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Opening Sequence:  Why is our woodland in trouble?   Natural renewal and restoration of biodiversity after catastrophic disturbance

· Glacial melting and outwash (Mt Rainier, WA)

· Recolonization by tundra species, 

· Succession, forest development

· Rich understory woodland, Vermont, degraded woodland

Degraded woodland after human disturbance

· Logging, relogging, and re-relogging, creating large areas of even-aged, second growth forests (especially northern New England) with decreased diversity of species, microhabitats, etc

· Fragmentation brought on by agriculture and development and its effect on species dispersal, system health

· Invasive species

· Elimination of natural predators – deer overpopulation and its effects

· Wild collection and harvesting – Panax quinquefolius (Ginseng) roots

Cost of forest degradation and interdependence of species

· Woodland Wildflowers:  Trillium grandiflorum  (Showy Trillium) and Tiarella cordifolia  (Running Foamflower)

· Fungi (and other soil organisms):  Clavulinopsis fusiformis (Spindle-shaped Yellow Coral Mushroom)

· Butterflies, moths, and other insects :  Hyalophora cecropia (Cecropia Moth caterpillar and adult), Cicindela sexguttata (Six-spotted Green Tiger Beetle), Magicicada sp. (17-year Cicada)

· Birds:  Bombycilla cedrorum (Cedar Waxwing) and young

· Amphibians:  Ambystoma laterale (Blue-spotted Salamander) and Hyla versicolor (Greater Gray Tree frog)

· Need to realize that while large tracts of undisturbed forest are vital to protect as core habitat, remnants and woodlots are important, too, as corridors for movement and refugia for recolonization

What can we do for degraded habitats?  What models are available?

· After we remove invasives, control deer, etc., how do we attempt restoration?

· Forest in a Can – a nice idea to be able to just sprinkle out some seeds and presto – a tapestry of color and diversity, but unfortunately this is not realistic for a number of reasons…

· Most work has been done in prairie (and to a lesser extent open wetland) ecosystems, where restoration is straightforward using agricultural practices and equipment:  burning or mowing to clear woody vegetation and weeds, replanting native grasses and forbs with harvesting and seedling equipment

· Prairies communities have the advantage of fast maturity (10-30 years), low levels of stratification (plants all roughly the same height)

When we leave the open for the woods, what changes:  upland woodland restoration is in its infancy, so there is much less information available to us.  There are several things that distinguish this type of community:

· Long time to reach maturity (100-200 years in New England)

· In mature (old growth forests) especially, there is a high degree of three dimensional stratification (layering).  Mature canopy trees, younger intermediates in the mid-canopy, understory trees and shrubs, and herbaceous forbs and ferns on the ground following gaps in the canopy.

· Though we have an increasing amount of old growth forest in New England, much of our forest is still recovering, second growth stands (10-75 years old), with a less diverse canopy composition, and in a restoration situation, these may be thinned to create light gaps for understory vegetation and areas of decreased root competition 

· Soils:  the organic layer in forest soils (A horizon) develops very slowly (estimates are roughly < 1 inch a century), and the depth of the A horizon can be correlated with the plant density and by extension biodiversity that a given soil can support.  In small, degraded areas, it is possible to speed up development through the addition of well-composted leaf humus spread 2-3 inches deep over the area in late winter-early spring.  Be careful to use only local material that is well composted to kill weeds, pathogens.  Additions of chemical fertilizers in a non-garden situation should be avoided, as this can injure soil microorganisms, affect natural pH, and throw off the balance in favor of invasives.

Be realistic:  learn to identify indicator trees and other vegetation

· You cannot expect that all plants will grow well in all situations.  Dry, upland slopes are a limiting environment, and will not support the diversity found in rich bottomland or floodplain forests.  It is fruitless (and possibly harmful) to introduce species into a habitat they are not adapted to. 

Putting plants back - sources of material

· Wild collection and rescue:  problems and considerations

· Cloning and problems with genetic diversity

· Genotype issues – outbreeding depression and failure to thrive resulting from introduction of material from other latitudes, ecotypes

Types of seed and considerations regarding establishment

Wind dispersed seeds

· Trees are mostly wind-dispersed and can travel great distances in a fragmented landscape, but what about understory vegetation?

· A few species, like Aster divaricatus (White Wood Aster) are similar to most meadow/prairie seeds, like Asclepias spp. (Milkweeds) – relatively large, easy to collect, store and sow, and travel well across gaps and reestablish in degraded habitats.

· Most wild dispersed, woodland understory species are very small seeded (or spored), however.  Ferns.  Almost microscopic spores that are lofted onto the wind in vast numbers in hopes of finding a suitable habitat.

· What is this habitat – meadow/wetland species with small seeds, like Gentiana clausa (Bottle Gentian), have seeds adapted to surface germination on damp mineral soil, bit in a woodland situation, open mineral soil is a rare occurrence, except after landslides, floods, or on wind throw mounds.  Thus woodland species have adapted moss germination, which affords a moist, open site free of competitors

Moss germination

· Many small-seeded species are moss-germinators – i.e. Rhododendrons and other Ericaceae
· Important to leave dead snags, not only for wildlife (nesting cavities), but because as these fall and decay, they provide good establishment sites for mosses and thus plants.

