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PhenObs — an observation network in Botanical Gardens
to monitor herbaceous species phenology and traits
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PhenObs — an observation network in Botanical Gardens

to monitor herbaceous species phenology and traits

 Which are the drivers of variations in plant phenology?

« Can we predict plant phenology from plant traits, species ecology,

provenance, phylogeny and site conditions?
« What are the implications for
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First results show that functional traits constrain
the variation in herbaceous species phenology
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But how well do observations in Botanical gardens
reflect patterns from (semi-)natural habitats?

Till Deilmann
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Centaurea jacea in grasslands
Picture credit: T. Deilmann



Species and site selection

...in total 16 perennial species observed in the botanical
garden (BG) and semi-natural habitats (MG and/or SDG)

Botanical Garden
Jena (BG)

mesophilic
grasslands (MG)
N=6

semi-dry
grasslands (SDG)
N=6




Botanical Garden ==p-

Free of competition,
optimal conditions

temporal
segregation

| [ EEIIEERIEEE

species

[ Achmi
|:| Cen jac

Gal mol
| Glehed
| Hersph
j Kna arv

Lat pra
|| toteor
| oriwl
—_— :I Pim sax

3OW

[z

M ON

|

mesophilic grasslands

M ON

Flower intensity [%]

razed

19 8 | Piaten
Ik :l Ran acr
B :I Ran bul
Torazed T sanmin
i § . San off
I D Sec var

! N

]

o

G)

It_

w

%]

o

IG)

X

2d 9as

€d 9as

85 100 115 130 145 160 175 190 205 220 235 250 265 280 205 310 7
day of year 2020

Day of the year 2020




Differences in abiotic habitat conditions

translate into differences in traits but not phenology
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Differences in first flowering day between the habitats...

First Flowering Day

A First flowering day (days)
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MG-SDG

Species

® A millefolium
C. jacea
G. mollugo
G. hederacea
H. sphondylium
K. arvensis
L. pratensis

® L. corniculatus
O. vulgare

® P.lanceolata
R. acris
S. minor

® S officinalis
S. varia

Species-specific patterns

On average...

=>» no significant difference between populations
grown Iin botanical gardens and their natural
habitats

=» an earlier FFD of ten days in mesophilous
compared to semi-dry grasslands

MG- SDG: F, 5, =0.23, p < 0.05 9



No differences in start of senescence between the habitats...

Start of senescence

A Leaf senescence (days)
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® A millefolium

C. jacea

G. mollugo

G. hederacea
H. sphondylium
K. arvensis

L. pratensis

L. corniculatus
O. vulgare
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Species-specific patterns

On average...

=» no significant difference between
populations grown in botanical gardens and
their natural habitats

=» a slightly earlier start of senescence in
mesophilous compared to semi-dry grasslands

MG- SDG: Chiz=7.83, p < 0.05 10



What are the drivers of phenology in the different habitats?
Here: first flowering day
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 across all habitats, traits are most
Important to explain variations in FFD

 habitat-specific differences in soill
conditions more important than climate

» As before in PhenObs dataset:
taller plants flowered later!
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What are the drivers of phenology in the different habitats?
Here: start of senescence
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« across all habitats, traits are most
Important to explain variations in
senescence

 habitat-specific association between
traits and senescence

 As before in PhenObs dataset:

Plant taller plants senesced later!
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*PHﬁI]OBS Summary

Botanical Gardens as a Global Phenological Observation Network

* Phenology patterns differ between habitats with temporal segregation Iin
mesophilous grasslands and flowering synchrony in dry grasslands.

* There Is no unique patterns in the differences of first flowering day and
start of senescence between the garden and the other populations

 Traits are most important predictors of FFD and
start of senescence;
edaphic conditions are more important than climate.

« Across all datasets, plant height is an important driver
of herbaceous species’ phenology, with taller plants §&
flowering and senescing later than smaller plants.
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Data acquisition

* 13 sites (6 MG, 6 SDG, BG)

* Weekly phenological
observation of 16

species in total

— 11 on MG and SDG each
— 6 match species

* Abiotic parameters
— for each site

* Plant functional traits
— 5 individuals/population

BG = Botanical garden, MG = mesophilous grassland, SDG =
semi-dry grassland

g AR, 2 ; : & :
ol 3 2 ol
g - > ot R . P £ 2
{7 ' - ey |
: £y ——— o by e T 4
o 0 : ! 1 km
TAR T X t } } } |
E- 3 )

https://www.geoportal-th.de/de-de/ (Access: May 2020)

N

https://www.geoportal-th.de/de-de/ (Access: May 2020)



