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e 7 global test of the drivers of shifting
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Thackeray et al. 2016 & Cohen et al. 2018 find lower trophic levels to
respond more to changes in temperature
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respond more to changes in temperature

G—— A\dVvancing

Photo credit: Morcup, Alexis, Reago, Mosharaf Hossain



Kharouba et al. 2018 found no consistent
directionality in species synchrony
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Kharouba et al. 2018 found no consistent

directionality in species synchrony

What drives differences in asynchrony across diverse
groups of species?
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Our dataset consists of:

* Long-term time series

* Including diverse species, phenological events,
& geography

* Our dataset includes:
- 1200 unique species
- 147 different studies
- 176 pairs of interactions



The dataset consists of:

* Long-term time series

* Including diverse species, phenological events,
& geography

 Our dataset includes:
- 1200 unique species
- 147 different studies
- 176 pairs of interactions

Birds

 Each species was categorized by their trophic
level, habitat type, food source, and physiology Insects



Our model:

e Bayesian hierarchical model:
* doy: day of year
e B:the change in phenology

doy;, = a+ asp, + B(year;)
doy ~ N(df)y, Odoy)
sp; ~ N(ptsp: Osp)
Bsp; ~ N (b, o)

* Includes a hinge at 1980
* Phylogenetic variance covariance matrix included on the intercept
and slope



We simulated random species pairs to compare changes
in synchrony between single and paired species data:

Species

Sp 1
Sp 2
Sp 3
Sp 4
Sp 5
Sp 6
Sp 7
Sp 8
Sp 9
Sp 10




We simulated random species pairs to compare changes
in synchrony between single and paired species data:

Species Type of interaction | Consumer Type | Species
Sp 1 Pollination R Sp1l
Sp 2 # Pollination R Sp 2
Sp 3 Pollination R Sp 3
Sp 4 Pollination C Sp 4
Sp 5 Pollination C Sp 5
Sp 6 Pollination C Sp 6
Sp 7 Herbivory R Sp7
Sp 8 Herbivory R Sp 8
Sp 9 Herbivory C Sp 9
Sp 10 Herbivory C Sp 10




We simulated random species pairs to compare changes
in synchrony between single and paired species data:

Species Type of interaction | Consumer Type | Species Type of interaction | Resource Sp | Consumer Sp
Sp 1 Pollination R Sp1l Pollination Sp 2 Sp 6
Sp 2 —> Pollination R Sp 2 —> Pollination Sp 3 Sp 4
Sp 3 Pollination R Sp 3 Pollination Sp 1 Sp 5
Sp 4 Pollination C Sp 4 Herbivory Sp 7 Sp 9
Sp 5 Pollination C Sp 5 Herbivory Sp 8 Sp 10
Sp 6 Pollination C Sp 6
Sp 7 Herbivory R Sp7
Sp 8 Herbivory R Sp 8
Sp 9 Herbivory C Sp 9
Sp 10 Herbivory C Sp 10




Species synchrony was the same for both simulated and real
species pairs:
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Species synchrony was the same for both simulated and real
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Possible drivers of phenological
shifts

* Phylogenetic effects
* Latitudinal trends
* The magnitude of temperature change

* Naturally high interannual variation




Most species have advanced phenologically:

* Phenological events shifted by 3.1
days/decade on average
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* Clades were similar phenologically ‘=
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 Shifts in phenology were not
explained by phylogeny
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Shifts in phenology did not differ across groups of species:

Switch date (f) 1 R e

Spawning (f, mo){ ——— da-= algae

Senescence (a,c)1 ———— am = amphibians
N Reproduction (am,b,f,i,m,t)1 —_———— b = birds
'E Population growth (a,b,c,f,p,plk)1 ————— c= copepods
g Parasitism (i) 1 —— d = diatoms
L Mating (b)1 ——— f = fish
T(B Leafout (p)1 ——— fu =fu ngi
o0 Last cut (p) < i = insects
Q Last appearance (b)1 —— m = mammals
8 Juveniles first seen (b) - mo = mollusks
g Gathering for departure (b)1 B — p= pIants
o Flowering (p); e plk = plankton

First ripe fruit (p)1 ——— t = turtles

First cut (p) 1 ———
First appearance (am,b,c,f,fu,i,m,p,t)1 —
Egg laying (b,c) 1 EEEEE——
Budburst (p)1 ———
Abundance (c,d,f,i,plk) 1 —————
-5 0 5

@ Shift in Phenology (days/decade)



Shifts in phenology did not differ across groups of species:

tertiary consumer -

secondary consumer

Trophic level

primary producer

primary consumer 1

wetlands

terrestrialf

marine—shorebird 1

marine—seabird 1

marine

freshwater—terrestrial{

Habitat type

freshwater—shorebird 1

freshwater—marine

freshwater

Shift in Phenology (days/decade)
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Changes in phenology do not show clear latitudinal gradients:

Shift in phenology
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Shifts in phenology to date do not exceed the extent of

variation in phenologies
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Conclusions:

* Species phenologies are advancing on average

* Similar inferences on changes in synchrony can be made from single
and paired species data

 Changes in synchrony could be driven by other factors like

temperature or buffered by the high degree of natural variation in
phenologies
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