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Introduction

In 1999, Redwood National and State Parks (RNSP) began a two-year project to implement a Development Concept Plan for the Davison Ranch (USDI 1996). The project includes a new trail system, trailhead, and parking areas for the visiting public. Construction is being funded by an Intermodal Surface Transportation Efficiency Act (ISTEA) grant. In addition, a portion of the grant, augmented by park-base, has been earmarked to fund mitigation for the construction by restoring a lost stream channel, buried wetlands, and associated vegetation.

This report describes the revegetation portion of the restoration for the first project year. It includes a description of prior conditions, the purpose and nature of the revegetation treatments, an evaluation of vegetation development the first year, and recommendations for next year. Youngblood (2000) describes the physical restoration work.

Background

The project site is the former Mill B deck, southeast of the Davison Road on the west side of Prairie Creek. Figure 1 shows that, by 1941, the floodplain of lower Prairie Creek had been cleared of much of its natural riparian vegetation. The floodplain was being used for dairy ranching and as a highway corridor. Pastures appear in uniform light shades. Remnants of the riparian hardwood canopy appear in varied soft gray. Old-growth redwood forest dominated the hillslopes around the Davison Ranch. Shadows of the huge, individual redwoods stand out.
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Figure 1.  Lower Prairie Creek basin, July 11, 1941 (Aerial photo CVL-6-33).

By 1948, the redwoods were being harvested on the slopes around the Davison Ranch (figure 2). Later, Mill B and its associated log storage deck would be constructed to store and process the harvested timber.
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Figure 2. Davison Ranch area, June 23, 1948  (Aerial photo CDF2-16-154).

Youngblood (2000) describes Mill B’s history and the conditions that led up to the restoration:

“Mill B was an old growth redwood salvage mill constructed prior to 1954. The mill site was cut into a ridge located approximately 25 feet in elevation above the wetland / floodplain of Prairie Creek. Prior to 1962, a upper log deck was constructed adjacent to the south side of the mill site in the alluvial flats of Davison Creek. In 1967 a lower log deck was constructed on the wetland / floodplain of Prairie Creek, and extending to the south east of the earlier deck.

“The lower deck was approximately three acres in area and consisted of 6 to 14 vertical feet of fill. The fill was quarried from a ridge immediately to the west of the deck. This deck extended from the base of the quarried ridge to Prairie Creek. During the construction of the lower deck, Davison Creek was diverted to the north, under the deck, and drained by a ditch dug through the wetland.

“As part of a trailhead development project, the wetland of Prairie Creek and Davison Creek stream channel, that were buried by the lower deck were to be restored to their original morphology. The confined portion of Davison Creek along the upper deck was to be widened. Three humboldt stream crossings located upstream of the upper deck were identified as significant resource threats and scheduled for removal.”

As the Elk Meadow project was being planned, a riparian mitigation was underway at the south end of the Davison Ranch near Prairie Creek (USDI 1992, 1993, 1994), and wetlands at the Davison Ranch were being delineated (Popenoe 1997). Field data from these reports provided an overview of both agriculturally altered sites and native reference sites in the local area to help guide the vegetation restoration. Sample plots were situated within an upland riparian reference site covering the lower Little Lost Man Creek and Lost Man Creek watersheds. Two more upland riparian reference sites were added later - one near Highway 101 along the road to the Skunk Cabbage trailhead and the other adjacent to the southeast edge of the project site. At present, there are two wetland reference sites, one in lower Johnson Creek, situated near the Skunk Cabbage trailhead, and one near Highway 101 between Davison Ranch and the road to the Skunk Cabbage trailhead.  The reference sites are described in Appendix A.

Concerns and Strategies

In most watershed restoration projects in RNSP, the dispersal of seed from native trees initiates a trajectory of succession generally toward native forest with little or no active intervention needed.  However, I suspected that succession might proceed differently on a floodplain with pastures and with a large herd of elk.

My first concern was that succession might proceed from bare ground to pasture, rather than to a riparian forest:

1. Flooding would disperse propagules of aggressive non-natives from nearby pastures onto the site.

2. Aggressive pasture plants might inhibit establishment of native trees and slow their growth.  In past field trials on watershed restoration sites, seeding with grass decreased survival and growth of planted tree seedlings, and decreased volunteer tree seedling recruitment relative to controls (Popenoe 1981).  Bottomland grass can produce similar results (Haard 2000).  Trees on the Davison Ranch mitigation site are growing slowly in competion with the existing pasture grass even with intensive management.

3. Once established, open pastures can remain open for a long time after abandonment.

I focused much attention the first year on establishing trees and shrubs and on removing aggressive pasture plants. Since pasture plants are shade intolerant, I am hopeful that the effort needed to remove these exotics will decrease as the tree and shrub canopy closes.  Given an uncertain outcome, I have established a monitoring protocol to measure results and refine efforts accordingly.

My second concern was excessively high nitrogen availability over a wide expanse of bare, newly exposed, freshly disturbed soil (Havlin, et al., 1999).  Abundant nitrogen would strongly favor prolific pioneer species, such as Australian fireweed (Erectites minima), bull thistle (Cirsium vulgare), and foxglove (Digitalis purpurea); abundant nitrogen would also disproportionately favor the growth of pasture grasses over pioneering native red alder (Alnus rubra) and other woody plants; and abundant nitrogen might lead to an algal bloom in the pond.  A mulch of hog fuel was spread both to control surface erosion and to help tie up the available nitrogen.  As the hog fuel decomposes over several years, the nitrogen will be released gradually and taken up by green plants.

My third concern was the large elk herd at the Davison Ranch.  I expected browsing pressure to be high.  I directed woody debris to be spread on the highest ground next to Prairie Creek. The amount and distribution was modeled after what I had observed at reference sites.  The objectives of this treatment were both to provide the multiple habitat benefits of woody debris and to help discourage elk from browsing the planted and volunteering woody plants.  The hog fuel and woody debris were applied as new ground was exposed as the excavation progressed.  I directed application of these surface materials to the expected riparian zone only, not to the expected wetland. 

My fourth concern was that the newly exposed soil might be biologically sterile.  Litter, duff and topsoil were collected from reference sites and applied by hand over the newly exposed ground to re-inoculate the soil.

