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The Washington State Department of Transportation (WSDOT) is
the largest developer of wetlands land in the state of Washington.
Consequently, they are also the largest wetland mitigation
developer in the state. Through various federal legislation, state
and county environmental policies, and legal court decisions, all
negatively impacted wetlands must be compensated for with equal
value wetland creation. The United States Army Corps of
Engineers (USACE) is given oversight under the Clean Water Act
Section 404 to regulate this policy. Permits for wetland destruction
and mitigation are only issued by the USACE after steps have been
taken to avoid known wetlands and all efforts to minimize the
damage have been exercised. Since construction projects by
WSDOT are limited by geography and existing road transportation
in a region of the country with a very high density of wetland land,
WSDOT increasing must compensate for wetland loss.
Wetland creations involve developing wetland hydrology and
specific soil conditions, which attract a specific subset of vegetation
known as hydrophytic vegetation, adapted to survive and flourish
within water saturated soils. Permitting from the USACE requires
annual monitoring created mitigation sites for a period of 5-10
years. WSDOT Department of Wetland Monitoring exists to satisfy
this legal requirement for every mitigation site in the state.
WSDOT Wetland monitoring has formed a partnership with The
Evergreen State College (TESC) to provide interns to collect the
qualitative and quantitative data necessary for mitigation permits.
The Monitoring Department gains access to TESC's plant
laboratory, a ready source of internship candidates, and the
reputation gained only by an alliance with an academic institution.
TESC increases summer enrollment and provides an excellent
professional experience to students.
Each wetland site has development goals, which are monitored
quantitatively, through specific performance standards each year.
Monitoring teams develop site-specific sampling techniques based
on sound ecological statistical experimental design parameters. In
the majority of cases a baseline with orthogonal transect lines are
established across the entire site. Along these transects pairs of
data collectors sample to provide data on density, survival, and
cover percentage of woody, herbaceous, and invasive plant species
in specific zones (emergent, wetland, and buffer) of the mitigation
ii

	
  

site. Qualitatively, vegetative community sketch mapping and bird
surveys give further indicators of the mitigation site's overall
health and development progress. TESC's laboratory facilities are
utilized by interns to identify unknown herbaceous specimens
sampled during field days. This process is necessary to fully
comply with USACE permitting and provides interns with an
opportunity to develop robust botany and plant identification
skills.
The WSDOT Wetlands Monitoring Division is run on roughly half
a million dollars a year. The majority of this money is salary and
benefits for full time employees. The remaining pays for the
internship program expenses, travel, and equipment each year.
There has been an increasing trend in workloads while funding
and full time labor have decreased over the last several years.
These conditions have forced WSDOT to modernize and
streamline workflows. The internship program has expanded over
time; major efforts to increase efficiency through new technology
and data collection methods have been explored and evaluated.
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Introduction to the WSDOT Wetlands Monitoring Department
The Wetland Monitoring Internship Program is designed to facilitate the
mitigation process for the Washington State Department of Transportation
owned properties and projects. The monitoring program brings scientifically
sound evidence of compliance with regulatory requirements and gives feedback
for site managers and regional staff.
WSDOT employs its own internal mitigation and monitoring departments
because WSDOT is the largest developer of wetlands in the state of Washington.
Road projects are constantly underway to improve safety and capacity alongside
general maintenance of the state’s public roadways. Since radical realignment of
roadways range from impractical to impossible, projects like the conversion of
SR18 from a two lane road to a divided highway, a 10 year project to decrease a
high accident rate, often include unavoidable wetland impacts even after
alternatives were considered and impacts minimized.
This process begins after the planned construction project’s wetland impact
severity assessment is published. A nearby land parcel of similar character
becomes slated for protection and/or wetland creation and a mitigation plan is
drawn up. The state and Army Corps of Engineers must approve this plan. As
the construction project is built, so is the mitigation site. After the mitigation site
is developed, monitoring begins for a period of years specified by the mitigation
plan. The monitoring division is given the performance criteria and all related
mitigation planning documents necessary to empirically track the progress of the
mitigation site. These performance criteria include yearly standards for
vegetation, hydrology, and soil conditions, which are evaluated by performing
qualitative and quantitative data collection methods to meet the mitigation plan’s
sampling objectives and task list.
Once on site the monitoring team evaluates the condition of the site first with a
walk through to assess any major year to year changes, familiarizes itself with
the site’s vegetation zones, makes qualitative estimations of cover of specific
vegetation and compares current conditions against the landscape architect
original plan. After the team becomes familiar with the site, a specific sampling
design method is decided upon which satisfies the mitigation plan’s
requirements and minimizes wasted labor of the team.
When a final monitoring design is agreed upon, qualitative and quantitative data
is collected. This data is then organized and analyzed by the field lead to be
included in a final report submitted to the Army Corps of Engineers, the WSDOT
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Department of Ecology and other relevant regulators involved with the site on
behalf of the Wetlands Monitoring Division.
Outside of the internship field season the Wetlands Monitoring Department is
responsible for assessing hydrology and classifying soil types on monitored sites
and coordinating with other agencies sharing the health of current sites, plans for
monitoring new sites, and developments with the mitigation bank maintained by
WSDOT.
Wetlands – A Working Definition
A wetland is defined by the US Army Corps of Engineers as: “Those areas that
are inundated or saturated by surface or groundwater at a frequency and
duration sufficient to support, and that under normal circumstances do support,
a prevalence of vegetation typically adapted for life in saturated soil conditions.
Wetlands generally include swamps, marshes, bogs, and similar areas.”

Figure 1: Wetland Ecosystem Characteristics (from Mitsch, 2007)
Wetlands are protected by local, state, and federal government agencies across
the United States because they provide value to the public and ecological
systems of the nation. Wetlands provide flood flow alterations by soaking up
water during wet periods and slowly releasing it during dry periods, this
reduces peak flood levels and facilitates groundwater recharge. Wetlands
improve water quality through sediment removal, nutrient and toxicant removal,
erosion control, and shoreline stabilization. Additionally, they produce and
export organic debris, provide habitat while offering unique conditions for
scientific research and education and, finally, establish and maintain distinctive
critical habitats and landmarks.
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The three essential characteristics of a wetland fall into the categories of
vegetation, hydrology, and soils. Hydrophytic vegetation only occurs in areas
where the frequency and duration of inundation or soil saturation produce
permanently or periodically saturated soils that exert a controlling influence on
the vegetation growth. Wetland Hydrology is characterized by inundated or
saturation at the surface or higher at least 5% of the growing season in most
years. Hydric soils are created under conditions of saturation, flooding or
frequent ponding during the growing season to create anaerobic conditions in
the upper horizons. These three factors are not independent; there is significant
feedback from biota, which influences overall site characteristics. Figure 2 shows
a sample of common conventions used to describe wetlands.

