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Introduction

The Wetland Value Assessment (WVA) methodology is a quantitative habitat-based assessment methodology developed for use in determining wetland benefits of project proposals submitted for funding under the Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA).  The WVA quantifies changes in fish and wildlife habitat quality and quantity that are expected to result from a proposed wetland restoration project.  The WVA operates under the assumption that optimal conditions for fish and wildlife habitat within a given coastal wetland habitat type can be characterized, and that existing or predicted conditions can be compared to that optimum to provide an index of habitat quality.  Habitat quality is estimated or expressed through the use of community models developed specifically for each habitat type.  The results of the WVA, measured in Average Annual Habitat Units (AAHUs), can be combined with cost data to provide a measure of the effectiveness of a proposed project in terms of annualized cost per AAHU gained.  In addition, the WVA methodology provides an estimate of the number of acres benefited or enhanced by the project and the net acres of habitat protected/restored.

The WVA was developed by the CWPPRA Environmental Work Group (EnvWG) after the passage of CWPPRA in 1990.  The EnvWG includes members from each agency represented on the CWPPRA Task Force and members of the Academic Advisory Group (AAG).  The WVA is a modification of the Habitat Evaluation Procedures (HEP) developed by the U.S. Fish and Wildlife Service (U.S. Fish and Wildlife Service 1980).  HEP has been widely used by the Fish and Wildlife Service (FWS) and other Federal and State agencies in evaluating the impacts of development projects on fish and wildlife resources.  A notable difference exists between the two methodologies, however, in that HEP generally uses a species-oriented approach, whereas the WVA utilizes a community approach.

The WVA has been developed for application to several habitat types along the Louisiana coast and community models have been developed for fresh marsh, intermediate marsh, brackish marsh, saline marsh, swamp, barrier islands, and barrier headlands.  The coastal chenier/ridge community model, as well as a bottomland hardwoods model, were developed outside of CWPPRA but are utilized by the EnvWG.  The WVA models have been developed for determining the suitability of Louisiana coastal wetlands in providing resting, foraging, breeding, and nursery habitat to a diverse assemblage of fish and wildlife species.  The models have been designed to function at a community level and therefore attempt to define an optimum combination of habitat conditions for all fish and wildlife species utilizing a given habitat type.  Each model consists of 1) a list of variables that are considered important in characterizing fish and wildlife habitat, 2) a Suitability Index (SI) graph for each variable, which defines the assumed relationship between habitat quality (Suitability Index) and different variable values, and 3) a mathematical formula that combines the Suitability Index for each variable into a single value for habitat quality; that single value is referred to as the Habitat Suitability Index, or HSI.  The output of each model (the HSI) is assumed to have a linear relationship with the suitability of a coastal wetland system in providing fish and wildlife habitat.

Note: This document has been primarily developed to guide the application of the coastal chenier/ridge community model for CWPPRA.  However, the guidance it provides may be used by other restoration programs (e.g., Louisiana Coastal Area, U.S. Army Corps of Engineers Civil Works) recognizing the distinction between projects that result in net habitat gain (i.e., restoration), net loss (i.e., development), or no net loss (i.e., mitigation).  Furthermore, for development and mitigation projects, it should be recognized that the role and jurisdiction of specific groups may vary from program to program.  In addition, these models may be used to calculate the number of average annual habitat units lost to determine the potential impacts and adequately compensate (i.e., mitigation) for those impacts.

Geographic Scope

The coastal chenier/ridge community model bases its habitat assessment scheme on variables that are quite broadly applicable to migrant habitats outside of Louisiana, especially in the eastern USA and southern Canada where the basic plant community is relatively homogeneous (deciduous forest).  Habitat characteristics dealing with forest structure and floristic diversity are relevant defining features of stopover site quality throughout this region.      

The scientific literature used to justify the model parameters and coefficients comes primarily from the eastern USA and extreme southeastern Canada (Great Lakes shoreline; Dunn 2001), supplemented by some studies from the western USA and two from outside North America (Europe and Israel; Chernetsov and Manukyan 2000, Sapir et al. 2004).  The latter studies were included because they provided insights that appeared transferable given the similarities of the Neartic-Neotropical and Palearctic-Ethiopian migratory systems.   Although the list of regular migrants might change by a few species if one moves from the Louisiana coast to South Dakota or New England, there are relatively few such examples.  This is because almost all species that migrate from eastern North America pass through the western Gulf en route to the tropics- the few exceptions being songbirds that winter in the Caribbean or South America and pass east of the area.  However, the inclusion of these species in some of the studies in other parts of the eastern USA is probably not problematic, as they show the same broad foraging and habitat use characteristics as the species that pass through Louisiana.

The coastal chenier/ridge community WVA model utilizes a set of variables considered important in determining the suitability of non-grazed barrier headland ridges, cheniers, and spoil areas in Louisiana that are, or are proposed to be, vegetated in primarily non-obligate wetland plant species, to provide the habitat necessary to support transient migratory landbirds in the spring and fall.  The area of the state to which this model is applicable includes the portions of Cameron, Vermilion, Iberia, St. Mary, Terrebonne, Lafourche, Jefferson, Plaquemines and St. Bernard Parishes south of the Gulf Intracoastal Waterway.  The model attempts to assess the suitability of habitat for providing foraging and resting requirements to a diverse assemblage of migratory landbirds.  This model has not been validated with field data.


