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ABSTRACT

As part of its management strategies for wetlands in Oregon, the Division of State Lands

sponsored a Local Wetland Inventory for the city of Tillamook. Wetlands delineation,

determination, assessment, and management are the concern of several institutions which worked

together to create the 1993 Oregon Freshwater Wetland Assessment Methodology. With the

Division of State Lands at the lead, Department of Environmental Quality, Department of Parks

and Recreation, Department of Land Conservation and Development, U.S. Army Corps of

Engineers, Oregon Department of Fish and Wildlife, Natural Resources Conservation Service West

National Technical Center, U.S. Environmental Protection Agency, The Nature Conservancy, and

Oregon Natural Heritage Program all provided important information.

All the information gathered through the Assessment Methodology can be more effective

if integrated with GIS technology. In the long term results, manipulation of the information will

be much easier and decisions could be based on visual outputs. GIS will contribute to a better

coordination among agencies and it will avoid duplication of efforts.

4



INTRODUCTION

Wetlands can be identified using low altitude-aerial photography and display on

maps directly or as overlays. The efficiency of this methodology is increased by

integrating this information with geographical information systems (GIS). GIS can be

used to manipulate this wetlands information in a variety of useful ways for a variety of

purposes.

The type of data layers which contain the information and the quality of the

information will determine the required output for specific interest groups, whether they

are managers, planners, botanists, ecologists, developers or government officials.

There are several examples of wetland inventory and delineation using GIS in

other areas of the United States and Oregon is starting a number of projects in this area;

To mention a few Philomath, LaGrande, Tillamook, and Bay City have had their local

wetland inventories. Currently, most of the information for wetlands delineation is

obtained using a ground truthing methodology, that requires several types of expertise on

the field team: botany, ecology, soils, and hydrology.

This process can be made more efficient and simpler for consultants and

managers. When a combination of aerial photography and GIS is used. It could be used to

double check ground truthing information and be a tool for subsequent planning. The

Division of State Lands (DSL) and the City of Tillamook have agreed to the need for the

determination and delineation of the palustrine wetlands present within the city's urban

growth boundary (UGB) and have undertaken a Local Wetland Inventory (LWI) there,

based on state LWI standards.

I performed an internship with the private environmental consultant, Ms Loverna

Wilson, who was hired to develop the Tillamook LWI between summer,1995 and spring,
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1996. Part of my internship was to follow closely the ground truthing procedures for the

Tillamook LWI which in turn provided me the opportunity to generate a project using

what I think is the most important information to consider for GIS coverages, The

methodology used by the consultants for the fieldwork was the established by the LWI

Standards and Guidelines from DSL, the Oregon Freshwater Wetland Assessment

Methodology (OFWAM).

BACKGROUND ON WETLAND INVENTORIES

The first comprehensive national wetland inventory in the United States was

completed in 1954, when U.S. Fish and Wildlife Service conducted a survey focused

mainly wetlands used by waterfowl. This survey was just a start and was not nearly as

comprehensive as the current NWI. However, its findings were very stimulating and

awoke public interest in the need for conservation of waterfowl wetlands. All this

information is now referred as Circular 39 (Shaw and Fredine, 1956).

Since that first inventory, the need for a National Wetland Inventory has evolved in

many ways based on the progressive understanding that the public is showing to the values

and functions of the wetlands. This has made the need for more intensive studies in all the

different matters concerning to wetlands. The NWI goal is to convey all the generated

scientific information about the characteristics of the Nation's wetlands (Kiraly, Cross, and

Buffington, 1990) to augment awareness about the rapid loss and future of the wetlands,

regarding to all their ecological and social values.

The NWI, based on the Cowardin 1979 Classification System, uses a number of

tools to obtain the information for the inventories, remote sensing techniques (Landsat

TM) and high-altitude photography; the final output for this information is on 7.5 minute

U.S. Geological Survey topographic maps.
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Oregon was one of the first states that have passed state wetlands legislation

relying on NWI for its implementation. In1989, Senate Bill 3 required the DSL to

establish a State Wetlands Inventory based on the NWI, and provided state funds to

"cost-share" completion of the NWI for Oregon.

Then the need for an area-by-area process which include different data sources

under the State Standard and guidelines was the key for the Local Wetland Inventories

(LWI) Program which became an important source of information. The LWI area of

study is generally confined for the UGB of the city of interest. The purpose of DSL with

this program is to share the information with the public, with the other agencies, with the

city planners, with the private industry, developers, and landowners. Thus, DSL is

maintaining a "library" containing LWIs, estuary maps, and wetland determinations

(Morlan, 1990).

