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Abstract

This internship project involved working with Tillamook Estuaries Partnership (TEP) as a

professional intern from September 2020 to April 2021. This project consisted of mapping

various species of vegetation, fish, and other wildlife in Tillamook County, collecting seeds for

the Seeds of Success (SOS) program, monitoring water quality of Sand Lake estuary, and

creating GIS information on potential future restoration work in Tillamook County’s estuaries.

These projects were meant to provide baseline data to better understand the ecological

functions of Tillamook County’s estuaries and anticipate data needs for future habitat

restoration projects.
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Introduction

Background

Estuaries are an important biome that provides valuable economic and ecological goods

and services (Kennish 2012).  Estuaries act as a filter to minimize inflowing stream and river

sediment and pollution before water enters the ocean (Kennish 2012), providing cleaner waters

entering the marine ecosystems.  This biome provides vital habitat for many types of wildlife

such as fish, birds, and amphibians, including many species listed as threatened or endangered

such as the coho salmon (Whitehouse 2010).  Estuaries provide a place for these species to live,

reproduce, nest, and feed (Sumich 1996), and are often a safe haven for wildlife during

vulnerable times in their life cycles, for example, the juvenile stages of rockfish and crabs.

Estuaries provide protection to coastal communities by preventing erosion, stabilizing shorelines,

and protecting the communities from harmful effects caused by extreme weather events such as

flooding or hurricanes (Whitehouse 2010).  The way that the estuaries protect coastal

communities is by the plants and soil acting as a natural buffer to absorb flooding waters and

dissipate storm surges.  The wetlands surrounding the estuaries also act as a sponge that soak up

floodwaters and the sand dunes and marshes surrounding the estuary deplete the strength of

waves during storm surges (Whitehouse 2010; Kennish 2012).

The 111th US Congress’ resolution to designate September 25, 2010 as ‘National

Estuaries Day’ (S.RES.596) stated that estuaries and coasts contribute more than $800 billion

annually in trade and commerce for the United States economy and generate an additional

$8–$12 billion in tourist revenue annually.  Overall, 28 million jobs in the United States rely on

healthy estuary ecosystems (Whitehouse 2010).  Despite the many benefits, estuaries are

subjected to considerable loss of ecological value due to habitat degradation and changes in
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water quality (Kennish 2012).  Over the last 150 to 300 years, environmental decline in estuaries

and coastal seas has accelerated (Lotze et al. 2006). This is due to multiple confounding impacts

such as loss of species, pollution and increased nutrients, degraded water quality, increased

invasive species, and overall loss of estuarine area due to human activity.

Estuaries were largely ignored by freshwater and marine scientists, each considering

them river mouths or sea inlets, until approximately four decades ago when scientists began

regarding estuaries as possible ecosystems in their own right (Elliott & Whitfield 2011).

Because estuaries are a fairly new subject for research and restoration projects there are several

knowledge gaps.  One significant gap in our understanding of estuarine studies is the transfer of

flow, nutrients and biota between the different systems (O’Brien et al.  2016).  This knowledge

gap is due to the limited studies that considered both freshwater and estuarine sections within the

ecosystem (O’Brien et al. 2016).

There are several organizations working to fill the gaps in knowledge and address,

mitigate, and manage impacts affecting estuarine ecosystems, such as Tillamook Estuaries

Partnership (TEP), a non-profit organization located on the north coast of Oregon in Tillamook

County.  Incorporated as a non-profit in 2002, TEP’s mission is conserving and restoring

Tillamook County’s watersheds through active stewardship, scientific inquiry, community

engagement, and education (TEP 2013-2021).

Tillamook Estuaries Partnership is one of the organizations involved in the

Environmental Protection Agencies (EPA) designated 28 National Estuary Programs.  This

program designates estuaries of national significance on the Atlantic, Gulf, and Pacific coasts.

The EPA provides funding, guidance, and technical assistance to the local National Estuary

Programs to develop and implement Comprehensive Conservation and Management Plans.

7



These documents are long-term plans to address the challenges and priorities of conserving,

restoring, and managing the estuaries and the surrounding watersheds.  Tillamook Bay was

designated as a “Bay of National Significance” in 1994; TEP has since worked to protect and

restore the health of Tillamook Bay, as well as the other estuaries and watersheds in Tillamook

County (TEP 2013-2021).

