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Slide 5

A riparian (or streamside) buffer is an area of vegetation maintained along the shore of a water body. Forest buffers more than any other vegetative buffer provide a full complement of water quality and ecological benefits.

Slide 6

A streamside buffer of trees can protect water quality, benefit wildlife, limit bank erosion, and mitigate the destructive force of flooding. A forested riparian buffer can protect streams by trapping or filtering sediments, excess nutrients and other chemicals in runoff from surrounding land. In the best-case scenario, buffers can remove 97% of the sediment, 80% of the excess nitrogen and 77% of the excess phosphorus in runoff before it enters the stream.
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Forest buffers provide several benefits for terrestrial wildlife as well as fish. These benefits include food, cover and movement corridors. Half of the wildlife species in this region depend on a riparian setting for at least one part of their life cycle.
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Approximately 1/3 of the lands along the 83,000 miles of streams and rivers in Pennsylvania have had their riparian forests converted or degraded.
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In most of Pennsylvania’s watersheds, over 90% of the stream miles are of order 1 through 3 headwater streams. The numbering system classifies the drainage network of a watershed. Order 1 streams are the first channels in the headwaters that exhibit a defined bed and banks. When two order1’s join, they form an order 2 and so on. Everyone in Pennsylvania lives within a quarter-mile of a stream.
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Buffering these headwater streams can provide tremendous water quality benefits, preventing the entry of pollutants into the stream as well as maintaining a healthy stream ecosystem.
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Stream buffering and enhancement along mid-order streams (those of order 3-6) may provide the greatest opportunities to improve fish habitat.
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The first step to effectively designing a forested buffer is to understand how they function. In the ideal form, buffers can be viewed as a three-zone system consisting of a 15-foot undisturbed forest, an additional 20-90 foot zone of a managed forest and a bordering zone of high grass.
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It is recommended that the forest of zone 1 be completely undisturbed. This forest provides for control of stream bank erosion as the roots of the trees hold together the soil to resist the erosive force of flowing water. This keeps sediments and any nutrients or other pollutants, bound to the sediments out of the stream.
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Zone 1 forest provide not just bank stabilization but also provide large woody debris to slow stream flow and create pools that form unique microenvironments. These pools support beneficial aquatic insects not found in flowing water.
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The in-stream and stream bank roughness created by trees and woody debris slows runoff and reduces flooding.
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Large woody debris traps leaves and twigs and fruit seeds in the stream, allowing it to decay and be used as food by insects and other stream-dwelling organisms such as the three pictured. The leaf litter and other woody debris is an important part of the base of the in-stream ecosystem.
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Zone 1 further provides temperature control as the leaf canopy provides shade.  A shaded stream can be 10-20 degrees cooler than an un-shaded stream during the summer.  Brook trout provide a “crystal clear” example of the importance of shading for this type of highly temperature sensitive wildlife.
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Warmer stream temperatures may mean lower dissolved oxygen levels. Higher temperatures can also accelerate the effects of non-point source pollution.
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Beginning approximately 15 feet from the stream bank, Zone 2 can be composed of a managed forest if desired. This zone typically has shallow groundwater flowing though the root zones of trees. Trees can remove large amounts of excess nitrate before water enters a stream.
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Even if the ground water flows below the tree roots in this zone, debris from trees slow and traps sediments in the runoff, giving the nutrients they carry time to infiltrate into the ground where they may be stored or removed through natural processes.
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Two processes remove excess nutrients. One is the conversion by trees of available nutrients into tree biomass, i.e. leaves, stems, trunks and roots. The second is the work of the denitrifying bacteria that thrive on forest floors. These bacteria convert harmful nitrates into inert nitrogen gas that is released into the atmosphere.
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In the ideal model, zone 2 is at least a 60’ strip. Zone 3, which is farthest from the stream bank, is composed of a 20-foot grass filter strip. Like the other two zones, it provides a control measure upslope to slow runoff, filter sediment and its associated chemicals, and slow water to allow infiltration into the ground. The grass acts to spread the flow from adjacent land uses that might otherwise cut channels into the forest buffer.
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Grass filter strips can reduce sediment runoff at rates of 50% or more. They can be effective at removing sediment-bound phosphorus, but less effective at removing dissolved nutrients.
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The three-zone model is a best-case buffer design. The actual size and make-up of a buffer is often determined by landowner needs, the existence of man-made features and the amount of land available for a buffer.
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This slide summarizes al of the benefits possible with a forested riparian buffer.
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As these benefits have come to light, programs and policies have been established in Pennsylvania to encourage conservation and re-establishment of riparian forests.
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The governors of the Bay states have pledged to restore 2,010 miles of streamside by the year 2010. Pennsylvania’s share of that is 600 miles.
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Pennsylvania has advanced this goal with statewide support for riparian forest buffers under the banner Pennsylvania Stream Releaf.

