Ashland/Chequamegon Bay Shoreland Restoration Project, Revision 2, 10/31/2011                Page | 2

Appendix A. Vegetation Surveys

Adapted from: Methods for Measuring Riparian Habitat Structure and Diversity on Proposed Restoration Lakes in Northern Wisconsin: Wisconsin Shoreland Restoration Project; Dan Haskell, Michigan Technological University, School of Forest Resources & Environmental Science, Houghton Michigan  
The goal of this long-term inventory and monitoring protocol is to assess whether wildlife habitat structure and native vegetative diversity increases on a restored vegetative buffer located on privately owned properties in northern Wisconsin, and whether the restored habitats approximate a shoreline on a low-development lake.  The Before-After-Control-Impact-Paired (BACIP) design (Morrison 2003) is implemented to contrast a restored shoreline (Impact) with a non-restored shoreline (Control) on high-development lakes and, additionally, an undeveloped lake (Paired) with similar attributes (surface area, substrate, and lake type) as the restored shoreline is used as a reference. 

Each targeted shoreline for restoration, control, and reference is divided into 50 m segments using GIS (Geographic Information System) software and is labeled by numbers (1, 2, 3, …..).  Each 50 m segment is divided into 10 m sub-segments and is coded as follows 1a, 1b, 1c, 1d, 1e, 2a, 2b, 2c, 2d, 2e, etc (1a through 1e represents the first 50 m segment and 2a through 2e the second segment).  The intention is to survey a 10 x 10 m (1 are = 100 m2) vegetation plot every 50 m.  The attempt is to survey every point that falls on the letter “a” (i.e. 1a, 2a, 3a). Each survey plot will always begin to the right of the point (start of 10 x 10 m plot at point, end of plot to the right when facing shore from the lake).  However, if a point falls on a resident’s usage area or access to lake (30 x 35 ft) then a sub-segment is randomly picked using a random numbers table, until the vegetation plot does not fall on usage or access area.  For example, if plot 3a falls on usage area then another point is randomly picked such as 3b, 3c, 3d or 3e.
The following methods have been modified from UW’s Trout Lake BioComplexity project and Elias and Meyer (2003) for long-term restoration monitoring. All measurements are taken prior to restoration and repeated every 3-5 years post restoration.
Set up plots: (30 minutes)
· Facing the selected property (looking from the water towards shore) determine where the GPS point and Original High Water Mark (OHWM) intersect and place a flag at this location.  Using a compass determine the aspect and slope from the water and then use compass and meter tape to measure 10 m away from shoreline and place flag at this location and a permanent survey stake, driven 1-inch below ground level.  Metal rebar is used for permanent survey stakes; the metal stakes can be relocated in subsequent years with a metal detector.  All selected plots are laid out from this permanent survey point. Placing the permanent survey point10 m away from shoreline will reduce the chance of losing the permanent survey stake due to wave action or upland erosion.[image: image6.png]T
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(Figure 1) Example of 10 x10 m plot laid out on lakeshore. 
· The location of permanent survey stake is recorded using a GPS (Garmin GPSmap 76) and/or Trimble unit.  In addition, the location of this reference stake is to be established using distance and bearing to a fixed structure (survey bench mark) for example two corners of a human structure or two live trees (bench mark trees).  Bench mark trees are identified to species and DBH measured, recorded, and a numbered metal tag secured to tree at breast height and facing reference stake. Human structure bench marks are identified by owners name, address and cardinal direction of corner (i.e. south west corner of house, south east corner of wood shed).  These bench marks are used to triangulate the position of survey stake for follow up surveys.
· Temporarily mark plot corners 10 m from survey stake with flags.  Plots should be square from permanent survey point and OHWM.
· For each plot, two 5 x 5 m sapling/shrub subplots are randomly chosen using a number scheme in Figure 2.  One subplot is chosen near shoreline and another subplot chosen in 5 m away from shoreline.  This will provide a profile of shrub/sapling in buffer zone. A compass and meter tape is used to setup and mark square plots using the original plot aspect.
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Figure 2.  Example of 5 x 5 m subplots. 

· All vegetation plots are to be established late April and early May (after ice out).
The following vegetation measurements are made in each plot: (1-4 hours)
· Living trees and woody plants that are ≥ 5cm diameter breast height (dbh) (1.37 m) within treatment, control, and reference sites are identified to species and their dbh recorded.  Trees that fall on plot lines are measured if 50% of tree at dbh is within the plot. 
· Mean basal area of trees ≥ 5 cm dbh is calculated.  Basal area of coniferous, deciduous, and dead trees is calculated separately by summing individual tree basal area/plot, and dividing by plot area.
· Calculate tree density (trees per ha) by crown class and categorize by dominant, codominant, intermediate, and suppressed/overtopped (Figure 3).

