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Introduction

F

There is a growing interest in measuring conservation
outcomes as opposed to just implementing management
practices in scattered locations and hoping for the
best. The Floodplain Habitat Metric (metric) is one of
several ecological measures that have been developed
to help managers determine where to invest limited
resources and how to calculate the ecological impact
and improvement associated with the implementation
of conservation actions. Where the floodplain
development is regulated, or where developers are willing
to invest voluntarily in habitat offsets, this metric may
be used to measure the impact on development sites, and
to measure the habitat improvement on sites managed
for conservation. The metric is encompassed in two
documents, this Floodplain Habitat Metric User’s Guide
(users’ guide) and a Floodplain Habitat Calculator
(calculator), and may be used to measure the impact
to floodplain habitat on a development site, and to
measure the habitat improvement on a site managed
for conservation. It is part of a larger effort to provide
information on the overall ecological context within
floodplain ecosystems and to implement mitigation
programs more strategically.

loodplains, or former floodplains, are among the
most endangered and most ecologically significant
lands in the United States. As rivers have been ditched,
diked, dammed and dredged for navigation, irrigation,
power production, agricultural and industrial development, floodplains have been disconnected and developed
for other uses. For example, the Willamette Valley
floodplain once meandered across a seven-mile wide area,
with oxbows, meanders, side-channels and frequent
changes in the path. Now, only a less complex channel
with narrow vegetative strips along the sides remains. The
results include impaired water quality; adverse impacts to
native fish caused by reduced habitat, warmer water and
toxic chemicals; increased vulnerability to flooding; and
loss of wildlife habitat.
Restoration of floodplains is an important conservation
goal, but given the nature and extent of the impact of
development and water management programs over the
last 100+ years, it is very challenging. Ideally, some
streams and rivers would be allowed to flood naturally
without affecting human communities. However,
without broad scale assessments and detailed engineering
studies, planners cannot be certain what the impacts of
flooding will be. Some ecological benefits can be restored
on isolated sites where native vegetation remains or can
be replanted, and where seasonal flooding occurs, but it is
especially important in this case for contiguous properties
to be involved in coordinated efforts. In addition to
restoring some hydrologic function, restoration of
bottomland sites generally involves removing invasive
species, especially English ivy, blackberry and reed canary
grass, and planting native species like cottonwood, ash,
and alder or facilitating natural re-vegetation after
flooding. Several federal and state agencies are investing
substantial amounts of money in floodplain conservation
efforts. Are they working? How do we know?

Each assessment may be applied to an area of
development or conservation (defined as “project site”
throughout this user’s guide and calculator).1 Experts,
advisors, and contractors designed the metric to measure
a project site’s floodplain habitat quality. Metric users
will assess the project site conditions using maps, aerial
imagery, existing databases, interviews with people who
are familiar with the science and history of the project
site and at least one project site visit. During the project
site visit(s), data will be gathered which may confirm or
correct information obtained from other sources.
Resulting data are entered into the calculator to reveal a
final score: the Floodplain Habitat Quality Score. The

1

“Project site” as used in the Metric is not the same as “Ecological Site” (a term used by Natural Resources Conservation Service and
other resource planners).
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savannah habitat, upland prairie and wetlands, which are
also habitats at risk throughout the western United
States.

score is expressed as percentage of optimum habitat
quality.
The user’s guide and calculator will be included in a suite
of ecological measures under the Willamette Partnership’s
program, Counting on the Environment , as well as on
the Conservation Registry’s website (see http://www.conservationregistry.org/). Other similar calculators within
the Counting on the Environment program have been
developed for sagebrush/sage grouse, oak woodland/

Metric users who expect to buy or sell habitat credits in a
regulatory context (as in candidate conservation banking)
may wish to have them verified and registered on the
Ecosystem Crediting Platform (see http://willamettepartnership.ecosystemcredits.org/ for more detail on the
crediting platform and requirements for participation).

Sandy River delta. Photo by Bruce Taylor, 1992.

2

Counting on the Environment: http://willamettepartnership.org/ongoing-projects-and-activities/nrcs-conservation-innovationsgrant-1
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Application of the Metric

T

b) Assess the benefits to floodplain habitat of reducing
threats and hazards;
c) Assess the implications of planned management
actions, e.g., channel reconnections, restoring native
vegetation;
d) Monitor changes resulting from the above actions
(a-c);
e) Assess the equivalency of floodplain properties as part
of land exchange transactions and off-site mitigation
(between properties within the same ecoregion).
f) Prioritize floodplain sites for management actions,
regulation, or preservation (among properties within
the same ecoregion).

his tool is intended to provide an assessment of the
habitat quality of a localized geologic floodplain
area, exclusive of the channel that floods, or could flood,
it. “Habitat quality” is defined as the capacity of an area
to currently support healthy populations of one or more
native animal or plant species of conservation concern
that typify floodplain habitat in some part of the
western United States. This assessment is intended to be
applicable mainly to western Oregon and Washington. It
might also be applicable to other parts of the western
United States, but it has not been tested there. The
assessment should normally be applied at relatively fine
scales, i.e., individual sites, rather than entire watersheds.
See Theobold et al.3 for maps showing a coarser-scale,
risk-based ranking of all watersheds (HUC8’s) in the
western United States
This assessment can be used to evaluate areas that are
flooded seasonally by overbank surface water from a
non-tidal4 water body (river, stream, lake, etc.) at least
once a century. This assessment can also be applied to
lands that do not currently flood, but did occasionally
flood just prior to widespread settlement of the region,
and to which overbank flooding (at least once a century)
could potentially be restored. A project site must include at
least some land that currently or historically has been flooded
seasonally by a non-tidal water body (river, stream, lake,
etc.). Although this assessment uses information on the
perennial channel most responsible for actually, or
potentially, flooding a project site, the channel is not the
focus, and the assessment may be applied to portions of
floodplains distant from the source channel.

Some of these applications may fall under programs such
as U.S. Fish and Wildlife Service’s Candidate Conservation Agreements with Assurances (CCAA), Oregon Department of Fish and Wildlife’s Private Land Habitat
programs (e.g., Access and Habitat), and incentives on
public lands through development of Candidate
Conservation Agreements.

CATEGORIES5 IN THE FLOODPLAIN HABITAT
CALCULATOR
Context

The assessment may be used to:
a) Assess the habitat impacts of floodplain development;

5

• Priority watershed for water quality improvement –
a project site within a watershed that has been
prioritized for water quality improvement will raise
the final score through the “Lscape” composite
indicator and lower the final score through the “Risk”
composite indicator.
• Proximity to a conservation priority area – the final
score increases for a project site within or nearly

Willamette Partnership. 2011. Measuring Up: Synchronizing Biodiversity Measurement Systems for Markets and Other Incentive Programs. The Willamette Partnership, Hillsboro, OR. 39p. http://willamettepartnership.org/measuring-up/Measuring Up.pdf
(These are categories of indicators consistent with the national framework described in the Willamette Partnership’s Measuring Up
report [which was sponsored by the national Office of Environmental Markets]. The framework suggests using the following categories
to evaluate ecosystems and/or habitat.)
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•

•
•

•

•

•

contiguous to a designated priority area for habitat
conservation or restoration.
Essential salmonid habitat – The final score increases
for a project site, in Oregon, receiving overbank flow
from a channel recognized as Essential Salmonid
Habitat (ESH), or that supports a fish species of
special concern. The final score increases for a project
site, outside of Oregon, receiving overbank flow from
a water body that supports anadromous fish or any
other fish species of special concern.
Paved roads – paved roads completely encircling a
project site lowers the final score.
Confluence proximity – the closer the proximity of a
project site to the confluence of two major rivers
raises the final score.
Assessment of natural land cover – a greater proportion of natural land cover within two miles of the
center of a project site raises the final score.
Surrounding land use – the final score increases by the
most when the majority of the non-natural land cover
within two miles of the center of the project site is
low-intensity agriculture.
Patches of natural land cover – a project site with
large patches of contiguous natural land cover within
close proximity to other natural land cover patches
receives a higher final score than a project site with
smaller patches spaced farther apart.

• Dams and diversion channels – the final score
decreases the more extensive upriver dams and
diversion channels have altered the overbank flow at
a project site.
• Levees, dikes, etc. – the final score decreases the more
extensive levees, dikes, abutments, retaining walls,
berms, railroads, or road beds have altered the
overbank flow at a project site.
• Excavation – a greater proportion of a project site that
has been artificially excavated, but is not a pond that
holds water year round, lowers the final score.
• Ditches and drain tiles – the final score decreases the
more prevalent artificial drainage (ditches or drain
tiles) is on a project site.
• Livestock grazing – a greater proportion of a project
site’s vegetation that has been visibly and persistently
altered by livestock grazing lowers the score .
• Agricultural use – the final score increases by the
most when no other type of agricultural use (besides
livestock grazing) occurs on a project site.
• Soil compaction – greater soil disturbance on a
project site lowers the final score.
• Incised channel – the final score increases when less
than 50% of the channel on a project site is incised.

Vegetation

Species
• Special-status animal species – presence of a
non-salmonid, special-status animal species that is
reproducing on or within a ½-mile of the project site
raises the final score.
• Special-status plant species – presence of a specialstatus plant species on a project site raises the final
score.

Risk
• Natural land cover – the final score increases the more
extensive natural land cover is on the parts of a project
site not covered by water in late summer.
• Banks altered – a greater proportion of the channel’s
banks that are artificially altered, both on and near the
project site, lowers the final score.
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• Buffer width – the final score increases the greater the
width of natural land cover perpendicular
to a project site’s channel during annual high water
conditions.
• Tree canopy – the final score increases by the most
when tree canopy on a project site is between 26%
and 90%.
• Structural diversity – a greater diversity of natural
structural features on a project site raises the final
score.
• Shrub coverage – a greater proportion of shrubs not
shaded by trees on a project site raises the final score.
• Non-invasive shrub and woody vine cover – a greater
proportion of non-invasive shrub and woody vine
cover on a project raises the final score.
• Non-invasive herbaceous cover – a greater proportion
of non-invasive herbaceous (non-woody) cover on a
project site raises the final score.