Minimum Area of Application

Various authors have concluded that even very small patches of wooded habitat can be attractive to migrants.   Migrants were found in greater densities in smaller wooded hammocks in coastal South Carolina in a sample that ranged down to 0.32 ha (Somershoe and Chandler 2004), and Skagen et al. (1998) concluded that riparian habitat patches were important to migrants in the southwestern USA no matter how small.  Pachett and Dunning (2009) found that migrant densities actually increased as woodlot size decreased, in wooded fragments in an agricultural landscape in Indiana.  All their woodlots were < 10 ha in size.

The value of tiny woodlots to migrant birds stems from the fact that migrants in an inhospitable landscape will gravitate to whatever forested habitat is available.  It is quite possible that many of these small fragments are lower in quality than habitats in larger forested areas, but this is not a variable that can be reliably addressed by this model as data on food resources and predation threats are likely to be unavailable for most sites.  Thus, this model can probably be profitably applied to even very small woodlot fragments less than 1 ha in size.

[bookmark: _Toc255809259]Evaluation of Nominated Projects

Each year, projects are nominated at regional planning team meetings held at various locations along the coast.  Each nominated project is assigned to one of the five Federal agencies which administer the CWPPRA program.  Those agencies include the FWS, Environmental Protection Agency (EPA), National Marine Fisheries Service (NMFS), U.S. Army Corps of Engineers (USACE), and Natural Resources Conservation Service (NRCS).  The sponsoring agency is responsible for preparation of fact sheets which include a project description, preliminary costs, and an estimate of project benefits.  The features, estimated benefits, and estimated costs for all nominated projects are reviewed by the EnvWG and the Engineering Work Group (EngWG).  The benefits and cost estimates, and other pertinent information are provided to the Planning and Evaluation Subcommittee which prepares a matrix containing all project information.  The Technical Committee utilizes that information in selecting which projects to further evaluate as candidate Priority Project List (PPL) projects.  Candidate projects remain assigned to one of the five Federal agencies.  The Louisiana Office of Coastal Protection and Restoration (OCPR) usually serves in a supporting role to the Federal agencies although they may have the primary responsibility of preparing information for some candidate projects.  The sponsoring agency serves as the point of contact for the project and is responsible for development of project features, preparation of cost estimates, and preparation of the draft WVA.

[bookmark: _Toc255809260]Field Investigation of Candidate Projects

The first step in evaluating candidate projects is to conduct a field investigation of the project area.  This field investigation has several purposes: 1) familiarize the EnvWG and EngWG with the project area, 2) visit the locations of project features, 3) discuss a benefited area for the upcoming project boundary meeting, 4) determine habitat conditions in the project area, 5) compile a list of vegetative species and discuss habitat classification, and 6) collect data for the WVA (e.g., cover of submerged aquatics, water depths, salinities, etc.).

The sponsoring agency is responsible for field trip logistics and coordinating with landowners, local government, all CWPPRA agencies, the AAG, and other field trip attendees.  Field trip attendees typically consist of each agency’s EnvWG and EngWG representatives.   The sponsoring agency should be familiar with the project area so that field time is spent efficiently.

The primary purpose of the field investigation is to allow members of the EnvWG and EngWG to familiarize themselves with the project area and project features in order to make informed decisions in the evaluation of the WVA.  The sponsoring agency should not treat the interagency field investigation as the only opportunity to conduct surveys or take measurements to develop designs and/or cost estimates for the project.  The sponsoring agency should have obtained that information during previous field trips or should plan a follow-up field trip.  In cases where the project area is very large, it may be necessary to divide the group into small work parties to collect WVA information across the project area or to allow some areas to be investigated by at least a subset of the entire group.  However, an effort should be made to keep the group together to facilitate discussion about wetland conditions in the project area, the causes of habitat loss, the project features, and the effectiveness of the project features.

[bookmark: _Toc255809261]Project Boundary Determination

The project boundary is the area where a measurable biological impact, in regard to the WVA variables, is expected to occur with project implementation.  Project boundary meetings are usually scheduled after the completion of candidate project field trips.  Boundary meetings are attended by the EnvWG, EngWG, and sometimes other agency representatives.  The U.S. Geological Survey (USGS)-Baton Rouge Field Station provides GIS support.  Proposed project boundaries (i.e., shape files) should be provided to USGS prior to the boundary meeting.  At the boundary meeting, the project sponsor provides a map(s) indicating the project features and presents the rationale for the proposed boundary.  The boundary is discussed by the entire group and revisions to the boundary are made by consensus or, if necessary, by vote.

Coastal chenier/ridge habitat includes forested barrier headland ridges, forested cheniers, and in some instances, forested spoil areas.  Such areas are typically at an elevation capable of supporting trees and/or shrub/scrub vegetation and are not influenced by an average daily tide.

Note: Outside of the CWPPRA process (e.g., USACE civil works project evaluations), restoration boundaries are determined through the use of aerial/satellite photographs, LIDAR information, USGS habitat and quadrangle maps and site visits.  The boundary and revisions to the boundary are made by interagency group consensus.  For non-restoration projects, boundaries are usually provided by the construction agency as areas designated for construction or clearing (typically to provide temporary or permanent rights-of-way) or areas that will experience changes in hydrology.