To support citizen groups and individuals in the task, Pennsylvania Dept. of Environmental Protection provides informational books, incentive and funding.
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Alliance for the Chesapeake Bay provides several programs to promote streamside forest buffers including free trees from our grow-out station for small buffer projects, and an awareness building campaign through advertisements and hands-on presentations.
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In Pennsylvania several exciting community riparian re-forestation projects were funded by the Alliance during 1999 and 2000.
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Over 100 volunteers helped the Wrightstown Township EAC in Montgomery County buffer a streamside site on township land as well as improving water quality.
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And in Lebanon County, 40 high school students participated in a buffer restoration on a dairy farm.
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In Berks County, 50 citizens reforested a streamside site on a farm foraged by horses.
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Each of these projects contained at lease some of the elements of a truly successful volunteer project. They increased local awareness of water quality and the local watershed. By providing information about the value of forest buffers to volunteers and the community, they promoted additional reforestation projects and buffer conservation. They engaged new and less involved volunteers, hopefully inspiring long term involvement in their group and finally, they produced a self-sustaining, healthy buffer.

We hope that with help from the information provided here today, you too will produce a truly successful volunteer project.
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Before beginning a buffer planting plan you should have consulted with the landowner, visited the site and determined growing conditions and consulted with the appropriate expert if needed.  Any necessary bank stabilization should also have been completed.

Slide 3

Buffer width should be determined by several factors: scientific criteria, physical restrictions, and landowner objectives.  Constraints on buffer width will impact on the long-term ecological function of the buffer however it is typically assumed that even a narrow buffer provides some water quality and wildlife benefits.

The most commonly prescribed minimum buffer widths are between 35 and 100 feet.  Below 35 feet a “critical mass” of sustainability may not be achieved and some buffer benefits will be compromised.
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However, some situations might influence the decision to design a smaller buffer.  For example, a smaller buffer may be adequate to maintain the desired level of protection in a lower order stream.
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Narrow buffers may be sufficient is a goal of the project is to develop a wildlife migration corridor. Also, if the adjacent land will not potentially yield nutrients, sediment, chemicals or runoff or if the primary goal is only to shade the stream.
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Of course many situations exist in which a wider buffer is warranted, Wider would be better in an area where steep slopes like this add a greater risk of contamination from excess runoff. Or along a stream that provides municipal water supply. A wider design could also incorporate sensitive landscape features such as flood plains and wetlands.
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This chart shows a range of buffer widths in feet for various desired functions of a streamside buffer.