D = Dominant
crowns extend above the general level of crown cover of other trees if the same stratum and are not restricted from above.
C = Codominant
crowns form a general level of crown stratum and are not physically restricted from above, but are more or less crowded by other trees from the sides.
I = Intermediate
trees are shorter, but their crowns extend into the general level of dominate and codominant trees, free from physical restrictions from above, but quite crowded on the sides.
S = Suppressed/overtopped
crowns are entirely below the general level of dominant and co-dominant trees and are physically restricted from immediately above.

Figure 3.  Crown class definitions (Oliver and Larson 1996).
· Percent canopy cover is determined by using a hemispherical canopy photo (fisheye camera lens): camera is mounted on tripod centered in each plot with lens facing skyward (see camera setup below).  Photos are taken at two heights: 1.5 m height for over story canopy and 0.5 m height for understory canopy.  Percent canopy cover is calculated via computer software (WinScanopy). 
· Live saplings of deciduous and coniferous trees ≥ 30 cm in height but having ≤ 5 cm dbh is identified to species and tallied in 5 x 5 m subplots.  
· Living deciduous and coniferous shrubs ≥ 30 cm in height is identified to species and tallied in 5 x 5 m subplots.  Basal cover area is calculated for each shrub by using a loggers caliper and measuring the short and long diameter of shrub just above ground surface (Figure 4).  Shrub aerial cover is calculated by measuring the short and long diameter of the aerial with a graduated pole (1” dia x 3 m PVC pipe) marked to the nearest cm.  For basal and aerial diameters are averaged and cover area is determined by the circular-area formula (Rippel et al. 1983).  Shrubs that fall on plot lines are measured if ≥ 50% of basal cover area is within the plot. 
[image: image1.jpg]



Figure 4. Basal cover compared to crown cover (Elzinga et al. 1998).
· A density board (0.5m x 3m, Figure 5) is used to measure understory vegetation density and estimate the percent cover at four different height categories (0-0.3 m, 0.3-1 m, 1-2 m, 2-3 m).  The density board is placed at 1 m, 5 m, and 9 m inland from OHWM at the edge of each plot.  This will give a height and density profile within the buffer zone at three different distances from OHWM.  Each measurement is taken 10 m away while observer and density board moves perpendicular away from shoreline.  This will put observer and density board at the same level if riparian area has various slopes.   The observer is to be positioned at the far-right of each plot when facing  from the lake.  Percent under story vegetation density is summed and averaged on each plot.
· Percentage of ground cover is determine by placing 3 transects per plot parallel to the shoreline at 1 m, 5 m and 9 m from OHWM, two 1 m2 quadrats are randomly picked from numbering scheme (Figure 6) per transect, with a total of six 1 m2 quadrats per plot.  Percentage of ground cover is visually categorized into 6 classes (Figure 6) and averaged on each plot by species (Barbour et al. 1980).  
· Percent canopy cover, understory measurements and ground cover is measured after leaf out (late May to early June).
· Simpson’s index is used to calculate species diversity (Margurran 2004).
· Vegetation species lists for herbaceous, shrub, and tree species is collected in a manner that will allow for development of a species richness coefficient for each plot.  

5 = >75 percent cover

4 = 50-75 percent cover

3 = 25-50 percent cover

2 = 5-25 percent cover 

1 = numerous, but less than 5 percent cover, or scattered, with cover up to 5 percent

0 = bare ground 

Figure 6.  Ground Cover Definitions

· All non-native/invasive species locations are recorded and a sample collected for confirmation.  Location of species is recorded via GPS unit.

Down Woody Material in Riparian Buffer Zone  (Marburg et al 2006) (1-2 hours):

· Down Woody Material (DWM) is considered logs ≥ 10 cm in diameter and ≥ 150 cm in length and touching the ground at 2 or more points. 
· Within each plot DWM is identified to species group (conifer, hardwood, unknown).  The diameter at the base and log length from base to longest branch tip is recorded.  Branchiness (0-3) and decay class (0-5) is recorded (see definitions below). 
· Logs that extend over the water are measured only from the base to the shoreline and listed in notes as “measured to water”. 
· Standing dead trees or snags ≥ 10 cm at dbh is counted, identified to species (if known), branchiness (0-3).
· A stump is a dead tree cut or broken off below 1.37 m (dbh).  Stumps ≥ 10 cm at the base of stump but above root mass are recorded.  Species of stump (conifer, hardwood, unknown), type of break (natural, un-natural, beaver) is recorded. Branchiness is assumed to be 0. 
Decay Class Definitions 
0 – Live tree touching the ground at two or more points 

1 – Recent down-wood (e.g. lacking litter or moss cover) 

2 – Down-wood with litter/humus or moss cover; bark sound 

3 – Bark sloughing from wood; wood still sound 

4 – Down-wood mostly bark less; staubs loosening; wood beginning to decay; logs becoming oval and in contact with the ground along most of their length 

5 – Decay advanced; pieces of wood blocky and softened; logs becoming elliptically compressed 

NOTE: paper birch retains its bark long after the wood has rotted, score logs of this species by the softness of the wood, not the presence/absence of bark. 