Purpose of the Professional Internship Project

My interest was in learning more about working in conservation, restoration, and

management of estuarine and coastal ecosystems, including direct and indirect impacts to

estuaries.  Tillamook Estuary Partnership has a history of researching, monitoring, conserving,

restoring, and managing estuaries and was able to provide experience and knowledge on the

ecological processes and functions of estuarine ecosystems. The purpose of this professional

internship project was to gain real world experience of working both in the field and remotely to

gather, compile, and present data to be used to help identify projects for future conservation and

restoration of estuaries and the surrounding watersheds in Tillamook County.

Learning Objectives

The objectives of this internship were to gain knowledge and skills that guide me toward

becoming a scientific professional in an environmental or conservation agency.  Working with

TEP fits the objective by offering real world experience of working both in the field and

remotely to reach the goals of a conservation organization. My project contributed to furthering

TEP’s mission by continuing work to conserve and restore outstanding natural and recreational

sites through active stewardship, scientific inquiry, and community engagement (TEP

2013-2021).
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My learning and professional development objectives were to obtain knowledge on the

ecological processes and functions of estuary and coastal areas, with the intent of applying that

knowledge to restoration and conservation of coastal ecosystems.  My goals were to continue

learning skills to assist in the field and lab, to problem solve effectively, and to build

relationships with the communities I serve.  I wanted to build a network of people with diverse

backgrounds and experiences, so we could learn from each other and work together to achieve

our objectives.

Professional Internship

Role

My role at TEP was a professional intern who works with Tamara Enz.  Tamara Enz is the

Habitat Assessment and Monitoring Coordinator at TEP.

Responsibilities

My responsibilities included completing a water quality monitoring project at Sand Lake

estuary, collecting native seeds for the Seeds of Success program, teaching the basics of ArcGIS

Pro and ESRI Storymaps, and creating GIS information on potential future restoration work in

Tillamook County’s estuaries.

Expectations of a Professional Internship Project

Working with TEP not only meets the requirements of University of Hawaiʻi at Hilo (UH

Hilo) Tropical Conservation Biology and Environmental Science (TCBES) Professional Master’s

Program, but provides knowledge and experiences necessary to actively contribute as a scientific

professional.

Meaningful and Challenging Work with TEP
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● Gather data and use GIS to create maps on habitats, invasive species,

infrastructures, and more to identify potential future restoration needs.

● Seed collection for the Bureau of Land Management’s Seeds of Success program.

● Teach the basics of ArcGIS Pro and ESRI Storymaps to those interested within

the TEP organization and collaborator organizations.

● Participate in a water monitoring project in Sand Lake.

○ Set-up equipment.

○ Collect field data (water temperature and dissolved oxygen).

○ Conduct data analysis.

○ Report the data to York Johnson and Tamara Enz.

Knowledge of Agency Ecosystem with TEP

● Work with various managers and coordinators at Tillamook Estuaries Partnership.

○ Work with and be mentored by Tamara Enz, the Habitat Assessment and

Monitoring Coordinator.

○ Work with Maysa Miller, the Native Plant Nursery Coordinator.

○ Work with Alix Lee, the Community Education and Engagement

Coordinator.

○ Work with York Johnson, the Water Quality Manager.

○ Learn about the Board Members and their roles at TEP.

Parameters of the Agency’s Purview with TEP

● Understand policies and procedures of Tillamook Estuaries Partnership.
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Advocacy or Outreach Experience with TEP

● Work with Tillamook Estuaries Partnership to set up and execute a native plant

sale.

Timeline

Project Month Accomplished

Water Quality Data Collection November 2020

Water Quality Data Analysis March 2021

GIS Research and Map Creation April 2021

Teaching ArcGIS and ESRI Storymap February 2021

Knowledge of Agency Ecosystem March 2021

Advocacy and Outreach:  Native Plant Sale October 2020

Approach

Strategies and Methods for Each Major Undertaking of the Internship

Site Description

The internship project sites are located on the north coast of Oregon, within the

Tillamook Estuaries Partnership study area boundary (Figure 1).  The landscape consists of

sandy beaches, estuarine ecosystems, forested shorelines, agricultural fields, and a coastal

mountain range.  The area is considered a popular tourist destination and the communities within

the county rely on the timber, dairy, and fishing industries.
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Figure 1. The Tillamook Estuaries Partnership (TEP) study area.  Each region is described by the

rivers and watersheds that they encompass.

