PERSPECTIVE nare

PUBLISHED ONLINE: 21 MAY 2015 DOJ: 103038/NCLIMATEZ621 climate Chﬂnge

Using ecosystem experiments to improve
vegetation models

Belinda E. Medlyn'?*, Sonke Zaehle®, Martin G. De Kauwe', Anthony P. Walker*, Michael C. Dietze®,
Paul J. Hanson*, Thomas Hickler?, Atul K. Jain’, Yiqi Luo®, William Parton®, I. Colin Prentice'®,
Peter E. Thornton*, Shusen Wang", Ying-Ping Wang", Ensheng Weng®, Colleen M. Iversen®,
Heather R. McCarthy?, Jeffrey M. Warren®, Ram Oren** and Richard J. Norby*

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

FACE experiments aim to investigate how terrestrial
ecosystems respond to elevated atmospheric CO2
concentration

GAS RING 5 -2d

Scientists are planning an experiment in the
Amazon rainforest that would measure how >

elevated carbon dioxide levels enhance plant growth.
Y i Wind
¢ CO, injection direction

Scientists
would measure . =
changes in

photosynthesis

within the
‘ canopy.
L HN R 2 HN £ ‘ Sensors would
ATt measure wind,
temperature,

rA R IR R R (X and CO, levels.
co, ]
injection
¥~ Y AR
¥ N ¥ Y
¥ Y ¥ W
- N ¥ R
Scientists

{ would measure
tree growth and
analyse soils.

|- |

Toroidal tube
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Phenology Lab

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);

-

PLANT—POLLINATOR INTERACTIONS UNDER CLIMATE CHANGE: AMAZON FACE
THE USE OF SPATIAL AND TEMPORAL TRANSPLANTS! Assessing the effects of increased atmospheric CO,

on the ecology and resilience of the Amazon forest.

2.3 2.3.5
EvA M. MORTON?*# AND NICOLE E. RAFFERTY?+ GAS RING ¥
»
Scientists are planning an experiment in the
Amazon rainforest that would measure how = = >
elevated carbon dioxide levels enhance plant growth. Wind
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y . CO, injection direction
A &/ B &’ = =TT e
: ® >
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| changes in
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3. Challenges: detect temporal responses in highly diverse ecosystems

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

—> Light Detection And Ranging (LIDAR), radar, etc.

Time will tell: resource continuity
bolsters ecosystem services

B Nancy A Schellhorn’, Vesna Gagic', and Riccardo Bommarco?
b) 1CSIRO, GPO Box 2583, Brisbane, QLD, 4001, Australia
‘ 2Swedish University of Agricultural Sciences, Department of Ecology, Uppsala 75007, Sweden

e

. . o S L ) - t%

') \% S ) 4

entropy values \ i ": y i (A) (B)
E:::'s 3 ‘ Resource landscape

| 1131
Ty¥.% %ﬁf% ”»”” ”” ”a /\

| i
TN NI e Sk S Rmy OB
¥ ; » »e .
& 10 i‘?‘ﬁ iw L1 L Continuity
1 1 1 1 1
April June July August September
/M_ Bottlenecks

Spring Summer Autumn Winter

Scale gaps in |andscape phen0|ogy: Seasonality and duration of resource Time,—‘-
challenges and opportunities

TRENDS in Ecology & Evolution

'E

Figure 7
Riparian vegetation monitoring, with the Shannon Entropy parameter derived from TerraSAR-X images
(Dual ization): a) Riparian i d from the image registered in July and b) Evolution of

the intra-annual riparian vegetation during the year 2012.

Population density

N\

Amount of resource / km?