Branchiness Definitions 
0 – no branches 

1 – Few branches 

2 – Moderate number of branches 

3 – Many branches (full crown) 

Camera set up:

· Determine center of plot and place a metal stake 1 inch below ground level and record location using GPS unit.  Center camera over the stake with top of photo facing north.  Level camera using a torpedo or bubble level.
· Take pictures early morning, late evening or overcast sky.
· All pictures should be taken within the relative same period after leaf out or mid- summer.
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Figure 6. Ground cover transects/plot.  Two quadrats per transect is randomly picked.
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Figure 6.  Density board.
Tree Species List: 
	CODE 
	
	Genus and Species 
	Family 

	ACRU 
	
	Acer rubrum -- red maple 
	Aceraceae 

	ACSA 
	
	Acer saccharum –sugar maple 
	Aceraceae 

	CACA 
	
	Carpinus caroliniana – hornbeam 
	Betulacae 

	BEAL 
	
	Betula alleghaniensis -- yellow birch 
	Betulaceae 

	BEPA 
	
	Betula papyrifera -- paper birch 
	Betulaceae 

	OSVI 
	
	Ostrya virginiana – ironwood 
	Betulaceae 

	THOC 
	
	Thuja occidentalis -- N. white cedar 
	Cupressaceae 

	FAGR 
	
	Fagus grandifolia – American beech 
	Fagaceae 

	QUEL 
	
	Quercus ellipsoidalis -- pin oak 
	Fagaceae 

	QURU 
	
	Quercus rubra -- N. red oak 
	Fagaceae 

	FRAM 
	
	Fraxinus americana -- white ash 
	Oleaceae 

	FRNI 
	
	Fraxinus nigra - black ash 
	Oleaceae 

	FRPE 
	
	Fraxinus pennsylvanica -- green ash 
	Oleaceae 

	ABBA 
	
	Abies balsamea -- balsam fir 
	Pinaceae 

	LALA 
	
	Larix laricina -- larch, tamarack 
	Pinaceae 

	PIGL 
	
	Picea glauca -- white spruce 
	Pinaceae 

	PIMA 
	
	Picea mariana -- black spruce 
	Pinaceae 

	PIBA 
	
	Pinus banksiana -- jack pine 
	Pinaceae 

	PIRE 
	
	Pinus resinosa -- red pine 
	Pinaceae 

	PIST 
	
	Pinus strobus -- white pine 
	Pinaceae 

	TSCA 
	
	Tsuga canadensis -- eastern hemlock 
	Pinaceae 

	PRPE 
	
	Prunus pensylvanica -- pin cherry 
	Rosaceae 

	PRSE 
	
	Prunus serotina -- black cherry 
	Rosaceae 

	SOAM 
	
	Sorbus americana -- Amer. mountain ash 
	Rosaceae 

	POBA 
	
	Populus balsamifera – balsam poplar 
	Salicaceae 

	POGR 
	
	Populus grandidentata -- big tooth aspen 
	Salicaceae 

	POTR 
	
	Populus tremuloides -- quaking aspen 
	Salicaceae 

	TIAM 
	
	Tilia americana -- American basswood 
	Tiliaceae 

	ULAM 
	
	Ulmus americana -- American elm 
	Ulmaceae 

	ULRU 
	
	Ulmus rubra -- slippery elm 
	Ulmaceae 


	code 
	
	Other Woody Plants (shrubs) 

	COAM 
	
	Corylus americana -- American hazelnut 
	Betulaceae 

	COCO 
	
	Corylus cornuta -- beaked hazelnut 
	Betulaceae 

	AMsp 
	
	Amelanchier spp. -- June berry, serviceberry 
	Rosaceae 

	PRVI 
	
	Prunus virginiana -- choke cherry 
	Rosaceae 

	ACSP 
	
	Acer spicatum -- mountain maple 
	Aceraceae 

	ALRU 
	
	Alnus rugosa -- tag (speckled) alder 
	Betulaceae 

	SAsp 
	
	Salix spp. -- Willows 
	Salicaceae 
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Equipment list:

Lake and site maps 


GPS Unit

Compass (Silva Ranger)


Diameter tape

Loggers Caliper

100 m tape

Digital camera, fisheye lens, tripod, level

Clinometer

Density board with 1 inch diameter x 3 meter long PVC pipe
1 square meter quadrat (four 1/2 inch x 1 meter PVC pipe, 4 ninety degree ½ inch PVC corner)

Clip board

Pencils

Grease pencils

Data sheets

Field journal



Survey stakes (1/2 x 12 inches rebar with ½ inch flat washer welded to one end)

Big heavy hammer

Wire flags (24”)
Flagging

First aid kit

Insect repellent

Cell Phone

Field handbook of vegetation of northern Wisconsin
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