Slide 8
Cost is another constraint that will influence the final buffer plan. The cost estimate on this slide will help you get some idea of the cost of establishment and maintenance. These figures were developed by the USDA Forest Service and describe a basic cost structure using hardwood seedlings at $1.15 per seedling. This estimate included the cost of labor, which would of course decrease with volunteer labor. Naturally, plant price will vary depending on plant size.
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Designing the planting plan should start with plant selection. Soil testing, the soil survey and other reference material and a stream walk, discussed in section II of this presentation, should enable you to understand growing conditions at your site and focus your plant selection to those species most appropriate to the site. Landowner desires such as attracting wildlife or income generation will also plat a role in plant selection.
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If species are native to your area, they are more likely to establish and grow with less need for maintenance and watering. A list of plant species commonly found in Pennsylvania’s riparian areas, appears in the Forest Buffer Toolkit. Keep in mind that some of those species cannot survive frequent or prolonged flooding. Those plants planted closest to the waterway are more likely to be flooded and should be bale to withstand a high water table.
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After determining appropriate plant communities for your soil, climate, physiographic province. Also observe plant communities in similar, less disturbed riparian areas; select those plants, which match project objectives.
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Available plant size ranges from seeds to large caliber nursery stock. Price will increase with size but larger size stock will enable the faster achievement of the buffer goals and will also be hardier.
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Seeds are the least expensive option for planting. Acorns or walnuts can be collected or purchased at prices between $3/lb. and $6/lb. Direct seeding is done with large seeded species such as walnut and oak. Survival rates are most often acceptable when tree shelters are used.
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Live stakes are another inexpensive alternative particularly for willows and some dogwood. Stakes can be harvested during dormancy (between December through March) or purchased from a nursery at under $1 each. Using live stakes requires an early spring planting date, before bud break.

To obtain your own stakes use 2-3 inch diameter cuttings that are between 2 to 3 feet long. The stake should be planted 2/3 of the way into the bank side. Roots will form within weeks.
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Bare root seedlings are very inexpensive, as well, and can be planted more quickly that containerized stock. Hardwood seedlings are from one or two years old. They are not recommended for fall planting. If you do plant bare root seedlings in the fall, be sure to pack the soil well and mulch heavily. Survival rates vary between 30 to 90 percent so make sure your planting density reflects a somewhat pessimistic survival rate. Bare root material can grow relatively rapidly after the root system is established and can reach canopy closure soon after similar size balled and burlapped (B&B) material.
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Tubelings are seedlings in very narrow pots. They like other containerized seedlings have the advantage of being hardier than bare root seedlings. However, they require more labor in planting and will cost more to purchase.
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Larger stock can be purchased either balled & burlapped or as containerized stock. Large material is most appropriate in riparian forests where intensive multiple uses are anticipated such as in an urban development or urban park. A larger size is needed to prevent trampling or vandalism. Larger stock can also be planted on the outside of a buffer to protect smaller stock and delineate the planted area.
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The rule of thumb for planting density is 6-10 foot spacing for seedlings. That is 700 seedlings per acre, 14-16 foot spacing or roughly 200 plants /acre for larger, bare root stock and 16-18 foot spacing or roughly 150 plants per acre for B&B or larger container stock.

As the planting matures, plant density should be approximately 10 feet between trees or shrubs. This gives each plant a 50 square foot space.
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Mix under story plants with over story in a one to four ratio. Once plant species has been chosen, plant size has been determined, planting density has been calculated, and a conceptual plant mix is understood, drawing your planting plan should be straightforward.
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As this planting plan illustrates, a simple line drawing of the site with areas denoting tree and shrub species and notes on spacing can be sufficient.
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Any area will present its own unique difficulties for site preparation. A typical site will have a mixture of undesirable plant species, grass or forbs, pioneer species and perhaps, difficult terrain.
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If invasive plants are present and you feel that chemical controls are absolutely necessary, consult a professional from cooperative extension or your conservation district office, for site-specific recommendations.  Hydrology and soil conditions will dictate what types of herbicidal applications can be done without contaminating surface or ground water.  Wetlands and streams should not be exposed to herbicides if it can be avoided.

This slide shows a list of herbicides suitable for riparian areas.  Remember to read the label and follow instructions carefully.  
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Do not use restricted use pesticides unless you are a formally trained, certified pesticide applicator.  The pesticides listed in this slide should not be used in a riparian zone period!
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To prepare a pasture for planting, there are two possible approaches to take.  One method is to simply plant young trees and seedlings at a higher density directly into the grass cover and mulch around the plant stems to control weed and grass growth.  Or a strip of sod can be mechanically cleared for a row of trees, as shown in this picture. Though sod can compete with seedlings for nutrients and moisture, it can inhibit the growth of invasive plants.
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Planting into sod requires mowing and weeding until the trees mature and provide their own natural weed control by shading.  Planting in rows will help avoid damage from mowers.  Random or cluster planting will promote lawnmower damage but is more aesthetically pleasing.
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The second approach for turf is appropriate only in pasture where concentrated runoff is less likely to occur.  The sod should be plowed and disked in early spring followed by an application of Oust, Escort or Arsenal to control turf grasses.  Immediately seed the site with an appropriate warm-season and cover crop grass mixture to stabilize the soil and plant your seedlings.