Figure 2: Wetland Naming Criteria (from Mitsch, 2007)
Wetlands do no include tidal flats, shorelines or estuaries along coasts, deep
water unvegetated habitat or lakes (deeper than 2 meters), or unvegetated
streams and rivers. Please refer to the United States Army Corps of Engineers
Wetland Delineation Manual for further detail.
When in the field, the presence or absence of the three wetland indicator factors
can be determined by observing indictors for each factor. Vegetation indicators
include the prevalence of 50% or more plant cover by species with a wetland
indicator status of facultative (FAC) or better (please see the wetland indicator
section regarding vegetation indicator status). Hydrological indicators vary
widely depending on the time of year and frequency of rainfall but include drift
deposits, watermarks along tree trunks and surface soil cracks (please see the
later section on wetland indicators for more information on hydrology). Hydric
soils indicators are technical and specific but broadly include red/rust orange
3

	
  

colored soils and light grey or blue colorations which suggest redoximorphic
concentrations and depletions or organic peat rich or mucky soils. The Munsell
soil chart is used to determine the specific determinants, please see the wetland
indicator section for more information on soil sampling indicators.
The Complex Legal Protections Surrounding Wetlands
Wetlands began disappearing at a rapid rate in North America because their
value was not recognized. From pre-colonial times to the year 2002 over half of
the total wetlands in the continental 48 states have been lost to developments.
Some wetlands were developed into channels navigable by watercraft. Many
were drained to eliminate “swamp gas” (referring to the odiferous nature of
sulfur and methane releases related to certain respiration processes). Others were
drained to prevent malaria and control mosquitoes. Many were converted via
draining to agricultural or residential land. Finally some were dredged simply to
form lakes or ponds.
Wetlands have no specific national laws in the United States. Wetland
management and protections are the result of several agencies’ oversight and
laws intended for other purposes. The protections extended to wetland lands
from the federal government stem from the Rivers and Harbors Act and the
Clean Water Act sections 404 and 401. Section 404 is designed to restore and
maintain the chemical, physical, and biological integrity of the waters of the
United States. It requires that one obtain a Department of the Army permit from
the United States Army Corps of Engineers for the discharge of dredged material
or fill in any water of the U.S.
Additionally, the “Commerce Clause” of the Constitution regulates commerce
with foreign nations, among the states, and with Indian Tribes. This translates
into regulations designed to maintain navigation and manage pollution. Water
quality laws affecting wetlands include the Water Quality Act of 1965, Water
Quality Improvement Act of 1970 and the Federal Water Pollution Control Act
first passed in 1948 and amended in 1972. A more complete list of major federal
laws, directives, and regulations can be found in Appendix A.
Since 1972 there have been several court cases generally expanding the
jurisdiction of the USACE. These cases have focused mainly on navigable waters,
waters of the U.S. and isolated waters. Navigable waters include tidal, major
rivers and lakes. Waters of the U.S. are smaller rivers and lakes, wetlands and
small tributaries. Isolated waters include some sub-types of wetlands such as
potholes, bogs, and fens.
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Of the most important court cases to wetland regulation, two were Supreme
Court decisions, the first in 2001 and then in 2006. The third was a 9th Circuit
Court decision in 2001. In a case involving the Solid Waste Agency of Northern
Cook County (SWANCC), the Supreme Court reduced the protection of isolated
wetlands under the CWA Section 404 (Mitsch p. 485). Prior to this decision, the
USACE used a definition of “waters of the U.S.” which included almost all of the
nation’s wetland areas, and therefore under federal protection. In the decision,
the Supreme Court determined the Migratory Birds Act could not be used by the
USACE as part of the CWA to assert its jurisdiction over wetlands.
The second Supreme Court case, Rapanos & Carabell, in 2006 (a 4-1-4 split
decision) further clarified that the term “navigable waters” would only include
wetlands under the CWA if the wetland had a continuous surface connection, or
were adjacent, to bodies of water that were classified as waters of the U.S.
independently (Mitsch p. 486). This brought many wetlands back under the
jurisdiction of the USACE but less than before the SWANCC case five years
earlier.
The 9th Circuit Court case Headwaters Inc. v. Talent Irrigation District further
refined the USACE’s jurisdictional duties as part of the CWA when it defined the
term “tributary” with finer detail. The court held that irrigation canals that
receive water from natural streams and lakes, and divert water to streams and
creeks, are connected as ‘tributaries’ to those other waters. Furthermore, a
“stream which contributes its flow to a larger stream or other body of water is a
tributary. As tributaries, the canals are ‘waters of the United States,’ and are
subject to the CWA and permit requirements. Most important for wetlands, the
court decision went on to comment, “even tributaries that flow intermittently are
‘waters of the United States.’”
Section 401 of the Clean Water Act has several administrative guidelines and
protocols defined within it. Section 401 states that the oversight required by the
CWA is delegated to the state government if that state has technical staff and
expertise to carry it out. In Washington State, the Department of Ecology
qualifies. The CWA also gives states power to regulated “isolated” wetlands as
well, wetlands that would not be under the authority of the USACE due to the
SWANCC Supreme Court decision, which the Department of Ecology takes on.
Section 401 further requires buffers for projects even when the USACE did not,
as well as compensation mitigation ratios. Section 401 has a strong water quality
focus and requires projects to incorporate the Department of Ecology’s
Stormwater Manual Standards.
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At the state level in Washington, there are several legal regulations and protocols
in place that affect the status of wetlands. Executive Order 89-10 defines the No
Net Loss policy, which protects both wetland acreage and function. The Growth
Management Act, Shoreline Management Act, Hydraulic Code, State
Environmental Policy (Environmental Protection Agency), Forest Practices Act,
and State Water Pollution Control Act all add state specific regulations to the
wetland mitigation process. Most counties and cities have their own wetland
regulations. Finally WSDOT has utilized wetland protection policies since 1989.
Compensatory Mitigation
WSDOT must compensate for the destruction or degradation of wetland land to
comply with Section 404 of the Clean Water Act (CWA) and state wetland
protection laws. “The CWA prohibits the discharge of dredged or filled material
into waters of the United States unless a permit issued by the Army Corps of
Engineers or approved State under CWA Section 404 authorizes such a
discharge” (EPA). Though avoidance is prioritized “to the extent practicable,”