Revegetation Plan and Sketch
Keller and Popenoe (1997) developed a revegetation plan as part of a North American Wetlands Conservation Act grant request.  The plan was included in a Biological Assessment prepared for the National Marine Fisheries Service (Wallen, et al., 1999).  Following excavation and surveying, the plan was updated to reflect the as-built conditions on the site.  An updated revegetation sketch is pictured in Figure 3.  The revegetation plan is attached as Appendix B.  New riparian zones along Davison Creek (1) and Prairie Creek (2) were to be vegetated with red alder (Alnus rubra), big-leaf maple (Acer macrophyllum) and willow (Salix spp.), with an understory of native deciduous shrubs.  Swordfern (Polystichum munitum) was to be planted in the understory along Davison Creek (1).  Inlet and outlet gaps next to Prairie Creek where high flows entered and left the excavation were to be planted with closely spaced willows.  A vista section within the riparian zone was to be maintained free of trees, and planted only with shrubs, in order to allow viewing from a vista point within the developed zone. A new palustrine emergent and scrub-shrub persistent seasonally flooded wetland (3) was to be created using native emergents, salmonberry (Rubus spectabilis), and willow.  Margins of the pond were to be seeded with cattails (Typha latifolia) and planted with tules (Scirpus acutus).  By summer, when cattails volunteered on their own, I decided not to seed in any more of them.
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Figure 3.  Restoration / revegetation sketch finalized January 2000.

Implementation
The implementation of the revegetation plan can be broadly subdivided in terms of four kinds of activities: 1) plant propagation, 2) site preparation, 3) plant installation, and 4) weeding.

A contract was let during FY1999 with the Simpson Forest Nursery at Korbel to propagate red alder, big-leaf maple, and salmonberry for this project.  Contracts were let during FY1999 and FY2000 with Waller Wetland Systems to multiply slough sedges (Carex obnupta) and tules for this project.  Appendix C includes contract specifications.

Site preparation included manual ground shaping and removal of surface rock, mulching, distribution of woody debris, and spreading of litter, duff, and topsoil.  All of this work took place during September and October, 1999.  The effort was 520 person-hours.

Plant installations included preparation and installation of willow cuttings, installation of bare-root nursery stock, and field transplantation.  This work took place in October and November, 1999, and in March, April, and August 2000.  Planting was by far the most enjoyable of the implementation activities for the participants.  The effort was 490 person-hours.

The restoration site was first weeded in November 1999 (40 person-hours).   The next weeding was in early March 2000 (40 person-hours).  The weeding effort increased dramatically in spring and early summer.  From April 18 to July 6, 2000, 504 person-hours were expended weeding on the floodplain, then 40 person-hours in September, 2000.   Weeding was by far the least popular of the implementation activities.  The total effort for weeding the first year was 624 person-hours.

In addition to the principal activities, about 4 hours was spent applying Ropel®, a non-toxic animal aversion agent, to the willow cuttings to discourage browsing deer and elk.

Appendix C provides a detailed daily breakdown of implementation activities, as well as the planting instructions to the planting crews.

Neither contractor delivered all the plants that the park had ordered, so fewer plants were installed during FY2000 than had been planned.  If they are ready, the remainder of the contractor-grown plants will be installed in FY2001.  Table 1 lists the plants installed so far.

Table 1.  Plants installed between October 1, 1999 and September 30, 2000.

Species
Number
Where
Method
Completed

red alder (Alnus rubra)
1,000
riparian uplands 
container
03/2000

willow (Salix spp.)
1,400
riparian uplands
cuttings
03/2000

red elderberry (Sambucus racemosa)
   100
riparian uplands
direct transplant     
03/2000

thimbleberry (Rubus parviflorus)
   100
riparian uplands
direct transplant
03/2000

blackberry (Rubus ursinus)
   100
riparian uplands
direct transplant
03/2000

swordfern (Polystichum munitum)
1,000
riparian uplands
direct transplant
04/2000







slough sedge (Carex obnupta)
3,500
wetland
bare root
03/2000

bullrush (Scirpus microcarpus)
   100
wetland
direct transplant
11/1999

soft rush (Juncus effusus)
   100
wetland
direct transplant
11/1999

salmonberry (Rubus spectabilis)
   287
wetland
container
03/2000

willow (Salix spp.)
   600
wetland
cuttings
03/2000







water parsley (Oenanthe sarmentosa)
not counted
pond margin
direct transplant
04/2000

water starwort (Callitriche marginata)
not counted
pond margin
direct transplant
04/2000

pennywort (Hydrocotyle ranunculoides)
not counted
pond margin
direct transplant
04/2000

tule (Scirpus acutus)
  780
pond margin
bare root
08/2000

Vegetation Development

I took regular photographs to track the development of vegetation on the restoration site.  The excavated floodplain remained mostly unvegetated through March 2000.  In April, the plantings began growing more rapidly, and more seedlings began to appear. New seedlings appeared, and plants remained green and grew actively all summer.  Figures 4 to 6 illustrate the growth that took place.

I noted species as soon as I was able to identify them.  The first seedlings on the floodplain germinated in October, 1999 and turned out to be white clover (Trifolium repens).  The white clover probably originated from seeds long buried and dormant under the deck that were deposited while the site was a pasture.  A succession of plants appeared through the spring and summer.  Early in the spring, the most abundant species was a native pioneer, toad rush (Juncus bufonius) but, by summer, it was giving way to other, more robust species.  Soft rush (Juncus effusus) was the most common rush in the pastures, and some of these were transplanted into the new wetland from the margins of the existing wetland.  Bolander’s rush (Juncus bolanderi) became the most common rush by mid-summer.  All individuals of this native were seedling volunteers.  Table 2 lists the species that I have recognized so far.
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Figure 4.  Pond margin, April 6, 2000, with planted slough sedge and soft rush.
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Figure 5.  Pond margin, June 10, 2000, with larger plantings and many new seedlings.
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Figure 6.  Pond margin, August 28, 2000, with many seedlings in flower.

Table 2.  Plant species recognized on exhumed floodplain at restoration site, summer 2000.
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Pioneer Group

Aira caryophyllea

Anagalis arvensis

Anaphalis margaritacea

Baccharis pilularis

Cerastium arvense

Collomia heterophylla

Deschampsia elongata

Erechtites glomerata

Erechtites minima

Gnaphalium purpureum

Hypochaeris radicata

Juncus bufonius

Lotus micranthus

Lupinus rivularis

Lythrum hyssopifolium

Navarettia squarrosa

Poa annua

Polygonum arenastrum

Polygonum persicaria

Sonchus asper

Spergula arvensis

Taraxicum officianale

Pasture Group

Agrostis stolonifera

Alopecuris geniculatus

Anthoxanthum odoratum

Brassica nigra

Cirsium vulgare

Dactylis glomerata

Holcus lanatus

Lolium multiflorum

Lolium perenne

Mentha pulegium

Phalaris arundinacea

Plantago lanceolata

Plantago major

Ranunculus repens

Raphanus sativus

Rumex acetosella

Rumex crispus

Rumex obtusifolius

Trifolium repens
Wetland and Riparian Group

Acer macrophyllum

Alnus rubra

Athyrium filix-femina

Callitriche marginata

Carex leptopoda

Carex obnupta

Clintonia sibirica

Cyperus eragrostis

Dicentra formosa

Digitalis purpurea

Equisetum arvense

Glyceria occidentalis

Hydrocotyle ranunculoides

Juncus bolanderi

Juncus effusus

Lonicera involucrata

Lysichiton americanum

Mimulus guttatus

Oenanthe sarmentosa

 Polygonum punctatum

Polysticum munitum

Rhamnus purshiana

Rorippa nasturtium-aquaticum

Rubus discolor

Rubus parviflorus

Rubus spectabilis

Rubus ursinus

Salix spp.
Sambucus racemosa

Scirpus acutus

Scirpus microcarpus

Tolmeia menziesii

Typha latifolia

Urtica dioica

Veronica americanum
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Some plant species were not known, since not all of the plants had matured sufficiently to be flowering.
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In June, I established five transects to quantify the development of cover and species composition on the floodplain.  I monitored the transects again in August.  Figure 7 summarized the results of this monitoring.