Abiotic
• 2-year flood duration and coverage – The final score
increases the greater the proportion of the project site
flooded by overbank flow at least once every two
years. Two months flooding duration raises the final
score more than other durations.
• 3-10 year flood coverage – the final score increases by
the most when 11-50% of a project site is flooded by
overbank flow, only once every 3-10 years, for any
length of time seasonally.
• 11-100 year flood coverage – the final score increases
by the most when 11-50% of a project site is flooded
by overbank flow, only once every 11-100 years, for
any length of time seasonally.
This assessment is designed to be program-neutral. It is
intended to be applied to an area that will be impacted
by development or a conservation action. It is suitable
for application in formal mitigation programs, incentive
programs, payments for ecosystem services, ecosystem
service valuation studies, and to help guide conservation
investments. For example, at the site of a proposed
development, a baseline assessment can determine the
overall quality of the habitat at the site of impact. Either
hypothetically or after the development is complete, the
assessment can be repeated to quantify the reduction in
habitat quality. The difference between the baseline score
and the post-development score is a measure of impact.
Where conservation projects (including mitigation
actions) are planned, a baseline assessment followed by a

repeat assessment after conservation actions are
implemented will quantify the ecological improvement or
uplift. In landowner incentive programs, the assessment
can be used to compare sites, or to measure the habitat
improvement after conservation projects are completed.
For more traditional land protection programs, like fee
title acquisitions, conservation easements, or protective
designations, the assessment can be used to determine
which sites offer the highest quality habitat and help
determine which ones are more likely to be ecologically
viable long term. However, the assessment is not designed
for use in landscape-scale assessments or management
plans.
This assessment is distinguished from most other
floodplain assessment methods partly by generating a
single “project site quality score” for an assessed area, and
partly by requiring no more than 1-2 days per project site
to apply (although two visits are preferred, one at annual
high water and one at low water). This assessment
includes both a project site visit and a review of
background information. The calculator is intended to be
used by expert technical service providers, who have or
will receive training for field application. It does not
require GIS technology, advanced skills in plant identification, soil classification, or statistical sampling methods,
although they may be helpful. All that is required is a
computer with access to Microsoft Excel and the Internet, a measuring tape, basic plant identification skills,
printed copies of all data forms, and an aerial image and
map of the project site.

Willow Flycatcher (Empidonax traillii). Photo by Dave Menke, U.S. Fish and Wildlife Service.
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Instructions for Using the Metric

T

he metric includes two documents: this user’s guide
and a calculator (an Excel workbook). Both office
and fieldwork are required to complete the assessment.

TO START: IN THE OFFICE
1) Obtain the Floodplain Habitat Metric Calculator
Excel Workbook6

A project site must include at least some land that
currently or historically has been flooded seasonally by a
non-tidal water body (river, stream, lake, etc). Ideally, the
project site should be visited two times during the year,
once during the driest time and once during the time of
peak annual water level. However, for many project sites
it is not feasible to visit when the water is highest. At a
minimum, the project site should be visited once, during
the wettest time possible.

The calculator and user’s guide can be found and
downloaded from two different websites:
(1) Conservation Registry http://marketplace.conservationregistry.org/ and (2) Willamette Partnership
http://willamettepartnership.org/. Note: It is recommended
that all calculator users print and keep on hand the user’s
guide; not only will it be helpful in the office, but it will be
very useful during the project site visit.

Calculator updates
This metric (calculator and user’s guide) may be updated
periodically. Be sure to use the most recent version of the
calculator and user’s guide for each assessment. Before
evaluating a project site, check the Conservation Registry
web site (http://marketplace.conservationregistry.org/) or
the Willamette Partnership web site (http://willamettepartnership.org/) to confirm the most current versions
of the calculator and user’s guide in use. Once a project
assessment has begun, use the same version of the calculator and user’s guide throughout the life of the project.
Do not transfer data to a newer version even if one was
released while the assessment was taking place.

Download the calculator and change the file name to one
that uniquely describes the project site, e.g., FloodplainCalculator_MistyAcres3.xls.
Open the newly saved file. Do an initial review of the
workbook. The following will help guide this process.
The calculator contains 11 worksheets. The 11 worksheet
tabs are:
Worksheets into which data will be entered on the
computer:
• Cover Page
• Calculator
• Structures
Worksheets that serve as guidelines and may be printed
to bring to the field:
• RareVertebrates (for Q #5)
• RarePlants (for Q #6)
• PatchDist (for Q #12)
• FloodMarks (for Q #24-26)
• Invasives (for Q #29-30)

Beaver (Castor canadensis). Photo courtesy of
Oregon Department of Fish and Wildlife.

6

In Excel, an entire document is called a “workbook.” Within a workbook, there are multiple “worksheets.” Each worksheet can be
accessed by its respective tab at the bottom of the workbook. The name on the tab is the name of the worksheet.
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Aerial images, existing maps, and other data sources will
need to be obtained before data can be entered into the
Cover Page worksheet and the Main Indicators Table on
the Calculator worksheet:

Worksheets that must be printed to bring to the field:
• Cover Page Form
• Project Site Visit Form
• Structures Form
There are colored cells throughout the calculator. The key
below indicates the meaning of each color and will help
with navigation among the worksheets.

Throughout the calculator and user’s guide one will find
references to categories, indicators, and data. Here is how
they are interrelated. As data are entered, Excel calculates
a subscore for each indicator. Each indicator falls within a
category.
As all data are entered, the calculator automatically
computes the following scores:
• indicator subscores
• composite indicator subscores
• final habitat quality score

2. Locate a map of the project site. Print or photocopy
the map and mark the boundaries of the project site.
Note: It is advised to make several copies of the
map. This assessment requires extensive sketching
and marking; having extra copies of the map on
hand could be quite helpful. Also, make sure the
printed copies of the map are easy to draw on
(i.e..; any colors used should be fairly light). If no
map is available, sketch a map of the project site on
another copy of the aerial image.
a) Maps can be found online at Google Maps
(http://maps.google.com/) or the Conservation
Registry (www.conservationregsitry.org).
Also, some local governments have tax lot maps
available on their respective websites.

Note: Follow the way the final score is calculated by
following the tables down the Calculator worksheet: main
indicators
composite indicators
final score.
While working through the assessment, use the
previous paragraphs as reference. Also, the Glossary
provides more detailed definitions of terms, tables,
and worksheets.
2) Obtain and review images, maps, and other
documents
Note: The term “channel” in this metric refers to the
perennial stream or river channel that is most responsible for
actually, or potentially, flooding the project site.
7

1. Obtain the most recent and detailed (finest-resolution) aerial image available that covers the project
site. Google Earth7 may be the most convenient
source but should not be used unless better-resolution images are easily available. Print the aerial
image and mark the boundaries of the project site.
If different management actions/practices are
being proposed for (or have been applied on) different parts of the same property, do not designate
the entire property as a single project site; instead
assess each area separately (project site = area in
which one (or a set of ) management practice(s)
will be applied). Note: If, instead of restoration, the
objective is to prioritize among several properties for
conservation, then limit the assessment to the parts of
the floodplain that are within those properties. If a
floodplain property is very large, it may be broken into
multiple assessment units. The widest length of each
assessment unit’s area should be equal in length to
approximately 10x the average channel width.

http://www.google.com/earth/index.html
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3. Sketch a preliminary delineation of the upland
boundary of the floodplain within the project site on
all copies of the map. When sketching the upland
boundary, use at least the following information to
guide the process:
a) The 100-year boundary shown on a FEMA
floodplain map, if available. One source:
https://msc.fema.gov/webapp/wcs/stores/servlet/
CategoryDisplay?catalogId=10001&storeId=100
01&categoryId=12001&langId=-1&userType=G&type=1&future=false
b) A topographic map (especially if LiDAR imagery
is available).
c) A soils map, which is available at http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm.
4. A historical perspective will greatly help with
delineation of floodplain boundaries as well as with
some of the assessment’s questions. Here are several
resources that may be of help in getting that
historical perspective:
a. Google Earth History: http://www.google.com/
earth/explore/showcase/historical.html. Aerial
images from relatively recent years, for most
areas, can be found here. These images can be
especially helpful for viewing the project site
under different water levels and during different
seasons.
b. Also, look for older aerial photos that show predevelopment conditions and/or historic floods.
For project sites in Oregon, this online source
may help: http://oregonexplorer.info/willamette/
MappingTools/ReadyMadeMaps
5. Contact the project site’s landowner(s) and/or
manager(s) to get a historical understanding of the
property before the project site visit. This can be
done through a phone call or email, even a
preliminary visit if that is most helpful. Note: While
an initial contact is particularly important to gain
permission to visit the project site and to provide
historical context, continue to follow up with the
landowner or manager as needed throughout the process.
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6. On all copies of the map, mark an upstream and
downstream distance of 10x the width of the channel
(this will help with answering question #15 and #23
in the Main Indicators Table on the Calculator
worksheet). The following instructions help guide
this process:
a) On the map, first, find the perennial channel
that is most responsible for actually, or potentially, flooding the project site (“the channel”).
Note: If the channel is not included on the map,
use the aerial image, other maps and/or photos to
sketch it onto the map.
b) If the channel does not run through the project
site:
i. Mark the point of the channel that is
closest to the project site.
ii. From this point, mark a distance upstream
and downstream of approximately 10x the
average width of the channel.
c) If the channel runs through the project site:
i. Mark the upstream point where it enters the
project site and the downstream point where
it exits the project site.
ii. Mark a distance upstream, of the upstream
mark, and downstream, of the downstream
mark, of approximately 10x the average
width of the channel.
7. Perform a search at the Environmental Protection
Agency’s “Impaired Waters and TMDLs” webpage
(http://water.epa.gov/lawsregs/lawsguidance/cwa/
tmdl/). In the search function, use “303(d)” or
“TMDL” and the name of the watershed(s) and
state(s) where the project site is located. This will
help in determining if the source of overbank flow to
the project site is listed as impaired for any pollutants
(this will help with answering question #2 in the
Main Indicators Table on the Calculator worksheet).
8. Users with some plant identification experience
should download the "Plant Wetland Indicator
Status" PDF from the State of Oregon’s Wetlands
Program (this will help with answering question #24

in the Main Indicators Table on the Calculator
worksheet). The document can be found here:
http://oregonstatelands.us/DSL/WETLAND/or_wet
_prot.shtml. Note: This document contains many pages.
Depending on a user’s level of expertise, it is likely only
certain pages will be necessary. Print those pages that are
necessary. Those users without plant identification experience can use data, imagery, and other information gathered to help with answering question #24.
a. The “Plant Wetland Indicator Status” document
includes indicator status information. Those indicator status codes necessary for this assessment
include, and are defined as:
i. OBL (obligate wetland) – species that prefer
the wettest conditions (longer and more
frequent flooding)
ii. FACW (facultative wetland) – species that
prefer somewhat less flooding
iii. FAC (facultative) – species that prefer
infrequent flooding, most likely to exist at
the upper margins of the floodplain, or on
elevated levees and mounds.8
3) Enter Information on Cover Page
The cover page provides a summary of project site information as well as the final score. Note: This page can be
printed and serve as an overview document upon completion
of the assessment.
On the cover page, enter relevant data into all data
boxes except the Final Score Table; the final score will
automatically update after all data has been entered on
the Calculator and Structures worksheets.
The cover page solicits important information on project
site history, please include that information here.
4) Begin Entering Data in the Calculator worksheet
At the top of the Calculator worksheet, re-enter the
name of the project site and date assessed. This is the
same information entered on the Cover Page worksheet.