Figure 3: The Mitigation Sequence
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some projects cannot be completed without damaging wetlands; the process of
compensatory mitigation exists to offset these losses. Compensatory Mitigation
refers to the restoration, establishment, enhancement of similar wetland land
outside of the project’s impacted area; in some cases this may also include
preservation of wetland areas not yet compromised.
Restoration is defined as “the reestablishment or rehabilitation of a wetland or
other aquatic resource with the goal of returning natural or historic functions and
characteristics to a former or degraded wetland. Restoration may result in a gain
in wetland function or wetland acres or both” (EPA).
Establishment, or creation, is the process of developing a wetland (or other
aquatic resource) in an area where a wetland had not previously existed.
Successfully creating the physical characteristics, including chemical and
biological processes, typically seen in wetlands on site will form a stable wetland
system (EPA).
Preservation includes the permanent protection of ecologically important
wetlands; this option usually requires the targeted area be of high value and
previously unaltered. Protection is established through legal processes like title
transfers and conservation easements. Preservation land often includes upland
area surrounding the wetland to ensure the protection of the biogeochemical
processes and habitat of the wetland. Preservation does not result in a net gain or
offset a loss of wetland habitat elsewhere and can only be used under certain
circumstances (EPA).
There are three avenues to comply with compensatory mitigation: PermitteeResponsible Mitigation, Mitigation Banking, and In-Lieu Fee Mitigation.
Permittee-Responsible Mitigation amounts for the largest portion of WSDOT
owned and impacted wetland projects. A permit holder takes responsibility for
all restoration actions to compensate for impacts from a specific project; these
actions may be made on site or offsite as long as it is within the same watershed.
Mitigation banking is a newer process allowed by the Army Corps of Engineers.
An established, restored, and enhanced wetland area is set aside to compensate
for future impacts. Permittees can purchase “credits” from within a mitigation
bank equal to the impact level a project may have. These preserved credits can be
“withdrawn” as projects occur until all area in the mitigation bank has been
accounted for. The sponsor of the mitigation bank is responsible for the health of
the wetland mitigation bank, if the area becomes degraded, the third party which
purchased credits from the bank are not responsible for the discrepancy.
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Mitigation banks do not have to be within the immediate project area but do still
need to be connected through a common watershed.
In-Lieu Fee Mitigation is a process where a permittee transfers funds to a
sponsor agency, usually a non-profit or public organization. These fees are
collected with the expressed purpose to build and maintain a mitigation site
often compensating for multiple projects’ small scale wetland losses. The sponsor
is responsible for the maintenance of the wetland mitigation site, not the
permittee like mitigation banking, however, the site is often built after the
permitted impacts have occurred.
WSDOT, to my knowledge, has never used In-Lieu Fee Mitigation and satisfies
permitting requirements through Permittee-Responsible Mitigation hence the
large number of sites the Wetland Monitoring Department visits each year.
WSDOT also does make use of three in-house mitigation banks. The first of
which was begun in 1999. Individually, these three have been certified since
2003, 2005, and 2007 respectively and are located in Grant, Lewis, and King
counties. These banks have produced a total of 299 acres of wetland land
granting 127.4 credits. 25.3 credits have been used (as of December 2010), leaving
102.1 credits for future projects (WSDOT, 2011).
By overseeing a mitigation bank for WSDOT’s exclusive use, the process of
withdrawing and managing credits when considering a withdraw against
approved new projects is greatly simplified and allows WSDOT more
discretionary power over the rate of credit use. An exclusive mitigation bank is
similar to a Permittee-Responsible Mitigation process, except the wetland
mitigation has already been done.
Given the large scope of WSDOT projects, the continuous nature of new projects,
and inevitability of wetland impacts it is not surprising WSDOT elects to use a
combination of Permittee-Responsible Mitigation and Mitigation Bank
withdraws forgoing costly In-Lieu Fee payment. Permittee-Responsible
mitigation is still heavily used over bank withdraws based on location within
certain watersheds and the limited nature of credits within a large mitigation
bank.
The permitting review and approval process followed by the United States Army
Corps of Engineers can be summarized in figure 4 (Mitsch p. 476).
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Figure 4: The Permit Approval Process (from Mitsch, 2007)
The Three Wetland Indicators
Wetland Hydrology.
The term ‘Wetland Hydrology’ refers to all the hydrological characteristics of soil
areas periodically inundated or saturated to the surface at some time during the
growing season. The USACE guide requires 14 days of inundation during the
growing season, or a water table at a depth of no more than 30 cm of the surface
during the growing season for 5 years of a 10-year period.
Hydrology is the most important factor in establishing and maintaining a
wetland site. The uniquely high levels of water saturation create physical and
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chemical conditions that drive and sustain the processes that make wetlands
distinctive. Flooded and saturated soils develop distinctive characteristics as
sediments and organic matter accumulate. Long term saturation skews chemical
processes occurring within soils as oxygen comes unavailable. Water presence
limits aerobic respiration and forces organisms to employ other chemical
reactions to sustain life. These methods are all reduction reactions; aerobic
environments would not typically use these processes. Vegetation growing in
wetlands has evolved to tolerate these anaerobic conditions. Every facet of the
wetlands' present condition has been shaped by the presence of water in the soil.
Hydrology is determined by a combination of local climate, landscape location
and the geomorphology of the basin of the area. Washington State (especially the
western region) has unique combinations of these characteristics to form
wetlands at a very high rate. Hydrology is calculated by two factors: the water
budget and the hydroperiod. The water budget is a mathematical expression of
the inflows and outflows of water throughout a defined area, over the course of
one year. A hydroperiod refers to the seasonal pattern of water levels in an area,
usually expressed in the form of a graph.

Figure 5: The Water Budget Equation
A water budget must consider all sources of inflows and outflows. Inflows
consist of: net precipitation (rain and snow minus plant canopy interception),
inward surface flow (streams, rivers and overland water transportation),
groundwater discharge, incoming tides, and weather condition created waves.
Outflows consist of evaporation, transpiration, outward surface flow,
groundwater recharge, and outgoing tides. An illustrated water budget equation
is shown in figure 5.
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Figure 6: Hydrograph from WSDOT Mitigation Bank (from WSDOT)
Hydroperiod graphs describe the frequency and duration of water levels
annually. Areas considered “permanently inundated” have saturated soils or
above ground water, throughout the entire growing season. Semi-permanently
inundation classification maintains water 75%-99% of the growing season.
Regular inundation ranges from 25%-74% of the growing season, seasonal
inundation exists 12.5%-24% of the growing season. Irregular inundation and
intermittently inundated exist from 5% to 12.4% and under 5% respectively. The
longer and more frequent inundation occurs, only the most specialized
vegetation can survive. Only wetland classified plant species can tolerate
permanent, semi-permanent, and regularly inundation levels.
During monitoring, interns were responsible for recording directly observable
hydrology indicators and evidence of recent inundation & saturation as defined
by the USACE.
The directly observable indicators consist of:
• Surface water
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• High water table
• Soil saturation
Evidence of recent inundation:
• Watermarks
• Drift deposits
• Sediment deposits
• Algal mats / crusts
• Water stained leaves
• Surface soil cracks
Evidence of current or recent soil saturation
• Oxidized rhizospheres along living roots (in the upper 12” of soil)
• Hydrogen sulfide odor (rotten egg smell)
Secondary Wetland Hydrology Indicators:
• Drainage patterns
• Inundation visible on aerial photographs
• Dry-season water table levels

Figure 7: Likely Locations of Hydrology Clues (from WSDOT)
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Wetland Soils
The inundation and saturation, over many years, alter the chemical and physical
properties of the soil. Water forces gaseous oxygen out of soil systems,
microorganisms and vegetation are forced to use methods other than aerobic
respiration within days, if not hours, under some conditions. Oxygen defuses
into aqueous solutions at 10,000 times slower than porous mediums (like nonsaturated soils). Figure 8 details the concentrations of various minerals as time
passes and the processes of reduction reactions in anoxic soil conditions. Figure 9
below illustrates these effects on soil profiles.

Figure 8: Sequence of Reduction Reactions After Soil Flooding (from Mitsch)
These redoximorphic reactions result in red, brown, and gray colored soils. Soils
that are only saturated for short intervals over many years will exhibit mottled
color patterns of red and gray indicating pore lines and areas of decreased
oxygen concentrations. Pore lines indicate where vegetation has concentrated
oxygen in roots and leaves iron and manganese oxides after the plant die. Soils
that are constantly saturated over the years display solid gray, claylike colors.
This process is called gleying, which leads to thick clay soil layers (Mitsch).
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Figure 9: Typical Wetland Soil Profiles (from Mitsch)
During monitoring, a Munsell Soil Color chart is used to determine the specific
color of samples from the soil matrix. Munsell soil charts are organized on two
axes: hue and Chroma. Hue on the y-axis represents the color’s brightness,
Chroma on the other, representing purity of color. On certain wetland sites, soil
samples can also show evidence of organic material build up; leaves, twigs, and
other woody material are not decomposed under anoxic conditions. This
material layers upon itself, compresses, and forms peat type soils. An example of
Munsell) charts are found in appendix B.
Wetland Vegetation
From the U.S. Corps of Engineers Wetland Delineation Manual published in
1987, vegetative species, both woody and herbaceous, are given an indicator
status with regards to wetland environments. Table 1 below shows the indicator
status, symbol used, and the definition of that status.
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Table 1: Vegetation Indicators
Indicator Status

Obligate Wetlands Plants

Facultative Wetlands Plants

Indicator Symbol

OBL

FACW

Faculties Plants

FAC

Obligate Upland Plants

UPL

Definition
Plants that occur almost always (estimated
probability >99%) in wetlands under
natural conditions, but which may also
occur rarely (estimated probability <1%)
in non-wetlands.
Plants that occur usually (estimated
probability 33% to 67%) in wetlands, but
also occur (estimated probability 1% to
33%) in non-wetlands.
Plants with similar likelihood (estimated
probability 33% to 67%) of occurring in
both wetlands and non-wetlands.
Plants that occur rarely (estimated
probability <1%) in wetlands, but occur
almost always (estimated probability
>99%) in non-wetland under natural
conditions.