     June 17, 2000




         August 22, 2000

Figure 7.  Vegetation cover on the floodplain based upon 460 sample points along five transects.

Pasture, wetland and riparian species increased in cover between June and August, but the initial pioneer species decreased.  Appendix D provides the transect monitoring results by sample location and species, and describes the transect locations for future monitoring.

The willow stakes began to sprout in April.  By June, nearly all of them had sprouted, but were browsed.   I found some unbrowsed willows with sprouts up to 30 cm long on the steep bank next to the pond below the service road.  Browsing may be less prevalent here because the access is relatively difficult.  The willow cuttings on the floodplain were either heavily browsed or had short unbrowsed sprouts.  I found no sprouts longer than about 7 cm.

On June 15, 2000, I counted a subset of willow cuttings in various places on the floodplain to determine their fate.  Table 3 summarizes the results of this survey.

Table 3.  Survey of condition of planted willow cuttings on the floodplain, June 15, 2000.

Sample

location
Count

pulled out
Count

no-sprouts
Count

browsed
Count

un-browsed
Count Total

Outlet gap
  9
  9
387
38
443

Pond margin
  2
16
139
0
157

Inlet gap
11
18
451
1
481








Total
22
43
977
39
1,081

To deter further browsing, I sprayed the willow shoots with Ropel® animal repellant on June 16th and again on July 16th.  Initially, the spray appeared to deter browsing, but after about three weeks the browsing resumed.  By September, all willow stakes on the floodplain appeared to have been browsed.  The maximum length of sprouts at that time was about 7 cm.  Planted alders were browsed also, but not as heavily as the willows.

On September 13, 2000, in a cursory sample of 200 willows on the floodplain, I found only 121 with live sprouts.  This suggests about 40 percent mortality after June 15. Although some installed trees were browsed on the steep bank between the pond and service road, these fared better than trees on the floodplain.  I measured willow shoots up to 110 cm long and planted alders up to 130 cm tall in that location.  Along Davison Creek just above the culvert inlet, there were willow shoots up to 150 cm long and red alder seedling volunteers up to 90 cm tall.

On August 22, Natalie Reed and I counted volunteer tree seedlings within belt transects along the five transects used to sample cover (table 4).  The density of willow seedlings ranged from 1/m2 in an unweeded (control) area to 8/m2 in the inlet gap. The density of alder seedlings ranged from zero by the pond to 0.6/m2 in the inlet gap.  To put these densities into perspective, willow stakes were installed at a density of 0.1/m2 by the pond and 1.5/m2 in the inlet gap.  The density of planted alders was 0.1/m2.  Thus, the density of volunteer willow seedlings was five-to-ten times greater than the density of manually installed willow cuttings, and the density of volunteer alder seedlings was up to six times greater than the density of manually installed alders.

    Table 4.  Survey of volunteer tree seedlings on the floodplain, August 22, 2000.

Belt transect

location
Sample area

(m2)
Count of

willow seedlings
Count of

alder seedlings

1. Outlet gap
40
271
19

2. Riparian zone
50
142
18

3. Inlet gap
50
417
32

4. By pond
50
102
  0

5. Unweeded area
40
  37
  8






All transects
230
969
77

Discussion

While it is still too early to judge the overall revegetation a success or failure as measured against the reference sites, I will describe progress and the apparent trajectory in vegetation development to date.  In addition, I will evaluate some of the things that we did in terms of their effectiveness, and I will make suggestions for what do in FY2001.

The survey completed after excavation revealed that the restored floodplain area was about two feet lower than surroundings.  This, coupled with aggradation immediately downstream from the confluence with the south fork, caused a pond to form.  The pond changed the planting needs.  We adapted by moving planting locations and adjusting the species mix.  However, with the floodplain lowered two feet, the susceptibility to flooding increased.  Prairie Creek crested at about 40 feet on January 11, 2000.  Most of its surrounding banks remained slightly above this crest, but the right bank within the excavation was totally inundated.  The event carried off most of the woody debris that had been placed on the right bank, and it buried the hog fuel mulch under about an inch of fresh sediment.  I conclude that the woody debris treatment mostly failed, and the hog fuel mulch and litter/ duff/soil treatments were reduced in effectiveness.  I attribute the failure to a rush to finish and a lack of survey data.

By the end of FY2000, vegetation covered much of the restoration site.  In most places (but not all), the species balance was dominated by natives, and the vegetation and species associations that were developing seemed more-or-less on-track toward reference conditions.  On a more site-specific basis, my assessment of those conditions and my recommendations are as follows:

1. Along the left bank of Davison Creek next to the parking lot, most of the installed native riparian trees survived and grew, and most of the transplanted swordferns survived and produced new fronds.  As a bonus, many more native tree seedlings volunteered than were planted.  Except to install contract-grown salmonberry and big-leaf maple, no further planting may be needed along the banks of Davison Creek.  Invasive plant species targeted in the Exotic Plant Management Plan should be controlled.

2. On the steep slope between the service road and the pond, the installed native riparian trees were doing well, and some native tree seedlings volunteered.  More native tree seedlings are likely to volunteer the second year.  Other than to install some contract-grown salmonberry and big-leaf maple, no further planting may be needed below the service road.  Invasive plant species targeted in the Exotic Plant Management Plan should be controlled.