Trends in
i CelP
Ecology & Evolution @ CelPress -

Figure 1. Scenarios of resource availability over time. Hypothetical schematic (A) depicting resource amount (per km?; Y’ axis), against time of year when available, and
duration (X axis). Examples show resource continuity (top), discontinuity as bottlenecks (middle), and as interruptions (bottom), as related to the resource needs of a target
° 1,5,% : 23,5 s 4.5 organism. Panel (B) depicts implications for population dynamics for each respective resource situation. Colours represent types of resources. The top left continuity
Danle' S' Park ' ErlCa A’ NeWman ' and ‘an K BreCkhelmer example shows resources to be available throughout the year, although in different amounts, and corresponding population densities (top right) are sustained at high and
more constant levels. The bottleneck and interruption scenarios exemplify extreme limitation or absence of resources, respectively; peaks in population densities will be

lower and changes in density will occur faster. The four arrows represent the sampling period of data collection of typical snapshot landscape ecology studies.

Dufour et al. (2013)
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scientific reports v new technologies which may maximize our understanding at large scales

©PEN The flowering of Atlantic Forest

3. Challenges: detect temporal responses in highly diverse ecosystems

Pleroma trees

Ground - Feb. 8, 2020

o2 SRS Xl Tl Pador
) T s 4

WorldView-2 satellite - Feb. 17, 2017

Sentinel-2 satellite — Feb. 1, 2019

.

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.

Phenology Lab



* 3. Challenges: detect temporal responses in highly diverse ecosystems
scientific reports

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

©PEN The flowering of Atlantic Forest
Pleroma trees

Ground - Feb. 8, 2020 WorldView-2 satellite - Feb. 17, 2017 Sentinel-2 satellite - Feb. 1, 2019
SPF TR ¥ : |

s

Frecuency March Septe_mber
(Density) ~ €Quinox equinox

i June . December
solstice solstice

0.004
0.002
- 10°S 0.000
Jan

Apr

Day of the flowering peak

— A

50 150 250 350
40:’W

B one flowering peak
two flowering peaks

40|°W

Figure 7. Day of the flowering peak (a) estimated from the mean monthly detection time series and Fourier
transform signal decomposition (see Methods). For the pixel showing two flowering peaks in per year in

(a), only the highest peak is represented. Number of flowering peaks per year (b). Subset images of locations
indicated by arrows are given in Fig. 8. The flowering peaks on the map are mainly from trees of the genus
Pleroma and in a lesser proportion from large trees of the genus Handroanthus that can be also detected.
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Phenology Lab

3. Challenges to detect temporal responses in highly diverse
ecosystems

VIl. networking- develop citizen science initiatives and monitoring networks to collect more

comparative data over large special scales;
Citizen Science — Citizen Phenology

Phenological monitoring and citizen science

A selection of phenology citizen science
projects and activities

1Jacaranda trees in

“Seville
Global coverage — =
Earthdive > \_\ __—— National coverage
Global Phenological Monitoring Prog > e \ ,,,_\/ < Centro de Informag&o en Satde Silvestre

GLOBE Program Phenology Protocols > < Chinese Phenological Observation Network

International Waterbird Census > < ClimateWatch, Australia

WorldBirds > < Farmers’ Wildlife Calendar, Ireland

< Nature Today, Netherlands

Regional coverage
< NatureWatch, Canada

The African Phenology Network > < Phaenonet, Switzerland

e-Butterfly >

~

PhenoRangers, Switzerland

Hummingbird Conservation Network >

~

SeasonWatch, India

et b bl e e < UK Environmental Change Network

MonarchWatch >

< USA National Phenology Network 3 _J a ca rm trees,* n P reto rl,a »

Pan European Phenology Project > e
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Phenology Lab

3. Challenges: detect temporal responses in highly diverse ecosystems

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

Understanding urban plant phenology for
sustainable cities and planet

a Urban environmental changes ¢ Consequences

- "o ‘ IR ) ‘_
-Jacaranda trees

"~ Extended growingseason length

b Chang lnph;@ togy
e New spatial data o d Implications o/

Yuyu Zhou®@ =

s
Department of Geological and Atmospheric Sciences, "_ Aol ‘e e S I n B ra Z I |
lowa State University, Ames, IA, USA. R A

