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SPRING WILDFLOWERS: ECOLOGICAL FACTORSPRIVATE 


Wildflower enthusiasts are waiting for the beauty of the burst of activity of spring wildflowers in the deciduous woods.  What are some of the ecological factors that affect the development and flowering of this special group of plants?


The deciduous forest spring wildflowers have a number of environmental challenges to cope with by the end of winter.  The temperatures of both air and bare ground are below freezing much of the time in January and February.  However, leaf litter as well as snow on the forest floor can maintain a temperature of 34 F even if the air temperature is 10 F.  There is continued underground shoot development of many of these spring species in their underground rhizomes, corms, and bulbs.  Many species such as trout lily (Erythronium americanum) and Dutchman's breeches and squirrel corn (Dicentra spp.) will not initiate growth unless exposed to a minimum period cold treatment.  This prevents their starting to grow in the fall or early winter after a warm period.  Other species such as spring beauty (Claytonia virginica) do not require such cold exposure and may begin growing in the fall.  


The role of temperature in initiating growth in the early spring is a complex interaction of soil and air temperatures [would apply to Virginia bluebells] Soil temperature is the more critical factor for starting shoot growth (by stimulating rhizome development) while air temperature is more critical in controlling vegetative growth and flowering.  Soil temperatures begin to rise quickly in the early spring as snow melts.  A temperature rise to 49-50 F can take place in only 3 days after snowmelt.  Soil warming may no be as dramatic if there is no snow cover but it also may be significant.  Air temperature in early spring may vary in one day from 32 to 77 F).  Most insect pollinators do not become active until temperature reach 55 F.  Bumblebees are an exception in becoming active at 41 F.  


The overhead tree canopy begins developing by mid-April and is completed by early May.  In the deciduous forest in March 50% of the sun light is available, by mid April it is 32%, and it drops to less than 10% by early May.  The filling in of the canopy not only affects the light intensity that reaches the forest floor but also the amount of moisture that reaches the ground by affecting the blocking of rainfall by that leaf canopy.  Moisture availability is another critical factor in considering the ecology of these herbaceous species and their seedlings.  



In addition to the role of average soil and air temperatures for an area of deciduous forest, microclimate factors such as precipitation. Soil moisture, relative humidity, evaporation, wind, orientation of slopes, altitude, soil temperature at various depths, nutrient variation, etc, are all important factors in controlling shoot development as well as flowering.  For example, the threshold temperature of summation of air temperatures is 40 F for spring beauty and wild bleeding heart but 50 F for Dutchman's breeches and is slightly higher for squirrel corn.  In the same general area for the same species there can be a two to three day delay of development on north-facing slopes compared to south-facing slopes.  Also by the end of March less than 50% of days reach freezing temperatures and by early April less than 10%. It is during this narrow time window from March or early April until early May that a balance must be accomplished by these species--enough warmth to begin and continue aboveground development, enough light and moisture to sustain photosynthetic activity so that energy may to locked in underground storage structures, yet still enough warmth that insect pollinators may be active.  Anderson contends that differences in moisture availability because of the relative presence or absence of canopy cover is as or more critical to spring wildflower as light intensity.
POLLINATIONPRIVATE 


      Pollination among most deciduous forest spring wildflowers species is primarily accomplished insects groups such as members of Hymenoptera (e.g. native bees including bumblebees and non-native honey bees) {Virginia bluebells], Diptera (e.g. syrphid flies, carrion flies, and ground walking flies), and Thysanoptera (such as thrips), and mushroom gnats.  Most of the spring-blooming species considered in this book, share or compete for the same pool of pollinators (primarily bee, bumblebee, and syrphid flies species).  The plants compete for these pollinators by offering nectar and/or pollen rewards, using various shapes and colors, different smells, and/or staggered blooming times.  


       Neither bloodroot nor hepatica produce nectar but that are capable of self-pollination cross-pollination does not occur.  Mayapple flowers compensate for a lack of nectar by offering a very generous pollen reward.  The staggering of blooming dates is also important especially in the same genera such as Dicentra where D. cucullaria (Dutchman's breeches) begins blooming two weeks or so before D. canadensis (squirrel corn).  


      A common shape of many spring flowers is that of a disk which attracts a range of pollinators.  Other species have flower shapes specialized for only a single pollinator species:  Dutchman's breeches are accessible to only queen bumblebees and wild columbine are specialized for hummingbirds.