3. Native emergent plant species dominated the new wetlands around the edge of the pond.  The herbaceous cover was already greater than 80 percent, and many of the installed and volunteer native plants were in flower by September 2000.  One problem is that reed canarygrass seedlings are colonizing this new wetland.  The reed canarygrass is highly aggressive, and it should be weeded out until the native plants are mature.  A second problem is that the newly excavated part of the floodplain is out of hydrologic and geomorphic balance with its surroundings.  Until it is in balance, more new bare ground than usual will appear following flood events.  Each time there is new bare ground, it presents an opportunity for colonizing plants; a contest ensues, and the first and biggest tend to win.  To be ready for this, I recommend having a contract to keep a supply of about 500 slough sedge on hand for when the new bare ground appears.  Slough sedge is a big, slow-to-colonize, slow-growing, clump-forming native; it is the dominant herbaceous species in the native reference wetlands.  If we do not install slough sedge when new bare ground appears, the new bare ground may be colonized by highly aggressive reed canarygrass, which now dominates some parts of the lower Prairie Creek floodplain.  Reed canarygrass eventually forms a dense, continuous cover that can lead to stranding and pre-spawn mortality of coho salmon during high flows (Carrasco 2000).  Reed canarygrass and other invasive plant species targeted in the Exotic Plant Management Plan should be controlled.

4. As of September 2000, the portion of the restoration site on the floodplain next to Prairie Creek is still mostly bare ground, and it is not clearly heading toward reference conditions.  The key to achieving reference conditions within this part of the restoration site is to begin re-establishing native deciduous riparian trees.  The deciduous trees will play multiple roles.  They will provide roosting and nesting habitat for the songbirds linked to dispersal of the native deciduous fruiting shrubs and vines; they will reduce flood energy; they will provide food for the aquatic life in Prairie Creek; and they will provide shade.  Shade, in turn, serves multiple functions.  Shade provides hiding places for fish and lowers stream temperatures; shade is necessary for dominance by later successional riparian plants; and shade may be necessary to prevent exotic pasture plants, including reed canarygrass, from becoming dominant and excluding native plants.

Here are some of the problems that presently affect the riparian zone and remedies planned for FY2001:

a) Too few tree seedlings.  Approximately 1000 additional nursery-grown alders will be planted near Prairie Creek in late February or early March, 2001 unless the area is heavily covered by new volunteer seedlings.

b) Lack of protection from browsing.  The January 11, 2000 flood washed away the tangle of woody debris that might have deterred browsing deer and elk.  All willow stakes have been browsed.  Many planted alders and shrubs have been browsed, too.  Some planted trees and shrubs have been pulled out.  In June, I asked about electric fencing to protect the trees.  This option was discussed and rejected.  As an alternative, I applied Ropel®, a non-toxic animal aversion agent in June and July, but the two applications did not provide a sufficient deterrent.  When the next group of nursery-grown plants arrives, the tops should be dipped in Ropel® before they are planted.  An aversion agent should be applied again when the buds break, and applications continued at two-week intervals thereafter.  NPS IPM Coordinator, Terry Cacek, told me that rotating the type of agent may increase effectiveness.  Three kinds of repellent are available locally.

c) Lack of deciduous tree canopy.  It may be possible to begin establishing a canopy more quickly by getting above the browse line.  Stephen Underwood recommended deep planting of clumps of long willow cuttings to escape browsing, girdling, and being pushed over.  In February or early March before the willows leaf out, robust, straight cuttings about twelve feet long will be collected, and a soil auger will be used to make planting holes about four feet deep.  Clumps of poles will be jammed tightly into the holes and tamped in from the sides.  Antieau (2000) details a methodology for installation of pole cuttings.

5. Prior to the restoration, much of the wetland between Davison Road and the lower deck contained shallow water all year. However, in July 2000, with the lower deck removed, the marsh dried up.  The pond was no longer in hydrologic equilibrium with Davison Creek.  Excavation changed a permanently flooded wetland to a seasonally flooded wetland.  The native mannagrass (Glyceria occidentalis) in the wetland responded by flowering profusely and producing a large stress crop of seed.  This wetland is adjusting and it should be watched to ensure that it is not encroached by opportunists, such as reed canarygrass.  Invasive plants may need to be controlled.  There is a remnant of abandoned pasture next to the wetland.  I suggest that we test willow poles in this area.  According to Antieau (2000), long willow poles can survive competition with pasture grasses.  A successful planting would make the little pasture blend better with the restoration site, and the planting trial would test a promising methodology that might be used to restore the riparian corridor elsewhere on the Davison Ranch.
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Appendix A.

Reference Sites

  

Directive NPS-77-1 calls for parks to restore pre-disturbance conditions (hydrology, soils, and native vegetation) to the extent appropriate and practicable when restoring wetlands.  Natural vegetation develops gradually through time.  Therefore, in practice, normally what is restored is a trajectory toward developed vegetation, rather than a specific end state.  The trajectory can be managed and directed, but natural processes normally accomplish most of the work.

In revegetation, reference sites are chosen to define the target conditions. When restoring native vegetation, relatively pristine sites are selected, although sites containing invasive non-natives within dispersal range need to be taken into account.  Native vegetation varies in species composition, age, and physiognomy, as influenced by site-specific differences in water regime, soil, relief, the history of natural disturbance (floods, fire, disease, animals, etc.), chance dispersal, ecological relationships among species, and other factors.  The natural range of variability of the vegetation, soils, and hydrology at reference sites defines what is called the reference domain.  Flood disturbance accounts for a good share of the natural variability in native riparian upland and wetland vegetation. Trajectories of succession following floods often can be deduced, given sufficient knowledge of species distributions, modes of dispersal, life histories, and interspecific relationships within the reference domain.

When the goal is to restore native ecosystems, one must not confuse natural local variation either with the effects of land use or with the variation at larger spatial scales.  Most of the Davison Ranch was converted historically from native riparian forest to exotic pasture for dairy cattle, and it was altered physically by berms, ditches, levelling, and livestock compaction (Popenoe 1997).  Much of the Davison Ranch now has entrenched, exotic vegetation with both its species composition and physiognomy outside of the natural range.

Sites supporting native vegetation too far from the Davison Ranch might be unrepresentative, because the vegetation might have a different genetic makeup or have been influenced by a different environmental regime.  Thus, the basic strategy to discover suitable reference conditions for the restoration project was to seek sites in pristine vegetation in settings physically resembling lower Davison Creek outside of the Davison Ranch but in the immediate area.  Conceptually, the reference domain was the population of sites meeting all of the above criteria, including the range of natural physical disturbances and successional responses, and geographically limited to the lower Prairie Creek watershed.  The reference domain for this project would be too narrow for mitigations in many non-park situations.

A reference domain is useful to the degree it is understood.  Patterns of native vegetation are shaped by the physical environment and disturbance history.  The native vegetation functions as habitat by providing food and structure, and it functions also as a physical component of the watershed.  Individual plant species serve particular functional roles.  The significance and use of reference sites to assess wetland functions is discussed in depth by Smith, et al. (1995).
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Figure A1.  Reference sites for Elk Meadow restoration.

The reference domain is made up of sites typifying natural wetland and upland riparian vegetation on valley bottoms in the lower Prairie Creek watershed.  Reference sites are numbered black on yellow on this USGS topographic map. The restoration site is colored pink. 