Within Washington State, the associated plus (+) or minus (-) for each indicator
status is no longer used. These additional symbols further stratified the
frequency of occurrence within wetlands or uplands. The plus sign indicated the
species occurred within the higher range of the specific indicator status. The
minus would indicate a lower frequency of occurrence within the range of the
indicator.
WSDOT’s Arrangement with The Evergreen State College
The internship program benefits from a unique relationship between the
Washington State Department of Transportation and The Evergreen State
College, a public academic institution located near the offices of the WSDOT
Wetlands Monitoring Division in Olympia. This arrangement is beneficial to both
organizations and the interns who participate in the program.
Foremost of these advantages for the monitoring division is a readily available
pool of internship candidates through Evergreen. The majority of the interns
picked each year are Evergreen students – these students can be relied upon to
have similar skill set and uniform background academic knowledge. These traits
allow the internship program director to treat the personnel as interchangeable
units in the field – each intern will have relatively the same strengths and
weaknesses as another even before training. The Evergreen interns also have a
shared experience of the area, culture, and likely have prior knowledge of the
wetlands monitoring internship experience through peers at the institution. By
making an alliance with one school in particular, the interest in the program is
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heightened on campus and ensures there are enough high quality applicants
each year.
The Monitoring Department also benefits from a great deal of resource sharing
via the college facilities. Upwards of 22% of the internship time is spent in a
laboratory setting. Unknown herbaceous plants sampled on monitoring sites
must be positively identified before the remaining data can be analyzed. Without
proper identification, no conclusions about the about the health of the site can be
made and reports would remain incomplete. To properly identify an unknown
sample, a laboratory workspace is needed, as well as relevant textbooks and
references and, most importantly, a dissecting microscope. Collected samples are
often not textbook ideal examples of its species. Sampling proceeds throughout
the summer season and herbaceous plants are likely to be sampled in a variety of
life stages, which means a variety of the species identifying characteristics may
not be present. This reality makes a dissecting microscope along with a
dichotomous key necessary to positively identify a sample. Enough dissecting
microscopes and laboratory space for all 22 interns would be a significant
investment for an already small departmental budget. By partnering with The
Evergreen State College, the monitoring division gains access to the resources
available at the school and avoids the extremely large expense of laboratory
space and microscope purchases used exclusively during the summer sampling
season.
Building on the equipment use, the wetlands monitoring division also offloads
some of the training costs onto Evergreen. The department is simply not
equipped to handle the training seminars for interns each summer. When using
college facilities, there is always academic and technical staff on hand whereas
without a partnership these costs would be added to the WSDOT budget
directly. Intern payroll is handled through Evergreen; bypassing government
hiring procedures and policies allows already strained resources to be allocated
elsewhere within the department.
Occasionally throughout the process of monitoring a site, a dispute over a
particular site’s findings may occur between relevant parties and other agencies
or third parties may question the results reported from a site; the monitoring
division, by partnering with an academic institution, gains a demonstrable
reputation gain by pairing with the university. During my interviews with the
monitoring internship program director Tony Bush, he commented that the
arrangement with Evergreen creates a certain added “legitimacy” to a
department like Wetland Monitoring, which is heavily dependent on seasonal
internship labor.
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The Evergreen State College also receives a number of benefits through the
partnership with WSDOT Wetland monitoring. The internship program is an
excellent alliance that enhances the institution’s reputation and standing among
similar schools in the region. Evergreen, like many schools, does not offer the
same number of classes during the summer term; the facilities and resources
used by the internship program would likely otherwise go unused during the
summer months and provide no benefit to the college. Interns are required to be
students at Evergreen – this helps offset facilities' costs and increase enrollment
during the summer months. This program can be used for credit and progresses
student interns towards completing a degree, ensuring a high graduation statistic
for Evergreen. Furthermore, the program helps students become more likely to
be successful in their future careers, which in turn, helps the alumni network,
charitable contributions and other intangible benefits long term to Evergreen.
A good relationship with WSDOT Wetland Monitoring and Ecology divisions
can also provide Evergreen with a valuable pool of experts and representatives
to call on for guest lectures and outside consulting in specialized fields and
government agencies.
The interns themselves are presented with the combination of the benefits of this
arrangement. Though not paid as a full time temporary employee of the state
with specialized skills, there are many more positions available, increasing the
likelihood of being chosen. Interns reap the benefits both of working for a
government agency in a technically skilled capacity and that of being a full status
student at Evergreen State College. The work experience alone is of great value
once the intern has finished the program. The credits provided by an academic
institute like Evergreen can be applied towards a degree in progress as well.
Monitoring Goals, Performance Standards, and Objectives.
Monitoring data collected are used to evaluate a mitigation site against the
performance standards set. It is worthwhile to discuss the terminology
differences between sampling objectives, performance standards, and mitigation
goals.
Goals define the big picture on a mitigation site, intended to be the overall
purpose for mitigation projects. The central goal of all WSDOT mitigation sites is
to provide no net loss of wetland area and to improve water quality, hydrologic
and habitat functions.
Objectives pinpoint specific treatments and processes used to meet the mitigation
goals. Objectives provide greater detail on management practices than goals do,
17

	
  

but do not express specific measures to evaluate progress towards the objectives
or goals; a goal may need numerous objectives to be achieved fully. Objectives
identify the type and quantity of mitigation and wetlands functions that need
establishment or enhancement. Objectives single out habitat for a specific species,
refer to flood control or preservation of current high value wetland acreage.
“Improve hydrologic functions by increasing wetland area and flood storage
capacity; extending wetland hydroperiod; increasing the connectivity of
wetlands to Salmon Creek; and increasing the connectivity of wetlands to
Salmon Creek” is an example of a superior objective.
Performance standards are the most specific level to define mitigation goals.
Performance standards provide a clear description of a measurable target,
desired state, threshold value, amount of change, or trend that management is
attempting to achieve for a specific population or characteristic of habitat on a
mitigation site. Performance standards are also often used to define upper limits
of undesirable change.
These standards provide an outline of management strategies to be used and
serve as benchmarks to achieving regulatory compliance with National Pollutant
Discharge Elimination System permits and those issued by the USACE. Within
adaptive management cycles, performance standards focus management to be
aware of the condition of critical resources, describe desired conditions, and
provide a narrow range of management options. Performance standards also
provide a measure of management success and highlight resource needs.
Developing a list of comprehensive, focused performance criteria is a critical step
in constructing a successful, quantifiable, monitoring strategy.
To be successful, all criteria used must have six components, which form a
meaningful, measurable, and achievable standard.
The six components are:
•
•
•
•
•
•

Species or Habitat Indictor – identifies what is monitored
Location – what geographical area or zone is measured
Attribute – aspect measured (density, cover, size, survival)
Action – an expected trend (increase, decrease, maintain)
Quantity/Status – a measurable state or desired degree of change of the
attribute desired
Timeframe – the time allowed for management activities to prove effective

A sampling objective also specifies the level of statistical confidence and
precision necessary. This not only ensures that the data collected is evaluated at
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standardized levels but also ensures WSDOT management is collecting useful
monitoring data.
Performance standards can be written in two different ways, as a
Target/Threshold standard or a Change/Trend standard. This standard is
written in the Target/Threshold style: “maintain cover of Rubus arminacus
(Himalayan blackberry) at a value equal to or less than twenty percent at the SR
18 Skaglund wetland mitigation site for the duration of the monitoring period
(2007-2017).” This standard is written as a Change/Trend standard: “To increase
density of Carix lyngbyei (Lyngbye’s sedge) in the intertidal wetland zone of the
SR 509 Hylebos Creek estuary from five plants/m2 (2006 estimate) to 10
plants/m2 by the end of the monitoring period (2010).
Data Collection
Sampling Fundamentals
Sampling is a core task of the Wetland Monitoring Division's workload. Each of
the active sites must be monitored quantitatively in alternating years and is
observed qualitatively between formal monitoring years. It is inefficient and
logistically impossible to sample and record data from the entire in question.
Therefore a statistically sound sampling method is chosen based on the
mitigation site’s performance standards. Basic statistical theory states that at data
must be collected from 20% of a site to make strong conclusions. Properly
choosing a sampling technique within an appropriate experimental design is
critical to the Wetland Monitoring Division. Proper design saves time and labor
costs, both critical limiting factors in WSDOT budgeting. Suitable design also
reinforces the Monitoring division’s credibility within WSDOT and with outside
agencies such as the Army Corps of Engineers. Correct sample designs produce
the most accurate data results, which results in the most informed management
strategies being implemented.
To determine the most useful sampling design and methodology on each site,
there are six basic questions to ask:
•
•
•
•
•