[bookmark: _Toc255809266]Selection of Target Years

All CWPPRA project WVAs are conducted for a period of 20 years which corresponds to the authorized project life of a CWPPRA project.  (Note: Other programs (e.g., LCA) may require a longer period of analysis (e.g., 50 years or more to include the date of impact, construction duration, or date of mitigation)).  Each project evaluation must include target years (TY) 0, 1, and 20.  Target year 0 (TY0) represents baseline or exiting conditions in the project area and TY20 (or TY50 for LCA projects) represents the projected conditions at the end of the project life.  A linear fit (over the project life) is used to make the projection unless there are expected changes that may occur in the intervening years.  Examples of these changes include (but are not limited to): 

1.  Storm events:  Storm frequencies for the Louisiana coast vary depending on the period of record analyzed but are generally 8 to 10 years.  For sites located along the gulf shoreline, it may be necessary to select a target year which corresponds to a storm event which is likely to occur within the project life in order to capture the effects of the storm.  A storm event could impact a coastal chenier/ridge by reducing vegetative cover if the chenier/ridge is overwashed.  Selection of a storm impact target year should be based on the storm return frequency that would result in substantial impact (e.g., overtopping).  Storm impact and return frequency (Stone et al. 1997), by barrier system, should be used as justification when selecting target years.  If the FWOP loss rates are based on data which include the effects of storm events then care must be taken to ensure that effects of storm events are not double counted.

2.  Changes in frequency and duration of flooding:  As relative sea level (RSL) rise continues, flooding frequency and duration may increase which could result in habitat loss.

3.  Salinity changes:  Salinity may increase as a system continues to lose land or is impacted by a channel breach.

4.  Project implementation:  Additional CWPPRA (or non-CWPPRA) projects may be built which could influence the conditions in the current project area.

5.  Maintenance events:   These would include items such as phased planting, a second lift on rocks used for shoreline protection, additional pumping of material for beach nourishment, replacement of structures, etc.

6.  Increase or decrease in vegetative cover:   These could be associated with project features (initial or phased) or environmental changes (see numbers 1, 2, 3, and 5).

During the life span for which a project analysis is conducted, target years are selected which represent time intervals when changes are expected to occur.  When habitat or environmental conditions change sufficient to result in a change to a variable’s suitability index, additional target years may be added to the analysis.  The new conditions are then projected forward to obtain the expected conditions until the next target year, or the end of the project life if there are no more intervening target years.  In addition, target years should be selected for years in which any variable undergoes sufficient change to result in a large change in the overall HSI. 

The EnvWG has adopted certain target year conventions for certain project types.  Although these conventions are generally applied, exceptions are sometimes proposed and may be accepted by the group.  It should be noted that these conventions are based on assumptions developed by the group and have not been validated.  It is the responsibility of the project sponsor to provide justification for deviating from these conventions and this should be recorded in the Project Information Sheet.  These conventions are summarized in Table 1.  Maintenance events shall be included as additional target years as needed; other target years may be added to include other expected events (breaches, vegetation or salinity shifts, or changes in RSL rise).  The number of target years may be extended for programs which require consideration of a longer project life.  Values for all variables must be determined for each target year selected.  The variable values represent conditions at the end of the target year.  For FWP, TY1 represents the conditions in the project area one year after project construction.

Table 1.  Summary of Target Years used for CWPPRA coastal chenier/ridge projects. 

	Project/Habitat Type
	Target Year
	

	
	0
	1
	3
	5
	10
	20
	>20

	Coastal Ridge/Chenier Restoration
	Measured baseline
	
	
	
	Storm Event (?)
	
	Storm Event (?)



Use of the Community Habitat Models

Each community model contains a set of variables which is important in characterizing the habitat quality of several coastal wetland habitat types relative to the fish and wildlife communities dependent on those environments.  Baseline (TY0) values are determined for each of those variables to describe existing conditions in the project area.  Future values for those variables are projected to describe conditions in the area without the project and with the project.  Projecting future values is the most complicated, and sometimes controversial, part of this process.  It requires project sponsors to substantiate their claims with monitoring data, research findings, scientific literature, or examples of project success in other areas.  Not all future projections can be substantiated by the results of monitoring or research, and, as with all wetland assessment methodologies, some projections are based on best professional judgment and can be subjective.  It should be noted that future projections are not the sole responsibility of the project planner.  It is the responsibility of the evaluation team (i.e., agency representatives, academics, and others) to use the best information available in developing those projections.  Many times, the collective knowledge of the evaluation team is the only tool available to predict project benefits.  The various workgroups are comprised of many individuals with diverse backgrounds and all project scenarios are discussed by the group and a final outcome is usually reached by consensus. Key assumptions made during the evaluation process, e.g., regarding the effects of climate change or storms, should be recorded on the Project Information Sheet.  There are occasionally off-site conditions and human disturbances adjacent to a project area.  These have an effect on the animals in the project area, however these disturbances are considered to be the same under FWOP and FWP conditions.

An important point to consider when projecting benefits is the effect of other constructed or authorized projects on the project area.  Benefits attributed to those projects should be taken into consideration when projecting benefits for any candidate project.  That procedure prevents a candidate project from being credited with benefits previously attributed to another project (i.e., double-counting).  CWPPRA projects are not taken into consideration unless authorized for construction.  Project planners should also consider the benefits of non-CWPPRA projects funded by other authorities (e.g., WRDA, State-only projects, and landowner-funded projects). An important aspect of the WVA, as it is used in restoration planning, is the comparison of the FWOP to the FWP condition.  If another project influences the project area of the evaluated project, the other project must be considered as baseline and put into both FWOP and FWP.  For instance, if a project being evaluated is in the area of a river diversion, the effect of the diversion must be considered in both the FWOP and FWP conditions.

[bookmark: _Toc255809305]Model Application 

The coastal chenier/ridge community model was developed to determine the suitability of coastal forested ridges in providing foraging and resting habitat for transient migratory landbirds.  The model should be applied to forested habitats within the coastal zone consisting of non-grazed barrier headland ridges, cheniers, and in some cases, spoil areas.  Those areas should be at an elevation capable of supporting woody vegetation such as trees and/or shrub/scrub habitat and are not influenced by the average daily tide.  This model is not intended to be applied to other forested habitats such as bottomland hardwoods or swamp.