1. Lower Johnson Creek wetland site 

2. Lower Skunk Cabbage Creek upland riparian site 

3. Highway 101 wetland site 

4. Little Lost Man Creek upland riparian site 

5. Lost Man Creek upland riparian site 

6. Lower Davison Creek upland riparian site

Figure A2.  Little Lost Man Creek riparian upland reference site.

This riparian upland reference site is on the floodplain of Little Lost Man Creek.  The trees are in cohorts of varying age. The large maple in the foreground may be over 100 years old.  The alders in the background are about 40 to 50 years old and may have established following a flood in October 1950. The soils are moderately well drained. A water table rises to within 12 inches of the ground surface only briefly during storms in most years. The frequency of flooding is about once every two to five years on the average. Common plant species include red alder (Alnus rubra), big-leaf maple (Acer macrophyllum), red elderberry (Sambucus racemosa), salmonberry (Rubus spectabilis), thimbleberry (Rubus parviflorus), blackberry (Rubus ursinus), and sword fern (Polystichum munitum).

Figure A3.  Highway 101 wetland reference site.

This reference wetland is on the floodplain east of Prairie Creek. Most of the trees are about 40 to 50 years old and may have established following a flood in October 1950. During the rainy season, the ground is almost continuously saturated and is inundated briefly during storms. Trees are confined to slightly higher ground. Common plant species include red alder (Alnus rubra), big-leaf maple (Acer macrophyllum, salmonberry (Rubus spectabilis), slough sedge (Carex obnupta), skunk cabbage (Lysichiton americanum), and lady fern (Athyrium filix-femina).

Appendix B.

Revegetation Plan

Objectives and Approach 
· Revegetate areas disturbed by excavation. 

· Begin to re-establish wildlife habitat. 

· Minimize future need to remove invasive exotic plant species. 

· Minimize revegetation cost. 

· Allow natural processes to re-establish and determine final outcome.

 


Figure B1. Restoration / revegetation plan map.

Prescription
1)  Davison Creek. An area of 1 acre is to be restored along the lower portion of this small stream. The physical restoration will increase the channel width, depth, structure and meandering. The revegetation will begin to re-establish riparian habitat, including 0.2 acres of Riverine Upper Perennial wetland and 0.8 acres of adjacent riparian upland. Native deciduous riparian trees to be planted are 75% red alder, 25% big-leaf maple with 7.5-foot average tree spacing. Transplant swordfern with 6-foot average spacing. Vary spacings to include some clumps and gaps. Natural processes will determine ultimate composition. The deciduous riparian forest will provide avian habitat. Trees will be omitted within a vista section to ensure future visibility of the Ladybird Johnson Grove and new wetland from a viewing platform at the Elk Meadows trailhead.

2)  Prairie Creek Natural Levee. An area of 1 acre of riparian zone will be restored along Prairie Creek. Prairie Creek is an important fish stream in the region, especially for certain sensitive species, such as coho and chinook salmon, and steelhead and coastal cutthroat trout. Riparian vegetation will be reestablished. Native deciduous trees to planted are 50% red alder, 25% big-leaf maple, 25% willow with 7.5-foot average tree spacing. Salmonberry will be planted in the understory at 10-foot average spacing. Willows will be planted at 3-foot spacing in inlet and outlet gaps. Vary spacings to include some clumps and gaps. Natural processes will determine ultimate composition. 

The deciduous riparian forest will provide avian habitat. This type of habitat is not available in the conifer forest on surrounding slopes. There is limited riparian habitat because much of the vegetation in the valley bottom was converted to open pasture. Salmonberry will be an important food plant for native songbirds and mammals. The additional deciduous canopy will provide shade and an organic input along the stream, improving habitat for fish and aquatic invertebrates.

3)  Wetland. An area of 2 acres of Palustrine Emergent and Palustrine Scrub wetland will be restored and added to an existing wetland remnant. Colonization from the existing wetland remnant will supply many plant species, but the remnant lacks other species observed to be common and ecologically important in several reference sites. Based upon the composition of reference sites, the prescription calls for slough sedge (an emergent) and salmonberry (a deciduous shrub) to supplement the composition. Natural processes will determine the ultimate composition and balance. The site will be innoculated with soil from reference sites. Natural processes will disperse native species from the existing, contiguous wetland. Native emergent and shrub species will be planted as determined by presence in reference sites and absence from existing contiguous wetland: slough sedge at 4-foot average spacing, salmonberry at 10-foot average spacing. Vary spacings to include some clumps and gaps. Seed margins of the pond with cattails and plant tules to help capture sediment. The restored wetland will increase habitat for water birds and screening by the surrounding riparian communities will increase the quality of this new habitat. The restored wetland will be used also by native frogs and salamanders. This type of habitat is not available in the conifer forest on surrounding slopes. There is limited wetland habitat because much of the valley bottom has been ditched and drained or converted to wet pasture. Although salmonberry is common in reference wetlands, it is absent from the wetland remnant and wet pastures in the valley. The addition of salmonberry will add structure and will increase food for songbirds within the expanded wetland.

 

Scheduling
Nursery-grown alders and slough sedge will be delivered for planting during the winter of 1999-2000. Nursery-grown maples and salmonberry may be delivered during the winter of 1999-2000 or 2000-1, depending upon size achieved. Plants will be installed by a California Conservation Corps crew during the winter of 1999-2000 and, if necessary, during the following winter. Weeding and maintenance will be performed by summer Youth Conservation Corps crews. Contract preparation, in-the-field project direction, monitoring and reporting are the responsibility of park staff. Park staff will monitor the vegetation to ensure success, schedule and supervise re-planting if there is failure, identify harmful weeds and schedule their removal. A record of monitoring will be retained in park files.

Addendum in the Biological Assessment  (submitted by Jim Popenoe)

The objective of revegetation is to reestablish appropriate native vegetation on a bare, but physically restored site. The plan is to reintroduce upland riparian species on the restored natural levee of Prairie Creek, wetland species on the low-gradient, floodplain portion of Davison Creek, and again, upland riparian species along the steeper reach where Davison Creek emerges from the hills.

I have identified and used the lower reaches of Johnson Creek, located along the Skunk Cabbage Road as a reference site for plant species composition. The plants to be introduced are foundation species, trees and large shrubs, and slough sedge in the wetland. I expect natural processes eventually to fill missing gaps in the species mix, even if we do not get funding to do so ourselves.

Plants are being grown under contract to revegetate the natural levee, the wetland, and stream corridor of Davison Creek. No plants currently are being grown to revegetate upland hillslopes around the site.

