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Introduction

This report follows up on the first-year (FY2000) Elk Meadow wetland and riparian revegetation project annual report.  It documents the second-year planting and weeding, describes vegetation development the second year (of a two-year project), and it updates the list of vascular plant species found on the Elk Meadow restoration site.

Initial Status and Plan of Action

At the end of FY2000, the conditions and FY2001 plans for the Elk Meadow restoration site were as follows:

1. Along the left bank of Davison Creek next to the parking lot, and on the steep slope between the utility road and the pond, most of the native riparian trees planted in FY2000 had survived and grown.  In addition, many more native tree seedlings had volunteered.  In FY2001, the plan was to plant contract-grown salmonberry (Rubus spectabilis) and big-leaf maple (Acer macrophyllum) that had been unavailable in FY2000.  No replacement of tree species planted in FY2000 appeared necessary.

2. In the wetlands around the edge of the pond, herbaceous cover was already greater than 80 percent, and native emergent plant species dominated.  One problem was that seedlings of an aggressive exotic, reed canarygrass (Phalaris arundinacea), had colonized the new wetland.  In FY2001, the plan was to weed out the reed canarygrass and to plant salmonberry.  No other planting appeared necessary, unless flooding produced bare ground, in which case native slough sedge (Carex obnupta) would be planted that was being multiplied under contract.

3. As of September 2000, the portion of the restoration site on the floodplain next to Prairie Creek was still mostly bare ground, and it was not clearly heading toward reference conditions.  Most cuttings of willow (Salix spp.) had sprouted, only to be decimated by browsing.  Problems included few tree seedlings, lack of protection from browsing, and lack of a developing deciduous tree canopy.  In FY2001, the following actions were planned:

a) Plant additional red alder (Alnus rubra), unless colonized by new volunteer seedlings.

b) Spray or dip planted trees in Ropel®, a non-toxic animal aversion agent, to discourage browsing.

c) Plant clumps of long willow poles to place the treetops above the browse line from the start.

Implementation
Planting.

Planting was completed by a California Conservation Corps (CCC) crew between February 26 and March 1, 2001.  The crew planted a total of 400 one-year-old big-leaf maple: 200 along the left bank of Davison Creek next to the parking lot, and 200 on the steep slope between the service road and the pond.  They planted 100 two-year-old bare-root red alder on the floodplain next to Prairie Creek.  The alders and maples were sprayed with 0.5 gallon of Ropel® on March 12.  For the second year in a row, no salmonberry was available to be planted.

The same week, the CCC planted 46 willow pole clumps.  Robust, straight cuttings, 10 to 15 feet long, were collected from willows along the road to the Redwood Creek Trail.  A soil auger was used to make planting holes about four feet deep.  Clumps of poles were jammed tightly into the holes, re-filled with soil, and tamped in from the sides.  After planting, the tops protruded 6 to 10 feet above ground. The clumps were sprayed with Ropel® after planting, 0.5 gallon on March 12, and 2.0 gallons on March 19.

The one-year-old big-leaf maple cost 28¢ apiece.  The two-year-old bare-root red alder cost 45¢ apiece.  Ropel® animal repellent cost $51.49 per gallon.  CCC labor cost $12.00 per person-hour.  Table 1 provides a cost breakdown for the tree planting:

Table 1.  Cost breakdown for second-year tree planting at Elk Meadow, February 26 to March 1, 2001.
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Tree species   Number   Tree cost   Person-hrs   Labor cost   Ropel® (gal.)   Ropel® cost      Cost Total   Cost/tree
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Big-leaf maples
400
$112
15
$180
0.25
$12.87
$304.87
$0.76

Red alders
100
  $45
10
$120
0.25
$12.87
$177.87
$1.78

Willow clumps
  46
  $0
80
$960
2.50
$128.73
   $1,088.73
$23.67
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The cost total for all of the trees in FY2001 was $1,571.47, including materials, labor and Ropel® animal repellent.

Weeding.