         Often color is an important factor in attracting pollinators:  yellow and violet often reflect ultraviolet (UV) radiation while white and green do not.  Pollination lines on petals are generally nonreflective so that they stand out between light-reflecting areas.  In some species only parts of the flower structure are UV reflective such the filaments of spring beauty, the petal tips of Dutchman's breeches and squirrel corn, and the outer side of the tepals (sepals and petals that are the same color) in white trout lily.  Also, what we see is not always what a bee sees.  "Bee colors" are based on different combination of yellow, blue-green, blue and UV.  "Bee violet" is 50% UV and 50% blue light.  In yellow flowers with UV reflection, the UV often dominates so that bees see pure UV.  Colors of flower parts are determined by the presence of chlorophylls, carotenoids, xanthophylls, flavonoids, and anthocyanins in flower tissue.  Bright UV patterns may be due to presence of one or more of these pigments.  


      In most white-flowered spring-blooming species, the petals contain flavonoids that absorb UV which may play a role in altering the flowers' appearance to attract pollinators.  Different distribution of flavonoids may serve as nectar lines as well as protecting the flowers against UV radiation and herbivory.  These factors are especially important in attracting bee and fly pollinators, since many of these plant species have generalized shapes and share pollinators.  The flavonoids of bloodroot, Mayapple, spring beauty, Dutchman's breeches, squirrel corn spp, hepatica, (as well as dogwood spp, chickweed species, Canada violet, and blue cohosh) are all similar.  The flavinoids of large-flowered trillium and apple species are different.  The white color may also result in the flowers standing out against a neutral or reflective background.  


       One point that should be made emphasized regarding the sharing of pollinators by so many species is that most insect pollinators is that most individual insects are constant foragers.  One researcher followed 109 foraging trips by bee species and found that with each insect 81% of its trips was to a single flower species.  Smell may also play a role in attracting pollinators.  Many of the species that are pollinated by bees have a sweet odor such as hepatica, twinleaf, toothwort, and squirrel corn.  Other species have a musty or even carrion smell such as skunk cabbage, Jack-in-the-pulpit, wild ginger, and sessile trillium that attracts a different group of pollinators.

         Temperature is another important factor in spring pollination.  Only bumblebees can fly at 42 F while most other hymenopterans require a temperature well above 51 F.  Fly species often become active at 56 F.   This creates a delicate balance that must be struck by the earliest spring bloomers.

PHOTOSYNTHESIS AND ASSIMILATION
PRIVATE 


Early spring woodland wildflowers must take full advantage of available sunlight and soil moisture and nutrients during early spring before the tree leaf canopy comes out.  Spring ephemerals (such as Virginia bluebells, Dutchman's breeches, squirrel corn, harbinger of spring, troutlily, trillium, toothwort, and spring beauty) have only this period in which to photosynthesize and replenish the energy supplies and to store sufficient nourishment in underground structures (such as bulbs, rhizomes, corms, and tubers) for the next year's development.  Much of the energy involved in spring ephemerals burst of vegetative and reproductive activity is based on the utilization of reserves of energy produced in the previous spring. These plants have higher photosynthesis and respiration rates and behave as so-called "sun plants." (Plants respire using oxygen to break down their sugars just as we break down our food.)  These species are shade intolerant and go dormant, i.e. their aboveground structures die back, after the leaf canopy comes out.  



Spring-blooming species that are summer-green (i.e. retain their foliage until well into the summer or even into the fall) include twinleaf, Jack-in-the-pulpit, Mayapple, trillium, wild ginger, bloodroot, and rarely toothwort.  To survive the summer as the tree leaf canopy closes in and available light drops to only 15% of spring levels, they often compensate by decreasing their respiration rates, increasing the ratio of chlorophyll to leaf weight, or increasing leaf area as well as thickness.  Underground storage structures (corms, rhizomes, etc.) prime the perennial woodland spring wildflowers with the energy and nutrients that were developed in the previous spring.  Initial development of vegetative structures aboveground and spring flowering both require rapid uptake of nutrients such as nitrogen, phosphorus, and potassium which are locked up in biomass of underground structures.  Development of vegetative shoots and even flower buds has already taken place during the previous summer or even winter.  Net uptake of nitrogen, phosphorus, and potassium by spring ephemerals can be as high as 6.3, 8.4, and 15.1 kg/hectare in upland species.  These underground storage structures serve as important nutrient sinks for nutrients during a time of year when there is a high rate of precipitation that might cause serious leaching of nutrients out of the soil.  In floodplain situations these underground structures tie up nutrients during times of serious flooding.  The foliage of these plants also locks up these nutrients and then recycles them back into the ecosystem following senescence (dying back) of vegetative structures by late spring.   The term "vernal dam" has been used to describe this important role of recycling by spring ephemerals.  