Category vs. Indicators vs. Subscores vs. Data
Throughout the calculator and user’s guide one will find
references to categories, indicators, subscores, and data.
Here is how they are interrelated. As data are entered,
Excel calculates a subscore for each indicator. Each
indicator falls within a category.
Answer questions #1-#19 using the aerial images, existing
maps, and other data sources.
For a majority of the questions in the Main Indicators
Table, there will be drop-down menus from which the
correct answer should be selected. Use the drop-down
menus whenever they are available.
For questions #5 and #6, “recent” refers to any change(s)
to the project site that are likely to have affected the
animal or plant species. However, professional judgment
should be used to determine whether a record is “recent”
enough to be counted.
For questions #7, #9, and #10, please answer the
question with respect to the area within the designated
circle, even if the project site’s boundaries extend beyond
that circle.
For question #12, the Patch Distance Table (on the
PatchDist (for Q #12) worksheet) must be used. When
determining the largest patch of contiguous natural land
cover (Column A), compare all patches that are located
either completely within, and only partially within, the
project site’s boundaries. Choose the largest one. For
those largest patches that are located partially within the
boundaries of the project site, include acreage both on
and off the project site when determining the total patch
size. (e.g.; on a project site, the largest determined patch
has .5 acre within the project site boundaries and 25 acres
outside. The total patch size is, then, 25.5 acres, and the
number used in Column A.)
For question #19, while it is often possible to detect
ditches in aerial photos, drain tiles are usually more

8

“More explanation of these codes can be found at the Natural Resources Conservation Service’s website:
http://plants.usda.gov/java/wetland?nativestatus=iSPM&nreg_wet_status=FACW-&sort=symbol
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Category*

Indicator*

Indicator stands for

Context
PrioWQ

Priority watershed for water quality improvement

PrioCons
ESH

Proximity to a conservation priority area
Essential salmonid habitat

Encirc
Conflu

Paved roads completely encircling project site
Confluence proximity

Nat2mi

Assessment of natural land cover within two miles of the center of
a project site

AltUseType

Assessment of alternative land uses (not natural uses) within two
miles of the center of a project site

PatchDist
Lscape (composite indicator)

Distance between patches of natural land cover
Landscape context

NatOnsite
BankAlt
Dam

Natural land cover
Artificial alteration of the channel's banks
Extent of alteration by dams and diversion channels

Levee
Excav

Extent of alteration by other features like levees, dikes, etc.
Artificial excavation on a project site

Grazed
AgType
Compac
Ditch
Incised
Risk (composite indicator)

Livestock grazing
Agricultural uses (other than grazing)
Soil compaction
Extent of artificial drainage (ditches and drain tiles)
Incised channel
Risk/stressors

Dur2yr
Flooded10yr
Flooded100yr

2-year flood duration and coverage
3-10 year flood coverage
11-100 year flood coverage

Hydro (composite indicator)

Flooding regime

RareAnim
RarePlant

Rare animals
Rare plants

Spp (composite indicator)

Sensitive/rare species

BuffWidth
Trees
StrucDiv
Shrubs
SNonInvas
HNonInvas
VNonInvas (composite indicator)
Struc (composite indicator)

Buffer width
Tree canopy
Structural diversity
Shrub coverage
Non-invasive shrub and woody vine cover
Non-invasive herbaceous cover
Non-invasive species of vegetation
Vegetation structure and distribution

Risk

Abiotic

Species

Vegetation

*a detailed explanation of each category and indicator can be found in the Glossary.
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difficult to perceive especially when thick vegetation is
present, water levels are high, or drain tiles are old.
Interview the landowner(s)/manager(s), if possible,
asking questions about the drain tiles specifically.

Q #29-30) worksheets as they may help with answering
some of the questions in the Main Indicators Table. Print, if
necessary; however, there are quite a few pages associated
with each worksheet.

Once question #19 is completed, save the document.

PROJECT SITE VISIT
5) Gather Materials for Project Site Visit
Locate the following three worksheets within the saved
Excel workbook (see the purple-highlighted tabs). They
are the:
1. Cover Page Form
2. Project Site Visit Form
3. Structures Form
Print each form.
Fill in, by hand, (1) data entered in questions #1 through
#19 on the Main Indicators Table of the Calculator
worksheet on the printed Project Site Visit Form and (2)
the information from the Cover Page worksheet on the
printed Cover Page Form.
Below is a handy checklist of all the materials needed for
the project site visit:
Materials Checklist:
1. Printed aerial image
2. Printed map (as many copies as necessary) with the
floodplain boundaries and upstream and
downstream marks
3. “Plant Wetland Indicator Status” print-out (if
necessary) – Step #8 under “Obtain and review
images, maps, and other documents”
4. User’s Guide
5. Cover Page Form
6. Project Site Visit Form
7. Structures Form
8. Measuring tape
9. Handheld GPS
10. Compass (if the GPS lacks one)
11. Pen/pencil
Note: Before heading into the field, review the RareVertebrates (for Q #5), RarePlants (for Q #6), and Invasives (for

Upon arrival at the project site, spend time walking the
entire area. The time required to walk the project site will
vary depending on size and accessibility of the terrain.
For a project site of about 50 acres, with accessible terrain, it could take between one and three hours to thoroughly cover the entire site. Field data does not need to
be collected in one day, although it will be possible for
most of the smaller project sites.
Ideally, the project site should be visited two times
during the year, once during the driest time and once
during the time of peak annual water level. However, for
many project sites it is not feasible to visit when the water
is highest. At a minimum, project sites should be visited
one time, during the wettest time possible. If visiting
twice, begin to answer the questions during the first
visit, keeping in mind that another visit may provide
information that will necessitate modifying the answers.

Project Site Visit Form
Answer questions #20-#30 on the Project Site Visit
Form.
Modify the floodplain boundaries, if necessary, on the
map(s) from noted sightings during the walk of the
project site.
For questions #24-26, try to estimate and, then,
sketch on the map(s) the general locations of each of the
indicated zones. Base these estimates on:
• The flood boundary indicators listed on the
Floodmarks (for Q #24-26) worksheet;
• Any research done in the previous section, TO
START: IN THE OFFICE, especially the historical
aerial photographs;
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• Data from questions #20-#30 on the Main Indicators
Table of the Project Site Visit Form go on the Main
Indicators Table on the Calculator worksheet.

• Any conversations with local residents and/or the
landowner(s)/manager(s).
Note: Question #24 asks a user to answer what
percentages of the project site are flooded for what
percentage of the year. Questions #25 and #26 only ask a
user to specify what percentage of the project site is flooded.

If any modifications were made in the field to questions
#1 through #19, update them now in the Main
Indicators Table on the Calculator worksheet.

For question #24, users with plant identification
experience can now use the "Plant Wetland Indicator
Status" document, previously downloaded and printed,
to help guide this process. Use plant species to help infer
usual flood duration (e.g.; it may be known that trees on
the project site seldom survive >2 months of continuous
flooding).

Review all of the data entered in the Main Indicators
Table on the Calculator worksheet, confirming that each
question has in fact been answered fully and completely.

For question #27, leave the Main Indicators Table on the
Project Site Visit Form and find the Structures Data
Entry Sheet on the Structures Form. Fill out the
Structures Data Entry Sheet. For each structure type
(see “Features” column) present on a project site at the
minimum extent or amount specified in the “Minimum
Inclusion Threshold” column, enter a “1” in the “Met?”
column. When the Structures Data Entry Sheet is
completely filled out, move back to question #28 in the
Main Indicators Table. Note: Back at the office, the
information gathered in the Structures Data Entry Sheet
will be entered into the Structures worksheet and a main
indicator subscore will be automatically generated for
question #27.

Once all data have been entered in the Main Indicators
Table on the Calculator worksheet and the Structures
Data Entry Sheet on the Structures worksheet, the final
score will compute automatically. Review the results to
see if they make sense intuitively. If not, double check all
questions in the Main Indicators Table and the Structures
Data Entry Sheet, confirming they were answered completely and correctly, corresponding to the on-the-ground
facts. If no errors are apparent and the final score still
seems incorrect, try changing responses to the questions
in the Main Indicators Table to see instantly how they influence the final score. This process may help point out a
data entry error. Of course, change the answers back to
the original ones afterwards.

Cover Page Form

If certain responses and the final score still seem counterintuitive, describe possible reasons on the Cover Page
worksheet. Also, information in the “How the Score is
Calculated” section of the user’s guide might help explain
the reasons for the score.

On the Calculator worksheet, do NOT enter information
into the Composite Indicators Table or Final Score Table
as they will be automatically populated with data.

Refine and add to the information on the Cover Page
Form as necessary, documenting highlights of the field
assessment.
BACK AT THE OFFICE
Enter all the hand-written data obtained from the project
site visit into the saved Excel file:
• Data from the Cover Page Form go on the Cover Page
worksheet;
• Data from the Structures Data Entry Sheet on the
Structures Form go on the Structures worksheet;

NOTE: If assessing other project sites or other scenarios
for the same project site, name each Excel file uniquely
and save it, then repeat the above for each project site.
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Limitations

predicting floodplain habitat quality or integrity. It uses
only those that are science-based and can be assessed
rapidly during a single project site visit or by using data
that are available from other sources for nearly all of the
western United States.