[bookmark: _Toc255809306]Baseline Habitat Classification and Land/Water Data

Baseline data can be obtained from the most recent habitat classification data provided by USGS (or other sources) which delineates forested areas.  As with other project types, if the project area acreage is not current, the erosion rate should be applied to that acreage and adjusted to the current year.  For coastal ridge habitats located along the gulf shoreline, erosion data could be obtained from the U.S. Geological Survey’s Louisiana Barrier Island Erosion Study-Atlas of Shoreline Changes in Louisiana from 1853 to 1989 and the Atlas of Sea-Floor Changes from 1878 to 1989.

Variable Selection

Several existing Habitat Suitability Index models were considered for use in determining migratory landbird stopover habitat quality, including the models for roseate spoonbill, great egret, brown thrasher, swamp rabbit, veery, and yellow warbler.  However, the emphasis for all these models was breeding habitat requirements.  None addressed the set of variables that were determined to be most pertinent to assessment of stopover habitat quality, where a variety of species with differing foraging strategies occupy the habitat for a relatively brief time period.  Selection of the variables used for this model was based upon a review of available literature (See Appendix A for a review of the variables’ role in providing wildlife habitat), interviews with specialists who have studied various aspects of migratory landbird ecology in coastal stopover habitats, and the field knowledge of those involved with development of this model.

More than 80 species of neotropical migratory landbirds from at least eleven Families pass through Louisiana during the spring and fall (Sauer et al. 2000).  At the peak of spring migration, it is estimated that as many as 50,000 birds per day per mile of coastline enter the state (Conner and Day 1987).  During favorable weather conditions, the majority of these birds will bypass small wooded areas embedded in coastal marsh and land in extensive forested areas north of the marshes, but during thunderstorms or other unfavorable conditions, a large percentage of these individuals may stop in these small coastal wood patches (Gauthreaux 1971).   Identifying the optimal stopover habitat characteristics for such a varied group of birds is challenging.  Martin (1980) stated that migrants often select habitats en route that superficially resemble their breeding habitat.  Moore et al. (1995) concluded that spring migrants on the northern Gulf of Mexico coast preferentially select structurally diverse stopover sites, consisting of forested areas with mixed shrub layers, and that maintenance of plant species and structural diversity should be a goal at migratory landbird stopover sites.  Similarly, Martin (1980) found that habitat structure in shelterbelt “island” habitat in the Great Plains influences migrant diversity and abundance.  Robinson and Holmes (1984) determined that the diversity of bird species in terrestrial habitats is correlated with factors associated with vegetation structure or composition, including diversity of foliage height, and stated that, in general, the number of bird species increases with the addition of vertical vegetation layers.  Based upon the findings above and upon prior field investigations, we proposed three habitat assessment variables: 1) percent tree canopy cover, 2) percent shrub/midstory canopy cover, and 3) the number of native woody species planted/present on the site.  We also identified some tentative variables, including percent herbaceous ground cover, minimum patch size, average tree height, and proximity of the site to other forested patches.  

We asked three specialists with expertise in the arena of migratory landbird habitat requirements to comment on our proposed habitat variables: William C. Hunter, U.S. Fish and Wildlife Service, Atlanta, GA; Mark Woodrey, U.S. Fish and Wildlife Service, Jackson, MS; and Wylie Barrow, USGS, National Wetlands Research Center, Lafayette, LA.  Their comments have been incorporated into the model and referenced as personal communications.  

All specialists queried concurred that structural and floristic diversity were key factors to consider.  Additionally, they all stressed the importance of fresh water sources for spring trans-Gulf migrants.  However, we did not develop a variable to capture this factor, as the model was being designed for created habitat in an area where fresh water input would probably be limited to precipitation.  A variable to measure fresh water proximity should probably be created for assessing extant stopover sites.  We decided not to use a variable for percent herbaceous ground cover because for the majority of birds that would be likely to use forested coastal areas, the amount of herbaceous ground cover would not be as critical a habitat need as would tree and shrub cover (Moore et al. 1995).  Neotropical migratory landbirds dependent upon grasslands would not typically use forested cheniers, spoil banks, etc., instead gravitating towards marshes, pastures, and agricultural fields.  No minimum patch size for sites was established, because while larger patches are accepted to be more valuable to birds than small patches, a small patch surrounded by non-forested habitat could be very important at times to migrants (Barrow, pers. comm.).  The same basic rationale was used in determining that a variable to rank sites on the basis of their proximity to other forested patches was not practical.  Sites adjacent to other forested sites are assumed to facilitate migration of forest birds by reducing the distance needed to travel through open and potentially inhospitable terrain, but an isolated woodland could be important during periods of inclement weather (Barrow, pers. comm.).  Canopy height was ruled out as a variable because no data was discovered that addressed minimum canopy heights at stopover sites.  The developers of this model assumed that percent canopy cover was a more pertinent variable to consider.  

Suitability Index Graph Development

Each of the community models developed for CWPPRA includes SI graphs for each variable.  Suitability Index graphs are unique to each variable and define the relationship between that variable and habitat quality.  A variety of resources was utilized to construct each SI graph, including consultation with professionals and scientists with expertise in the study of migrant landbirds and their habitat requirements, published and unpublished data and studies, and personal knowledge of the model development team.  A review of contemporary, peer-reviewed scientific literature was also conducted for each of the variables, providing ecological support for the form of the SI graph for each of the variables (Appendix A).  The process of SI graph development is one of constant evolution, feedback, and refinement; the form of each SI graph was decided upon through consensus among the model development team.

