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Tropical-phenologyandiclimate change/in the

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

diverse ecosystems

. reviews and synthesis, unlocking literature and old observations;

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

. FLILIX AOF GA2ya 2F S@2tdziA2yI NBE YR Y2RStftAy3 G22f1
to changes on their phenological niche;

V. combine observations and experiments to understand temporal mismatches;

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

VI.  new technologies

VII.  networking develop citizen science initiatives and monitoring networks to coII« g
more comparative data over large special scales;

4. Final remarks




Tropical phenologyand climate change/in the crossroads

1. Phenology in highly diverse ecosystems

traits
T
[

Reproduction

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 oflobal change researcltonsidered:the
easiestrand simplestway tocrmonitornand detectplant
responses and shifts tocglobalwarming
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initi abundance or duration Aot sxdmplo Yoiete, production of new functions promoting EEECE e R
Definition f iachun mass and height), shape, Pl i S to the spatial mobility
SUSTAINABLE : of seasonal activities other physical atiributes individual organisms organism fitness and o haies
DEVELOPMENT GE‘:‘.-EALS of organisms of organisms (‘offspring’) from parents responses to environment g
Sl‘mogy & evolution HE‘EBSBPES;HYE
OPEN
Towards global data products of Essential Timing of breeding, Body mass, plant height Age at maturity, number Thermal tolerance, Natal dispersal distance.
Biodiversity Variables on species traits Examples flowering, fruiting, cell volume, leaf area, of offspring, lifetime dlseageh(eslstance, migration routes, cell
w , Matthew . Jonest, JensKatige o, Clulge sz wing length, colour reproductive output stoichiometry sinking of phytoplankton
o A eaid host infection (for exmaple,
g ) and so on
Johannes .. Cornelissen', Ellen . Denny, , WilliEgloff, SarahC. and so on chlorophyll content)
ia', it Jones™, O R.Jc "7, Sandra Lavorel™, DanLear™,
Laetitia M. Navarro®®, o, caPirzf”, NadjaRiger', SofiaSaF",
and Robert P.Guralnick™ E =0 T l
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ED“GATIUN AGTIUN UN I.AND relevance SDG: 13, 15 SDG: 2, 14 SDG: 14, 15 SDG: - SDG: -

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
PHENOLOGY RESEARCH

BIOTIC

EACTORS FACTORS

Phenologyis armultidisciplinary, integrative iscience
encompassing biometeorology; €cology;land
evolutionary hiology; 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 systems

Outstanding Biodiversity High dependence on animals for pollination and seed dispersal,
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Outstanding Biodiversity Continuous observations on marked trees
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1. Phenology in highly diverse systems

Continuous observations on marked tre@so restingsseason

(a) Resting systems (n = 1,000) (b) Non-resting systems (n = 1,000)
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Received: 2 September 2018 | Accepted: 22 July 2019
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The circular nature of recurrent life cycle events: a test
comparing tropical and temperate phenology
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Develop databases and bigdata tolls

G.C. Mariano et al. / Ecological Engineering 91 (2016) 396-408
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2. Phenology and climate change
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2. Phenology and climate chan~~
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¥ 2. Phenology and climate change

V Longterm observation-programs

Bulk of evidence of
phenologyshifts
comes from temperate
regions.

I4 . . @ ® sites incllu;led in this 'issua:e >
(xTheShort tlme series ®. other existing long-term sites
and thehigh species

diversitymake it

difficult tracking
phenology and detect
cues and shifts in the
0 NR LA O&4 ®¢

Albernethyet al. 2018 Biotropica

Phenology Lat

Mendoza, Peres, Morellato 201@C 148:22241
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SIXTH ASSESSMENT REPORT iDCC @

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
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Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming
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3.4. Land degradation world maps

Phenology Lat

IPBES-IPCC CO-SPONSORED WORKSHOP a) Human footprint value b) Soil erosion value
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3.1. Relative global impact of direct drivers on major ecosystems =

Terrestrial ecosystems

Freshwater ecosystems

7 y
Marine ecosystems
1 ] 1]
1 I 1
| I I . e . -
!
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Land- / sea-use Direct Climate . Pollution Invasive alien Other human 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
change exploitation change species activities 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

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



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 Longterm
obsernvations

Phenological responses to climate changéhe tropics

(a) Temperaturemterannualvanablllty

Phenology Lat

(b) Ralnfalllnterannual varlablllty

Albernethyet al. 2018 Biotropica
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Latitudinal trends

Temporal niche Drivers of phenology shift
space increases with from
growing season abiotic to biotic

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 a) 2011. GCB
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V Longterm observation-programs

Phenological responses to climate changée tropics
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3. to detect temporal responses in highly diverse ecosystems
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|. reviews and synthesis, unlocking literature and old observations
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