OBJECTIVES

These project has three objectives:

1.- Develop a methodology based on hierarchical relationship to assess the GIS feasibility

for LWI information display. The main question is whether GIS might help to easily

visualize where the wetlands of interest are located, how they are delineated and in the

future they could be compared with some other regions in the same city, in the same

county, or elsewhere.

2.- To test the prototype approach in Tillamook displaying the wetlands with their

relevant information.

3.- To suggest how to combine this information for assessment and planning purposes,

manipulation of the GIS data.



METHODOLOGY

1.- Using the Oregon Freshwater Wetland Assessment Methodology (OFWAM) a

conceptual model for how a hierarchical GIS might work was developed. The search for

evaluated data sources was very important. Considering that OFWAM itself required

information from local, state, and federal agencies helped to determined how GIS data

layers could be distributed.

2.- Participating in the Tillamook LWI process, during the determination, delineation,

characterization, and assessment of wetlands was possible to obtain the relevant

information for each wetland. That information was incorporated into the prototype.

3.- Using prototype output, reviewing local, state, and federal planning and regulatory

procedures, and interviewing local, state, and federal agency staff was possible to

determine the potential uses and ways for manipulation of the GIS information.

RESULTS AND DISCUSSION

First, the approach developed to assess the GIS feasibility can be called from now

Interactive GIS and Hierarchical Data Structure, where the sources of information

determined four steps or hierarchical levels for the prototype.

Level 1.- The State of Oregon area will be the start of the hierarchical relationship, then

our attention will be in Tillamook county area.

Level 2.- Zooming in the Tillamook County area, we will be able to see all the different

cities where there are existing Local Wetland Inventories.

Level 3.- Digitized aerial photos will show wetland areas highlighted in Tillamook city.
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The color (infrared) aerials that were used for the digitizing were photographed on

October 31, 1989 by the U.S. Army Corps of Engineers (CENNP). They have a scale of

1:24,000 (or 1 inch = 2000 ft)

The small (contact), infrared print size (used for field mapping ). They have a

scale of 1:6,000 (or 1 inch=500ft).

The small, black & white contact prints used for the examination in the

stereoscope were photographed in 1994 by WAC Corp. This set of photographs in

combination with the 7.5 minute quads were very useful in the elaboration of the feasible

layers for the study area.

Level 4.- Sites that have been sampled and that have represented a true wetland will have

flags. Zooming on a flag will bring up the site data, collected from the ground or

determined by the assessment methodology.

To increase efficiency of the information and to satisfy the established purposes,

the required layers in this GIS data base should have a hierarchical data structure.

For level one I consider important the following layers: National Wetland

Inventory map, soil map, streams map, outstanding water map and county map. It was

possible to obtain some of this information from the State Service Center GIS site, at a

1:100,000 scale; however digitized NWI map for Oregon is in construction and not yet

available.

For the second level, the most relevant information is the localization of the

Endangered and Threatened species on the county of study, fish and wildlife habitats,

presence of state lands, and location of the other LWI sites in the county. At this point I

also consider that a county zoning map can be useful too.
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For level number three I have elaborated the possible GIS layers that could be used

in real map compositions; soil map indicating where are the hydric soils, stream map

defining the whole watershed, land use zoning map, main roads map indicating levee and

dikes and finally the layer showing all the wetlands.

For the fourth level, on a GIS layer indicating the final delineation of the wetlands,

a zoom on each wetland will show its most relevant information, such as soil type and

percentages of vegetation at this point. Very important for the future will be to have

digitized at this level the complete detailed information related to the property distribution

based on the tax lot maps that the city planning office has on paper. The delineation of the

wetlands was providedby C&G White Consultants.

Important Sources of Information

Before, during and after the fieldwork, a fundamental activity that I have been

involved is in the collection of the information from all the different agencies in the State

of Oregon in order to complete the characterization and assessment of each wetland. The

OFWAM is a very comprehensive methodology for LWI that requires the integration of

all sources of information on the area, related to: water bodies, water quality, fish and

wildlife habitats, endangered and threatened plant and animal species, parks and recreation

plans, land use plans from the city, prohibit areas for any filling activities Section 404

filling-permit from the Corps of Engineers, etc.