All suitability graphs have a minimal SI of 0.1.  This is because any area that falls into the cover type addressed by the WVA model provides some habitat value.  For example, a coastal ridge with no shrub or midstory cover still has value to migrant landbirds.

The Suitability Index graphs were developed according to the following assumptions.

Variable 1 – Percent tree canopy cover

Neotropical migratory landbirds preferentially use stopover sites exhibiting high structural and floristic diversity (Moore et al.1995).  To achieve the desired vertical plant diversity (i.e., a mix of trees, tree saplings, shrubs, vines, and herbaceous plants), a moderately closed tree canopy would be preferred to over a totally closed canopy (Hunter, pers. comm.; Barrow, pers. comm.; Woodrey, pers. comm.).  Tree canopy coverage ranging from 65 - 85% is assumed to provide optimal conditions to allow for establishment of midstory trees, shrubs, vines, and herbaceous plants, provided that the site is not grazed.  Tree species that may occur at coastal stopover sites include sugarberry (Celtis laevigata), toothache tree (Zanthoxylum clava-herculis), live oak (Quercus virginiana), water oak (Q. nigra), honey locust (Gleditsia triacanthos), red mulberry (Morus rubra), and green haw (Crataegus viridis) (Louisiana Natural Heritage Program 1988, Materne 2000, Gosselink et al. 1979,Thomas and Allen 1996, Thomas and Allen 1998). 

Variable 2 – Percent shrub/midstory cover

Shrub-scrub habitats provide important foraging and resting areas for migrant landbirds (Moore et al. 1995).  Shrub-scrub habitats are also presumed to be important to migratory passerine birds as refuges from raptor predators (Moore et al. 1990).  For the purposes of this model, shrub/midstory means multi-stemmed shrubs, single-stemmed midstory trees, single-stemmed saplings of overstory tree species, and woody vines.  Shrub/midstory canopy coverage ranging from 35 - 65% is assumed to represent optimal conditions at a forested site.  Species of shrubs, small trees, and woody vines that may be found at stopover sites include Small’s acacia (Acacia minuta), wax myrtle (Morella cerifera), dwarf palmetto (Sabal minor), yaupon holly (Ilex vomitoria), saltbush (Baccharis halimifolia), greenbriars (Smilax spp.), grapes (Vitis spp.), prickly pear cactus (Opuntia spp.), Virginia creeper (Parthenocissus quinquefolia), pepper vine (Ampelopsis arborea), blackberries (Rubus spp.), rattlebox (Sesbania drummondii), marshelder (Iva frutescens), poison ivy (Toxicodendron radicans), Carolina wolf-berry (Lycium carolinianum), marine vine (Cissus incisa), elderberry (Sambucus canadensis), and Chinese tallow (Triadica sebifera)  (Louisiana Natural Heritage Program 1988, Materne 2000, Gosselink et al. 1979, Thomas and Allen 1996, Thomas and Allen 1998).

Variable 3 – Native woody species diversity

A wide variety of fruits, flowers, nectars, and animals, primarily invertebrates, are consumed by migrant landbirds (Moore et al. 1995, Fontenot 1999, Barrow, pers. comm.).  Robinson and Holmes (1984) concluded that vegetation provides birds with foraging opportunities and constraints depending upon the structure of individual plants, aggregations of plants, and the arthropods that these plants host.  The resulting foraging conditions define the diversity of bird species in the habitat.  While some exotic plant species provide foraging opportunities to migrant landbirds, others are of limited value to spring and fall migrant birds (Barrow and Renne 2001, Barrow, pers. comm.).  It is assumed that a variety of native shrubs, midstory trees, woody vines and overstory trees will provide sufficiently diverse foraging and resting habitat to enable spring and fall transient birds to continue their migration.  Woody plant species composition and diversity in stopover habitat is influenced by elevation, soil type, and salinity levels (Materne 2000, Louisiana Natural Heritage Program 1988), and the capacity of sites to support certain species will depend upon these and other factors.  Based upon a review of available written information and upon the field knowledge of those involved in development of this model, and upon the range of conditions likely to be encountered in stopover habitat in the area the model addresses, presence of >10 species of native trees, shrubs, and woody vines is assumed to represent optimal conditions.  It is also assumed that the parameters defining optimal conditions for variables V1 and V2 will moderate the potential for variable V3 to exert a false reading of habitat value for migrant landbirds, should the diversity of plant species be confined only to trees, or to shrubs, or to woody vines.

Habitat Suitability Index Formula 

Within the HSI formula, any Suitability Index can be weighted by various means to increase the power or "importance" of that variable relative to the other variables in determining the HSI.  For this model, it was assumed that the variables are of equal weight in determining the habitat quality of a coastal chenier/ridge.  A geometric mean was chosen, as opposed to an arithmetic mean, to convey the weak compensatory relationship between the three variables.  An arithmetic mean is often used when it is assumed that the model variables have a strong compensatory relationship (i.e., a high value for one variable can compensate for the low value of another variable).  The geometric mean is used to discourage a variable with a marginal or low suitability from being offset by the high suitability of the other variables (U.S. Fish and Wildlife Service 1981).  It was assumed that the three variables in this model do not have a strong compensatory relationship.

HSI Calculation:  HSI = (SIV1  x  SIV2  x  SIV3)1/3
Subsidence and Sea Level Rise

Subsidence and sea level rise (SLR) are assumed to affect FWOP and FWP scenarios.  For most CWPPRA project evaluations (e.g., those within interior coastal areas), it is assumed that historical wetland loss rates calculated from a recent time period (e.g., 1985 to 2010) adequately capture the effects of subsidence and SLR for the relatively short analysis period of 20 years.  However, for barrier island project evaluations, measures of subsidence and SLR are incorporated into many of the analytical modeling tools (e.g., SBEACH) used to determine project performance.