What is the population of interest?
What is an appropriate sampling unit?
What is an appropriate sampling unit size and shape?
Should sampling units be permanent or temporary?
How many sampling units should be sampled?
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Answering these questions determines the focus and scale of sampling. This
defines what portion of the target population should be sampled, the reliability
of results over time, and determines the precision of the statistical analyses.
Pseudoreplication
Before discussing the specific sampling methodologies, it is worth discussing a
key issue in ecological statistical analysis – Pseudoreplication. Pseudoreplication
has plagued published ecological studies for many years. Many studies have
made conclusions with wide scopes of inference utilizing a single sampling
location or connected ecosystems; these interpretations of collected data make
academic research more applicable beyond the immediate location sampled
(Stewart-Oaten). However this is a misapplication of statistical inference,
sampling done from a single location or ecosystem cannot be used as a model for
other systems and broad conclusions cannot be made. To explain larger trends
and comment in general about ecosystem health and changes, many studies need
to be performed over a great number of sites (Hurlbert). That level of data
collection is often beyond the reach of many academic research pursuits. WSDOT
wetland monitoring program has the reverse set of circumstances – 183 wetland
sites have been monitored since 1988 by WSDOT, a vast quantity of locations
with more independence than many academic studies. The combined statistical
data from these sites could be used to make sound conclusions about wetlands
categorically, though WSDOT is only concerned with temporal trends on each
individual site.
Sampling Techniques
There are several sampling methodologies used to assess the health and progress
of a WSDOT wetland remediation site. On extremely small mitigation sites a
macroplot or total count method may be used. For even moderately sized sites, a
more complex sampling technique is needed to ensure the correct portion of the
site is being sampled in such a way to accurately reflect the overall conditions on
site as they related to the performance standards within the current year’s
quantitative monitoring goals. These methods involve the use of quadrats. A
quadrat outlines a set sampling area repeatedly placed throughout the site and
appraised. A quadrat may take on any shape and size but the efficiency of each
possibility is not equal. Choosing the correct quadrat size and shape depend on:
•
•
•

The monitoring objective – parameter estimation
Logistics of travel and set up vs. searching and counting
Edge effects
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•
•
•
•

Spatial distribution of vegetation
Density of vegetation
Ease of sampling
Potential disturbance effects

Often performance standards are based on density count, survival, coverage
percentage, or other characteristics, these goals can greatly influence the practical
size and shape of a quadrat. Logistically, a quadrat must emphasize either
minimizing the number of quadrats or the total portion of the site sampled. Small
quadrats on very large sites can lead to confusion and wasted time setting up
many sampling areas. Large quadrats are useful when the vegetation counted is
easily seen or sparsely distributed and less useful when vegetation is dense or
hard to see. Edge effects occur when a specimen that falls on the edges of a
quadrat. This is more likely to occur with long rectangular quadrats; simple
consistently applied rules of counting can minimize edge effects on sampling
conclusions. Certain vegetation types are likely to grow in clumps or in other
specific patterns rather than randomly distributed across a site, rectangular
quadrats are more likely to capture clumps or miss them entirely than
rectangular quadrats which will reflect only parts of clumps while accurately
representing the bare areas. Very dense individual specimens can become
troublesome to count accurately in large quadrats, using a smaller size is
recommended with small or dense specimen types. Within a large rectangular
quadrat, data collection can become difficult due to possible double counting,
long but narrow rectangle quadrats eliminate this problem. If a quadrat is so
large that counting can only be done accurately from within it and trampling
becomes evident, accurate results may become more difficult to obtain.
Based on the characteristics of most remediate wetland sites, the most commonly
used quadrat is a long thin rectangle. This captures the variability in terrain and
vegetative groups and minimizes logistical or trampling problems. This shape
does potentially introduce distortions in data due to edge effect counting but as
long as a universal rule is adhered to, these can be minimized as well.
The general procedure to initiate sampling, followed by WSDOT, begins by
laying a baseline across the area of interest. This baseline will determine the
direction and length of the sampling transects which will be placed orthogonally
to the baseline and run the length of the sampling area of interest. Transects will
be placed along the baseline using simple random sampling methods, restricted
random sampling, or systematic sampling with a random start.
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Each method has its own strengths and weaknesses based on the specific
performance standards being measured and the conditions of the site. Simple
random sampling statistically has the largest degree of freedom. This means
fewer sampling units will be needed to draw a conclusion; however, on
heterogeneous sites or sites with defined clumps of vegetation, simple random
sampling will often lead to inaccurate data collection and skewed conclusions
and results. Systematic random sampling is a commonly used sampling method
where transects are placed at a regular interval; however, the first transect placed
is given a random start within the interval distance becoming a variation of the
restricted random design. This design is easy to set up and work with, but if the
site has any regular repeating patterns, sampling issues may occur. The restricted
random sampling method is another option requiring transects to be placed
randomly but within certain intervals ensuring the entire length of the site is
likely sampled. This allows the design to use less than the required number of
samples from simple random but provides greater data precision based on the
decreased variability of transect placement. This design is excellent for small
sites.
Once transects are established on a baseline, sampling units can be defined and
data collection begun. Sample unit size is determined by the confidence level
required by performance standards, usually 80% confidence on most sites. By
using the equation in figure 10, the uncorrected sample size estimate is
determined. Consulting with a sample size correction table found in appendix C,
which adjusts for “point in time” single parameter estimates, the number of
sample units required can be determined. When paired with the requirement of
sampling at least 20% of a site’s total area, it is easy to determine a total sample
unit length.
Depending
on
the
performance standard being
evaluated, there is a variety of
sampling techniques that are
likely to be used. For
herbaceous vegetation based
performance standards, the
point
line
sampling
methodology is used. This
sampling technique samples
points along at regular
intervals for the length of the
sample unit. Individual herbaceous vegetation specimens are usually small and
extremely numerous, attempting to count individuals would be an inefficient use
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of time. For woody vegetation based performance standards, the line intercept
method or Unequal-area Belt Transect (UBT) method is used. Line intercept
methods are useful to determine the relative and absolute cover. UBT sampling
is primarily used to determine density or survival.
Data collected using the
point intercept method is
collected with the help of a
pin flag. The flag is held
loosely
between
two
fingers so it hangs parallel with gravity to the ground exactly at the correct
distance along a sample unit and is lowered until it touches ground. This
procedure identifies if any part of an individual plant of interest occupies the
exact measuring point. It is important to note that vegetation at any height is
valid and the data collector must look up as well as down. If one or more
individual vegetation types of interest occupy the point, all species are recorded,
if none are, the point is not recorded. See figure 11 for the specific equation used
to determine herbaceous cover with the point intercept method.
Data collected to determine percent cover, both absolute and relative, are
recorded using the line intercept method. At the beginning of a sample unit, the
data recorder notes what species of vegetation occupy space above or below the
transect line. The measurement point along the sample unit and species name are
recorded. When each species no longer intersects with the vertical plane, the
position along the sample unit is recorded as the end point for that entry. If two
or more individuals from the same species overlap, only one data entry is
needed. If an individual intersects the sample unit line for less than 1dm (10 cm),
the individual is not counted at all. Total cover can be determined by adding the
total length covered by any vegetation in comparison to the total sampled length.
Relative cover can be determined by comparing the total length of a single
species of interest to the total
length covered by all species
combined. See figure 12 for
specific equations for each
measurement.
Density
and
Survival
measurements are determined
with UBT sampling. The
entire length of each transect
is sampled when using a UBT
method rather than specific
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sample units along transects. It is critical to record the length of each transect
otherwise data cannot be interpreted. Unlike point intercept or line intercept
methods, the sampling area extends beyond individual points or infinitely thin
planes. A rectangle with one edge on the transect becomes the sampling area,
typically 1 meter wide, though in some cases 2 meters, and forms a ‘belt’ starting
at one site boundary and ending at the other. Data collected must use a
consistent rule to determine which transect edge to sample. Beginning at one end
of the belt, every individual of interest is observed and counted forming a list of
all species observed and the number of times each was observed within the
sample area. If survival data is being recorded, separate entries are made for
dead individuals. Ideally the observed dead individuals can be identified as a
particular species but listed as unknown if identification is impossible. Knowing
the length of the belt is critical to determine density and survival statistics. The
area sampled is calculated with a simple length multiplied by width formula.
Total living individuals counted within the sampled area over the total area
provides a survival rate. Total living individuals divided by the count of living
and dead produces a survival rate. These equations in figure 13 show the specific
formulae for these measurements.
Invasive species were not
formally
monitored
with
quantitative methods during
the Summer 2011 Internship.
Many of the species of concern
in Western Washington were
herbaceous species and any
cover estimates would have likely been determined using the point intercept
method.
Invasive species
No mitigation site visited was free of invasive and exotic plant species. Most
mitigation sites include performance standards that limit overall coverage or
specific cover of species classified as invasive. Invasive species are plants that are
not native to an area. They can out-compete native plants having evolved under
different sets of ecological conditions. These species often are adapted to have
small seed size, short juvenile growth periods, persistent viability in seed banks,
and can reproduce at a young age likely with large number of seeds each cycle
(Radosevich).
Mitigation wetlands are often placed on former agricultural land, or surrounded
by grassland style ecosystems. These types of landscapes are far more susceptible
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to plant invasions than forests and established marshland (Parks et al. 2005).
Disturbed systems are also at greater risks of vegetative invasions. Wetland
mitigation sites involve both these risk susceptibilities.
Invasions
are
characterized by three
phases,
introduction,
colonization,
and
naturalization.
The
amount of area occupied
by an invasive species
depends on the current
invasion phase. The rate
of
expansion
is
illustrated in figure 14
(Radosevich p. 57).
Figure 14: Invasive Growth Chart
	