This approach is not recommended in fenced pastures where erosion is likely.

Slide 8

If precise detail is not needed, zones can be marked for a particular mix of plant species.  Volunteers can then be instructed about species choice at each zone.  Zones can be delineated with lime or spray paint, the advantage of which is color-coding of species.  Color-coding can also be done with flagged wires.

Holes can be predrilled prior to planting.  Augers can be rented or perhaps the holes can be dug as an in-kind contribution from a landscaping company.  One advantage is that volunteers can focus their energies on planting the trees and shrubs correctly.  In some situations drilling with an auger can cause the sides of the hole to be compacted and therefore more difficult for tree roots to penetrate.
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The site should be marked so that volunteers can more easily follow the planting plan.  In small buffer sites where precise placement is important, a specific marker or the plant itself will designate where each plant should go.

Slide 10 none

Part 5

Slide 1 none

Slide 2

It is important to consider long-term maintenance and monitoring needs when designing a project.  This can be key to the success of the project.  Several things can threaten the long-term establishment of your buffer including drought, deer damage, damage from vole or mice, invasion by exotic species, and competition by herbaceous forbs and grasses.
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A practical means of planning for the maintenance and monitoring of a site is to develop a schedule of maintenance tasks while you are planning the project. In this way you can identify the commitment of the parities involved in maintaining the site.  Appointing one volunteer, trained in native and invasive plant identification as the site steward to monitoring the site and manage volunteers can often be an effective means of managing long term maintenance.
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Probably the most crucial element of maintenance is to plan for the watering needs of the new plants.  As part of the planning stage consider the timing of project installation and, if possible, allow some flexibility to your planting date so that you can time planting either right before rain is predicted or soon after a soaking rain to ensure that the surface soil is moist.  This will give plants a better start particularly in locations where watering is difficult and rainfall is the only source of watering. Watering is essential for the first few months after planting unless the weather cooperates.

Assign someone to monitor rainfall and water plants as necessary. Temperatures and soil type will effect plant water requirements.
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Also ask the nursery to water the plants before delivery to ensure that plant roots are sufficiently moist. Assign volunteers to water the day of the planting and mulch if possible.

If watering is possible at the site, a regular schedule of watering through the first growing season is recommended.
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Mulching around the newly planted plants will also help retain moisture as well as keep the area around the tree base free of grass and weeds.

In general composted shredded hardwood mulch is preferable.  It has good moisture retention and weed control benefits and is relatively unaffected by wind and rain.  We recommend coarse mulch that has been properly composted before use.
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Apply the mulch in a ring measuring at least 4 feet in diameter.  The mulch should be 3-4’ deep but only 1/2 inch deep around the base of the plant; otherwise the mulch will promote stem rot. 

These mulches are biodegradable and will require replacement annually until the tree becomes better established and shades out competition from grasses and weeds.
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To provide even greater control of weed growth, you may consider the use of cardboard under the mulch to further discourage competition.

Tree mats are another approach to mulching.  They’re recommended in flood prone areas or in areas of turf grass or heavily maintained areas to prevent vines and grasses from over growing the seedlings.  The mats are made from geo-textile fabric roughly 3’ x 3’.  The fabric has a slit in the middle for the seedling and is secured by four large staples.
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The picture shows one of the four corner staples used to fix the tree mat.  Unfortunately, tree mats are labor intensive in installation and should be removed when a canopy has developed to shade out weed growth.  Tree mats range in price from about $0.47/unit to $0.72/unit depending on number ordered.  Mats have two different finishes; the shiny side should be placed against the ground. Tiny pores on the dull side enable water absorption.
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Existing grasses and forbs can be mowed once or twice a year to control height.  Unfortunately this maintains a vigorous herbaceous layer and discourages the establishment of an under story.  Mowing also requires artificial plant spacing so that mowers can fit between trees and can also result in tree damage by unavoidable mower strikes.
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In the first year, mow grass to six-inches.  Don’t let weeds grow beyond 12-14 inches.  In the second year allow the weeds to grow to 12-18 inches.  