Species selection

° Investigated SpeCieS: Mesophilic grassland grassland
° 11 CharaCteriStiC species family species family
and/or typ|CaI SpeCieS Knautia arvensis Caprifoliaceae Knautia arvensis Caprifoliaceae
fOI‘ eaCh habltat (16 in Achillea millefolium agg. Asteraceae Achillea millefolium agg. Asteraceae
tOtaI) Plantago lanceolata Plantaginaceae Plantago lanceolata Plantaginaceae
Galium mollugo agg. Rubiaceae Galium mollugo agg. Rubiaceae
e Same SpeCies iﬂ Centaurea jacea agg. Asteraceae Centaurea jacea agg. Asteraceae
Botanical Garden* Lotus corniculatus || Fabaceae | Lotus corniculatus | Fabaceae
Sanguisorba officinalis || Rosaceae | Sanguisorba minor | Rosaceae
« 6 match species Ranunculus acris | Ranunculaceae | Ranunculus bulbosus | Ranunculaceae
Lathyrus pratensis || Fabaceae | Securigeravaria |Fabaceae
- Glechoma hederacea || Lamiaceae | Origanumvulgare _|Lamiaceae
’ broad fam ! Iy Heracleum sphondylium Apiaceae Pimpinella saxifraga Apiaceae

distribution

* besides P. saxifraga, L. corniculatus, R.

bulbosus




Measured parameters

Functional traits:

* Abiotic parameters

exposition, inclination,
management
weather data

soil characteristics
(moisture, nutrients, depth, ...)

vegetation composition
(Ellenberg values; competition)

shading (LAI)

Plant trait Ecological function References

Specific leaf area Productivity, Pérez-Harguindeguy et al. (2016),

Leaf nitrogen content competitive ability Garnier (1992)

Leaf dry matter content Resistance, leaf Pérez-Harguindeguy et al. (2016),

Leaf carbon content lifespan Blumenthal et al. (2020)

Leaf thickness

Plant height, plant growth  Competitive ability, Pérez-Harguindeguy et al. (2016),
fecundity Gaudet and Keddy (1988)

Nectar sucrose content Pollinator reward Fornoff et al. (2017)

Flower size, flower density

Pollen size

Pollen fluorescence

Reproductive success,  Sih and Baltus (1987),
pollination Comba (1999),
Hegland and Totland (2005),
Fornoff et al. (2017)

Pollination, viability Kearns and Inouye (1993),

Kelly et al. (2002)
Pollinator attraction, Mori et al. (2018)
UV-protection




Parameter BG MG SDG
N 0 0 178.93+1.77
Exposition [°]
a b
o 0 15.44 +0.48
Inclination [°]
a a b
84.8+8.63 100 8.96+0.42
I I Soil depth [cm]
a b c
ol 7.7%+0.04 7.48+0.01 7.87+0.01
a b [
206.62+11.73 339.33+14.66 224.07 +3.34
EC [uS cm™]
a b a
. . 18.33+1.18 12.93+0.42 29.51+0.78
soil C:N ratio
a b c
soil N content [%] 0.27£0.02 0.34+£0.01 0.35+0.01
a b b
) ) 17.86 + 0.82 21.84+0.52 17.02 +0.55
Soil moisture mean [% vol]
a b c
Soil moisture min [% vol] 2 7.16 6.14
Soil moisture max [% vol] 34.72 41.42 40.64
1.92+0.16 1.91+0.09 1.3+0.06
LAl mean
a a b
LAl min 0 0.01 0
LAl max 6.73 5.19 4.09
+ + +
BT e e = [ 15.84+0.32 15.33+0.13 15.49+0.13
a a a
Daily temperature min [°C] 5.72 4.94 4.62
Daily temperature max [°C] 26.48 25.94 27.66
Daily rel. humidity mean [%] 70.42+0.7 73.13+0.26 68.83+0.38
a b a
Daily rel. humidity min [%] 50.95 49.23 29.45
Daily rel. humidity max [%] 93.84 95.51 99.98
- 551+ 0.2 2.89+0.05
Weighted Ellenberg N-value N
- a
) - 7.02£0.09 7.5+0.03
Weighted Ellenberg L-value
a b
- 5.54+0.04 5.21+0.01
Weighted Ellenberg T-value b
a
) - 4.61+0.12 3.34+£0.02
Weighted Ellenberg F-value b
a
. - 7.32+£0.07 7.12+£0.12
Weighted Ellenberg R-value
a a
- 3.29+0.12 2.91+0.05

Weighted Ellenberg K-value

a

b
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What are the drivers of phenology in the different habitats?
Here: first flowering day

Across all habitats
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across all habitats, traits are most
Important to explain variations in FFD
habitat-specific association between
traits and FFD

As before: taller plants flowered later
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