  
Given the location of most mitigation sites, introduction is nearly constantly
occurring as invasive populations outside of WSDOT ownership disperse seed
into mitigation sites. Disturbances such as topographic re-grading, mowing and
active planting can give dispersed seed the opportunity to form a patch capable
of surviving against native species on site. If a colony patch endures over time, it
may pass into the colonization phase. At this point the invasive species can
balloon rapidly from countable individuals to statistically significant population.
Ideally WSDOT Weed Control will have been made aware of the situation and
hindered the invasive species ability to reach this stage or remain in it. If not, the
invasive species reaches the naturalization phase where it is capable of
establishing new self-perpetuating populations and disbursing widely
throughout a region. At this point mitigation wetlands are in danger of losing
function, diversity. This likely would cause a site to fail to satisfy performance
standards. This would constitute a violation of permits and require WSDOT to
spend greater amounts of resources to fight back against the invasive. Invasive
species observations are included in every site visit; while invasive species are in
the introductory phase eradication efforts can be very effective. Beyond
introduction, the invasive can become exponentially harder to control and
remove.
Class A Noxious weed species are non-native species whose distribution in
Washington State is still limited. At this stage, eradication is still possible. All
class A weeds must be eradicated by law in Washington State. Class B Noxious

25

	
  

weeds have limited establishment in regions of the state. Class B species are
designated for control where they are not yet widespread. Prevention of new
outbreaks is the primary goal for land managers, as is containment of already
established colonies. Control beyond these goals is decided at the local
government level, advised treatments and procedures are established by county.
Vegetation Community Mapping
Another important responsibility of WSDOT Wetland Monitoring Interns was to
create vegetation community sketch maps on site. These maps, when finished,
contained a wealth of qualitative information about one or more specific
attributes in a spatial context delivered in a clear and simple manner.
Vegetation community maps are completed during every mitigation site visit.
Typically a separate vegetation map is drawn for each combination of vegetation
type (woody, herbaceous, invasives) and zone (buffer, emergent, forested, scrubshrub); only one vegetation type and zone are recorded on each map. These
maps are sketched on site usually in pairs on top of base maps. A base map is a
hand drawn outline of the major features of a mitigation site and may include
notes of photo points. Regions are drawn in to distinguish dominant species
groups, noting percent cover estimates, landmarks, and other notable features.
Typical notes made on a vegetation map include: survival estimates - both
overall and specific areas, density variations, notes on volunteer growth
notes/remarks, development of unplanned emergent zones development (or
lack of development of planned zones), and, finally, heights of canopy layers
heights. Other basic information that should be present on a vegetation
community map include: the name of the site, the type of map made, the authors
and date created, a legend, clear patterns/symbol usage, and a north arrow.
Please see figure 15 below as an example of a completed vegetation map; others
are available in Appendix D.
A key skill developed while generating vegetation community maps is learning
to see the groupings and patterns in the landscape without an aerial viewpoint.
Recognizing dominant species and community groups help acquaint interns
with overall health of the site, recognizing zone boundaries, navigating while
sampling, and develops accurate estimation techniques for cover, density and
other useful metrics. Combining observed qualitative data with the map itself,
the Wetland Monitoring Department can efficiently inform site managers about
the development status of the site and describe its current progress.
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Figure 15: Sample Vegetation Community Map
Bird Monitoring
During training, field leads dedicated several hours introducing bird and
birdsong identification. None of the performance standards of visited sites set by
the overseeing landscape architect or USACE involves bird species directly; but
being able to positively identify specific bird species visiting wetland sites is
valuable data. Bird monitoring is a key contribution to qualitative data on
wetland health as birds make excellent measures of wetland health.
Additionally, bird surveys are time efficient and very cost effective when
compared to formal monitoring of other types of wildlife, especially mammals.
Birds are generally visible, abundant in number, and can be systematically
sampled with minimal impact on the species or habitat. Over time, bird
observation data can indicate changes in ecosystem health.
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Some possible problems exist with bird surveys however. Birds are highly
mobile and, depending on species, may spend very little time on an observed
site. Changes in breeding grounds or migratory patterns may alter the
observations for a site year to year as well. Habitat fragmentation, urban sprawl,
pollution, and pesticide use all may influence bird behavior patterns. Population
changes locally on mitigation sites likely do not reflect overall habitat changes on
mitigation sites.
Ultimately, wetlands monitoring site managers are concerned with the habitat
health, rather than the trends in bird populations. Yet despite the drawbacks,
birds are still considered one of the best indicators of habitat quality. Combined
with the relative low cost, bird surveys are incorporated into wetland monitoring
duties.
Over 400 species of birds are observed in the state of Washington every year. A
selection of common species likely observed on wetland mitigation sites is listed
in appendix D.
Although during this field season there were no formal bird surveys done by
interns, the WSDOT Wetland Monitoring bird survey procedures are based on
techniques described in the Handbook of Field Method for Monitoring Landbirds
(Ralph et al. 1993).
•
•

Locate bird station and acclimate for a few minutes.
Record observations, species identifications (visual and auditory), bird
locations, and abundance (numbers) for 10 minutes.
• Birds on site
• Birds within 30 meters of the site
• Birds flying low overhead
• Do not count birds flying high overhead
• Record birds flushed from site and in preservation areas
• Tracking birds after survey period is allowed as nesting evidence,
breeding, and feeding can contribute significant data.