ODFW provided the information related to the presence of critical fish habitats;

there is no critical wildlife habitats in the area of study but there is enough wildlife

movement that should be considered. ODEQ provided the information about water bodies

and water quality; there are not outstanding water bodies in area of study but pollution of

the Wilson and Trask rivers is a big concern, especially because they are considered
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severely polluted. According to the Oregon Department of Parks and Recreation there are

no specific plans for park protection in the City of Tillamook but I consider important the

fact that there are plans for the Tillamook Estuary. Everything related to endangered and

threatened species in the county was provided by the Oregon Natural Heritage Program.

There are no specific prohibited areas for filling activities according to the Corps of

Engineers.

From the City of Tillamook: Wetlands Planning Document

The Statewide Planning and its Goals 5 "Open spaces, scenic and historic areas,

and natural resources", and Goal 17 "Coastal Shorelands" define wetland as "land areas

where excess water is the dominant factor determining the nature of soil development and

the types of plant and animal communities living at the soil surface". The main

characteristic of wetlands is that they retain enough water most of the year, providing

moisture to aquatic and semi-aquatic plants.

In 1980, in cooperation with the Oregon Department of Fish and Wildlife, an

inventory of Goal 5 Wetlands was completed. Four sites were identified and described in

the following analysis.

1) The Meadow Avenue Wetland is located south of that street and contains

approximately 14 acres. The acreage is in multiple ownership among private individuals

and Tillamook School district No. 9. It is predominantly a forested wetland with no

identified conflicting uses. The City will protect this wetland.

2) The Fairland Drive Wetland runs immediately parallel to that street and.

contains approximately two acres. The site is a scrub-shrub and forested wetland in

association with a small perennial stream. The property is under single public ownership

with no identified conflicting uses. The City will protect this wetland.
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3) The South Highway 101 Wetland is immediately adjacent to that highway upon

entering the city. The site is a scrub-shrub and forested wetland containing approximately

one acre. The area is within an "open space" district with no conflicting uses identified.

The City will protect this wetland.

4) The Fifth Street Wetland is found at the west end of this street. The site is an

emergent wetland containing approximately 1.5 acres. The area is part of a large tract

zoned for parks. Carnahan Park is immediately adjacent to the north, but effectively

separated by a chain link fence. No conflicting uses have been identified. The City will

protect this wetland.

5) and 6) are wetlands considered by the goal 17 and the City will develop them.

The location of this sites are shown on map on appendix A-3.

Oregon Department of Fish and Wildlife And The Natural Heritage Program:

Endangered Species Information

The information required for the assessment of the wetlands in Tillamook was

obtained from the data system executed by the Heritage Program which search for rare,

threatened and endangered plant and animal records in Tillamook (T1S, R9W,-Section 29,

30, 31; T1S, R1 OW, Section 25) and Bay City (T1N, R1 OW, Section 34, 35).

That information can be updated with further research, considering that the list of

species may not include until now some other unknown critique species. The endangered

species are:

1.) Rana aurora aurora, Northern Red-Legged Frog, Tillamook, lat: 45°33'50"N, long:

123°54'55"W,

Quad: Garibaldi
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2)Haliaeetus leucocephalus, Bald Eagle, Tillamook, lat: 45°32'15"N, Long:

123°53'45"W, Quad: Garibaldi

3)Arborimus (=Phenacomys) albipes, White-Footed Vole, Tillamook, lat: 45°32'30"N,

Long: 123°53'44"W, Quad: Garibaldi

4) Filipendula occidentalis, Queeen-of-the-Forest, Tillamook, lat: 45°27'10"N, long:

123°50'00"W, Quad: Tillamook

5) Sidalcea hirtipes, Bristly-stemmed sidalcea, Tillamook, lat: 45°27'10"N, long:

123°50'00"W, Quad: Tillamook

6) Sidalcea hirtipes, Bristly-stemmed sidalcea, Tillamook, lat: 45°27'30"N, long:

123°48'20"W, Quad: Tillamook

7) Sidalcea hirtipes, Bristly-stemmed sidalcea, Tillamook, lat 45°26'40"N, long:

123°48'00"W, Quad: Tillamook

Specie mentioned in 6 and 7 are close to the study area, these can be seen on the

map on level 2, Appendix A-2.

ODFW: Fish Habitat Information

The five rivers system (Wilson, Trask, Tillamook, Kilchis, and1vfiami), in

Tillamook county does not have any federal listing of fish habitats as a endangered or

threatened species. The State has classified the Chum salmon and steelhead as sensitive

species. Coho salmon is proposed for federal listing as an threatened species and the,

Endangered species act..

