
Melilotus Outplanting Experiment
• Seventeen sites were established in interior Alaska. Blueberry and cranberry plants in 25 

plots in 5 orbits of increasing distance from the transplant location  (Fig. 4) were marked 
and measured.

• In June 2011 we outplanted 40 flowering sweetclover plants grown in the greenhouse to 
each of 11 sites. (To prevent establishment, immature seeds were continuously collected 
and plants were removed before mature seeds could be produced).

• Stigmas were collected from blueberry, cranberry, and Ledum groenlandicum (Labrador 
tea, an abundant native plant that attracts a wide range of pollinators)  at each plot to 
evaluate pollen transfer with increasing distance from sweetclover.

• Fruit set and seed production will be assessed on marked individuals 

Predicting Risks to Subsistence Resources in Rural 
Alaska: combining historical records, traditional 

knowledge, and citizen science data
• We will use herbarium specimens from museums in Alaska, Canada, and the lower 48 to 

develop relationships between climatic variables and phenology for Vacciniums and 
Melilotus, and to evaluate whether there have been changes over the past century. 

• Summer 2012: Nature centers, scout groups, K-12 classes, and interested citizens will 
record phenology of  Melilotus and Vaccinium species throughout Alaska. A video has 
been posted on YouTube.com to help recruit citizen scientists; search for “Pollinator 
Attraction” 

• Historical and contemporary data will be combined with our experimental results (are 
impacts positive, negative, or neutral, and does it depend on overlap in flowering times?) 
and input from residents of rural villages regarding locations of berry picking areas  to 
predict the potential for Melilotus to affect berry production as it spreads across the state.

Background
• In Alaska, invasive plants have only recently moved off the human footprint into natural habitat. Warmer 

winters, longer growing seasons, and greater human activity may contribute to current rapid expansion 
across the state. 

• Recently burned forest forms a major component of the vegetation of Interior Alaska, and this habitat is 
particularly vulnerable to invasion by early-successional non-native species. Fires are increasing in frequency 
and extent in Alaska.

• Melilotus officinalis (Fabaceae, sweetclover) was introduced to Alaska in 1913 as potential forage and has 
expanded rapidly along roadsides and more recently along floodplains and into burns. 

• Two Vaccinium species (Ericaceae), Vaccinium uliginosum (bog blueberry) and Vaccinium vitis-idaea (bog 
cranberry or lingonberry) form a major component of the subsistence lifestyle practiced across Alaska, both 
directly and by providing forage for other subsistence species  such as moose, caribou, snowshoe hare, 
ptarmigan, and grouse.

• Blueberries and cranberries overlap in habitat preferences with Melilotus. These species also share 
pollinators, including bumblebees (Bombus spp.), native solitary bees (Adrenidae, Halictidae, Megachilidae) 
and syrphid flies (Syrphidae)

Figure 1
A) Katie Spellman and Melilotus in recently burned habitat
B) Blueberry  (V. uliginosum) in bud
C) A particularly prolific cranberry  (V. vitis-idaea) plant
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Research Hypotheses
1. Melilotus presence alters the pollinator visitation rates and the composition of pollinator visitors to Vaccinium
flowers.
2. Melilotus presence alters the quantity and quality (conspecific: heterospecific ratios) of pollen deposited on the 
stigmas of Vaccinium flowers.
3. Melilotus presence alters seed and / or fruit production of Vaccinium species.
4. Interactions between Melilotus and Vaccinium species vary across the state of Alaska in intensity and / or 
direction: they will be negative in areas where flowering phenology overlaps, and neutral or positive in areas where 
they do not. 

Surveys and Pollinator Exclusion Experiments
Summer 2010: we surveyed sites along four roads in Alaska (Parks, Elliot, Dalton and Richardson). We evaluated pollinator visitation rates (using observations and video cameras), pollen loads on stigmas, and 
seed and fruit production under control and pollinator exclusion for blueberries, cranberries, and Melilotus. Some early results: 
• Fruit set in the absence of pollinators is low for all three species (Fig. 2A). Seed production  for Vacciniums is likely pollen-limited: blueberries received an average of 27 pollen grains for 48 ovules (56%), 

cranberries received an average of 14 pollen grains for 27 ovules (52%).
• Pollinator visitation rates on native flowers are higher at Melilotus sites than where Melilotus is absent 
• Cranberry fruit production is higher in the presence of Melilotus. However, results are confounded with 1) date (because it was an early year for Vacciniums, only plants at late-flowering sites overlapped with 

Melilotus flowering) and 2) total native flower production (Melilotus likely establishes where microsites are favourable).
• Experiments are needed to disentangle Melilotus direct effects from other confounded variables. 
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Figure 3. 
A) Matt Carlson planting Melilotus.
B) Schematic of the experimental design for Melilotus additions.  Red dot indicates Melilotus transplants. Each 
green dot represents a plot with 3 focal flowering blueberry plants  (in a 3 m2 area) or 5 flowering cranberry 
plants (in a 1 m2 area). Plots are located in 5 orbits at different distances (from 1 to 40 m) from an experimental 
sweetclover patch. This design was replicated 17 times (11 plots with sweetclover, 6 controls with no 
sweetclover added). C) Vaccinium pollen grains on cranberry by orbit. Error bars are SE for individual flowers 
(not sites).
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Science Education and Public Outreach
1. July 2011: Seventeen educators from 7 towns and villages in Alaska will be  trained in 

invasive plant and pollinator biology, and citizen science protocols.
2. We will be developing curriculum for use in secondary classrooms aimed at teaching 

students about invasive plants and basic pollination biology 

Using Our Research to test Education Theory
Rationale: Building human communities that are resilient and adaptive to ecological change 
requires education strategies that train students to rapidly assimilate and apply advances in 
ecological knowledge. Metacognitive teaching has been theorized to enhance adaptive 
thinking capacity.

Approach: 
• Using changes in knowledge generated from our Melilotus-Pollinator project, we will test 

the effect of adding metacognitive learning to guided inquiry teaching strategies.
• We will partner with 7th grade biology teachers at North Pole Middle School, and teach a 

science module based on our research. Half the students will be taught with standard 
guided inquiry, and half will be taught with metacognitive strategies added to this approach.

• Student ability to incorporate shifts in ecological knowledge will be assessed for both 
groups . 

Figure 5. Residents of the Bristol 
Bay Area learn about invasive 
plants and discuss concerns 
regarding the threats of invasive 
plants to berry harvests at a 
workshop in Dillingham.

Figure 4. A) Teachers and students at the Eagle River Nature 
Center learn about invasive plants. B) A young Alaskan gets a 
close-up look at knotweed. C) Sometimes teaching identification 
of  invasives in winter requires some creativity (plastic plants in 
the snow!). 
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Figure 2: A) Melilotus patch along cranberry / blueberry habitat . B) Comparison of fruit production for open and bagged flowers. C) Pollinator visitation rates to native flowers based on video 
recordings. D). Mean number of fruits produced at road side plots and “forest” (>10 m from road) plots.

Some very early results:
1. Melilotus pollen is transferred to both 

cranberry and Ledum stigmas for a small  
percent of plants (6-21% per site for 
cranberry, 0-9% of plants for Ledum) and in 
low numbers (<5 grains) with no pattern 
with respect to distance from center of plot. 

2. Conspecific pollen loads are highest within 5 
m of the plot center, lower at intermediate 
distances, and highest far away from the 
center for Melilotus addition and control plots.
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