Reed canarygrass was hand-pulled from the wetlands by CCC and NPS personnel, with the effort concentrated during the spring.  The crews were instructed to pull the grass completely out and to remove as much of the sub-surface rhizome as possible, weeding in a straight line in order not to miss any plants.  CCC labor cost $12.00 per person-hour.  NPS labor averaged $20.00 per person-hour.  Table 2 provides a breakdown of labor and dollar costs:

Table 2.  Timing and cost breakdown for reed canarygrass removal at Elk Meadow, February 27 to May 31, 2001.
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Tue   Feb  27
12
2
1
1
25
$308

Mon Mar  26
10
3
1
1
31
$380

Tue  Mar  27
10
3
1
3
33
$420

Thu  Apr  26
  9
4.5
2
4.5
49.5
$666

Mon Apr  30
13
6.5
1
6.5
91
 $1,144

Tue  May 29
10
6
1
2
62
$760

Wed May 30
10
6
0
0
60
$720

Thu  May 31
10
6
0
0
60
$720


Total




411.5
$5,118


Vegetation Development

I took notes and photographs to track the fate of the plantings and the overall development of vegetation on the restoration site.  On March 6, soon after planting, four of the willow pole clusters had been heavily rubbed and broken, apparently by bull elk.  These particular willow clusters were on the floodplain in the small pasture between the restoration site and Davison Road west of Prairie Creek.  On March 19, four more clusters had breakage, this time inside the restoration site itself, but the breakage was less severe.  In addition, three big poles were entirely girdled between 3 and 4 ft. above ground by antler rubbing.  Soon after March 19 the bull elk dropped their antlers, and the girdling and breakage ceased.  The willow poles began to sprout in April.  By May, all of the willow clusters had vigorous sprouts.  The willow tops grew bushier through July, although foliage and side branches less than 7 ft. above ground were heavily browsed (Figure 1).  By the middle of August, the bull elk had grown new antlers and



Figure 1.  Willow pole clusters, August 1, 2001.
Figure 2.  Alders along Davison Creek, August 1, 2001.

lost their velvet.  When observed again on September 6th, many more of the willow poles were girdled by bull elk.  In addition, the bulls had twisted and broken many more small branches.  The breakage reduced some of the willow cluster plantings to single stems, which made them more vulnerable to subsequent rubbing.   By September 19th, 37 of the 47 willow poles were girdled to a height of 6.5 ft. and had dead tops.

Trees grew rapidly near the culvert inlet on Davison Creek and near the pond where there was plentiful moisture (Figure 2).  By the end of September 2001, trees in these locations were 10 to 13 feet tall.  Nearly every one-year-old big-leaf maple planted in February 2001 along Davison Creek and along Prairie Creek was heavily browsed.

To document changes in herbaceous vegetation, I monitored the five transects that I established in 2000.  (See Appendix for details.)  Figure 3 summarizes the trends from June 17, 2000 to July 23, 2001.  Little bare ground remained on July 23, 2001.  Native wetland and riparian species as a group accounted for most of the increase in plant cover.  Exotic pasture species increased only slightly as a group.  Competition from taller native emergent species probably accounts for the slowed advance of exotic pasture plants other than reed canarygrass.
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Figure 3.  Vegetation cover on the floodplain based upon 460 sample points along five transects, 2000-2001.

Cattails that had volunteered in shallow margins of the pond in 2000 multiplied in 2001.  Elk browsed them and pulled some out.  Tules planted in August 2000 multiplied into clumps.  Elk heavily browsed most of the clumps.

I noted new species when they came into flower.  Additional species identified in 2001 that were not yet flowering in 2000 included spike rush (Eleocharis macrostachya),  spreading rush (Juncus patens),  bur-reed (Sparganium emersum ssp. emersum), and tumble mustard (Sisymbrium altissimum).  I also found a mature Oregon ash (Fraxinus latifolia) that I had overlooked in 2000.  Table 3 lists the plant species recognized at the restoration site in 2000 and 2001 combined.