The spawning fish are present late October until early January. Juvenile fish are

present the whole year round. Into this system, the Tillamook river can be considered as

13



the smallest according to the fish habitat presence. Miami and Kilchis river are medium.

Wilson and Trask are the larger ones. Spring Chinook is present any time of the year in

Wilson River and Kilchis river, as aresea-run cuthroat trout.

This information was provided by ODFW in Tillamook; and historical data and

registration of points and tracks are available in the Portland office.

Quality of the Information

Most of the gathered information was very useful, please see maps on Appendix A;

however some of the information was not accurate enough to be used from one level to

another. The state soils layer was a specific example of this situation; its scale was really

coarse, and zooming it to the second level, where we require county information, the state

soils layer was misleading the presence of hydric soils.

Considering that inconvenient, for the third level it was very important to compare

the soils information from the soil survey in Tillamook of 1964 with the soils information

gathered during the fieldwork. Common hydric soils in the area are: Coquille,13renner,

Nehalem and Hebo silty loam. Nestuca, Ginger silt loam, Qnillayute silt loam (0-7%

slopes), and Quillayute silt loam (0-12 % slopes) have HEBO inclusions. See soils map in

Appendix A-3.

Potential uses of the LWI GIS and suggestions for data manipulation

Historical analysis of the wetlands gain and loss will be one of the main uses for

the proposed GIS. We could find a possible correlation between the degree or category of

disturbance and the current quality of the wetland, "low and high class value wetlands".

Overlaying, buffering and merging the layers could be a very successful tool when we

want to define the more impacted areas by development or agricultural activities.
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Part of the assessment of wetlands is the determination whether or not they are

located in 100-year flood plain. For this purpose, we used the National Flood Insurance

Rate Maps; if we have this information digitized and carefully updated considering big

events such us the flooding in 1996, this will much more accurate and useful.

Having information about fish and wildlife habitats and their relation to each

stream or watercourse in the area of study is very important, specially when as part of the

assessment we need to determine the fragmentation in the ecosystem. For example, the

existence of main highways often the time represent an absolute bather to wildlife

movement. During the watershed analysis required by OFWAM, we have to find out

about slope, area of the watershed, and type of the watershed such as critical, moderate or

fair depending on the presence of fish and wildlife habitats, this biological ratings are based

on the ODFW information for critical habitats regarding to the type of actual or potential

disturbances. Rivers and streams which don't have any dikes or fragmentation can be

considered as a continuing flow of water not affecting the movement of the fish; otherwise

it will mean that the fish habitats are not natural and therefore they don't have natural

trajectories. Agricultural fields and fenced farms represent a barrier for wildlife, big game

and amphibians in particular are affected.

GIS can contribute now to a better planning for development. A starting point for

the study of habitat fragmentation and hydrology research plus it can be the way to avoid

future fragmentation keeping natural habitats the less disturbed as possible. GIS can help

in the siting and monitoring of natural and manmade conservation corridors. Most of the

time the presence of rivers, streams and creeks represent natural corridors as long as they

are not changed by landowners or developers and maintain a buffer zone.

An interesting example of this manmade barriers is that besides affecting natural

habitats they affect new city infrastructure activities. That is the case of the Highway

101, to build it was really difficult, to avoid its sinking was necessary to put trees
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underneath, cedar trees specifically. Now hydrology shows drastic changes, places where

historically were very wet, they are dry or wetter now. Also when the city was needing to

place pipelines the presence of roots from the old trees was making things impossible.

Paradoxically first was difficult to build the highway now is difficult to continue the

development.

Part of the new tendency in the wetlands management is the mitigation program.

With the use of layers such us land use zoning, streams, vegetation, and soils and knowing

where are the hydric soils, the selection for mitigation sites can be much more asserted. In

general, I think that previously the fieldwork, with the soils layer and streams layer for the

area of study will be possible to determine potential wetlands. Of course the criteria for

this decision will be the presence of hydric soils YES or NO, hydric inclusions YES or

NO. In the future, GIS will show more data consistency when we will find a clear

dependency between hydric soils and hydrophidic vegetation.

To assume now where wetlands were using the streams layer and the hydric soils

layer is not very linear or simpler, because even though they have some correlation, there

are several factors and conditions which in a number of ways have affected such

correlation, such as alteration on vegetation through agricultural and farm activities,

construction of roads, and construction of buildings; ditching and changing the

hydrological conditions have most of the time unpredictable responses.