Water Quality Analysis

Located in the Sand Lake region of the Tillamook Estuaries Partnership study site is an

estuary system located at Sitka Sedge State Natural Area.  Sitka Sedge is south of Tillamook and

is part of the Sand Lake estuary.  This area includes about 357 acres of mudflats, dunes,

wetlands, and tidal marsh (OPRD 2018).  The Sitka Sedge area was diked and farmed during the

1900’s.  Since 1989 residents in the surrounding communities have worked to preserve this site.

However, in the early 2000’s the property went on the market and golf course developers

attempted to buy the property.  They made several proposals for a golf course but community

members opposed the proposals and, in particular, the community of Tierra Del Mar worked to

prevent this development.  In 2014, Ecotrust purchased the property.  Later that year, the Oregon
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Parks and Recreation Department acquired it from Ecotrust.  In June 2018, Sitka Sedge State

Natural Area was opened for public use (Foucht 2018).

The need for monitoring at Sitka Sedge State Natural Area is due to a dike and tide gate

built in the 1930’s when the area was used as a dairy farm (OPRD 2019).  The dike and tide gate

were built to provide a pasture for cattle and a road for vehicles.  The first gate failed and was

replaced in the 1970’s but has deteriorated since that time (OPRD 2019).  The main problem

with the dike and tide gate, however, is how it limited the tidal exchange within this estuary.  It

also impedes the movement of native fish such as coho and chum salmon along with steelhead

and cutthroat trout.

Before restoration of this area can occur, baseline monitoring data are necessary  to

understand the water quality of this estuary.  We needed to know basics such as average

temperatures and dissolved oxygen (DO) levels on both sides of the tide gate.  The equipment we

used for this data collection project were four DO loggers.  These loggers were calibrated and set

to collect data every fifteen minutes for two to four weeks after the loggers were placed.  These

DO loggers collected dissolved oxygen (DO) of the water along with the temperature.  We used

PVC pipes as a protective casing for the equipment and zip tied them to t-posts placed in the

water at low tide at four locations (Figure 2).

Once the loggers were placed, we used an instant-read DO probe placed next to the

long-term logger for a comparison baseline to the DO loggers.  The DO probe read temperature,

DO percent, DO, and barometric pressure.  We returned two weeks later to check that the loggers

were still in place and to drop the DO probe again for comparison data for the long-term loggers.

Two to four weeks after the long-term loggers were placed, we returned to pull the loggers from

the water and downloaded the data using Hoboware software. The data were then transferred
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from the Hoboware software to Microsoft Excel to complete a statistical analysis.  The mean,

median, mode, range of the DO levels and temperatures for each logger and created a box plot to

show a comparison of the four sites (Figure 3 and Figure 4).

The mean DO levels should remain near 5.5 milligrams per liter (mg/L) for the optimum

growth and survival of many species of fish, but it can go down to 2 to 3 mg/L for brief periods

of time.  The data collected at Sand Lake 2, Sand Lake 3, and Sand Lake 4 showed the mean DO

near the optimum level for these sites.  Sand Lake 1 had a mean of 5.14 mg/L, which

demonstrated it was not able to stay near the optimum level needed for fish species to survive on

average.  Despite three of the four sites having a DO at the ideal level on average, all four sites

had periods of time where they were either at the minimum range the DO could be for brief

periods of time or below it with the lowest DO readings being at zero.  These data provided the

monitoring baseline we needed and indicated a need for further monitoring and data collection.

Figure 2.  Placement of DO loggers within the Sitka Sedge State Natural Area.
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Figure 3. Box plot which shows the water temperature in fahrenheit at each location.

Figure 4.  Box plot to demonstrate the levels of dissolved oxygen at each location.

Compiling GIS Data of Estuaries and Coastal Areas

Throughout the internship, data and research were collected on species, habitat types,

infrastructure, and more, and compiled into ArcGIS maps.  These maps create a visual
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representation of the locations of area infrastructure and industries, show the habitat types in the

county, movements of fish species, and where previous projects occur.  Many hours were spent

on this project researching, collecting, and organizing data to create these maps.  One layer for

the maps shares the locations where the Backyard Planting Program (Figure 5) took place and

what years it occurred.  The Backyard Planting Program is a cost-free, voluntary assistance

program that private landowners use to remove invasive species from their riparian areas.  This

program is used to improve habitat for fish and wildlife by working with private landowners to

develop site-specific riparian restoration plans for their property.

Figure 5.  The Backyard Planting Program and the years the program was implemented.