Table 3.  Plant species recognized on exhumed floodplain at restoration site, 2000-2001.


Pioneer Group

Aira caryophyllea

Anagalis arvensis

Anaphalis margaritacea

Baccharis pilularis

Cerastium arvense

Collomia heterophylla

Deschampsia elongata

Digitalis purpurea

Erechtites glomerata

Erechtites minima

Gnaphalium purpureum

Hypochaeris radicata

Juncus bufonius

Lotus micranthus

Lupinus rivularis

Lythrum hyssopifolium

Navarettia squarrosa

Poa annua

Polygonum arenastrum

Polygonum persicaria

Sisymbrium altissimum

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

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

Eleocharis macrostachya

Equisetum arvense

Fraxinus latifolia

Glyceria occidentalis

Hydrocotyle ranunculoides

Juncus bolanderi

Juncus effusus var. effusus

Juncus effusus var. pacificus

Juncus patens

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

Sparganium emersum ssp. emersum

Tolmeia menziesii

Typha latifolia

Urtica dioica

Veronica americanum


Discussion

Objectives for the second year of the Elk Meadow restoration were to 1) document how the vegetation was developing and  2) take steps to re-direct vegetation change toward long-term target conditions as needed, insofar as possible.  Long-term target conditions had been defined by a planning sketch (Figure 4), and by the conditions within developing and mature native wetland and riparian vegetation on nearby reference sites.


Figure 4.  Restoration / revegetation sketch of January 2000.

Long-term target conditions, vegetation development, treatments, and proposed actions are summarized as follows:

1. Along Davison Creek and between the pond and utility road, plans called for native deciduous riparian forest.  In 2001, deciduous riparian forest was developing on its own.  Alder and willow were dominant.  Growth was rapid where moisture was plentiful, such as near the culvert inlet on Davison Creek and near the pond.  Trees in these locations reached 10 to 13 feet in height by the end of summer.  Elsewhere, the trees were smaller.  For each tree planted, there were many volunteer alder and willow seedlings.  No further treatment is recommended.

Plans called for a Vista Section to be kept free of trees.  Trees were to be excluded to ensure that the wetland could be seen from the viewing platform.  No trees were planted, but alders and willows volunteered.  Trees adjacent to the pond reached 5 to 8 feet in height by the end of summer 2001. Volunteering trees will need to be removed on a regular basis if it is desired to retain a permanent Vista Section.
2. Plans called for native deciduous riparian forest on the floodplain along Prairie Creek (Figure 4).  In 2000, riparian trees were planted, and pasture exotics were weeded out to make space for native volunteers.  The new plantings grew vigorously and, for every tree planted, many tree seedlings volunteered.  However, steady browsing kept the alders small and killed most of the willow stakes on the floodplain.  In 2001, long willow pole clusters were planted in a renewed effort to establish willows.  Foliage high in the treetops escaped browsing through July, but when the bulls' antlers matured in August, the bulls rubbed and girdled the willow poles, and twisted and broke the willow tops.  Coarse woody debris sheltered a few trees from the bull elk but, overall, succession toward riparian forest was held back.

One of the concerns when the project was planned was that the floodplain might revert back to exotic pasture. Although not moving toward riparian forest, the trend from 2000 to 2001 was not toward pasture.  Rather, native wetland emergents became increasingly dominant, with Juncus effusus var. pacificus and Scirpus microcarpus the two most abundant species.  Dominance by native emergents was not envisioned as the outcome of restoration along Prairie Creek in the original plans.  Still, it was probably the closest approximation to those plans achievable in two years without erecting fences, given the large elk herd and the physical setting that existed at the time.