CALIBRATION
The Floodplain Habitat Quality Score is believed to
reflect the best available science but has not been
calibrated against actual measurements of fish or wildlife
productivity, habitat use, or rates of ecosystem processes.
Such calibration would require a significant effort
spanning multiple years and a large variety of sites.
FOCUS ON HABITAT BENEFITS
This metric does not explicitly address other benefits of
floodplains or floodplain restoration, such as flood
storage, nitrate removal, or carbon sequestration.
However, many of the conditions necessary to support
habitat for a variety of species are also important to other
processes, functions, and values. If ratings for individual
ecosystem services are desired, a different site-specific
assessment tool, such as ORWAP9 in Oregon or
WESPUS10 elsewhere may be used. For assessing
salmonid habitat specifically, the Willamette Partnership’s
Salmon Habitat Calculator method should be considered. Because the metric does not require comprehensive
inventories of wildlife use or vegetation composition at
the species level, there is a risk that some biodiversity
values may not be adequately addressed in land exchanges
and other projects if this tool is used alone. Therefore,
more complete biological surveys of subject properties
should be completed whenever possible.
CHOICE OF INDICATORS
It is understood that different indicators, thresholds,
and indicator weights could sometimes be appropriate for
different flood frequency/duration zones and habitat
community types within floodplains. This assessment
does not incorporate those differences due to the lack of
sufficient data on each community from a spectrum of
reference sites encompassing both the human stressor
gradient and natural spatial and temporal variation. Also,
the assessment does not use all variables important to

9
10

SUGGESTIONS FOR MORE EXACTING
ANALYSIS
The floodplain metric is not intended to be the only tool
to inform decision-making. For example, the Willamette
Partnership, Oregon Department of State Lands, and
the EPA are currently developing a method for stream
mitigation that focuses on multiple functions, and that
may be useful as a complementary tool in the future. The
floodplain metric could be used as an initial screening
tool for deciding where and when more intensive and
costly assessment methods need to be employed (e.g.;
point-intercept sampling of vegetation species composition, fish surveys). More time-consuming and exacting
methods should be used to detect relatively subtle
changes at a project site between years, or to define
realistic quantitative expectations for specific plant
communities that are being rehabilitated or enhanced.
Also, the metric is not intended to predict future
condition of the floodplain vegetation in an area, either
as a result of project actions or from natural dynamics,
climate change, or other factors. It does not address the
suitability of a particular project site for restoration, its
geomorphic stability, or its dynamic self-sustainability,
nor does it address the habitat needs of individual
species.
All these caveats aside, what this metric does offer is a
quick and low-cost tool to generate relative measures of a
project site’s ecological and floodplain habitat values.
Used appropriately, it can provide useful guidance for
conservation and management decisions in floodplain
habitats across the west.

http://oregonstatelands.us/DSL/WETLAND/or_wet_prot.shtml
http://people.oregonstate.edu/~adamusp/WESPUS/
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How the Scores are Calculated

T

he questions answered in the office and field (in the
Main Indicators Table on the Calculator worksheet)
produce subscores for thirty main indicators. The main
indicator subscores are used to calculate subscores for six
composite indicators (in the Composite Indicators Table
on the Calculator worksheet). The composite indicator
subscores are used to calculate the final score (in the Final
Score Table on the Calculator worksheet). Note: Follow
the way the score is calculated by following the tables down
the Calculator worksheet: main indicators
composite indicators
final score.

WEIGHTS
The Floodplain Habitat Quality Score comes from
combining the subscores for six composite indicators
that are weighted differently, with weights shown in
parentheses below, followed by the abbreviations used in
the calculator.
• Landscape context (3) (Lscape)
• Non-invasive species of vegetation (1) (VNonInvas)
• Vegetation structure and distribution (2) (Struc)
• Flooding regime (3) (Hydro)
• Sensitive/rare Species (1) (Spp)
• Risk/stressors (3) (Risk)

The main indicator weights, found in the Main
Indicators Table on the Calculator worksheet, are
determined by taking the assigned weight of a composite
indicator (1, 2, or 3) and dividing by the number of
indicator variables in that composite indicator equation
(e.g., 2/3 = 0.6). However, the Main Indicators Table on
the Calculator worksheet has a column titled “Maximum
Weight in Floodplain Habitat Quality Final Score”
because some of the indicators will have a different
weight in the final score depending on the data entered.
Thus, the weights listed in these columns are the
maximum amount each particular main indicator could
have in influencing the final score.
In general, the advisors who helped develop this metric,
collectively, recommended the weights given to each of
the composite indicators that make up the final score.
Nonetheless, a high degree of discretion had to be
exercised in assigning these weights and formulating the
categories of indicator groupings and combination rules.
This is not meant to be a deterministic model, and
science is insufficient to clearly support a specific set of
weights, groupings and combination rules. Several
alternatives were tested, and the ones in the final version
of the calculator seemed to match well the rankings of
the test sites based on the field tester’s general
impressions.

Turtle Flats, William L. Finley National Wildlife Refuge. Photo by George Gentry, U.S. Fish and Wildlife Service.
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TECHNICAL NOTES
1. When a main indicator is blank, either through
instruction or by mistake, it is not carried forward
into a composite indicator equation, and is, thus, not
included in the final score. If a composite indicator is
blank, because all its main indicators are blank, it is
not included in the final score.

impact on these composite indicators is relevant,
and because the creators of the calculator want the
composite scores to be useful along with the final
score, PrioWQ is included in the calculator, even
though it has the potential to “cancel itself out” in
the final score.

2. Blank answers do not function as “0” answers. Not
until data is entered, zero or otherwise, will a main
indicator be included in subsequent scores. Furthermore, Excel does not include blank answers in its
AVERAGE function.

5. While question #24 weights both the duration of
flooding and the proportion of the project site that is
flooded, question #25 and #26 weight only the latter.
This is, of course, because of the relative paucity of
data available to the user when answering questions
#25 and #26. While questions #25 and #26 assign a
weight of “0” when >90% of the project site is
flooded, question #24 is able to assign a weight of
“1” when >90% of the project site is flooded. This is
because it is taking into account the length of time
the flooding occurs. It is considered advantageous
for large areas of a project site to be flooded for short
durations.

3. Main and composite indicators, in this metric, that
have the potential to be blank as result of the data
entered (see table below).
4. The PrioWQ main indicator contributes positively to
the “Lscape” composite indicator and negatively to
the “Risk” composite indicator. Because PrioWQ’s
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Development of the Metric

T

his metric was developed by Paul Adamus of
Adamus Resource Assessment under a Natural
Resources Conservation Service Conservation Innovation
Grant awarded to Defenders of Wildlife. The Bullitt
Foundation and Benjamin Hammett, Ph.D., provided
matching funds. At the outset of the effort, journal
articles and reports related to western floodplain habitat
were compiled and reviewed.
Development of the metric began with a half-day
workshop of technical experts and stakeholders from
Oregon, hosted by Defenders of Wildlife, facilitated by
the Willamette Partnership, and held in Salem, Oregon,

in December 2010. The metric was then refined in two
subsequent half-day workshops of floodplain habitat
experts and stakeholders and applied to a limited number
of project sites in Oregon by Richard Brainerd, Nick
Otting and others. Paul Adamus and Bobby Cochran,
director of the Willamette Partnership, then used the
results and recommendations to adjust field data forms
and scoring weights, leading to the final version of the
calculator. With further use, additional modifications
may be made if necessary to improve the accuracy,
sensitivity, and applicability of the metric, especially in
other regions.

Redwing blackbird. Photo by George Gentry, U.S. Fish and
Wildlife Service
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Glossary for the Floodplain Habitat Calculator Workbook

Term

Definition

Location in the Metric

Abiotic

A category of indicators including soils, temperature, and other nonliving factors. This category is comparable to the "Abiotic Condition"
category discussed in the 2011 report Measuring Up , by Willamette
Partnership.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets and the
Composite Indicators Table on the
Calculator worksheet

Aestivate

To pass the summer or dry season in a dormant condition

Floodmarks (for Q #24-26) worksheet

AgType

Agricultural uses (other than livestock grazing). A main indicator,
within the Risk category of indicators, measuring the proportion of
given agricultural uses (other than livestock grazing) within a project
site.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #21

AltUseType

Alternative land uses (not natural). A main indicator, within the
Context category of indicators, measuring the proportion of certain
non-natural land uses within two miles of the center of a project site.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #10

BankAlt

Banks Altered. A main indicator, within the Risk category of
indicators, measuring the proportion of the channel's banks altered by
artificial means within a project site's boundaries plus an upstream
and downstream distance of 10x the average width of the channel.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #15. For a project site that does not contain
the channel within its boundaries, the point of the
channel closest to the project site must be found and
marked. Then, an upstream and downstream distance
of 10x the average width of the channel must be marked.
It is between the upstream and downstream marks that
the channel's banks are evaluated for artificial
alterations.

BuffWidth

Buffer Width. A main indicator, within the Vegetation category of
indicators, measuring the average width of natural land cover to a
project site's channel during annual high water conditions.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #13. If the channel is not within the project
site's boundaries, then the average width of natural land
cover (in an upslope direction) perpendicular to the
annual floodplain boundaries is measured.

Calculator Worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
The Main Indicators Table, Composite Indicators Table, and Final
Score Table are all located within this worksheet. A user answers the
30 questions in the Main Indicators Table.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.

Category

The column that denotes categories of indicators as defined in the
2011 report Measuring Up , by Willamette Partnership.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets and the
Composite Indicators Table on the
Calculator worksheet

Compac

Soil Compaction. A main indicator, within the Risk category of
indicators, measuring the degree to which soil on a project site has
been (or will be) disturbed beyond its natural state.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Composite Indicator
Description

The column explaining how each composite indicator is calculated.

Composite Indicators Table on the
Calculator worksheet

Composite Indicator
Name

The column denoting the name of each composite indicator.

Composite Indicators Table on the
Calculator worksheet

Composite Indicator
Subscore

The column denoting the numeric value of each composite indicator.

Composite Indicators Table on the
Calculator worksheet

Composite Indicators
Table

The table including all composite indicators.

Calculator worksheet

The composite indicator equations are derived from main
indicators.

Conflu

Confluence Proximity. A main indicator, within the Context category
of indicators, measuring the distance from a project site to the closest
confluence of two major rivers.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #8

Context

A category of indicators describing the value of a project site in
relation to the broader landscape. This category is comparable to the
"Contextual Value" category discussed in the 2011 report Measuring
Up, by Willamette Partnership.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets and the
Composite Indicators Table on the
Calculator worksheet

Contiguous

Include in the acreage estimate on-site acreage and off-site acreage
not separated by a road, river, field, or other linear open-land feature
wider than 150 ft

PatchDist (for Q #12) worksheet

A user should consider this definition when determining
acceptable patches to use when calculating the
PatchDist main indicator subscore.

Cover Page Form
worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
Print and take on the project site visit.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.

Cover Page worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
A user enters project site information within the indicated boxes.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.

Dam

Dams and Diversion Channels. A main indicator, within the Risk
category of indicators, measuring the degree to which inundation to a
project site, by overbank flow, has been altered by upriver dams and
diversion channels.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #16

Data Entry

The column where data is entered.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Users are instructed to only put data in the yellowcolored cells within this column.

dbh

Diameter at breast height

Structures and Structures Form worksheets

Developed

Mainly buildings, roads, lawns, other landscaped areas, impervious
surfaces, and croplands

PatchDist (for Q #12) worksheet

Distance Between
Patches (Column C)

The column denoting the distance between the two patches identified
in Column A (the largest contiguous natural land cover patch located
at least partially within a project site's boundaries) and Column B (the
next closest natural land cover patch).

Patch Distance Table on the PatchDist (for
Q#12) worksheet
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Notes

Question #22

A user should consider this definition when determining
the proper score in the Patch Distance Table.