The fish passage barrier and habitat distribution of fish maps in the TEP study area

(Figures 6, 7, and 8) includes the habitat types in Oregon, the movement of fish species, and

potential barriers for fish passage.  The data collected and organized for this project were shared
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with TEP on an external hard-drive, uploaded to Google Drive, and uploaded to ArcGIS Online.

Multiple platforms were used to ensure the data would not be lost.

Figure 6.  Fish Passage Barriers within the TEP study area.
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Figure 7.  Culverts within TEP study area and their fish passage status indicating whether

they are blocked, partially blocked, passable, or have an unknown status.

Figure 8.  Map showing the habitat distribution of coho salmon on the North Coast of

Oregon and the passage barriers they encounter within TEP’s study area.

Seeds for Success Collection

The Bureau of Land Management (BLM) partners with Tillamook Estuaries Partnership

(TEP) and Northwest Oregon Restoration Partnership (NORP) each year to complete the Seeds

of Success (SOS) program.  The Seeds of Success (SOS) is a national native seed collection

program.  The goal is to collect native seeds for research, development, germplasm conservation,

and ecosystem restoration.  For the internship, I participated in the seed collection of Nootka

Rose at Sitka Sedge State Natural Area and Pacific Ninebark at North Nehalem Fish Hatchery.

Teaching the Basics of ArcGIS and ESRI Storymaps

For this project, I designed a tutorial course where I taught staff at TEP the basics of

ArcGIS Pro and how to use ESRI Storymap to share information about their projects.  The
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ArcGIS Pro basics included how to add a basemap, add data to the map, and how to create a

feature class.  For the ESRI Storymap tutorial, I showed examples of how storymaps are used to

share information with a variety of stakeholders and how to add multiple elements to an ESRI

Storymap.  During this project I created PDF files with step-by-step instructions (Appendix A)

and included additional resources so participants could continue learning how to use ArcGIS Pro.

Native Plant Sale

Sadly, due to restrictions caused by COVID-19, I did not have many opportunities to

work directly with the community other than answering questions of people passing by while

collecting the water quality data or collecting seeds. However, I volunteered at the Native Plant

sale that TEP and Northwest Oregon Regional Partnership (NORP) held in October 2020.

Northwest Oregon Regional Partnership (NORP) and Tillamook Estuaries Partnership (TEP)

found a safe way to have the fall native plant sale by advertising remotely, creating online order

forms, and organizing a drive-thru for the public to pick up their purchases.  In the

advertisements, people were encouraged to consider buying native plants for their gardening by

explaining the importance of native plants.  I assisted by directing people to their orders,

answering additional questions, and helping load orders into vehicles.

Assessment Method to Evaluate Achievement

The assessment to evaluate achievement of the internship was determined by the number

of hours completed along with the completion of tasks or deliverables.  The finished products of

the water quality analysis and data maps were used to decide if my internship was completed.
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Outcomes

Deliverables

There were several deliverables created for my internship with Tillamook Estuaries

Partnership.  The first was the complete analysis of the dissolved oxygen and water temperature

data from Sitka Sedge State Natural Area.  Another was a webinar, video recording, and PDF

files provided when I taught the basics of ArcGIS and ESRI Storymaps.  The main deliverable

for my internship was the collection of research and data of previous projects and research

conducted in Tillamook County, fish species, habitat types, and infrastructures located within the

Tillamook Estuaries Partnership study area compiled into maps using ArcGIS.  These maps may

provide sufficient detail of the estuaries and coastal areas within the Tillamook Estuaries

Partnership region to inform natural resource specialists and other stakeholders of possible future

needs for restoration and conservation projects.

Discussion

There are many benefits to working with Tillamook Estuaries Partnership as a graduate

student on the professional internship track with the TCBES program, including the experiences

described throughout this document, but these benefits were mutual between the graduate intern

and the organization.  One of the benefits of the internship project to the organization was the

materials and data compiled into maps, excel documents, and charts that can be shared with

regional partners and can assist in identifying future conservation and restoration needs for

Tillamook County.  These projects gave insight on the types of habitat within Tillamook County,

the infrastructures and industries that may affect the estuary systems, and provided baseline data

for the water quality at Sitka Sedge State Natural Area.
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Conclusion

Throughout my time in the TCBES program and work with TEP gave me hands-on

experience in the field and how to handle working remotely.  It has allowed me to challenge my

own perspectives and best practices for communicating environmental conservation to a variety

of audiences.  Overall, the TCBES program and my internship project helped confirm my

passion and desire to work in estuarine and marine ecosystems.
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