The importance of productivity and nutrient recycling by spring herbaceous species has often been underestimated.  The net production of spring beauty and Dutchman's breeches or squirrel corn may be four times higher than that of a summer annual species such as jewelweed.  The productivity of floodplain spring herbaceous species may even be higher.

SEED AND FRUIT DISPERSALPRIVATE 



Seed and fruit dispersal is another problem faced by spring wildflowers of the deciduous woods.  Many of these spring-blooming species have their fruits and/or seeds dispersed by animals as well as by wind or mechanical means.  Many of the species that retain their leaves through the summer and have fleshy fruits that mature over the summer have those fruits eaten by animals and the seeds dispersed in the scats of these animals.  Solomon's seal, false Solomon's seal, Jack-in-the-pulpit, and Mayapple are examples of “summer-green" species whose fruits are eaten and seed dispersed in the scats of various mammals, birds, and even box turtles in the case of Mayapple.  The seeds of species dispersed by these animals may be dispersed away from parent plant populations and also receive nutrients from the scats in which they are deposited.   



However, up to 30% of the spring-blooming wildflowers in the deciduous forest have their seeds dispersed by ants, a phenomenon known as myrmecochory.  Of the spring blooming species included in this book, the majority (including [possibly Virginia bluebells] hepatica, bloodroot, twinleaf, Dutchman's breeches, squirrel corn, wild ginger, trilliums, troutlilies, the violets, spring beauty) are ant-dispersed.  This phenomenon of myrmecochory was first recognized in the literature in 1897 by Charles Robertson.  In scientific literature searches this author has done as well as from her personal observations reveal that there are more than 90 species in 25 families in the Northern Virginia area that employ this method of seed dispersal.



The seeds of ant-dispersed species have an elaiosome, a fleshy fat-filled body or structure on the seed surface.  The seed coat is usually very hard in these species.  The ants are thought to be attracted to the volatile diglycerides and triglycerides (forms of lipids or fats) given off by the elaiosomes.   Ants then carry the seeds back towards their nest where they either chew off the elaiosome themselves or they may take it inside the nest to provide food for the emerging larvae.  



Many seeds do not make it back to the nest, but may be taken far enough away from the parent plant to avoid competition for limited resources (the "parents" sending the "kids" away from home), and/or to minimize the chances of the whole seed being eaten and destroyed by rodents or other seed eaters.  (When animals eat fleshy fruits, the seeds usually pass whole through the animals digestive tract that than individual seeds being chewed up.)             Seeds taken to ant nests perhaps also benefit from the higher levels of nitrogen, phosphorus, and other nutrients that may have accumulated there.  Some researchers have hypothesized that the removal of the elaiosome may stimulate germination and limited research done by this author and Dr. Larry Rockwood at George Mason University support this idea for at least one species (bloodroot) that was tested.    



In our area, most of the ant-dispersed species are spring-blooming deciduous forest species but cultivated species such as daffodils, snowdrops, grape hyacinths, pansies, and even some rushes, sedges, and grasses have ant-dispersed seeds.    

Fruit and Seed Dispersal
Myrmecochory-seed dispersal by ants

· 30% spring wild-flowers in deciduous forest have seeds dispersed by ant 

· Many weedy species in your yard and garden are ant-dispersed

· Ants are attracted to seeds by volatile lipids that are released from fleshy, fat-filled appendages known as elaisomes.
Species That Are Ant-Dispersed: 90+ spp in 25+ Families in N. VA 

· Bloodroot

· Hepatica

· Trilliums

· Wild Ginger

· Dutchman’s Breeches

· Squirrel Corn

· Bleeding Hearts

· Spring Beauty

· Toothwort

· Troutlilies

· Virginia Bluebells

· Twinleaf

· Violets 

· Grape Hyacinth

· Star-of-Bethlehem

· Spurge Species

· Troutlilies

· Pansies

· Ground ivy, Henbit, Purple deadnettle

· Speedwells

· Daffodils

Advantages of Myrmecochory

· move seeds to a site away from parent plant

· remove seeds from being eaten by seed eater

· added N & P around ant hill

· removal of elaisome may stimulate germination

· Lobstein & Rockwood research showed true in bloodroot

· “cheap” way for spring wildflowers to quickly form dry fruits (capsules, etc.) but have seeds secondarily dispersed

· may protect from fungal damage

Number & Distances Seeds May Be Transported

· Numbers: up to 210 seeds over 3 hours period moved by one ant colony
(would be 36,000+ per season)

· Distances: unto 45-210 ft. (typically 3-6 ft.)

· Fates of seeds: 

· left in nest, fed to larvae   

· discarded from nest   or dropped along  the way to nest


