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Problem:  How will climate change 
impact ecosystem pollination?

• ~105 Flowering plant species.

• ~104 Pollinating insect sp., many in decline.

• Dependencies, Areal Abundances, Trends, and 
Climate Response Functions of individuals or 
their partners are very poorly known.

• Our bees, ecosystems, and food depend on 
these interactions being successful.

• Little time for a species-by-species approach, 
we need to generalize in a smart way. 2



High Resolution 2-30 meter
Satellite Imagery

Only a few clear images per year
Cannot resolve blooming dynamics.

1 km Resolution, Daily Coverage
Land Cover Change & Climate Models  

MODIS  morning and afternoon data

Daily-Weekly generic vegetation change, 
carbon growth for Ecosystem Models, crops

Nectar plants are a small fraction of the signal.3
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Relationship Between Honey Bee Forage Phenology and 
Satellite Vegetation Change 
and Climate Modeling

Examine Climate Trends in Hive Weight Change

Link to Satellite Vegetation Change in Eastern North America
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Begin Peak
Median = 50%

End 

Duration

Honey Bee Nectar Flow (HBNF) Metrics
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Composite integral covering ~ 1000 hectares, of plants, pollinators,
and environmental variables of successful interactions.
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Nectar Flows have Advanced by 
0.58 days per year 

since 1970 in Central MD

Similar Advance seen in Nectar 
Forage Plants Blooming Dates

Warm Winter-Springs lead to 
earlier Nectar Flows in MD.

1° F of Warming ~ 1 Week Advance
1° C of Warming ~ 12 Day Advance
in the 1990-2010 epoch  

No significant trend in NF duration. 
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Abu-Asab, M. S., P. M. 
Peterson, S. G. Shetler, and 
S. S. Orli. 2001. Earlier plant 
flowering in spring as a 
response to global warming 
in the Washington, DC, area. 
Biodiversity and 
Conservation 10:597-612.

Liriodendron tulipifera Tulip Poplar                              Robinia pseudoacacia  Black Locust

DC area = 35 miles

NECTAR 
SOURCE 

PHENOLOGY



Apparent (15 yr) lag between advances in blooming in Washington DC 
and Nectar Flows in Central Maryland, is due to the (~15 yr) lag in 
Winter Tmins between the locations (elevation – 150 m difference).
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Base – VCF %Trees, 
Hanson et al (UMD)

Existing Scale Hive Sites    Bee Research Sites (Future?)



SPRING   170 SUMMER 225 FALL

Jun 19 Aug 13

212 site-years of nectar flow data online as part of HoneyBeeNet and 
metrics for multiple seasons have been derived.   This does not include some 
historic sites (~70 site yrs) for 282 site yrs.

Seasonal breaks are consistent with Milum’s analysis of 
Nectar Flows at Champaign-Urbana Illinois

(V.G. Milum 1956, J. Economic Entomology 49(6):735-738
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Above is for all pixels,
8 day average 
Also center pixel class

HBNF Metrics and Satellite Vegetation Phenology Metrics

13MODIS NDVI

Hive Record

Green up/Start of Season
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Linking Scale Hive Observations to Spatial Vegetation Data

AVHRR on NOAA  Satellites

MODIS sensor on NASA  Terra and  Aqua Satellites



Zhang et al. Geophysical Research Letters, vol. 34, L19405, doi:10.1029/2007GL031447, 2007

Satellite Vegetation Trends - changes in onset of Spring green-up

1982 thru 2005          Green = Earlier   Red = Later

Trend For Highland, MD
Satellite (‘82-’05)  -.575 days/year
HBNF (’92 – ’10)    -.58 days/year

Spring Nectar Flows Are Highly Correlated 
with Greenup in Eastern US.  This suggests the
Zhang et al. map applies to Nectar Flows from
NH to N. Florida, and west to the Ozarks. 15



n > 120   Includes Current & Historic Sites16



Spring , Median (50% gain), Eastern US, edited with QC criteria. Louisiana, S. Florida 
excluded.  For trees, shrubs, mixed cropland mosaic, urban land cover types.

r2 = .737, n=61
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Spring , Median (50% gain), Eastern US, edited with QC criteria. Louisiana, S. 
Florida excluded.  For trees, shrubs, mixed cropland mosaic, urban land cover 
types.
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Spring , Median (50% gain), Eastern US, edited with QC criteria. Louisiana, S. 
Florida excluded.  For trees, shrubs, mixed cropland mosaic, urban land cover 
types.



Median Date for Spring Nectar Flow
from MODIS  for 2009 20

100 km
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20082002 2005

2003 20092006
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Colony Management Inferences Eastern N. A.

Nectar Flows have changed dramatically due to historical climate changes.

Spring and Fall Feeding are more important than ever.

One month advance in spring means 2 more months of high consumption rates
compared to “normal”, and total yield appears to have decreased.

Fall nectar flows are later, and may be very limited, but more data are needed.
Unfed colonies can starve in the late summer.
Increase in disease and absconding.
Poor ‘winter’ bee production.

When to super, when to harvest honey have changed – early by 1 month vs 1970.
Apiary size (colonies/km2) needs to be revisited.

Regional impacts can be very out of phase – Earlier in North, (later in South)
Impacts getting colonies ready for production in the North.
Impacts timeliness of replacement packages from the South US. 

Relevant to chemical treatment timing, and crop pest spraying timing.
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Honey Bee Nectar Flow
• Mapping Nectar Flow Phenology is tractable on a continental 

scale using hive weight and satellite vegetation data.

• HBNF affected by Climate, Land Cover Change, plant succession.

• For Tree-dominated Eastern N.A., robust, predictive relationship 
with satellite greenup exists for the spring nectar flow.

– For this region, findings of how vegetation responds to 
climate, derived from satellite-driven coupled models, are 
directly relevant to how HBNF phenology may change.

• Other regions, other seasons, other metrics and variables are 
open to investigation if hive weight data become available.
– Many more questions are open for student projects.

• Mss in prep – Trends in hive data  - NF phenology from MODIS
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Shippensburg PA
Large excess at year end.

Does not include gains due 
to feeding syrup.

Highland MD  smaller excess

Beltsville MD  - annual deficit
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WHY  IS  THIS  IMPORTANT ?

Develops a Linkage Between Pollinator Forage and Satellite Data
(previously totally lacking on regional/national scale).

Nectar flow changes can be inferred from vegetation 
phenology changes in ecosystem/climate models

Baseline for Climate Impacts vs Plant-Pollinator Interactions
for Future Comparisons .  Preserves Historic Data.

Honey Bee Nutrition is varying wildly, and regionally, due to 
climate variations, and will be impacted by future change, with 
added stress on colonies.

Provides basis for regional management practices and advice.
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Documents the time course of successful interaction between 
a generalist pollinator and its multiple forage plants. Includes 
temp., precip., wind, colony health, forage species abundance 
and blooming phenology.



Redone, including 2010 metrics & QA
Insignificant change from earlier version
The pooled slope equals -0.306 d/y
F=15.09, 14.68, n = 22, P =0.0009, 0.0010

Spring Nectar Flow Climate Trend in Central Maryland 
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Corvallis OR Scale Hive shows effects of El Nino

Maples           Blackberries
Data courtesy
M. Burgett



A.V. Mitchener’s Manitoba Scale Hive Network 1925 - 1954
J. Econ. Entom. 1955 48 Comparable HBN Metric  
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Why did the Africanized Bee go West from Texas, 
and not into Louisiana?

Not Climate, per se

Starvation!

Nectar Flows from 
the tree sources do 
not support its 
swarm survival!

AHB+

AHB+

AHB+
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No

No

No
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