Glossary for the Floodplain Habitat Calculator Workbook

Term

Definition

Location in the Metric

Notes

Ditch

Ditches and Drain Tiles. A main indicator, within the Risk category of
indicators, measuring the degree to which artificial drainage (by
ditches and drain tiles) on a project site has decreased the extent and
duration of flooding on-site.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #19

Dur2yr

2-year Flood Duration and Coverage. A main indicator, within the
Abiotic category of indicators, measuring the proportion of a project
site flooded by overbank flow, from any water body, at least once
every two years for indicated time periods.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #24

Encirc

Paved Roads Encircling Project Site. A main indicator, within the
Risk category of indicators, measuring whether or not a project site is
completely encircled by paved roads within one mile of its center.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #7

ESH

Essential Salmonid Habitat. A main indicator, within the Context
category of indicators, measuring whether or not a project site (in
Oregon) receives overbank flow from a water body recognized as
being Essential Salmonid Habitat or supporting a fish species of
special concern. If a project site is located outside of Oregon, then
this indicator measures whether or not the project site receives
overbank flow from a water body supporting anadromous fish or other
fish species of special concern.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #4

Excav

Excavation. A main indicator, within the Risk category of indicators,
measuring the proportion of a project site artificially excavated (but is
not a pond that holds water year-round).

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #18

Feature

The column denoting different natural structural features that may be
found on a project site.

Structures Data Entry Sheet on the
Structures and Structures Form worksheets

Final Score

The column denoting the numeric value of the final score.

Final Score Table on the Calculator and
Cover Page worksheets

Final Score
Description

The column explaining how the final score is calculated.

Final Score Table on the Calculator
worksheet

Final Score Name

The column denoting the name of the final score.

Final Score Table on the Calculator
worksheet

Final Score Table

The table including the final score, Floodplain Habitat Quality.

Calculator and Cover Page worksheet

The final score is derived from composite indicators.

Flooded10yr

3-10 Year Flood Coverage. A main indicator, within the Abiotic
category of indicators, measuring the proportion of a project site
flooded by overbank flow, only once every 3-10 years, for any length
of time seasonally.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #25

Flooded100yr

11-100 Year Flood Coverage. A main indicator, within the Abiotic
category of indicators, measuring the proportion of a project site
flooded by overbank flow, only once every 11-100 years, for any
length of time seasonally.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #26

Floodmarks (for Q #2426) worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
A user can find information on flood boundary indicators here, which
will help with answering questions #24-26 in the Main Indicators
Table on the Calculator and Project Site Visit Form worksheets.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.

Floodplain Habitat
Calculator workbook

The entire Excel document, containing 11 worksheets, including the
calculator.

Downloadable from two different websites:
(1) Conservation Registry
http://www.conservationregistry.org/ and (2)
Willamette Partnership
http://willamettepartnership.org/

Floodplain Habitat
Quality Score

The final score, produced by the metric, to measure the quality of a
project site's floodplain ecosystem.

Final Score Table on the Calculator
worksheet

Equation: (3*Lscape + 3*Hydro + VNonInvas + 2*Struc +
3*Risk + Spp)/13); OR, if the Spp composite indicator is
not included because it is blank in the Composite
Indicators Table: (3*Lscape + 3*Hydro + VNonInvas +
2*Struc + 3*Risk)/12). It is not intended to be the only or
best tool to inform decision-making. (See Limitations
section of the user's guide.)

Grazed

Livestock Grazing. A main indicator, within the Risk category of
indicators, measuring the proportion of a project site currently grazed
in a manner that has visibly and persistently altered the vegetation
structure.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #20

HNonInvas

Non-Invasive Herbaceous Cover. A main indicator, within the
Vegetation category of indicators, measuring the proportion of
herbaceous (non-woody) cover on a project site that is non-invasive
plants.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #30

Hydro

Flooding Regime. A composite indicator, within the Abiotic category
of indicators, describing a project site's hydrological characteristics,
specifically, flooding regime.

Composite Indicator Table on the Calculator
worksheet.

Equation: (4*Dur2yr + 2* Flooded10yr + Flooded100yr)/7
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Term

Definition

Location in the Metric

Notes
Question #23. For a project site that does not contain
the channel within its boundaries, the point of the
channel closest to the project site must be found and
marked. Then, an upstream and downstream distance
of 10x the average width of the channel must be marked.
It is between the upstream and downstream marks that
the channel is examined to determine whether or not
more than 50% of it has been incised especially as a
result of dams or changes in land use upstream.

Incised

Incised Channel. A main indicator, within the Risk category of
indicators, measuring whether or not more than 50% of a project
site's channel is incised especially as the result of dams or changes
in land use upriver.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Indicator

Variables used to indicate the floodplain habitat quality of the project
site. Divided into the following categories: Abiotic, Context, Risk,
Species, and Vegetation.

Throughout the user's guide and calculator

Invasives (for Q #2930) worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
A user can find some guidance on the most invasive plant species in
North America.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.

Levee

Levees, Dikes, etc. A main indicator, within the Risk category of
indicators, measuring the extent flooding within a project site, and
land just outside the floodplain boundary, has been altered by
adjoining levees, dikes, abutments, retaining walls, berms, railroads,
or road beds.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #17

Lscape

Landscape context. A composite indicator, within the Context
category of indicators, measuring landscape context on a project site.

Composite Indicators Table on the
Calculator worksheet

Equation: AVERAGE(Nat2mi, AltUseType, PatchDist,
Conflu, Encirc, MAX(PrioWQ, PrioCons, ESH))

Main Indicator Name

The column denoting the name of each main indicator.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Main Indicator
Subscore

The column denoting the numeric value of each main indicator.

Main Indicators Table on the Calculator
worksheet

Main Indicators Table

The table including all main indicators.

Calculator and Project Site Visit Form
worksheets

Maximum Weight in
Floodplain Habitat
Quality Final Score

The column denoting the maximum weight said main indicator will
have in the final score.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Met?

The column denoting which natural structural features are present on
a project site.

Structures Data Entry Sheet on the
Structures and Structures Form worksheets

Minimum Inclusion
Threshold

The column denoting the minimum presence a certain natural
structural feature can have on a project site to be included in the
subscore.

Structures Data Entry Sheet on the
Structures and Structures Form worksheets

Nat2mi

Natural Land Cover Assessment. A main indicator, within the
Context category of indicators, measuring the proportion of natural
land cover within two miles of the center of a project site.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #9

NatOnsite

Natural Land Cover. A main indicator, within the Risk category of
indicators, measuring the proportion of natural land cover on the parts
of a project site not covered in late summer by water.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #11

PatchDist

Distance Between Natural Land Cover Patches. A main indicator,
within the Context category of indicators, measuring the areaweighted distance between the largest patch of contiguous natural
land cover located at least partially within a project site to the next
closest natural land cover patch.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #12

PatchDist (for Q #12)
worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
The Patch Distance Table is located within this worksheet. A user
will use the Patch Distance Table to answer question #12 in the Main
Indicators Table on the Calculator and Project Site Visit Form
worksheets.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.

Patch Distance Table

The table including weighted scores for the distance between the
largest contiguous natural land cover patch located at least partially
within the project site's boundaries to the next closest natural land
cover patch.

PatchDist (for Q #12) worksheet

This table is used to answer question #12 in the Main
Indicators Table on the Calculator and Project Site Visit
Form worksheets.

PrioCons

Designated Priority Area. A main indicator, within the Context
category of indicators, specifying whether or not a project site is
within, or contiguous to, a designated area for habitat conservation or
restoration.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #3

PrioWQ

Priority Watershed. A main indicator, within the Context category of
indicators, specifying whether or not a project site is within a priority
watershed for water quality improvement due to problems with
nutrients or temperature.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #2

Project Site

Each assessment will be applied to an area of development or
conservation, this area is referred to as the "project site".

Throughout the calculator and user's guide

“Project site” as used in this assessment is not the same
as “Ecological Site” (a term used by Natural Resources
Conservation Service and other resource planners).

Project Site Visit Form
worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
Print and take on the project site visit. This worksheet includes the
Main Indicators Table with the 30 questions a user must answer.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.
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RareAnim

Rare Animals. A main indicator, within the Species category of
indicators, measuring the presence, or absence, of special-status
animal species known to be reproducing on or within a 1/2-mile of a
project site.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #5

RarePlant

Rare Plants. A main indicator, within the Species category of
indicators, measuring the presence, or absence, of special-status
plant species known to be occurring on a project site.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #6

RarePlants (for Q #6)
worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
A user can find some guidance on rare and/or protected plant
species of western North America.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.

RareVertebrates (for Q
#5) worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
A user can find some guidance on rare and/or protected animal
species of western North America.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.

A category of indicators describing a project site's likelihood to
continue supporting biodiversity benefits over time. This category is
comparable to the "Risk and Viability" category discussed in the 2011
report Measuring Up , by Willamette Partnership.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets and the
Composite Indicators Table on the
Calculator worksheet

Risks/Stressors. A composite indicator, within the Risk category of
indicators, measuring risks/stressors, or potential risks/stressors, to
floodplain habitat on a project site.

Composite Indicators Table on the
Calculator worksheet

Score if Intervening is
Mostly Developed
(Column E)

The column revealing a project site's score if the area between the
two identified patches is mostly developed. This score is the number
entered into question #12 in the Main Indicators Table on the
Calculator and Project Site Visit Form worksheets.

Patch Distance Table on the PatchDist (for
Q#12) worksheet

Score if Intervening is
Mostly Undeveloped
(Column D)

The column revealing a project site's score if the area between the
two identified patches is mostly undeveloped. This score is the
number entered into question #12 in the Main Indicators Table on the
Calculator and Project Site Visit Form worksheets.

Patch Distance Table on the PatchDist (for
Q#12) worksheet

Shrubs

Shrub Coverage. A main indicator, within the Vegetation category of
indicators, measuring the proportion of the vegetated part of a project
site that contains shrubs not shaded by an overstory of trees.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

sq.m

Square meters

Structures and Structures Form worksheets

Size of Contiguous
Natural Land Cover
Patch (in acres)
(Column A)

The column denoting the size categories, a user chooses from, for
the largest contiguous natural land cover patch that is at least
partially within a project site's boundaries.

Patch Distance Table on the PatchDist (for
Q#12) worksheet

Size of Next Closest
Natural Land Cover
Patch (in acres)
(Column B)

The column denoting the size categories, a user chooses from, for
the next closest natural land cover patch to the largest patch
identified in Column A.

Patch Distance Table on the PatchDist (for
Q#12) worksheet

SNonInvas

Non-Invasive Shrub and Woody Vine Cover. A main indicator, within
the Vegetation category of indicators, measuring the proportion of
shrub and woody vine cover on a project site that is non-invasive
species.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Species

A category of indicators that are species-specific, such as
presence/absence. This category is comparable to the "Species
Attributes" category discussed in the 2011 report Measuring Up , by
Willamette Partnership.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets and the
Composite Indicators Table on the
Calculator worksheet

Spp

Sensitive/Rare Species. A composite indicator, within the Species
category of indicators, measuring sensitive/rare plant or animal
species on a project site.