Do not mow after April or before August, this way you will be less likely to disturb plants or nesting animals.

In rural areas, you may want to control grasses by burning or controlled grazing.  Where appropriate, livestock can be allowed to graze for brief periods to trim grasses.

Slide 12
Tree shelters are recommended in areas where deer browse is a substantial problem.  Choose shelter height to reflect the extent of the deer problem.  Shorter shelters are less costly than taller ones.  Four-foot shelters will protect the sapling until the root system is well established.  Where deer browse is very heavy, five-foot shelters may be appropriate.

Another option is to plant at a high density, expecting mortality to deer. This has been found to be less expensive than using tree shelters in some situations.
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Tree shelters can also prevent rodents from girdling the base of the tender trunks. However, voles have been known to gnaw through the bottom of shelters.  These pesky rodents can be damaging when the population levels are high. Keeping grass at the site trimmed will aid in controlling voles and mice.
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Tree shelters, if properly installed, provide additional and unintended benefits for the health and safety of the seedlings.  They improve moisture retention in the root zone, and provide protection from wind, mowers, weed whackers and herbicide applications.
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Tree shelters are available in white and brown. White tree shelters allow more light through to the plant and are recommended for use in shady sites.
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Brown shelters have the aesthetic benefit of being less obtrusive but shade the plants somewhat.
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A less expensive option is to use screening instead of plastic shelters.  They provide the benefit of protection from deer browse and rodents but none of the other benefits mentioned.
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This slide shows each component of the shelter.  Tree shelters should be driven at least an inch into the soil to prevent rodents from entering the shelter from the base and to avoid updrafts of wind.  The shelters should be staked with rot-resistant wood.  The plastic shelter is secured to the stake usually with plastic ties and a protective mesh cover is placed and secured on the top to prevent entry of birds.
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Fencing will also prevent deer damage, but it is a higher additional cost.  Electric fencing is most costly but very effective.  The pictured wire fencing is 6-foot secured to posts at 15-foot intervals - this design should be adequate for most situations.

Deer repellents such as repellex reputedly work but require reapplication at specified intervals.  Sprays should be reapplied after heavy rains.
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Signage can be used as an educational tool ...as well as define the landscape as something that is planned not a weed patch.
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Invasive weed species can quickly overrun and choke a new buffer planting.  In order to stay ahead of threats from invasive weeds, monitoring is required. During the planning phase survey the buffer and adjoining land for exotic invasive plants. Control these plants before a buffer is planted. This will reduce future maintenance and provide a good starting point for your buffer.

Note: FYI, ID- clockwise from bottom left corner: Japanese knotweed, Japanese hops, Mile-a-minute, Multi-flora rose, Canadian Thistle (center)
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Several web sites have great information for identification and control of these pests. Two are the Nature Conservancy’s, www.tncweeds.ucdavis.edu and the National Park Service, www.nps.gov/plants/alien.
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Control methods for these weeds include mowing, manual removal either by pulling or with a bulldozer or brush hog.  Herbicides may also be necessary; please use extreme caution when using herbicide near water.

After the investment made in installing a streamside buffer, it is important to ensure that the buffer is able to provide the maximum water quality and wildlife habitat improvement.  Monitoring and maintenance is critical.
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An annual inspection supplemented by inspection within a few days of a severe storm should be planned.  Inspections will detect problems that can be controlled.  We recommend the use of permanent photo stations, permanent spots designated perhaps by a post, from which you can document the progress of your project.

If possible, avoid working in the riparian forest area between April 15th and August 15th to avoid detrimental disturbance of wildlife.  A protocol for monitoring your buffer in a systematic and consistent, scientifically defensible manner is described in the Alliance’s buffer monitoring protocol.  It contains several worksheets to help with sampling and monitoring.
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