Failure to shift
phenology may
be associated
with local
extinction

MEREDITH A. ZETTLEMOYER* &
KATARINA RENALDI

KELLOGG BIOLOGICAL STATION,
MICHIGAN STATE UNIVERSITY

10 JUNE 2019, DIGITAL DATA IN
BIODIVERSITY RESEARCH CONFERENCE




0051152 253 354 455 55 6 6.5 7 7.5
(°C)

Predicted temperature increases of 2.0-6.2°C by the end of the

215t century in the US Midwest (National Climate Assessment)




Shifts in phenology in response to
warming

Timing of life history events &%%




Shifts in phenology in response to
warming

Timing of life history events é % é

Sensitive to local environmental conditions

Native species likely adapted to local conditions

Climate change may cause a mismatch



Potential impacts of shifting phenology

*Plant pollinator interactions
*Resource access
*Competition with other species

*Species fitness and population dynamics

Dunnell and Travers (2011) Am J Bot.
Wolkovich & Cleland (2011). Front Ecol Environ.
Whittington et al. (2015). Ecosphere



Advancing (but variable) phenology
under warming climates
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Native species are less responsive to
warming temperatures
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Native species are less responsive to
warming temperatures

Climate Change Response Traits
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Non-responding species are more likely
to exhibit population declines
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Research Questions

1. Does the phenology of locally extinct and extant species differ?

2. Has the phenology of locally extinct and extant species shifted
over time?

3. Has the phenology of locally extinct and extant species shifted in
response to temperature?



Extinction in Kalamazoo County, Ml

Area surveyed in 1947, 1990

Historical records provide presence-absence and habitat data

FLORA OF KALAMAZOO
COUNTY, MICHIGAN

VASCULAR PLANTS

Hanes & Hanes (1947).
McKenna (2004). M/ Bot.
Map: MI Natural Features Inventory




Specues Ioss in Kalamazoo County, MI B

4% species lost, mostly speC/allst prairie forbs
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Leveraging herbarium records

L ocal, species-specific
*Span centuries
eLarge sample size

Likely replace changes that have
recently driven species to local
extinction

Plotnick, R. et al. (2016). Ecol. Lett.
Primack, D. et al. (2004). Am. J. Bot.
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Using the
Consortium
of Midwest
Herbaria
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Collection day as a proxy for flowering
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* Controlled for latitude
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Research Questions

1. Does the phenology of locally extinct and extant species differ?

2. Has the phenology of locally extinct and extant species shifted
over time?

3. Has the phenology of locally extinct and extant species shifted in
response to temperature?
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status

— extant
— extinct

Locally extinct species:

* Flower earlier than
extant species

* Tend to be less
responsive to
temperature than
extant species
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Mean day of flowering x average monthly temperature
x?=13.09, p=0.0003***

Penstemon hirsutus
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species

— Aster ericoides

— Aster sericeus

Baptisia bracteata
Baptisia tinctoria
Eryngium yuccifolium
Liatris aspera

Liatris punctata

Monarda fistulosa
Penstemon digitalis
Penstemon hirsutus
Penstemon pallidus
Pycnanthemum tenuifolium
Ratibida columnifera
Ratibida pinnata

Silphium perfoliatum
Silphium terebinthinaceum
Thaspium trifoliatum
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--- Extinct
--- Extant

Earlier-
flowering
(extinct) species
shift flowering
later at warmer
temperatures




--- Aster ericoides
--- Aster sericeus
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--- Baptisia tinctoria --- Silphium perfoliatum
--- Baptisia bracteata --- Silphium terebinthinaceum
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300

Year x*=4.03, p=0.04*
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Latitude x mean day of flowering
x?>=467.14, p=0.04*
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Aster ericoides

Aster sericeus

Baptisia bracteata
Baptisia tinctoria
Eryngium yuccifolium
Liatris aspera

Liatris punctata

Monarda fistulosa
Penstemon digitalis
Penstemon hirsutus
Penstemon pallidus
Pycnanthemum tenuifolium
Ratibida columnifera
Ratibida pinnata

Silphium perfoliatum
Silphium terebinthinaceum
Thaspium trifoliatum

--- Extinct
--- Extant

Flowering
occurs later
at northern
latitudes,
esp. in early-
flowering
species




Research Questions

1. Does the phenology of locally extinct and extant species differ?
Yes — extinct species flower earlier than extant species.




Research Questions

1. Does the phenology of locally extinct and extant species differ?
Yes — extinct species flower earlier than extant species.

2. Has the phenology of locally extinct and extant species shifted
over time? Yes — flowering has shifted later over time.
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Research Questions

1. Does the phenology of locally extinct and extant species differ?
Yes — extinct species flower earlier than extant species.

2. Has the phenology of locally extinct and extant species shifted
over time? Yes — flowering has shifted later over time.

3. Has the phenology of locally extinct and extant species shifted in -
response to temperature? Yes — locally extinct species flower later &
and extant species flower earlier at warmer temperatures. |
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Ineffective responses to climate change
may increase extinction risk

*Previous evidence suggests that
native species that do not respond
to climate decline in abundance

*Future work should focus on how
temperature and phenology
impacts population declines
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