Composite Indicators Table on the
Calculator worksheet

Equation: MAX(RarePlant, RareAnim). This indicator
does not measure the total amount of sensitive/rare
plant and animal species on the project site, but instead
uses the number of species in whichever group (plant or
animal) has the most.

Struc

Vegetation Structure and Distribution. A composite indicator, within
the Vegetation category of indicators, measuring vegetation structure
and distribution on a project site.

Composite Indicators Table on the
Calculator worksheet

Equation: (2*Strucs + 2*BuffWidth + MAX(Trees,
Shrubs))/5

StrucDiv

Structural Diversity. A main indicator, within the Vegetation category
of indicators, measuring the diversity of natural structural features on
a project site.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Question #27

Structures Data Entry
Sheet

The table where natural structural feature data, collected during the
project site visit, will be entered.

Structures and Structures Form worksheets

This table is used to answer question #27 in the Main
Indicators Table on the Calculator and Project Site Visit
Form worksheets.

Structures worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
The Structures Data Entry Sheet is located within this worksheet. A
user will use the Structures Data Entry Sheet to answer question #27
in the Main Indicators Table on the Calculator and Project Site Visit
Form worksheets.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.

Structures Form
worksheet

One of the worksheets in the Floodplain Habitat Calculator workbook.
Print and take on the project site visit. This worksheet includes the
Structures Data Entry Sheet, which a user will fill out, and helps
answer question #27 in the Main Indicators Table on the Calculator
and Project Site Visit Form worksheets.

Floodplain Habitat Calculator workbook

Find the other worksheets by clicking on the tabs at the
bottom of the workbook.

Risk
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Equation: ((3*AVERAGE(Levee, Dam, BankAlt)) +
AVERAGE (Compac, Incised, Excav) + AVERAGE
(Ditch, AgType, Grazed) + (1-PrioWQ) + NatOnsite)/7

Question #28

Question #29
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Term

Definition
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Subscore

The column denoting the numerical value of each natural structural
feature present on a project site.

Structures Data Entry Sheet on the
Structures worksheet

Trees

Tree Canopy. A main indicator, within the Vegetation category of
indicators, measuring the proportion of a project site containing tree
canopy.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets

Vegetation

A category of indicators describing vegetative attributes of the project
site. This category is comparable to the "Vegetative Condition"
category discussed in the 2011 report Measuring Up , by Willamette
Partnership.

Main Indicators Table on the Calculator and
Project Site Visit Form worksheets and the
Composite Indicators Table on the
Calculator worksheet

VNonInvas

Non-Invasive Species of Vegetation. A composite indicator, within
the Vegetation category of indicators, measuring the proportion of
non-invasive species of vegetation on a project site.

Composite Indicators Table on the
Calculator worksheet

The relative weights of individual indicators, inferred from the factor
the indicator is multiplied by and the placement of the indicator in the
subscore and final score formulas.

Throughout the user's guide and calculator

The column denoting the weight said feature will have in the
subscore.

Structures Data Entry Sheet on the
Structures worksheet

Weight in Floodplain
Habitat Quality Score

The column denoting the weight said composite indicator will have in
the final score.

Composite Indicators Table on the
Calculator worksheet

Weighted Data

The column denoting the weighted user-entered data.

Main Indicators Table on the Calculator
worksheet

Weights for Main
Indicator

The column denoting the factors by which the user-entered data will
be multiplied, the larger the factor the greater the relative importance
it is in the main indicator's subscore.

Main Indicators Table on the Calculator
worksheet

Wrack

Aquatic vegetation cast upon the land

Floodmarks (for Q #24-26) worksheet

Weight
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Notes

Question #14

Equation: AVERAGE(HNonInvas, SNonInvas)

References
Adamus, P., J. Morlan, and K. Verble. Oregon Rapid Wetland Assessment Protocol (ORWAP): calculator spreadsheet, databases, and data
forms. Salem, OR: Oregon Dept. of State Lands, 2009.
Adamus, P.R. “Protection, Restoration, and Management of Terrestrial Habitats and Species of the Willamette Sub-Basin. Technical Appendix D.” Willamette Subbasin Plan. Portland, OR: Northwest Power Conservation Council, 2004.
Adamus, P.R. and D. Field. Guidebook for Hydrogeomorphic (HGM)–based Assessment of Oregon Wetland and Riparian Sites. I. Willamette Valley Ecoregion, Riverine Impounding and Slope/Flat Subclasses. Volume IA: Assessment Methods. Salem, OR: Oregon Department of State
Lands, 2001.
Adamus, P.R. and L. Fish. “Biological Evaluation of the Willamette River and McKenzie River Confluence Area.” Restoration of Wildlife and
Riparian Habitat. McKenzie Watershed Council. September 2000.
Adamus, P.R. and T. Muir. Method for Assessment of Bottomland Hardwood Functions. Corvallis, OR: U.S. Environmental Protection Agency,
Environmental Research Laboratory, 1990.
Adamus, P.R., J. Webster, C. Shippentower, S. O’Daniel, D.E. Williams, and S. Minthorn. Umatilla River Floodplain and Wetlands: A
Quantitative Characterization, Classification, and Restoration Concept. Pendleton, OR: Confederated Tribes of the Umatilla Indian
Reservation, 2002.
Ainslie, W.B., Smith, R.D., Pruitt, B.A., Roberts, T.H., Sparks, E.J., West, L., Godshalk, G.L., and Miller, M.V.
A Regional Guidebook for Assessing the Functions of Low Gradient, Riverine Wetlands in Western Kentucky. Technical Report WRP-DE-17,
U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS., NTIS No., 1999.
Almquist, E. B., S. B. Jack and M. G. Messina. “Variation of the treefall gap regime in a bottomland hardwood forest: relationships with
microtopograpy.” Forest Ecology and Management 157 (2002):153-163.
Arp CD, Cooper DJ. “Analysis of sediment retention in Western riverine wetlands: the Yampa River watershed, Colorado, USA.” Environmental Management 33 (2004): 318–330.
Baker, J.M. “A Spatial Assessment of Conservation Opportunities in the Willamette River Floodplain Between Corvallis and Albany, Oregon.” M.S. thesis, Oregon State University, 2010.
Battaglia, L.L. “Responses of floodplain forest species to spatially condensed gradients: a test of the flood–shade tolerance tradeoff hypothesis.” Oecologia, 2006.
Bayley P.B. “Understanding large river-ﬂoodplain ecosystems.” BioScience 45 (1995): 153–158.
Bechtold J.S, R.T. Edwards, and R.J. Naiman. “Biotic versus hydrologic control over seasonal nitrate leaching in a floodplain forest.” Biogeochemistry 63 (2003):53-72.
Bechtold J.S. “Influence of fluvial sediments on floodplain soil biogeochemistry.” Doctoral dissertation, School of Aquatic and Fishery

29

References
Sciences, University of Washington, Seattle, 2007.
Beck, W.M. “Studies on the vertebrate ecology of a bottomland woods in the central Willamette Valley”. Thesis, Oregon State University,
1962.
Beechie, T.J., M. Liermann, M.M. Pollock, and S. Baker. “Channel pattern and river-floodplain dynamics in forested mountain river systems.” Geomorphology, 2006.
Bendix, J. and C.R. Hupp. “Hydrological and geomorphological impacts on riparian plant communities.” Hydrology Process. 14 (2000):
2977-2990.
Betts, M. G., J. C. Hagar, J. W. Rivers, J. D. Alexander, K. McGarigal, and B. C. McComb. “Thresholds in forest bird occurrence as a function of the amount of early-seral broadleaf forest at landscape scales.” Ecological Applications 20 (2010): 2116–2130.
Bolstad, P. V., J. M. Vose, and S. G. McNulty. “Forest productivity, leaf area, and terrain in southern Appalachian deciduous forests.” Forest
Science 47 (2001):419-427.
Bornette G, Amoros C, Pie ´gay H, Tachet J, Hein T. “Ecological complexity of wetlands within a river landscape.” Biological Conservation
85 (1998): 35–45.
Bornette, G., C. Amoros, and N. Lamouroux. “Aquatic plant diversity in riverine wetlands: the role of connectivity.” Freshwater Biology 39
(1998):267-283.
Brinson, M.M., F.R. Hauer, L.C. Lee, W.L. Nutter, R.D. Rheinhardt, R.D. Smith, and D. Whigham. A Guidebook for Application of Hydrogeomorphic Assessments to Riverine Wetlands. Tech. Rep. WRP-DE-11, Waterways Exp. Station. Vicksberg, Ms: US Army Corps of Engineers, 1995.
Burke, M. K., B. G. Lockaby, and W. H. Conner. “Aboveground production and nutrient circulation along a ﬂooding gradient in a South
Carolina Coastal Plain forest.” Can. J. For. Res. 29 (1999):1402-1418.
Burke, M.K., SL King, D Gartner. “Vegetation, soil, and flooding relationships in a blackwater floodplain forest.” Wetlands, 2003.
Chapa-Vargas, L. “Nesting Success of a Songbird in a Complex Floodplain Forest Landscape in llinois, USA: Local Fragmentation vs. Vegetation Structure.” Landscape Ecology, 2006.
Christy, J.A. Native. Freshwater Plant Associations of Northwestern Oregon. Corvallis, Oregon: Oregon Natural Heritage Information Center,
2004.
Church, M. “Geomorphic thresholds in riverine landscapes.” Freshwater Biology 47 (2002):541-557.
Clawson, R.G., and B.G. Lockaby. “Changes in production and nutrient cycling across a wetness gradient within a floodplain forest.”
Ecosystems, 2001.