I have a crude sketch but do not now know precisely where the actual boundaries of the three physical units I described will be. The physical restoration will provide the ultimate hydrologic setting. Details on what kinds of plants go where will be decided after the restoration is completed, the rainy season starts, and the hydrologic regimes are clear. Planting is to be accomplished during the first winter.

I envision the physical restoration of the floodplain (natural levee and wetland) consisting simply of the removal of overburden and elimination of the artificial exit channel. I expect the details of the product to emerge as the overburden is removed.

I wish to see coarse woody debris re-introduced onto the restored natural levee of Prairie Creek. The amount and distribution should be modeled after one or more reference sites along the creek. Trees cut for physical restoration could be used for this purpose.

As a part of the revegetation strategy, I wish to utilize a mulch of chipped wood, except in the wetland. The mulch would minimize colonization by grass and other exotic species. Grass would be a problem in two ways: First, it would compete strongly and slow the recovery of native vegetation. Second, it would be an artificial attractant to elk, which could completely thwart the effort to achieve the defined reference conditions.

I recommend that we take care not to commit ourselves to results that may require extraordinary effort. Although the vegetation in Johnson Creek provided my best estimate of appropriate reference conditions, it may be that with the large elk herd at Davison Ranch, this condition cannot be easily achieved. If not, and we have taken reasonable precautions not to attract elk onto the project site, then so be it. The elk are part of nature and will certainly play a part in shaping whatever kind of vegetation develops on the restored site. Similarly, we can expect that when flooding by Davison Creek and Prairie Creek alters the physiography of the floodplain, the vegetation will adjust and may be destroyed and have to rebound. As I see it, these eventualities are perfectly okay, agreed to up front.

Appendix C.

Specifications and Implementation

Contract specifications for slough sedge 

Propagate and deliver 7000 slough sedge (Carex obnupta) with the following specifications:

General: Plants may be propagated from seed or cuttings.

Collection locations: All material for propagation will be collected within Redwood National Park along the road from Highway 101 to the Skunk Cabbage Creek trailhead and/or between Highway 101 and Prairie Creek. Collection will be done out of sight of the road and dispersed within and among sites. All collection sites are subject to approval by a park Vegetation Management representative. A Vegetation Management representative will accompany the Contractor during selection of the collection sites. The goals of this specification are to minimize ecological and visual impacts and to capture a good portion of the genetic variability within the local population.

Collection times: All collecting will be performed between 7:00 am and 5:30 pm, Monday through Thursday. Contractor will notify a park Vegetation representative in advance of the day or days when collecting is to take place.

Progress: Contractor will report to a Vegetation Management representative at Redwood National Park at least once every six (6) months on the progress of propagation. Plants will be ready for delivery by November 30, 1998, and will be accepted by the park by February 28, 1999.

Quality and Quantity: Upon delivery, plants will be separate, healthy in appearance and have at least five (5) inches of shoot growth and five (5) inches of root growth, not counting rhizomes. They may be delivered bare root, or rooted in a planting medium, peat pots or containers. If containers are used, the containers will be returned to the Contractor after planting. If available and meeting specifications, the park will purchase 7,000 plants. The Contractor is responsible for propagation and assumes any risk of failure. If the Contractor can deliver at least 3,500 plants meeting specifications, Redwood National Park will pay in proportion to the number of plants delivered. If the Contractor cannot deliver at least 3,500 plants, the park will pay nothing, and this contract is cancelled.

Delivery: Redwood National Park will notify the Contractor at least seven (7) days prior to when plants are to be delivered. The Contractor will deliver plants in boxes on a schedule specified by the park. Plants will be ready to unpack and to plant. Delivery will be made to the South Operations Center, 219 Hilton Road, Orick, California, Monday to Thursday, between 7:00 am and 4:00 pm. The Contractor shall furnish documentation of the number of plants delivered at the time of each delivery.

Payment: Contractor shall invoice Redwood National Park after completion of delivery.

Contacts: For the purpose of this contract, acceptable park Vegetation Management representatives are Jim Popenoe (Ext. 5284), Leonel Arguello (Ext. 5281) and Stephen Underwood (Ext. 5280). They may be reached at 822-7611 or 464-6101 at their respective extensions, Monday to Thursday, 7:00 am to 5:30 pm.

Contract specifications for tules (hard-stem bulrushes)
This contract modification adds tules [e.g., hard-stemmed bulrushes] (Scirpus acutus) to be collected, propagated and delivered as follows:

General: The tules will be propagated from cuttings collected in Redwood National Park.

Collection site: Material for propagation will be collected in the wetland on the south side of Highway 101 across from the Redwood Information Center, Orick. The Contractor will park safely so as not to obstruct traffic along Highway 101. While collecting, the Contractor will post a sign 9 inches high and 12 inches wide in bold letters, "AUTHORIZED COLLECTION FOR PARK WETLAND RESTORATION". The sign will posted near the wetland but away from Highway 101 facing the highway, preferably behind the Contractor's vehicle so as not to attract attention unless someone stops. Contractor will keep a copy of the contract in vehicle to present if challenged by an authority. Contractor will take care to minimize visual, physical, and ecological impacts to the harvest area and plant population. Contractor will remove footpaths and other obvious signs of physical disturbance. A Vegetation Management representative will inspect the site from time to time during the collection period. The goals of this specification are to protect the Contractor and to prevent potential ecological and visual damage to the site.

Collection times: Collecting will take place between February and June, 2000. Collecting will be performed between 7:00 am and 5:30 pm, Monday through Thursday. Contractor will notify a park Vegetation representative in advance of the day or days when collecting is to take place.

Progress: Contractor will report to a Vegetation Management representative at Redwood National Park at least once each month on the progress of propagation. Tules will be ready for delivery by September 18, 2000. Deliveries can be accepted by the park when the plants are ready.

Quality and Quantity: Upon delivery, tules will be separate, healthy in appearance and have at least six (6) inches of shoot growth and six (6) inches of root growth, not counting rhizomes. They will be delivered bare root. Containers will be returned to the Contractor after planting. If available and meeting specifications, the park will purchase 1,000 plants.

Delivery: Redwood National Park can begin accepting plants when ready. The Contractor will deliver plants on a schedule specified by the park. Plants will be ready to install. Delivery will be made to the South Operations Center, 219 Hilton Road, Orick, California, Monday to Thursday, between 7:00 am and 4:00 pm. The Contractor shall furnish documentation of the number of plants delivered at the time of each delivery.

Payment: Contractor shall invoice Redwood National Park after completion of delivery. If the Contractor cannot deliver 1,000 plants meeting specifications, Redwood National Park will pay for the plants delivered as a fraction of the total price. If the Contractor does not deliver any more plants by September 15, 2000, the park will pay nothing further, and the remainder of this contract is cancelled.