Landscape change can always be detected using the GIS overlays, every time that

we are updating the information we can look for different responses in the manmade

landscape and changes in the buffer areas.

Using GIS to overlay the land use zoning layer and the LWI layer can become a

tool for detection of possible conflicts between development and conservation specially

when there are true wetlands which are going to be developed under certain goals.
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Finally, GIS data manipulation can greatly help to the wetlands management. The

interactive graphic interface will potentially improve the public education, increase

awareness of policy makers, regional land use planning, and management strategy.

Coastal wetlands (marine-estuarine) more than palustrine wetlands are considered into the

City Planning for future development. Lands with a lower percentage of wetlands can be

considered as a "less environmentally sensitive". The final outcome of a better land

allocation and growth management is that we can minimize the potential for cumulative

impacts that can definitely alter the wetlands quality.

Regulatory and Non-Regulatory Practice

Promoting LWI using GIS across the Nation will contribute in the consistency and

less overlap of the regulatory and non-regulatory plans for wetland assessment and

delineation. "A federal system should be created for maintaining computerized records of

regulatory wetland assessments, and this information should be made available to federal

agencies, states, and private parties. It should form the basis for periodic nationwide

synthesis and reporting of information on the numbers, kinds, and outcomes of regulatory

actions related to wetlands" (Mitsch, 1994)

To have a single definition or manual for delineation and elaboration of the

databases probably is not the best alternative even for regulatory purposes. They clearly

need to be adapted always to the particular needs of the city where the LWI is carried out.

In the LWI for Tillamook the guidelines were requiring the mapping of all wetlandslarger

than 0.5 acre (about 100' by 218'). However, to meet the needs of the city, the mapped

wetlands were smaller than that size. It is a fact that in coastal communities there is great

pressures for development and that many of the lots are smaller than that size. "In order

for the city to have good wetland information for property owners, we mapped any

identified wetland area that occupied the equivalent of one-third of a 50' by 100' city lot, a
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minimum of about 0.04 acre (approximately 50'by 35')" (Wilson, Scoles, and Brophy,

1996).

Nowadays, the most effective approach for wetlands protection involves the

regulatory and non-regulatory tools. This is one of the main emphasis that DSL is putting

into their programs, the participation of educators, experts, and the public in the formation

of "cooperative partnerships to develop educational materials that can be distributed to

landowners, developers, and agency personal ... including protection, restoration,

enhancement, management, and incentive opportunities in rural and urban areas"

(Liebowitz, 1995).

DSL authorities are really encouraging to cities and counties to implement and

enforce critical area-ordinances, according to the Growth Management Act. This can be

done with non-regulatory strategies such as acquiring ("Adopt a Wetland" Program) and

restoring wetlands, in order to protect in the future our natural resources and economies.

CONCLUSIONS

The integration of multiple-layer GIS with state and local wetland inventories is a

growing trend that will continue as the technology becomes easier to use and more

widespread. As demonstrated here, it has the potential to serve many purposes, including

development of long-term plans for future development, mitigation of site-specific

development impacts, analysis of long-term trends, and integration with watershed efforts

in a region. Incorporation of GIS in this process will be somewhat expensive at the

outset, but will result in an overall savings in the long run, particularly if it is used for

some of the purposes below.

With respect to long term planning for development, avoiding wetlands and

associated conflicts is a high priority for local governments. A wetland GIS system and
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related analyses can play an important role in minimizing them in advance, providing a

forum for discussion and negotiation among agencies, landowners, developers, and the

public.

For proposed site development, local governments can use the GIS to help

property owners avoid the need for removal fill permits by avoiding wetlands or, if there is

no way of avoiding them, by helping them minimize wetlands impacted and design

required wetland compensatory mitigation. This will be a useful local technical aid and

bring many of the same interests together for site-specific discussion and negotiation.

By periodically updating aerial photography information within a GIS, long-term

changes in soils, vegetation, and hydrology in an area can be used by a local jurisdiction

or state agency to track wetland status in a local inventory. This updated information will

be useful as development proceeds in a city and as they try to maintain important fish and

wildlife habitat and drainage ways for storm water and flood control.

Finally, as more jurisdictions develop inventories and begin to work together to

develop plans for larger watersheds, the local wetland inventory GIS' have the potential to

be integrated and can play a useful role in helping identify sites for restoration that will

help deal with habitat problems, flooding, water quality degradation, and other issues

regionally.
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