30

References

Clinton SM, Edwards RT, Naiman RJ. “Subsurface metabolism and dissolved organic carbon dynamics in a floodplain terrace.” Journal of
American Water Resources Association 38 (2002):619-631.
Clinton, S.M. and RT Edwards. 2002. Forest‐river interactions: influence on hyporheic dissolved organic carbon concentrations in a floodplain terrace. JAWRA
Collins, B.D. “Forest development, wood jams, and restoration of floodplain rivers in the Puget Lowland, Washington.” Restoration Ecology,
2002.
Collins, J.N., E.D. Stein, M. Sutula, R. Clark. California Rapid Assessment Method (CRAM) for Wetlands and Riparian Areas. 2006.
Coulton, K.G., Goodwin, P., Perala, C., and Scott, M.G. An Evaluation of Flood Management Benefits Through Floodplain Restoration on the
Willamette River, Oregon, USA. Report prepared by Philip Williams and Associates for the River Network. River Network, Portland,
Oregon, 1996.
Du Laing, G., J. Rinklebe, B. Vandecasteele, E. Meers and F.M.G. Tack. “Trace metal behaviour in estuarine and riverine floodplain soils
and sediments: a review.” Science of The Total Environment 407(3) (2009): 3972-3985
Dykaar, B.B. 2000. A Hydrogeomorphic Index for River-Floodplain Habitat Assessment in the Willamette Basin. Report to the Oregon
Dept. of Fish & Wildlife, Corvallis, OR.
Dykaar, B.B., and P.J. Wigington, Jr. “Floodplain formation and cottonwood colonization patterns on the Willamette River, Oregon,
USA.” Environmental Management 25 (2000):87-104.
Evans, D.M. “Dissolved Nitrogen in Surface Waters and Nitrogen Mineralization in Riparian Soils within a Multi-Land Use Basin.” M.S.
thesis, Oregon State University, 2007.
Faber-Langendoen, D. and J. Rocchio. Laurentian-Acadian Floodplain Forest Ecological System. Alexandria, Virginia: NatureServe, 2005.
Fernald, A.F., P.J. Wigington, Jr. , and D. Landers. “Transient storage and hyporheic flow along the Willamette River, Oregon: field measurements and model estimates.” Water Resources Research 37 (2001):1681-1694.
Fierke , M.K. and J. Boone Kauffman. “Structural dynamics of riparian forests along a black cottonwood successional gradient.” Forest Ecology and Management 215 (2005):149–162
Forshay, K. J. and E. H. Stanley. “Rapid nitrate loss and denitrification in a temperate river floodplain.” Biogeochemistry, 75 (2005): 43–64.
Frenkel, R.E., S.N. Wickramaratne, and E.F. Heintz. “Vegetation and land cover change in the Willamette River Greenway in Benton and
Linn Counties, Oregon, 1972-1981.” Yearbook of the Association of Pacific Coast Geographers 46 (1985):63-77.
Furey, MA, DE Burhans, H He, MA Gold. 2003. Effect of vegetation structure on breeding territory selection by red-winged blackbirds in

31

References
a floodplain forest restoration project.
Gabbe, A.P. and S.K. Robinson. “Tree-species preferences of foraging insectivorous birds: implications for floodplain forest restoration.”
Conservation Biology, 2002.
Galat, D.L., L.H. Fredrickson, D.D. Humburg, K.J. Bataille, J.R. Bodie, J. Dohrenwend, G.T. Gelwicks, J.E. Havel, D.L. Helmers, J.B.
Hooker, J.R. Jones, M.F. Knowlton, J. Kubisiak, J. Mazourek, A.C. McColpin, R.B. Renken, and R.D. Semlitsch. “Flooding to restore
connectivity of regulated, large-river wetlands.” BioScience 48 (1998):721-733.
Garcia, J., J. Pratt, G. Ahlborn, S. Orloff, K. Richter, J. Dragavon, and J. Eby. A Method for Assessing the Value of Stream Corridors to Fish
and Wildlife Resources. Portland, Oregon: Report to US Fish & Wildlife Service, 1984.
Gonzalez, E, E Muller, B Gallardo, “Factors controlling litter production in a large Mediterranean river floodplain forest.” Journal of Forest,
2010.
Gordon, E. and B. Dykaar. Review of Floodplain Formation and Cottonwood Colonization Patterns on the Willamette River, Oregon, USA.
2004.
Gosselink, J.G., L.C. Lee, and T.A. Muir. Ecological Processes and Cumulative Impacts Illustrated by Bottomland Hardwood Wetland Ecosystems.
Lewis Publishers, Inc., 1990.
Gurnell AM. 1997. The hydrological and geomorphological signiﬁcance of forested ﬂoodplains. Global Ecology and Biogeography Letters
6: 219–229.
Harner MJ, Stanford JA. “Differences in cottonwood growth between a losing and a gaining reach of an alluvial floodplain.” Ecology 84
(2003):1453Ð8.
Hauer, F.R., B.J. Cook, M.C. Gilbert, E.J. Clairain, and R.D. Smith. A Regional Guidebook for Applying the Hydrogeomorphic Approach to
Assessing Wetland Functions of Riverine Floodplains in the Northern Rocky Mountains, ERDC/EL TR-02-21. Vicksburg, MS: U.S. Army
Engineer Research and Development Center, 2002.
Henning, J. An evaluation of fish and amphibian use of restored and natural floodplain wetlands. Final Report EPA Grant CD-97024901-1.
Washington, 2004.
Henning, J.A., Gresswell, R.E., and Fleming, I.A. “Use of seasonal freshwater wetlands by fishes in a temperate river floodplain.” Journal of
Fish Biology 71(2) (2007):476-92.
Henning, J.A., Schirato, G., and Hoffman, R. “Amphibian use of Chehalis River floodplain wetlands.” Northwest Nature 87(3) (2006):20914.
Hennings, L.A. and Edge, W.D. “Riparian bird community structure in Portland, Oregon: habitat, urbanization, and spatial scale patterns.”
Condor 105 (2003):288–302.

32

References

Hess, R.S. “Spatial Pattern and Dynamics of Hardwood Patches in the Coast Range of Oregon, 1939-1991.” M.S. thesis, Oregon State
University, 1999.
Hood, W.G., and R.J. Naiman. “Vulnerability of riparian zones to invasion by exotic vascular plants.” Plant Ecology 148 (2000):105-114.
Hosner JF, and S.G. Boyce. “Tolerance to water saturated soil of various bottomland hardwoods.” Forestry Science 8 (1962):180-186.
Hruby T. “Developing rapid methods for analyzing upland riparian functions and values.” Environmental Management 43(6) (2009):121943.
Hruby, T., K. Bruner, S. Cooke, K. Dublonica, R. Gersib, T. Granger, L. Reinelt, K. Richter, D. Sheldon, A. Wald, and F. Weinmann.
Methods for Assessing Wetland Functions. Volume I: Riverine and Depressional Wetlands in the Lowlands of Western Washington. Ecology
Publication 99-115. Olympia: Washington Dept. of Ecology, 1999.
Hughes, F.M.R., and Rood, S.B. “The allocation of river flows for the restoration of woody riparian and floodplain forest ecosystems: a review of approaches and their application in Europe.” Environmental Management 32 (2003):12-33
Hupp CR, Simon A. “Bank accretion and the development of vegetated depositional surfaces along modiﬁed alluvial channels.” Geomorphology 4 (1991): 111–124.
Hupp CR, Woodside MD, Yanosky TM. “Sediment and trace element trapping in a forested wetland, Chickahominy River, Virginia.” Wetlands 13 (1993): 95–104.
Jones & Stokes Associates. Functional Relationships for the Ecosystem Functions Model: Sacramento-San Joaquin Rivers Basin Comprehensive
Study. Report to US Army Corps of Engineers, Sacramento, CA, 2000.
Jurik TW, Wang SC, Vandervalk AG. “Effects of sediment load on seedling emergence from wetland seed banks.” Wetlands 14 (1994): 159–
165.
Keddy, P.A. and C.G. Drummond. “Ecological properties for the evaluation, management, and restoration of temperate deciduous forest
ecosystems.” Ecological Applications 6 (1996):748-762.
King SL, Sharitz RR, Groninger JW, Battaglia LL . “The ecology, restoration, and management of southeastern floodplain ecosystems: a
synthesis.” Wetlands 29 (2009):624–63.
Klimas, C. V., Murray, E. O., Langston, H., Pagan, J., Witsell, T., and Foti, T. A Regional Guidebook for Conducting Functional Assessments
of Forested Wetlands and Riparian Areas in the Ozark Mountains Region of Arkansas, ERDC/EL TR-08-31. Vicksburg, MS: U.S. Army
Engineer Research and Development Center, 2008.
Klimas, C. V., Murray, E. O., Langston, H., Pagan, J., Witsell, T., and Foti, T. A Regional Guidebook for Conducting Functional Assessments
of Forested Wetlands in the Arkansas Valley Region of Arkansas, ERDC/EL TR-08-23. Vicksburg, MS: U.S. Army Engineer Research and

33

References
Development Center, 2008.
Klimas, C.V., Murray, E.O., Pagan, J., Langston, H. and Foti, T. 2005. Ecosystem Management and Restoration Research Program A Regional Guidebook for Applying the Hydrogeomorphic Approach to Assessing Wetland Functions of Forested Wetlands in the West
Gulf Coastal Plain Region of Arkansas, ERDC/EL TR-05-12, U.S. Army Engineer Research and Development Center, Vicksburg,
MS.
Klimas, C.V., Murray, E.O., Pagan, J., Langston, H., and Foti, T. 2004. A Regional Guidebook for Applying the Hydrogeomorphic Approach to Assessing Wetland Functions of Forested Wetlands in the Delta Region of Arkansas, Lower Mississippi River Alluvial Valley,
ERDC/EL TR-04-16, U.S. Army Engineer Research and Development Center, Vicksburg, MS.
Knutson, M.G. and S.J. Gutreuter. “Patterns of artificial nest depredation in a large floodplain forest.” Journal of Wildlife Management,
2000.
Latterell JJ, Bechtold JS, Naiman RJ, OÕKeefe TC, Van Pelt R. “Dynamic patch mosaics and channel movement in an unconÞned river
valley of the Olympic Mountains.” Freshwater Biology 51 (2006):523-544.
Liquori, M., D Martin, L Benda, R Coats. Scientific Literature Review of Forest Management Effects on Riparian Functions for Anadromous
Salmonids. Report to The California State Board of Forestry and Fire Protection, Oakland, CA, 2008.
MacNally, R. “Habitat change and restoration: responses of a floodplain forest-floor mammal species to manipulations of fallen timber in
forests.” Animal Biodiversity and Conservation, 2002.
Mayer, P.M., S.K. Reynolds, M.D. McCutchen, and T.J. Canfield. “Meta-analysis of nitrogen removal in riparian buffers.” Journal of Environmental Quality 36(4) (2007):1172-80.
McBride JR, Strahan J. “Establishment and survival of woody riparian species on gravel bars of an intermittent stream.” Am Midl Nat 112
(1984):235-245.
McBride, M. and W.C. Hession. “Riparian reforestation and channel change: How long does it take?” Geomorphology, 2010.
McConnaha, W.E., P. Whitney, and P.R. Adamus. An Approach for Synthesis of Willamette Floodplain Aquatic and Terrestrial Attributes. Report to Willamette Partnership, Salem, OR, 2005.
Mershon, S. and M. Raad. “Review of flood damage reduction and riparian floodplain forest restoration: selecting focal areas and setting
restoration goals on Oregon's Willamette River.” Student paper, Honors College Science Colloquium: Willamette River Environmental
Health, University of Oregon, 2004.
Mitsch, W.J., J.R. Taylor and K.B. Benson. “Estimating primary productivity of forested wetland communities in different hydrologic landscapes.” Landscape Ecology 5 (1991):75-92.
Mitsch, W.J., L. Zhang, Christopher J. Anderson, Anne E. Altor, Maria E. Hernandez. “Creating riverine wetlands: ecological succession,