Contacts: For the purpose of this contract, acceptable park Vegetation Management representatives are Jim Popenoe (Ext. 5284), Leonel Arguello (Ext. 5281) and Stephen Underwood (Ext. 5280). They may be reached at 822-7611 or 464-6101 at their respective extensions, Monday to Thursday, 7:00 am to 5:30 pm.

Directions on how to collect willow cuttings
PROCEDURE:

· Collect in winter when leaves are off the trees.
Bring pruners and buckets. 

· Prune limber branches at point where 1 inch around.
Cut base of cut at 45o angle.
Cut pieces (stakes) 12 inches to 18 inches long with flat cuts, each time adding a 45o cut at base.
Continue cutting into stakes until stems are less than 1/2 inch around. 

· Stakes may be stored in buckets containing 3 to 6 inches of water in a cool place for several days.
The base end (sharp) must go down into the water during storage.

IMPORTANT:

Take special care to ensure that willow cuttings are correctly prepared in advance. Why? First, good preparation prevents errors. Cuttings must be planted with the base end driven into the ground. Cuttings driven in upside down will fail. Second, good preparation makes the work more efficient. If the base ends are sharpened and facing down into the bucket or planting vest, the planter will not have to waste time in the field examining to see when end is up. Every cutting will be facing correctly and ready to be driven into the ground.

TIP:

Keep the bucket handle straight up when filling buckets, put the stakes in all around it. If the handle is off to one side, it will be awkward to lift the bucket and the stakes may fall out.

Directions on how to plant willow cuttings
· Schedule planting within five days of when cuttings are collected.
Transport cuttings in buckets.
(Cuttings may be out of water on planting day but no longer.
Return any unplanted cuttings to buckets.)
Bring hammer or mallet to drive in the stakes. 

· Seek and plant in soft mineral soil free of rocks that would break the cuttings.
Drive or push stakes about 2/3 way into the ground.

 

Spring 2000 keeping, weeding, and transplanting lists
Native wetland and riparian plant species to keep
Please watch for these native plants and be careful not to damage them:

PRIVATE
Alnus rubra
Red alder

Carex obnupta
Slough sedge

Glyceria occidentalis
Manna grass

Juncus bufonius
Toad rush

Juncus effusus
Soft rush

Lonicera involucrata
Twinberry

Rhamnus purshiana
Cascara sagrada

Rubus parviflorus
Thimbleberry

Rubus spectabilis
Salmonberry

Rubus ursinus
Native blackberry

Salix spp.
Willow species

Sambucus racemosa
Red elderberry

Scirpus microcarpus
Small-fruited bullrush

Invasive non-native plant species to remove (weeds)

PRIVATE
Agrostis stolonifera
Creeping bentgrass

Alopecurus geniculatus
Water foxtail

Cirsium vulgare
Bull thistle

Digitalis purpurea
Foxglove

Holcus lanatus
Velvet grass

Lolium perenne
Perennial ryegrass

Phalaris arundinacea
Reed canary grass

Ranunculus repens
Creeping buttercup

Rumex crispus
Curly dock

Rumex obtusifolius
Bitter dock

Trifolium repens
White clover

Wetland and aquatic species to collect and introduce
PRIVATE
Callitriche marginata
Water starwort

Hydrocotyle ranunculoides
Floating pennywort

Lemna minor
Duck weed

Oenanthe sarmentosa
Water parsley

Breakdown of on-site implementation activities
(Person-hours by date and type of work, September 1999 to September 2000)

Manual Site Preparation, September - October 1999
Park staff, CCC, and volunteers
   Shaping and removing surface rock - 60 person hrs
   Spreading hog fuel mulch - 300 person hrs
   Spreading woody debris - 100 person hrs
   Spreading natural litter and duff - 60 person hrs

Total time: 520 person hrs

Tools and equipment: Rain gear, hard hats, work gloves, pitch forks, shovels, mccleods,

pulaskis, buckets, wheel barrows, chainsaw, lunches, and ample drinking water

Planting and Transplanting, October - November 1999
Early October - 10 CCC for 3 hrs
   Planted 1500 bare-root slough sedge - 3 hrs

Friday, October 15 - 3 CCC for 2 hrs
   Transplanted 30 bullrushes - 2 hrs

Tuesday, November 30 - 15 CCC for 6 hrs
   Planted 1000 bare-root slough sedge - 1.5 hrs
   Weeded site - 2.5 hrs
   Transplanted 100 soft rushes - 1 hr, transplanted 70 bullrushes - 1 hr

Total time: 126 person hrs

Tools and equipment: Rain gear, work gloves, shovels, buckets, lunches,
    and ample drinking water

Planting and Transplanting, March 2000
Monday, March 13 - 10 CCC for 6 hrs
   Planted 1000 bare-root slough sedge - 2 hrs
   Weeded site - 4 hrs
   Planted 287 containerized salmonberry - 1 hr

Tuesday, March 14 - 10 CCC for 6 hrs
   Collected 600 willow cuttings - 2 hrs
   Planted 600 willow cuttings - 1.5 hrs
   Planted 500 containerized alders - 1.5 hrs
   Collected 300 willow cuttings - 1 hr

Wednesday, March 15 - 10 CCC for 6 hrs
   Collected 300 willow cuttings - 1 hr
   Planted 500 containerized alders - 1.5 hrs
   Planted 600 will cuttings - 1.5 hrs
   Transplanted 100 red elderberry - 2 hrs

Thursday, March 16 - 10 CCC for 6.5 hrs
   Collected 400 willow cuttings - 1.5 hrs
   Planted 400 willow cuttings - 1 hr
   Transplanted 100 native blackberry - 2 hrs
   Transplanted 100 thimbleberry - 2 hrs

Total time: 245 person hrs

Tools and equipment: Rain gear, work gloves, rubber boots, shovels, loppers, pruning
    saw, mallets, buckets, climbing rope, lunches, and ample drinking water.

Spring Weeding and Transplanting, April-June 2000
Tuesday, April 18 - 9 volunteers for 7 hrs
   Weeded site - 7 hrs

Wednesday, April 19 - 9 volunteers for 7 hrs
   Collected 450 sword fern, 2 deer fern, 1 chain fern and 67 huckleberry.
   Transported ferns and planted all but 50 along Davison Creek.

Thursday, April 20 - 9 volunteers for 7 hrs
   Transplanted aquatic plants from existing wetland to new pond - 4 hrs
   Weeded site - 3 hrs

Saturday, April 22 - 13 volunteers for 1 hr
   Weeded - 30 min
   Installed 50 sword fern along Davison Creek - 30 min

Monday, April 24 - 5 volunteers for 7 hrs
   Collected 550 sword fern
   Transported ferns and planted them along Davison Creek.