Model Revisions

As our knowledge of coastal ecology and coastal restoration benefits improves, the need may arise for model revision.  Model revisions are documented in Appendix B to allow tracking between versions.  In addition, the “Revisions” tab of the Excel model spreadsheet should also reflect any revisions and the revision date.
[bookmark: _Toc255809313]
Additional Notes

All project WVAs should be prepared in the Project Information Sheet (PIS) format (Appendix C) which was adopted by the EnvWG.  At a minimum, the PIS should provide; 1) baseline habitat analysis, 2) marsh/wetland loss analysis, 3) the calculations for each variable, 4) documentation of data sources and key assumptions and 5) a list of literature cited and/or reference material.  Project evaluations are conducted much more efficiently when the project planner is well-prepared and all necessary information is presented in the PIS.  The PIS should be revised after the WVA meeting to reflect all decisions made by the EnvWG.  A copy of the final PIS should be provided to each member of the EnvWG.

The official calculation of project benefits is the responsibility of the EnvWG Chairman.  However, project planners are encouraged to also calculate project benefits to serve as a check on the information provided to the CWPPRA Planning and Evaluation Subcommittee.  Project benefits are calculated using Excel spreadsheets which have been developed specifically for each habitat model.

Literature Cited

Barrow, W. C. and Renne, I.,  2001.  Interactions between migrant landbirds and an invasive exotic plant: the Chinese tallow tree.  Texas Partners in Flight Flyway Newsletter, Vol. 8, p. 11.

Callaway, J.C.; DeLaune, R.D., and Patrick, W.H., Jr.,  1997.  Sediment accretion rates from four coastal wetlands along the Gulf of Mexico.  Journal of Coastal Research 13:181-191.  

Chernetsov, N. and Andranik, M.,  2000.  Foraging strategy of the Sedge Warbler (Acrocephalus schoenobaenus) on migration. Vogelwarte 40 (3):189-197.

Clough, J.S. and Park, R.A.,  2008.  SLAMM 5.0.2 Technical Documentation.  downloaded 18 November, 2009 from http://warrenpinnacle.com/prof/SLAMM/SLAMM5.0.2_Tech_Doc.pdf. 

Conner, W.H. and Day, J.W., Jr., eds.,  1987.  The ecology of Barataria Basin, Louisiana: an estuarine profile.  U. S. Fish Wildl. Serv. Biol. Rep. 85 (7.13).  165 pp.

Dunn, E.H.,   2001.  Mass change during migration stopover: A comparison of species groups and sites.  Journal of Field Ornithology 72 (3):419-432. 

Gauthreaux, S.A., Jr.  1971.  A radar and direct visual study of passerine spring migration in southern Louisiana.  Auk 88: 343 – 365.

Gosselink, J.G.; Cordes, C.L., and Parsons, J.W.,  1979.  An ecological characterization study of the Chenier Plain coastal ecosystem of Louisiana and Texas.  3 vols.  U. S. Fish and Wildlife Service, Office of Biological Services.  FWS/OBS-78/9 through 78/11.

Kuecher, G.J.; Roberts, H.H.; Thompson, M.D., and Matthews,  I.,  2001.  Evidence for active growth faulting in the Terrebonne Delta Plain, south Louisiana: implications for wetland loss and the vertical migration of petroleum.  Environmental Geosciences 8:77-94.  

Louisiana Natural Heritage Program.  1988.  The natural communities of Louisiana.  Unpublished document, La. Dept. Wildl. And Fisheries, Baton Rouge.  39 pp.

Martin, T.E.,  1980.  Diversity and abundance of spring migratory birds using habitat islands on the Great Plains, USA.  Condor. Vol. 82 (4). 1980. 430-439 

Materne, M.,  2000.  Cumulative list of woody species.  Unpublished document, U.S. Dept. of Agriculture, Natural Resources Conservation Service, Boutte, LA.  19 pp.

Moore, F.R.; Kerlinger, P., and Simons, T.R.,  1990.  Stopover on a Gulf coast barrier island by spring trans-Gulf migrants. Wilson Bull. 102: 487-500.

Moore, F.R.; Gauthreaux, S.A., Jr.; Kerlinger, P., and Simons, T.R.,  1995.  Habitat requirements during migration: important link in conservation.  Pp. 121 B 144 in Ecology and management of neotropical migratory birds, a synthesis and review of critical issues (T. E. Martin and D. M. Finch, eds).  Oxford University Press, New York.  489 pp.

National Research Council.  1987.  Responding to changes in sea level: engineering implications.  Committee on Engineering Implications of Changes in Relative Mean Sea Level, Marine Board, National Research Council.  

Neubauer, S. C.  2008.  Contribution of mineral and organic components to tidal freshwater marsh accretion.  Estuarine Coastal and Shelf Science 78:78-88.

Nyman, J.A.; Walters, R.J.; DeLaune, R.D., and Patrick, W.H., Jr.,  2006.  Marsh vertical accretion via vegetative growth.  Estuarine Coastal and Shelf Science 69:370-380.  

Patchett, D.L.; Dunning, J.B.,  2009.  Stopover habitat selection by migrant landbirds in a fragmented forest-agricultural landscape.  Auk 126 (3):579-589.

Redfield, A.C.,  1972.  Development of a New England salt marsh.  Ecological Monographs 42:201-237.

Robinson, S.K. and Holmes, R.T.,  1984.  Effects of plant species and foliage structure on the foraging behavior of forest birds.  Auk 101: 672 – 684.