34

References
nutrient retention, and pulsing effects.” n.d.
Moyle, P.B., Patrick K. Crain, Keith Whitener. “Patterns in the use of a restored California floodplain by native and alien fishes.” n.d.
Munné, A., N Prat, C Sola, N Bonada. “A simple field method for assessing the ecological quality of riparian habitat in rivers and streams.”
QBR index. n.d.
Naiman RJ, Bechtold JS, Drake D, Latterell JJ, OÕKeefe TC, Balian EV. “Origins, patterns, and importance of heterogeneity in riparian
systems.” In: Lovett G, Jones CG, Turner MG, Weathers KC, Eds. Ecosystem function in heterogeneous landscapes. New York: SpringerVerlag, 2005. p 279- 309.
Naiman, R.J., JS Bechtold, TJ Beechie, JJ Latterell. “A process-based view of floodplain forest patterns in coastal river valleys of the Pacific
Northwest.” Ecosystems, 2010.
Nardi, F. and ER Vivoni. “Investigating a floodplain scaling relation using a hydrogeomorphic delineation method.” Water Resources Research, 2006.
Nilsson C, and G. Grelsson. “The effects of litter displacement on riverbank vegetation.” Geological Society of America Bulletin 68 (1990):
735–741.
Panik, H.R., and S. Barrett. “Distribution of amphibians and reptiles along the Truckee River System.” Northwest Science 68(3) (1994):197204.
Pie´gay H, Bornette G, Citterio A, Herouin E, Moulin B, Statiotis C. “Channel instability as a control on silting dynamics and vegetation
patterns within periﬂuvial aquatic zones.” Hydrological Processes 14 (2000): 3011–3029.
Pinay G, Black VJ, Planty-Tabacchi AM, Gumiero B, De´camps H. “Geomorphic control of denitriﬁcation in large river ﬂoodplain soils.”
Biogeochemistry 50 (2000): 163–182.
Planty-Tabacchi, A., E. Tabacchi, R.J. Naiman, C. Deferrari, and H. Decamps. “Invasibility of species-rich communities in riparian zones.”
Conservation Biology 10 (1996):598-607.
Pollock, M. M., R. J. Naiman, and T. A. Hanley. “Plant species richness in riparian wetlands- a test of biodiversity theory.” Ecology 79
(1998):94-105.
Primozich, D., P. Adamus, W. E. McConnaha, and B. Dykaar. Willamette River Basin Floodplain Restoration Feasibility Study: Ecological Response Model Recommendations. Portland, OR: U.S. Army Corps of Engineers, 2004.
Pringle CM, Naiman RJ, Bretschko G, Karr JR, Oswood MW, Webster JR, Welcomme RL, Winterbourn MJ. “Patch dynamics in lotic system: the stream as a mosaic.” Journal of the North American Benthological Society 7 (1988): 503–524.
Ranalli, A.J. and D.L. Macalady. “The importance of the riparian zone and in-stream processes in nitrate attenuation in undisturbed and

35

References
agricultural watersheds: a review of the scientific literature.” Journal of Hydrology 389(3-4) (2010): 406-415.
Rheinhardt, R., M Brinson, and R Brooks. Development of a reference-based method for identifying and scoring indicators of condition for
coastal plain riparian reaches. 2007.
Richards, K., J. Brasington, and F. Hughes. “Geomorphic dynamics of floodplains: ecological implications and a potential modelling strategy.” Freshwater Biology 47 (2002):559-579.
Richter, B.D. and H.E. Richter. “Prescribing flood regimes to sustain riparian ecosystems along meandering rivers.” Conservation Biology 14
(2000):1467-1478.
Richter, B.D., J.V. Baumgartner, J.Powell, and D.P. Braun. “A method for assessing hydrologic alteration within ecosystems.” Conservation
Biology 10 (1996):1163-1174.
Risser, R.J. and R.R. Harris. “Mitigation for Impacts to Riparian Vegetation on Western Montane Streams.” In: Gore, J.A. and G.E. Petts.
Alternatives in Regulated River Management. 1998. pp. 235
Robertson, A.I., P.Y. Bacon, and G. Heagney. “The response of ﬂoodplain primary production to ﬂood frequency and timing.” Journal of
Applied Ecology 38 (2001):126-136.
Rood, S.B., A.R. Kalischuk, and J.M. Mahoney. “Initial cottonwood seedling recruitment following the flood of the century of the Oldman
River, Alberta, Canada.” Wetlands 18 (1998): 634-645.
Sallabanks, R. and J.R. Walters. “Breeding bird abundance in bottomland hardwood forests: habitat, edge, and patch size effects.” 2000.
Scheerer, P. D. “Implications of floodplain isolation and connectivity on the conservation of an endangered minnow, Oregon Chub, in the
Willamette River, Oregon.” Transactions of the American Fisheries Society 131 (2002):1070-1080.
Scheerer, P.D. “A Species Crediting Methodology that Supports Conservation Banking for an Endangered Floodplain Minnow.” 2010.
Scott, M.L., Auble, G.T., and Friedman, J.M. “Flood dependency of cottonwood establishment along the Missouri River, Montana, USA.”
Ecological Applications 7(2) (1997): 677-690.
Scott, M.L., Shafroth, P.B., and Auble, G.T. “Responses of riparian cottonwoods to alluvial water table declines.” Environmental Management 23(3) (1998): 347-358.
Sedell JR, Reeves GH, Hauer FR, Stanford JA, Hawkins CP. “Role of refugia in recovery from disturbances: modern fragmented and disconnected river systems.” Environmental Management 14 (1990): 711–724.
Simmons, ME and XB Wu. “Bottomland hardwood forest species responses to flooding regimes along an urbanization gradient.” Ecological
Engineering, 2007.

36

References
Smith, R.D. and Klimas, C.V. A Regional Guidebook for Applying the Hydrogeomorphic Approach to Assessing Wetland Functions of Selected Regional Wetland Subclasses, Yazoo Basin, Lower Mississippi River Alluvial Valley, ERDC/EL TR-02-4. Vicksburg, MS: U.S. Army Engineer
Research and Development Center, 2002.
Sommer, T., B. Harrell, M. Nobriga, R. Brown, P. Moyle, W. Kimmerer, and L. Schemel. “California's Yolo Bypass: evidence that flood
control can be compatible with fisheries, wetlands, wildlife and agriculture.” Fisheries 26 (2001):6-16.
Stanford, J.A., and J.V. Ward. “An ecosystem perspective of alluvial rivers: connectivity and the hyporheic corridor.” Journal of North American Benthol Society 12 (1993):48Ð60.
Steiger, J., E Tabacchi, S Dufour, D. Corenblit and J.-L. Peiry. “Hydrogeomorphic processes affecting riparian habitat within alluvial channel–floodplain river systems: a review for the temperate zone.” River Research and Applications 21 (2005): 719–737.
Tabacchi E, Correll DL, Hauer R, Pinay G, Planty-Tabacchi AM,Wissmar RC. “Development, maintenance and role of riparian vegetation
in the river landscape.” Freshwater Biology 40 (1998): 497–516.
Tabacchi E, Planty-Tabacchi AM, Nadal E, Roques L. “Seed inputs along riparian zones: implications for plant invasion.” River Research
and Applications 21 (2005): 299–313.
Taylor, J.R., M.A. Cardamone and W.J. Mitsch. “Bottomland hardwood forests: their function and values.” In J.G. Gosselink, L.C. Lee
and T.A. Muir (eds.) Ecological processes and cumulative impacts illustrated by bottomland hardwood wetland ecosystems. Lewis, Chelsea,
MI, USA, 1990. p. 14-34.
Theobold, D.M., D.M. Merritt, and J.B. Norman. Assessment of Threats to Riparian Ecosystems in the Western United States. Report to Western Environmental Threats Assessment Center, Prineville, OR, 2010.
Thomson JR, Taylor MP, Fryirs KA, Brierley GJ. “A geomorphological framework for river characterization and habitat assessment.” Aquatic
Conservation: Marine and Freshwater Ecosystems 11 (2000): 373–389.
Tickner DP, Angold PG, Gurnell AM, Mountford JO. “Riparian plant invasions: hydrogeomorphological control and ecological impacts.”
Progress in Physical Geography 25 (2001): 22–52.
Tockner K, Malard F, Ward JV. 2000. An extension of the ﬂood pulse concept. Hydrological Processes 14: 2861–2883.
Toner, M. and P. Keddy. “River hydrology and riparian wetlands: a predictive model for ecological assembly.” Ecological Application. 7
(1997):236-246.
Uranowski, C., Lin, Z., DelCharco, M., Huegel, C., Garcia, J., Bartsch, I., Flannery, M. S., Miller, S. J., Bacheler, J., Ainslie, W. A Regional
Guidebook for Applying the Hydrogeomorphic Approach to Assessing Wetland Functions of Low-Gradient, Blackwater Riverine Wetlands in
Peninsular Florida, ERDC/EL TR-03-3. Vicksburg, MS: U.S. Army Engineer Research and Development Center, 2003.
Urgenson LS, Reichard SH, Halpern CB. 2009. Community and ecosystem consequences of giant knotweed ( Polygonum sachalinense )

37

References
invasion into riparian forests of western Washington, USA. Biol Conserv 142:1536Ð41.
US Army Corps of Engineers. “Technical Studies Documentation Appendix G Ecosystem Functions Model.” Sacramento and San Joaquin
River Basins Comprehensive Study, 2002.
Wakeley, J.S., M.P. Guilfoyle, T.J. Antrobus, R.A. Fischer, W.C. Barrow Jr., and P.B. Hamel. “Ordination of breeding birds in relation to
environmental gradients in three southeastern United States ﬂoodplain forests.” Wetlands Ecological Management 15 (2007):417–439
Walling DE, Owens PN. “The role of overbank ﬂoodplain sedimentation in catchment contaminant budgets.” Hydrobiologia 494 (2003):
83–91.
Walls, R.L. and D.H. Wardrop. “The impact of experimental sedimentation and flooding on the growth and germination of floodplain
trees.” Plant Ecology, 2005.
Williams, H. M., Miller, A. J., McNamee, R.S., and Klimas, C.V. A Regional Guidebook for Applying the Hydrogeomorphic Approach to the
Functional Assessment of Forested Wetlands in Alluvial Valleys of East Texas, ERDC/EL TR-10-17. Vicksburg, MS: U.S. Army Engineer
Research and Development Center, 2010.
Williamson, R.A. 2008. Analysis of riparian forest and floodplain quality in the Yellow Creek Watershed using the qualitative habitat evaluation index.
Wondzell S.M., and F.J. Swanson. 1999. Floods, channel change, and the hyporheic zone. Water Resources Research 35: 555–567.

38