Se-mail: yuyuzhou@iastate.edu

Published online: 6 April 2022
https://doi.org/10.1038/s4 1558-022-01331-7




3. Challenges: detect temporal responses in highly diverse ecosystems %@

Phenology Lab

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

VIII. Biodiversity Conservation and restoration;

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 s \\f»‘/\ T i
2 A N .. ] S \‘;f‘, ;
5 1] ‘ :
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» ) £ ™ v%"- ¥ g s
g I‘ “e ” g :
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el sy o Ml o0 s @0 s 30 B0 o & l‘,' A M A S 0 N D) F : : }

Contents lists available at ScienceDirec

Biological Conservation

journal homepage: www. elsevier.com/locate/bioc

Perspective
Linking plant phenology to conservation biology @Cmm
Leonor Patricia Cerdeira Morellato **, Bruna Alberton **, Swanni T. Alvarado ¢, Bruno Borges *", Elise Buisson °,
Maria Gabriela G. Camargo *, Leonardo F. Cancian *, Daniel W. Carstensen *, Diego F.E. Escobar **, VT s M

Patricia T.P. Leite **, Irene Mendoza *, Nathdlia M.W.B. Rocha *, Natalia C. Soares ", Thiago Sanna Freire Silva“,
Vanessa G. Staggemeier *, Annia Susin Streher <, Betania C. Vargas **, Carlos A. Peres '

5 A8,
MONTHS MONTHS

Tropical phenology and climate change in the crossroads
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Recurrent plant phenological events
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4. Remarks
Phenological shifts and mismatches

VIII. Biodiversity Conservation and restoration;
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Phenology

Climate change is shifting the rhythm of nature

Frontiers 2022

EMERGING ISSUES OF ENVIRONMENTAL CONCERN

3.

Phenology

Climate change is shifting
the rhythm of nature

1. Timing is everything for ecosystem harmony 42
2. Disruption in ecosystem harmony 43
3. Evolving toward new synchronies 45
4. Bridges to new harmonies 46
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4. Remarks

Phenological shifts and mismatches

Phenology

Climate change is shifting the rhythm of nature

\
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RESTORATION PHENOLOGY
Increase fruit T
(1} Establish the production on - Phenology of target plant species andior reference plant communities
reference = Calendar of fruit availability on the reference ecosystem, expanded to
reference include dates of germination, flowering, seed set, etc.

+ Local parameters influencing timing of flowering, fruiting and improving

Gather local plant quantity of viable seeds, etc.
material + Flowering overlaps between local and non-local genotypes, etc.
Adapted seed production :
Species salection

(2) Obtain biotic

Produce local seeds

)
(=1
=
™~
®
T
é resources and seadlings
_'62 Conserve genstic Phenology of nen-target and exotic plant species
153 ag'“emﬂy ’“‘:ﬂ 'm" or degraded plant communities
K} : el « Priority effects. vacant nicnes, niche breadth.
©'| (3) Implement the cecd mixes) plasticity, etc.
(Wolkovich & Cleland 2011)
Q selected : :
Schedule restoraticn
S| restoration /
"é methods Cplimize seed Phenology of plants, animals and punctual interactions
o) PT‘:UC'"’['E"" - Presence of animal species at particular times
-:,3 Ispersion * Flowers and fruits available all year long to cover animal
s . or human population needs
— rﬁq;:{:r:?ff;i“ Flowers and fruits available at particular times for
—“—
relative to the timing of particular species
UO'J (4) Set upf geedh,mgsg Flowering and fruiting attracting fauna, etc.
o permanen
o monitorin
*&3 L g Competition for pollinators and
> dispersers altering fruit quantity
N
Phenology of ecological networks
(5) Implement Schadule management + Restoration and management of plant and animal population to restore the
adaptive Adaptive r ent complex network of species interactions (plant-pollinators, plant-seed
dispersers)
management (Hagen etal. 2012)

Figure 1. Conceptual framework showing where phenology can contribute to restoration. Numbers 1-5 are five major key steps of restoration projects
(Clewell et al. 2005). Phenological information that may be collected for restoration projects are found in boxes on the right-hand side of the figure. Arrows
show how specific phenological information can contribute to specific restoration steps.
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