· All stumps (and logs) are not created equal.  Softwoods (Pines, Hemlock, Spruce/Fir) rot from the outside in, providing a stabile core for establishment.  Hardwoods (Oaks, Maples, Hickory, etc.) rot from the inside out, creating cavities that are too unstable for mosses, but provide seed beds for other species (Hydrophyllum virginianum – Waterleaf)

· Technique for germinating these species (ferns, mosses, Rhododendrons, etc) in the nursery.  Sow seed on the surface of a well-dampened mix (here 2 parts Metromix 360 + 1 part peat moss) and enclose in a self-sealing plastic bag put in a bright location.

Mycorrhizae

· Symbiotic relationship that develops between most plants and specific fungi to aid the plant’s uptake of nutrients and in return provide resources (carbohydrates) for the fungus

· Rhododendron roots without and with mycorrhizal association.  These are ectomycorrhizae (within roots) as opposed to the more common endomycorrhizae (around roots) that don’t fruit (form mushrooms), but instead form huge interconnected mats of hyphae.  Aids in nutrient (especially nitrogen) uptake, inhibits the growth of other fungi, including endomycorrhizae associated with competitors.  Mats are easily broken and disturbed

· While it is possible to inoculate soils lacking specific mycorrhizae, few are available, and the science is really in its infancy.  At this point, best to try to retain leaf layer, as this “feeds” the fungi and retains moisture.  Leave leaves as well as downed branches and logs, not only for the organic material these provide, but also because they help trap and hold leaves that might otherwise bow away

· While Rhododendrons can grow artificially without fungal symbionts, other plants are  very dependent on mycorrhizae for growth.  [Pyrolaceae, including Pyrola asarifolia (Pink Shinleaf), and Moneses uniflora (One-flowered Shinleaf)]

· Others cannot even germinate in the wild without the fungal associate – Orchids [Goodyera tesselata (Tessellated Rattlesnake Plantain), Cypripedium acaule (Pink Lady-slipper), Cypripedium pubescens (large Yellow Lady-slipper)]

· Lady-slipper hand-pollination technique

Bird and Mammal dispersed seeds with fleshy fruits/berries

· Bird dispersed fruits (Magnolia), attract through color, movement
· Ilex verticillata (Winterberry), fruiting in sun, attracting Robins, who gorge then fly to woods to digest, evacuate their bowls, seedling the shrub into the forest where conditions are too shady for effective reproduction, but OK for growth
· Birds don’t know the difference – invasives in the landscape (Berberis thunbergii – Japanese Barberry), or the alternative, natives in yards that will in turn seed the surrounding woodland (Cornus alternifolia – Alternate-leaved Dogwood, and Cornus florida – Flowering Dogwood)
· Processing fleshy-fruited seeds  - Viburnum trilobum fruits (Cranberrybush Viburnum), and Actaea pachypoda (Doll’s Eyes)
· Removal of germination inhibitors – Arisaema triphyllum (Jack-in-the-Pulpit)
· Fermentation soaking and blender treatments – Hydrastis canadensis (Goldenseal)
Species that spread vegetatively/clonally

· Maiananthemum canadense (Canada Mayflower), Cornus canadensis (Bunchberry) spread by seed or stolons

· Gaultheria procumbens (Wintergreen, Checkerberry) and Box Huckleberry (Gaylussacia brachycera) spread almost entirely by stolons (vegetatively).  These are especially vulnerable to fragmentation (roads, parking lots, lawns)

Ant-dispersed species

· Other species especially vulnerable to habitat fragmentation include many of our most cherished woodland wildflowers

· Many of these are ant-dispersed – Sanguinaria canadensis (Bloodroot) ant dispersal sequence

· Ants disperse seed to a micro-habitat kept free of tree roots, seed predators, and discard seed into a nutrient rich compost pile

· Ants cannot move well across roads, other gaps, seeds travel relatively slowly

· Other problem is that most of these seeds are hydrophyllic (Jeffersonia diphylla – Twinleaf), that is intolerant of dry storage and need to be kept moist after harvest – hard to collect and store.  Our procedure using bags of moistened vermiculite (or damp sand), and results

· Examples of ant-dispersed wildflowers:  Asarum canadense (Canada Ginger), Dicentra culcullaria (Dutchman’s Breeches), Erythronium americanum (Trout Lily), Hepatica americana (Round-lobed Hepatica), Trillium cernuum (Nodding Trillium)

· Trillium seeds and various procedures for sowing, establishing them (works for other ant-dispersed species, too)

Not all hydrophyllic species are ant dispersed

· Oak seedling

· Woodland seeds average much larger than open-site species

· Multi-stage germination – Polygonatum biflorum (Solomon’s Seal) and Uvularia grandiflora (Great Merrybells)

· Nursery procedures – slow to germinate (2-3 years)

Conclusion:  Why can’t you buy Forest in a Can?

· Issues of seed germination requirements (moss-germination), expensive to collect/clean (fleshy-fruited species), intolerance of conventional storage and long establishment times (Erythronium americanum)

· Pretending that we understand let alone can try to really restore or duplicate natural systems is pure hubris.  A functioning forest ecosystem is in the end an unknowable complex web of interrelationships, and the best way to preserve them is of course to leave large tracts alone.  However, I think there is a real opportunity for conservation-minded horticulturists to make a difference in compromised/degraded landscapes.  

· Woodland restoration nursery using local genotypes and natural community associations as a guide
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