Optimally formal bird surveys are conducted no earlier than 30 minutes before
or 150 minutes after sunrise. Travel time constraints often make this ideal
window impossible to reach. Low sampling bias is prevented by at least three
sampling sessions per season. If a site involves shorebirds, bird surveys are
conducted during a rising or falling tide (high tide +/- two hours). WSDOT sites
are, by nature, often located near roadways, which may limit observable birds
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and prevent identification by song and call. Surveys should not be conducted
during bad weather where high winds or limited visibility occurs.
Data collected during surveys can be compared to the impacted wetland’s
historical data or compared to available data in comparable local or regional
wetlands. Data analysis often involves measures of species richness and
diversity. These qualities can be indexed with the Shannon-Wiener function seen
below in figure 16. A simple t-test can be used to determine if the reference
wetland and mitigation site have equal richness and diversity.

Identifying Unknown Vegetative Samples
One day each week during the internship was dedicated to identification of
unknown herbaceous plant samples collected during field days. Activities were
conducted within a laboratory setting on The Evergreen State College. Interns
learned a great deal about proper laboratory techniques and sample collection
methods, how to follow a dichotomous key to identify a plant, and perhaps the
most valuable skill, how the familiarization of plant physiology greatly aides in
the identification.
A moderate number of the interns came into the program armed with knowledge
of the local flora both woody and herbaceous. Many were not. As one of the
interns who had never done intensive field identification or formal lab
identification, I found the work challenging and interesting. The overall lesson I
learned about plant identification is that it cannot be made easy. Like learning a
language, some individuals seem to have a knack for it; others will struggle at a
much slower pace. There is a wealth of technical descriptive terms that must be
learned and mastered before identification becomes a smooth process. Also, like
a language, plant identification is a skill that must be practiced constantly to
maintain competency; if learning the skill takes a great deal of time and effort,
losing the skill is shockingly fast.
Since WSDOT monitoring exists to satisfy legal permits under the oversight of
several federal agencies, field guidebooks are not used during data collection on
site. All questionable samples are marked as unknown samples, entering the
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collector’s initials followed by a number on data sheets until it can be positively
identified.
A good collected sample includes at least three flowers and seed heads, digging
underneath the plant to collect root mass as well. All unknown samples should
be labeled with an unknown plant form, including information pertinent to the
sample. Height of the plant, flower color, observation of its being a milky or a
composite flower are all useful information that may not be apparent in a
laboratory sample.
Armed with Hitchcock and Cronquist’s Flora of the Pacific Northwest (H&C),
Harrington’s How to Identify Plants, How to Identify Grasses, a dissection kit, field
notes and a dissecting microscope, interns claim unknown samples collected
during the week. The dissection kit includes a hand lens, forceps, needles, a
sharp blade, and a ruler. Often a personally picked unknown is chosen, as you
are more familiar with it than
other samples collected. After
reading any useful notes and
asking the collector about the
sample, interns begin with
H&C’s synthetic key to
determine the family the
sample belongs to. The plant
is evaluated at each step in the
identification path taken and
the features that were used to
make
the
identification
possible are notated. An
example of my work on this
process is shown in figure 17.
Often I felt lost or unsure of
my next choice, simply by
marking the decision point
and making a best guess, I
could continue and know
where to return to if the
subsequent couplets seemed
to be unfit.

Figure 17: Dichotomous Key Progress
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Learning to use H&C’s dichotomous key is like learning a new language, not
only does the book have many new words, but also a certain grammar that is
awkward to learn for many people. Interns were warned they might have to look
up every other word as we work through the process. To isolate a single species
from an unknown you begin with the first choice in the identified family or
artificial key, which is called a couplet. Each couplet is always made up of two
choices.
During each decision path choice in a dichotomous key, the feature listed first is
the most important, and likely most easily recognized feature of the sample;
ignoring secondary characteristics mentioned in the couplets is not advisable. As
the season progresses, not all features will be available in a sample. Flowers will
have bloomed and withered away, seeds absent or underdeveloped, and root
masses will have been disturbed. This makes considering the minor
characteristics increasingly important. Non-ideal samples will occasionally
contradict the primary characteristic of a couplet. Couplets make use of the
words “generally,” “sometimes,” “except,” and “often” in these situations
primary characteristics may not be expressed or observed and minor traits
become important to consider.
From H&C’s Juncaceae couplet 15a and 15b, p. 569:
15a Seeds long-appendaged at each end, each appendage almost = body of seed;
perianth (3.5) 4-4.5mm; caps cylundric, obtuse, 0.5-1.5mm > tepals; wet places,
BC to Que, s to Ida and to Colo and Ia, known from our area on in Kootenai Co,
Ida; Vasey’s r.
9 J. Vaseyi Engelm
15b Seeds not long-appendaged, merely white-apiculate; perianth 2.5-3mm; caps
subglobose, subequal to the tepals; wet places, lowl alleys to low mont for w Cas,
WV and Cas, Ore, to s Cal; reported for Wn; spreading r.
10 J. patens E.
Meyer

Understanding and acquiring the very specific and extensive vocabulary unique
to vegetation identification is a critical skill to being successful in plant lab. I felt I
learned the most during the internship during these exercises, as I had no
exposure this type of vegetation knowledge beforehand.
After working down the dichotomous key to a specific genus and species, interns
first look up the potential species in Volume 5 of H&C. This series of references
show a wealth of further details and illustrations of the physical qualities of all
naturally occurring species within the region. If the description matches, a field
lead verifies the path through the dichotomous key to verify the intern’s work.
Interns are expected to defend the path chosen at each step if the field lead
requests. If the field lead concurs with the conclusion drawn, the PLANTS
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database hosted by the United States Department of Agriculture is consulted to
ensure a species name change has not occurred since the publication of the
reference texts used.
H&C’s Flora of the Pacific Northwest was first published in 1973. The eighth
edition used by WSDOT staff and monitoring interns was published in 1991.
Since the original publication and in the years since, there has been a wealth of
advancements in the field of genetics. These advancements have allowed
botanists to better determine the familial relationships of individual species of
plants on a genetic level. Naturally in the twenty one years since publication,
many species names may have changed or been assigned entirely new families.
Therefore, when identifying an unknown species, it is critical to ensure the
sample is identified with the correct modern name.
After this final step in the identification process, the unknown entry code on the
unknown plant list is crossed out. The common name, family, genus, and species
are completed. The intern and approving field lead initial the entry to complete
the paperwork required (see Appendix D for an example of this form).
Aiding other interns, the unknown sample is prepared as a herbarium entry for
other interns to consult later on. Over the course of the field season this collection
of identified samples was extremely useful to help distinguish later unknown
samples as the season’s work progressed.
Throughout the internship, a portion of plant laboratory time was dedicated to
educational lectures lead by WSDOT staff to help us familiarize ourselves with
specific plant families. The first of these lectures was a basic tutorial of flower
vocabulary. Detailed terminology and examples were discussed to help us
acclimate; understanding how a tepal is a hybrid between a petal and a sepal,
and whether each of the three is also considered a calyx, was an invaluable crash
course when translating couplets. Further lectures discussed the major
characteristics of various vegetation families, how to determine harder couplets
likely consulted in particular plant families found in the region. These lectures
focused on Graminoids, followed by Asteraceae, Caryophyllaceae, Brassicaceae.
Lectures also familiarized interns with common invasive and poisonous species
likely encountered in the field.
The most frustrating samples were usually found on sites recently established
and within the first or third year of monitoring, often on mitigation sites, that
had been re-graded or otherwise modified to change a site’s topographic or
hydrological characteristics. The disturbance of the seed bank within soils
occasionally produced unusual cereal species alongside planned vegetation
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species. If sampled, these unknown species often could not be keyed out; no
series of couplets would reach an acceptable species for these samples. On one
occasional, after hours of work, I realized what I had found was not, in fact, a
naturalized grass species not seen in this region since the 1870s, but an
agricultural hybrid. This species would not be found in any reference text on
naturally occurring species in the Pacific Northwest, current or otherwise. An
Internet search for details on specific agricultural varieties proved fruitless.
Interns were tested early on during the program on woody species identification
and twice on herbaceous species identification. The woody species interns were
responsible to know on sight were commonly planted wetland mitigation species
in the western Cascades, 31 in total, which can be found in Appendix D. The
Herbaceous species exams were held in lab with high quality samples, but no
reference materials were allowed on these exams. There were again 31 in total,
including some common invasive species, a full list of herbaceous species can be
found in appendix D.
WSDOT Wetland Monitoring Division Budget Summary and Analysis
WSDOT Owned Wetlands Summary
The Washington State Department of Transportation (WSDOT) is a large public
government organization whose mission is to serve the state of Washington to
ensure a fast, safe, accessible, and convenient transportation system that meets
the needs of industry,
commercial enterprise,
and private citizens.
WSDOT is organized
into
several
distinct
divisions that concern
themselves with specific
tasks to best accomplish
the overall goal of the
department.
WSDOT
also divides the state into
six regions: Olympic,
Northwest, Southwest,
North Central, South
Central, and Eastern.
Figure 18: WSDOT Replacement Wetland Types
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The Northwest Region is further divided into 3 more sub-regions, which are
King County, Snohomish County, and Baker.