Tuesday, May 18 - 11 volunteers for 8 hrs
   Weeded - 8 hrs

Monday, June 5 - 10 volunteers for 7 hrs
   Weeded - 7 hrs

Total time: 395 person hrs

Tools and equipment: Rain gear, work gloves, rubber boots, waders, shovels,
    hand pruners, buckets, lunches, and ample drinking water

Summer Weeding, June-July 2000
Tuesday, June 13 - 7 NPS employees for 8.5 hrs, 1 employee for 7 hrs
   Weeded - 8.5 hrs

Friday, June 16 - 1 NPS employee for 2 hrs; applied "Ropel" aversion agent to willows

Tuesday, June 27 - 14 YCC & 1 NPS employee for 3.5 hrs; weeded - 3.5 hrs

Wednesday, June 28 - 14 YCC & 1 NPS employee for 3.5 hrs; weeded - 3.5 hrs

Wednesday, July 5 - 13 YCC & 1 NPS employee for 3 hrs; weeded - 3 hrs

Thursday, July 6 - 13 YCC & 1 NPS employee for 2.5 hrs; weeded - 2.5 hrs

Monday, July 16 - 1 NPS employee for 2 hrs; applied "Ropel" aversion agent to willows

Total time: 252.5 person hrs

Tools and equipment: Work gloves, shovels, buckets, lunches, drinking water
2-gal. hand-held sprayer and latex gloves to apply "Ropel"

Tule planting, August 2000
Wednesday, August 16 - 4 NPS employees for 0.5 hrs
   Trial planting of 50 tules - 0.5 hrs

Thursday, August 17 - 1 NPS employee for 2 hrs
   Weeded adjacent to pond - 2hrs

Tuesday, August 22 - 4 NPS employees for 9 hrs
   Planted remaining 730 tules in pond margins - 9 hrs

Total time: 40 person hrs

Tools and equipment: Work gloves, shovels, buckets, lunches, drinking water

Weeding, September 2000
Tuesday, September 12 - 5 NPS employees for 8 hrs
   Weeded adjacent to pond - 8 hrs

Total time: 40 person hrs

Tools and equipment: Work gloves, shovels, buckets, lunches, drinking water

Grand total first-year revegetation effort:  1,622.5 person hours
Appendix D.

(Revised August 10, 2001)

Vegetation Transects on Exhumed Floodplain
at Restoration Site

Transect Locations and Sampling Method
I tied a tape taught between the start and end rebars and took point samples every 0.5m along the tape.

PRIVATE
Transect 
Bearing from Fencepost 27A1 to Start Rebar (degrees) 
Distance from Fencepost 27A1 to Start Rebar (meters) 
Start Rebar Tag Number 
Bearing from Start Rebar to End Rebar (degrees) 
Transect Length, Start Rebar to End Rebar (meters) 
End Rebar Tag Number 

1. Outlet Gap
200
 42.5
411
190
40.0
412

2. Riparian Zone
140
  6.5
409
180
50.0
410

3. Inlet Gap
320
  8.1
406
010
50.0
405

4. Near Pond
270
30.9
408
015
50.0
407

5. Unweeded
350
61.1
404
340
40.0
403

 
Transect Data, June 17, 2000

PRIVATE
 
 
Transect Number

Pioneer Group 

Erechtites minima
Juncus bufonius
Poa annua
Polygonum arenastrum

Pasture Group 

Agrostis stolonifera
Alopecuris geniculatus
Anthoxanthum odoratum
Holcus lanatus
Plantago major
Ranunculus repens
Trifolium repens
Wetland and Riparian Group 

Alnus rubra
Callitriche marginata
Carex leptopoda
Carex obnupta
Equisetum arvense
Glyceria occidentalis
Hydrocotyle ranunculoides
Juncus bolanderi, J. effusus
Polygonum punctatum
Rorippa nasturtium-aquaticum
Rubus spectabilis
Salix spp.
Sambucus racemosa
Scirpus microcarpus
Veronica americanum

Bare Ground

Sample-Point Total
 
 

 

I
N
I
I

 

I
I
I
I
I
I
I

 

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

 

  
 


 

 

NL
FACW
FAC
FAC

 

FACW
OBL
FACU
FAC
FAC
FACW
FAC

 

FACW
OBL
FACW
OBL
OBL
OBL
OBL
OBL
OBL
OBL
FAC+
FACW
FACU
OBL
OBL

 

 
 

 
1

 

0
7
1
0

 

1
1
1
0
0
2
4

 

0
3
1
1
0
0
0
9
0
0
0
2
0
4
0

43

80
 
2

 

0
8
0
0

 

3
0
0
0
0
0
0

 

0
0
1
0
0
0
0
0
0
0
0
1
1
1
0

85

100
 
3

 

0
6
0
0

 

1
0
0
0
0
0
1

 

1
0
4
0
1
0
0
16
4
0
0
1
0
7
0

58

100
 
4

 

0
24
0
1

 

8
10
0
0
0
2
0

 

0
7
0
1
0
0
1
8
8
2
0
0
0
4
1

23

100
 
5

 

1
12
0
0

 

5
7
2
2
1
5
6

 

0
3
0
0
0
11
0
7
1
0
1
0
0
8
0

8

80
 

 
Transect Data, August 22, 2000

PRIVATE
 
 
Transect Number

Pioneer Group 

Deschampsia elongata
Erechtites minima
Juncus bufonius
Lotus micranthus
Polygonum arenastrum

Pasture Group 

Agrostis stolonifera
Alopecuris geniculatus
Anthoxanthum odoratum
Holcus lanatus
Phalaris arundinacea
Plantago major
Ranunculus repens
Trifolium repens

Wetland and Riparian Group 

Alnus rubra
Callitriche marginata
Carex leptopoda
Carex obnupta
Equisetum arvense
Glyceria occidentalis
Hydrocotyle ranunculoides
Juncus bolanderi, J. effusus
Mimulus gutatus
Polygonum punctatum
Salix spp.
Sambucus racemosa
Scirpus microcarpus
Veronica americanum

Bare Ground

Sample-Point Total
  

 

N
I
N
I
I

 

I
I
I
I
I
I
I
I

 

N
N
N
N
N
N
N
N
N
N
N
N
N
N

 

   

  

 

FACW
NL
FACW
NL
FAC

 

FACW
OBL
FACU
FAC
OBL
FAC
FACW
FAC

 

FACW
OBL
FACW
OBL
OBL
OBL
OBL
OBL
FACW+
OBL
FACW
FACU
OBL
OBL

 

   

 
1

 

0
1
1
2
0

 

1
0
0
0
1
0
1
16

 

1
0
2
1
0
0
0
11
0
0
1
0
15
0

25

80
 
2

 

1
0
2
0
0

 

0
0
1
0
0
2
0
0

 

0
0
0
0
1
0
0
4
0
0
2
1
9
1

76
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