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“At this moment in time we can’t talk about Land Back 
without talking about Palestine.” 

Luna Reyna, In Land Back from Turtle Island to Palestine. Nov. 20, 2023



“I have many reasons to stand with Palestine, some are deeply 
personal but it is also an ethical, political, and intellectual 
position. I was taught through Native Studies that we cannot 
separate these commitments so neatly, as our university would 
like us to do, pushing us to professionalize rather than develop 
our analyses more fully to understand and intervene in the 
present we recognize so well from that past.” 
Lou Cornum, enrolled member of the Navajo NaJon and Assistant Professor of NaJve 
American studies, NYU. Dec. 7, 2023 
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What we know…
1. 

       2. “While the global mean surface 
temperature has increased by 0.4°C 
over the past 150 years, ArcJc warming 
has been two to three Jmes that 
amount (IPCC 2007)…”



What we know…
3. Tundra plant communiJes are composed of 4 broad funcJonal types (Molau, 1997):
• Deciduous shrubs
• Evergreen shrubs
• Forbs
• Graminoids



4. Responses to warming are heterogeneous and non-linear
• Species-specific responses and growth form-specific responses
• “Winners vs. losers”
• Range expansion
• Shrubification, “Greening of the Arctic”

What we know…

Mekonnen et al. (2021). Environ. Res. Lett.

Betula spp. 
Salix spp. 
Alnus spp.

What does shrubification 
mean for floral rewards?



How does warming affect plant-pollinator interacJons and plant reproducJve 
success in the Alaskan ArcJc?

• International Tundra Experiment (ITEX)
• ITEX since 1994, our plots since 2016 and 2019
• Passive warming by Open Top Chambers (OTCs)
• Flowering phenology, floral visitation, nectar, pollen limitation 

What we don’t know…



Floral density by growth form

1. Long-term warming increased 
floral density

2. This increase was driven 
primarily by deciduous shrubs

Khorsand et al. (2024). Arctic Science.

How does warming affect 
quantity of flowering?



Number of species in bloom over the growing season

How does warming affect 
quality of flowering? 

(diversity of floral rewards)

•  On a week-by-week basis, long-term 
warming reduced the number of species that 
bloomed 

• The number of deciduous shrub species in 
bloom was consistently higher in long-term 
warmed plots 



How does warming affect flowering phenology?

• LTW increased floral density
* driven by deciduous shrubs

• LTW reduced number of species in bloom
* opposite trend for deciduous shrubs

Conclusions: 

Floral resources for the pollinator community?



• We need baseline data on flowering and floral visitation to determine if asynchrony 
is developing

What we really don’t know…
Do we find evidence for plant-pollinator trophic mismatch (asynchrony)? 

Schmidt et al. (2016). Ecography.

Diff. response rates to warming? (green = plants, grey = insects)

Implications for plant reproductive success, 
plant diversity, food web



How do floral resources (floral density) vary spa>ally and temporally throughout 
the growing season? 

Khorsand et al. (In Review). Frontiers in Plant Science.

1. Floral density peaked earlier in DHT 
than in MAT

2. Species-specific responses
• Arctous alpina, Dryas octopetala, 

Kalmia procumbens = 1st peak in DHT
• Rhodendron tomentosum,  

Vaccinium vitis-idaea = 2nd peak in DHT
• R. tomentosum, V. vitis-idaea, Bistorta 

officinalis = peak in MAT

Spatio-temporal heterogeneity 
in floral resources



How do floral resources (species in bloom) vary spa>ally and temporally throughout 
the growing season? 

Khorsand et al. (In Review). Frontiers in Plant Science.

1. # of spp. in bloom peaked earlier in 
DHT than MAT

2. # of spp. in bloom was higher in MAT 
than DHT

Spatio-temporal heterogeneity 
in floral resources



• Bumblebees: bimodal peaks 
• Flies: less defined, unimodal peak
• Life history: bees depend on floral 

resources for their entire life cycle in 
contrast to flies

• Bees may have higher visitation rates 
during distinct points in the growing 
season, but flies are more abundant and 
account for more total visits

• BOTH bees and flies important Arctic 
pollinators!

How does insect visitation vary spatially and temporally throughout the growing season? 

Khorsand et al. (In Review). Frontiers in Plant Science.

queens workers
males + new 
queens



• Trajectory of the flowering season
• 5 species
• Clear sequential pattern in 

flowering phenology and 
corresponding visitation

• Specific examples of specialization 
within the network

• Heterogeneity in the timing and 
taxa of floral resources lengthens 
the overall duration of resources 
available to potential pollinators

• Spatio-temporal variation in floral 
resources could potentially buffer 
the plant-pollinator network from 
disturbance



Conclusions:
• SpaJo-temporal heterogeneity in floral resources is important 

for the pollinator community

• Habitat variaJon is criJcal to the integrity of the plant-
pollinator network and can potenJally buffer from 
phenological mismatch



“If grief can be a doorway to love, then let us all weep 
for the world we are breaking apart 

so we can love it back to wholeness again.” 
Robin Wall Kimmerer