Sapir, N.; Abramsky, Z.; Shochat, E., and Izhaki, I.,  2004.  Scale-dependent habitat selection in migratory frugivorous passerines.  Naturwissenschaften 91 (11):544-547.

Sauer, J. R.; Hines, J.E.; Thomas,  I.; Fallon,  J., and Gough, G.,  2000.  The North American breeding bird survey, results and analysis 1996 B 1999.  Version 98.1.  USGS Patuxent Wildlife Research Center, Laurel, MD.

Skagen, S.K.; Melcher, C.P.; Howe, W.H., and Knopf, F.L.,  1998.  Comparative use of riparian corridors and oases by migrating birds in southeast Arizona.  Conservation Biology 12 (4):896-909. 

Somershoe, S.G. and Chandler, C.R.,  2004.  Use of oak hammocks by Neotropical migrant songbirds: The role of area and habitat.  Wilson Bulletin 116 (1):56-63. 

Stone, G.W.; Grymes III, J.M.; Dingler, J.R.; and Pepper, D.A.,  1997.  Overview and significance of hurricanes on the Louisiana coast, U.S.A. Journal of Coastal Research 13:No. 3, 656-669.

Thomas, R.D. and Allen, C.M.,  1996.  Atlas of the vascular flora of Louisiana, volume II: Dicotyledons, Acanthaceae – Euphorbiaceae.  Louisiana Department of Wildlife and Fisheries, Natural Heritage Program, Baton Rouge.  213 pp.

Thomas, R.D. and Allen, C.M.,  1998.  Atlas of the vascular flora of Louisiana, volume III: Dicotyledons, Fabaceae – Zygophyllaceae.  Louisiana Department of Wildlife and Fisheries, Natural Heritage Program, Baton Rouge.  248 pp.

U.S. Army Corps of Engineers.  2009.  Water Resource Policy and Authorities Incorporating Sea-Level Change Considerations in Civil Works Programs.  Department of the Army, U.S. Army Corps of Engineers, Washington, DC.  CECW-CE Circular No. 1165-2-211.  

U. S. Fish and Wildlife Service.  1980.  Habitat evaluation procedures (HEP).  Div. Ecol. Serv. ESM 102, U. S. Fish and Wildl. Serv., Washington, DC.  141pp.

Visser, J.M.; Sasser, C.E.; Chabreck, R.H., and Linscombe, R.G.,  1999.  Long-term vegetation change in Louisiana tidal marshes, 1968-1992.  Wetlands 19:168-175.


COASTAL CHENIER/RIDGE


Variable V1   Percent tree canopy cover.



























Line Formulas

	If  % < 65, then SI = (0.014*%) + 0.1
	If  65 < % < 85, then SI = 1.0
	If  % > 85, then SI = (-0.017*%) + 2.445

Suitability index graph relationships for Variable V1 were determined by: 1) reviewing available literature, 2) interviewing specialists who have studied various aspects of migratory landbird ecology in coastal stopover habitats, and 3) field knowledge of those involved with development of this model.





COASTAL CHENIER/RIDGE


Variable V2   Percent shrub/midstory cover.





























Line Formulas

	If  % < 35, then SI = (0.026*%) + 0.1
	If 35 < % < 65, then SI = 1.0
	If % > 65, then SI = (-0.014*%) + 1.9 

Suitability index graph relationships for Variable V2 were determined by: 1) reviewing available literature, 2) interviewing specialists who have studied various aspects of migratory landbird ecology in coastal stopover habitats, and 3) field knowledge of those involved with development of this model.



COASTAL CHENIER/RIDGE


Variable V3   Native woody species diversity (shrubs, midstory trees, woody vines and overstory trees).


























Line Formulas

	If  # < 6, then SI = (0.117*%) + 0.1
	If 6 < # < 10, then SI = (0.05*%) + 0.5
	If  # > 10, then SI = 1.0

Suitability index graph relationships for Variable V3 were determined by: 1) reviewing available literature, 2) interviewing specialists who have studied various aspects of migratory landbird ecology in coastal stopover habitats, and 3) field knowledge of those involved with development of this model.

Appendix A

A description of the relative role of the model variables in providing habitat to the modeled community based on available, contemporary peer-reviewed scientific literature is provided below.

Variable V1 – Percent tree canopy cover

The presence of both a substantial canopy and sufficient light penetration to allow dense understory and edge characteristics is important.  Substantial canopy coverage is important because providing habitat for forest dwelling songbird migrants is the expressed goal of managing these habitats, and therefore significant canopy vegetation must be present to make forest species accept these habitats.  The existence of sufficient canopy opening to allow light penetration to stimulate understory development is a recognition of the value of scrubby and edge habitats for migratory small land birds.  The attractiveness of early successional, edge, or scrubby habitats to migrants has been reported numerous times in studies of migrant stopover habitat selection in North America (Kilgo et al. 1999; Latta and Brown 1999; MacKinnon and Aburto 2003; Martin and Karr 1986; Rodewald and Brittingham 2002, 2004, 2007; Smith and Hatch 2008; Suthers et al. 2000; Swanson et al. 2003; Willson et al. 1982).  Others have specifically reported high use of habitat with low canopy cover (Blake and Hopper 1986) or successful refueling in such open canopy habitats (Bonter et al. 2007, who reported gains in mass of 9% per day in spring and fall).

