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Changing Environment

* Changes in temperature
* Changes in precipitation
* Increased variation

* Changes can be global, regional, or local

In short:
* A changing ecological environment
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Changes in phenology (timing of seasonal events)






Mean snowfallsince 1975) =10.7 m
Range = 4.7 — 16 4 m; 4. 9 m in 2017-18,
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Dust on snow events







Dust storm approaching Phoenix, AZ, July 5, 2011, photo by Daniel Bryant




Frost can significantly reduce flower
abundance







CCRD HQ lower summer 2017
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10 Snow melted in April, but

] temperatures still got below
51 25F until 2 June, killing a lot

of the Helianthella buds.
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Helianthella\quinquenervis (aspen su nflower)
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Number of unfrosted flower heads
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Over 4 million flowers counted
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Need data: 120+ species

David Inouye, Principal Investigator (RMBL) 45 yea rS

Rebecca Irwin (North Carolina State University)
Brian Inouye (Florida State University)

Th e RM B L Nora Underwood (Florida State University) 3 X k
Aimee Classen (University of Vermont) We e

Phenology Jane Ogilvie (RMBL)
- billy barr (RMBL)
Project

10 yrs bee data

The Rocky Mountain Biological Laborato
(RMBL) Gothic, CO

Home Qutreach/Media Publications

59 publications
4800 citations

Data request
form

Daily snowfall +

This project is based high in the Colorado Rocky Mountains at the Rocky Mountain Biological S n OW p a C k
Laboratory (RMBL), in Gothic, Colorado, USA. The project brings together long-term studies on
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Day of year of first sighting
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Mean numbaer of flowesrs =
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Plant flowering 1s often responsive

to climate and species-specific.
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Are polllnators being affected?

LN

Speyeria mormonia and Erigeron speciosus
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Male Butterfly Population Growth, year t+1

® 84% of variation in

butterfly population
growth rate is
explained by variation
in flower abundance
and effects of frost on
caterpillars.
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Boggs & Inouye 2012



The Erigeron — Speyeria story

Decreasing snowpack

Warmer springs

Earlier snowmelt

Increased incidence of frost damage
Fewer flowers (less nectar) for butterflies
Fewer butterflies



Queens of 8 bumble bee species moved up 230m from 1974 - 2007




BCOLOGY LETTERS

Ecology Letters, (2017) doi: 10.1111/ele.12854

Interannual bumble bee abundance is driven by indirect

climate effects on floral resource phenology
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Assemblage-level patterns of flowering

Historic
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Assemblage-level patterns of flowering
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Floral guilds may change in
abundance, richness, diversity—
resource metrics important for
pollinator foraging and abundance.

B Photo: Pd CaraDonna




Sufficient & Poor floral richness days
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1. What are the long-term trends in climate?

2. Do the floral resource guilds of difterent pollinator species have
divergent responses to time and climate?

3. Do across and within-season tloral metrics show divergent
responses to time and climate variables?




Long-term Trends in Resource Guilds

= Compiled floral guilds for species in pollinator functional groups:
bumble bee, solitary bee, fly, butterfly, hummingbirds

" Across-season metrics: floral sum, duration, richness, diversity

= \Within-season metrics: sufficient floral abundance and richness
days, poor floral abundance and richness days




Focal pollinator species

Species Functional group No. of
plants
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Change over Time
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Poor floral abundance days increasing
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Results

Floral sum is not changing directionally

Floral duration is changing over time
— Not uniformly for all groups of pollinators

Floral richness is changing for some

Sufficient floral abundance days are increasing for
some groups

Poor floral abundance days increasing

Poor floral abundance days are related to
snowmelt date






Conclusions

The climate is changing

Snowmelt dates are getting earlier

Flowering is starting earlier

Frequency of frost damage is increasing
Pollinators may be affected, but not uniformly

Variation in species responses may lead to
altered and new interactions






Global climate -
Local climate —
— Frost Effects
Regional climate — Snowpack
Snowmelt
NPO
ENSO l l
Flowering
Phenology
Phenology of migration Abundance
and
Emergence

\\

Pollination

Plant Demography










)
b
@)
O
£
w
—-——
@]
.
b
£
=5
(=
=
7

Across vs. within-season metrics
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Floral sum is not changing directionally
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Floral duration is changing over time
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Floral richness is changing for some
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Sufficient floral abundance days are
increasing for some groups
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Poor floral abundance days are related
to snowmelt date
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