Geomorphic, hydrologic, structural and biological factors all affect the survival and growth of riparian trees.  Physical processes, events, and conditions act as exogenous drivers that can change the trajectory of succession over time.  Removal of massive fill left a floodplain surface at Elk Meadow that was compacted and two feet lower than the surrounding terrain.  Logs, branches, and "hog fuel" were placed on the bank of Prairie Creek in 1999 to prepare the way for riparian restoration.  These were intended to favor woody riparian plants and to discourage pasture plants and elk.  However, on a surface two feet lower than its surroundings, most of the wood washed away.  Wetland emergents came in instead.  Emergents tend to slow flooding and trap sediment.  As sediment re-accumulates in future floods, the flotation dynamics will change.  Woody debris will accumulate on high spots.  Berry thickets will advance and trap more sediment.  Eventually, a buildup of logs, branches and dense tangles may impede and discourage elk.  Trees may then grow to maturity.  Given time for natural processes and events to work, riparian forest may develop wherever young trees grow that are protected from herbivory by accumulations of woody debris and berry thickets.

If it is desired to actively speed the succession toward riparian forest along Prairie Creek, further steps could be taken at any time.  Fences could be erected to exclude elk from the designated riparian zone.  Riparian trees would survive and grow if elk were excluded.  If fences were erected, removing Himalaya berries would speed the growth of trees by reducing competition for light, water, and nutrients.  With fencing and without berries, tree planting would further accelerate succession toward riparian forest.  Rubbing by bull elk has not killed trees larger than about 12 inches dbh at the Davison Ranch, so fences could be removed after trees were that size.

3. Other than follow-up monitoring and maintenance, the task of creating a wetland east of the pond (Figure 4) has been accomplished.  When monitored on July 23, 2001 (Appendix), the herbaceous cover was 100 percent, and native wetland species predominated.  Unlike the reference sites, the wetland was entirely herbaceous and lacked a shrub-scrub component.  Elk had apparently eaten all of the planted and volunteering woody plants. 

CCC crews devoted over 400 person-hours from February to May 2001 to remove reed canarygrass, an aggressively invasive non-native grass, from the new wetland.  Most of the wetland was lightly infested, but there was a center of concentration immediately west of the Inlet Gap.  I interpreted the location of the concentration as an indication that the seed was most likely carried through the Inlet Gap in floodwater.  High flows through the gap occurred in January 2000.   The CCC crews were not able to remove all of the reed canarygrass.  In the July 2001 monitoring (Appendix), I recorded reed canarygrass at 25 of 100 sample points along Transect 4 near the pond west of the Inlet Gap. Reed canarygrass can quickly exploit new bare ground and altered hydrology, so it has the potential to spread with each new flood.  Winter storms were unusually small in 2000-2001 and no new bare ground was exposed.  However, because the pond is out of balance with its surroundings, a future storm could leave large exposures of bare ground and shifts in hydrology.  In an effort to preempt space from colonization by reed canarygrass, 200 contract-grown native slough sedge will be planted in February 2002 wherever bare ground is present.

Future follow-up monitoring should be done to identify any new bare ground and infestations of invasive plants. Bare ground should be planted and invasive plants removed.  Planting natives on bare ground as it develops and removing reed canarygrass until the pond disappears will help ensure that native species remain dominant in the new wetland.
Appendix.

Vegetation Transects on Exhumed Floodplain
at Elk Meadow Restoration Site

  
Transect Locations and Sampling Method

A tape was tied taught between start and end rebars. Point samples were taken every 0.5m along the tape. Since the end rebar for transect 4 could not be relocated in 2001, samples were taken from the start rebar on a bearing of 015( for a distance of 50m.

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, July 23, 2001
Transect Number
Pioneer Group
Deschampsia elongata
Digitalis purpurea
Erechtites minima
Pasture Group
Agrostis stolonifera
Dactylis glomerata
Holcus lanatus
Mentha pulegium
Phalaris arundinacea
Ranunculus repens
Trifolium repens
Wetland and Riparian Group
Alnus rubra
Carex leptopoda
Carex obnupta
Cyperus eragrostis
Glyceria occidentalis
Juncus bolanderi
Juncus effusus var. effusus
Juncus effusus var. pacificus
Salix spp.
Sambucus racemosa
Scirpus microcarpus
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