Variable V2 – Percent shrub/midstory cover

Various woodland migrants inhabit the lower strata of forests either in passage or on their winter or summer ranges, such as the Kentucky Warbler (Oporornis formosus) or Northern Waterthrush  (Seiurus noveboracensis) (Lowery 1974, Rappole and Warner 1976).   One study of passage migrants has found increased numbers associated with dense understory in Arizona (Hutto 1985), and another found shrub/sapling breeding species to show high use of areas with dense cover in the shrub layer in their Pennsylvania stopovers (Rodewald and Brittingham 2007).  Migrants in South Dakota have shown high use of habitats dominated by ragweed understory (Swanson et al. 2003).  Another reason for high emphasis on low strata is the frequent use of fruit by passage migrants (Parrish 1997, Smith et al. 2007, Suthers et al. 2000); other studies have shown their habitat choice to be correlated with availability of fruit in the eastern USA (Blake and Hopper 1986, Buler et al. 2007) or in Israel (Sapir et al. 2004).  Fruits are often associated with scrubby, edge, or early successional habitats in these studies.  The importance of having understory or midstory vegetation at stopover sites, whether because low strata are preferred by a species or because it utilizes fruit, are the reason for weighing understory coverage equally to canopy coverage.

Variable V3 – Native woody species diversity

Native woody species floristic diversity has also been connected to migrant habitat use during stopover.  Passage migrants have shown greater use of sites with higher floristic diversity in New Mexico (Walker 2008) and South Dakota (Martin 1980).  A study in Louisiana showed that migrants use a diverse array of foods on cheniers that include arthropods, fruit, nectar, and seeds (Barrow et al. 2000); because these resources are often linked to individual plant species, floristic richness is important on cheniers.  Floristic or habitat diversity is also important when suitable habitats or foods vary among migratory species, or change over time.  For instance, a site in which a series of plant species flower at different times in the spring will have nectar resources available throughout the period.   Some studies have shown that different plants or foods peak in their usefulness to migrants at different times of the season (Strode 2009, Suthers et al. 2000), or that favored habitats or resources change from spring to fall (Chernetsov and Manukyan 2000; Smith et al. 1998; Weisbrod et al. 1993; Winker et al. 1992; Hutto 1985; Balda et al. 1975; Austin 1970) or year to year (Smith et al. 1998).  Studies have also shown that different species of migrants occur in peak numbers in different habitats (Dunn 2001, Hutto 1985, Moore and Simons 1990, Parnell 1969, Rodewald and Brittingham 2004, Smith and Hatch 2008) or in association with different plant species (Graber and Graber 1983, Smith et al. 1998, 2004) within the same geographical area.  Different sex and age classes of some migrant species also show peak use of different habitats in the same area (Yong et al. 1998 NM).  All these examples of diversity in habitat or resource use illustrate the value of floristic diversity, which increases the chances of meeting the preferences of a variety of species at the same site, or species that pass through at a variety of times.  High floristic diversity presumably also makes in more likely that species with unusual or specialized habitat use patterns will be able to find suitable resources (e.g., Yellow Warbler Dendroica petechia Weisbrod et al. 1993).
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Appendix B
Document Revisions

Version 1.0 – March 2010 document developed via the Corps’ WVA certification process

Version 1.1 – January 2012
1) Pertinent sections from Procedural Manual incorporated


Appendix C

Project Information Sheet Format

Project Name: 

Sponsoring Agency:  List Environmental and Engineering Work Group Contacts 

Project Location and Description:  Describe project location (Coast 2050 region, basin, parish, nearby cities, important bodies of water, total acres, wetland type, etc.).  Include a project map.

Problem:  Discuss the major causes (historical and current) of habitat loss/degradation in the project area.

Objectives:  How will the project address the major causes of habitat loss/degradation in the project area?  What are the specific objectives of the project?

Project Features:  List all project features including their locations, dimensions, etc.  The project map should include the locations of all project features.

Monitoring and Modeling Results for Similar Projects:  Relevant monitoring reports and modeling studies should be discussed.

Miscellaneous:  As necessary, discuss the following subjects as they relate to the project.
Climate change
Off site disturbances – these are generally the same FWOP and FWP.
Any project risks or uncertainties

V1 – Percent Tree Canopy Cover
1) Discuss the historical and current vegetative community and any trends noted for the area.
2) Discuss the methods used to determine the percentage of tree canopy cover.

TY 0 – Percent tree canopy cover.

FWOP – Provide percentages for tree canopy cover for each target year (TY) and include all assumptions.  Use as many TYs as necessary and justify each.
TY 1 – 
TY X – 
TY Y – 
TY 20 – 

FWP – Provide percentages for tree canopy cover for each target year (TY) and include all assumptions.  Use as many TYs as necessary and justify each.
TY 1 – 
TY X – 
TY Y – 
TY 20 – 

V2 – Percent Shrub/Midstory Cover
1) Discuss the methods used to determine the percentage of shrub/midstory cover.

TY 0 – Percent shrub/midstory cover.

FWOP – Provide percentages for shrub/midstory cover for each target year (TY) and include all assumptions.  Use as many TYs as necessary and justify each.
TY 1 – 
TY X – 
TY Y – 
TY 20 – 

FWP – Provide percentages for shrub/midstory cover for each target year (TY) and include all assumptions.  Use as many TYs as necessary and justify each.
TY 1 – 
TY X – 
TY Y – 
TY 20 – 

V3 – Native Woody Species Diversity
1) Discuss the methods used to determine the number of woody species in the project area for the baseline condition.

TY 0 – Number of woody species present in the project area.

FWOP – Provide the number of woody species for each target year (TY) and include all assumptions.  Use as many TYs as necessary and justify each.
TY 1 – 
TY X – 
TY Y – 
TY 20 – 

FWP – Provide the number of woody species for each target year (TY) and include all assumptions.  Use as many TYs as necessary and justify each.
TY 1 – 
TY X – 
TY Y – 
TY 20 – 
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