Figure 19: Estimated 2011 Wetland Monitoring Department Expenses
The WSDOT departments related to this internship are Ecology, Wetland
Monitoring, and Weed Control. Wetland Monitoring is responsible for ensuring
all mitigation sites owned by WSDOT stay within compliance of the permit
issued by the USACE. The Monitoring division’s annual expenses total $584,505.
The majority of this is spent on salaries and benefits for full time employees. The
internship program is the second most expensive budget expense, followed by
vehicle ownership and use, then travel and equipment. A visual breakdown is
shown in figure 19. Salaries and Benefits pay for the Monitoring Manager (Tony
Bush), five field leads, 33% of an administrative assistant, 5% of the program
manager, and 5% of a staff botanist.
Since 1988 WSDOT has established, enhanced or restored 183 individual wetland
areas covering over 900 acres across the State of Washington (as of the beginning
of the field season 2011). In addition to these, WSDOT maintains three wetland
mitigation banks that can be used to offset habitat lost to future projects.
WSDOT is responsible for the health and continued ecological function of these
sites in perpetuity. Of these, 67 of these sites are actively being monitored during
the field season of 2011. 50 wetland mitigation sites are no longer monitored and
were considered closed before the year 2000, before a formal closing process was
put in place and overseen by the Army Corps of Engineers. 57 sites have
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successfully reached their
monitoring goals at the
end of the regulated
monitoring periods and
have been evaluated by
the Army Corps of
Engineers. Only nine sites
failed
to
meet
site
designed mitigation goals
by the end of the formal
monitoring period remain
under
observation.
Typically, created and
Figure 20: Wetland Protection Sites Across Washington
enhanced wetlands are watched for a period of 5 to 10 years after construction,
alternating qualitative and quantitative monitoring techniques each year.
The workload of the WSDOT Wetland Monitoring department has been
increasing since WSDOT began tracking this statistic in 2001. In 2001 just over 20
acres were formally monitored, this number doubled from 2002 to 2003 and has
increased at a loosely linear pace since then, please see the figure 21 below for
further detail.

Figure 21: Wetland Monitoring Department Workload Changes
Many sites require active management activities, these range from irrigation,
mowing, mulching, surface matting, supplemental planting and herbicide
treatments. These activities are recommended by monitoring teams and are
executed typically through WSDOT Weed Control.
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Table 2: Wetland Mitigation Actions Taken by WSDOT
Recommended
Percent
WSDOT Region
Sites
Actions
Completed Complete
Eastern
3
3
3
100%
Northwest
35
55
55
100%
Southwest
9
13
2
15%
Olympic
11
20
20
100%
North Central
4
7
7
100%
South-central
4
4
4
100%
Mega Projects
4
7
7
100%
Total
70
109
98
90%
Wetland boundaries are determined by delineation, usually done in the third
year after a mitigation site has been constructed. This initial delineation acts as a
preliminary guide to determine if wetland conditions were successfully created.
This delineation acts as a projection of the likely acreage of the mitigation on site.
The site is then measured again usually at the end of the monitoring period (in
year ten) to determine the specific area achieved. As shown in figure 22 below,
collectively among the 68 sites that have reached their final year of monitoring,
WSDOT
has
successfully
maintained 9% more
wetland acres than
were required for
construction projects
through 2010 (159
acres to the required
146 acres).

Figure 22: WSDOT Acres Achieved of Wetland Mitigation
There has been a steady increase in the workload required of the Wetlands
Monitoring division over the last decade; this increase has been coupled with a
reduction in budget across the entirety of WSDOT and all other state agencies in
Washington. WSDOT has been affected both by the economic and budgetary
realities of the last several years. WSDOT also has seen a reduction in revenue
from the tax on gasoline in Washington as vehicles on the roadways increase in
efficiency (see appendix D for more information). To combat an increasing
amount of work and reductions in expenditures, Wetland Monitoring has
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implemented strategies to increase efficiency as much as possible, to accomplish
more work with fewer resources. These methods will be discussed in detail later
on in the Efficiency section.
Managing for Efficiency within the WSDOT Monitoring Department.
During my time with the WSDOT Wetlands Monitoring Department, I
frequently discussed how the department is managed and what decisions are
made to continue to meet legal requirements for mitigation projects as budgets
have continued to shrink and workloads have continued to increase with field
leads and the department manager, Tony Bush. Specific budget figures were
provided by the department director, Doug Swanson. Initially we discussed the
realities of the monitoring department’s goals and budget and the future
direction of the department. Later on over the season, we discussed specific
actions management has made to continue performing the department’s primary
function. Many purchases and management strategies were discussed including
discretionary spending purchases, hiring protocols, cost sharing, and other
tactics to do more with less every year.
This last monitoring season has represented the largest group of interns WSDOT
has hired in the fourteen years of the internship program’s existence (Tony
Bush). I asked if budgets have increased or decreased with the shifting
importance on ecological preservation and repair. “The budgets are fixed. They
are major constraints…to do what is required by law. All staff must be justified,”
he told me. The department focuses on workload tracking to streamline the
process at every possible step. There has been “a 10-15% increase in work” each
year, while staff size has not increased. This increasing workload necessitates
more interns each year. Some cycles of work occur as well. Some years include
more construction projects than others, which lead to a large influx of monitoring
projects while other years include very few new mitigation sites. Transportation
costs have also continued to increase. New sites are further out from the
monitoring department’s offices in Olympia. It costs $1.5 million an acre to
purchase land in King County, a top 100 highest income county in the United
States. As a result, monitoring travel increases, and mitigation sites get larger.
Most new mitigation sites cover wetland loss due to safety and maintenance of
existing roadways rather than new roads. Geography constrains both roadway
construction conditions and variables determining mitigation site locations.
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Modernization
Prior to this 2011, all monitoring data was hand recorded on paper forms. These
forms had to be converted to a digital format later on. Physical paper in the field
was hard to keep track of, required legible handwriting, and subject to the effects
of high winds, rain, and other environmental hazards on site. We were warned
repeatedly about losing manual data collection sheets if they became necessary to
use in the field. An example of a manual data sheet can be found in appendix D.
These sheets could not be easily examined in the field, adding hours of labor
hours to every site’s data preparation process. There was 22 interns, 11 pairs,
each working three field days. Additionally the five field leads collect data. This
results in 41 sets of data each week to transcribe and confirm proper methods.
Since there was no easy system to confirm proper data collection as it was
recorded, entire data sets could be rendered useless. This kind of data collection
and transcription was conducted by full time WSDOT employees rather than
frugally compensated interns. At even three hours of transcription and correcting
mistakes made during the recording process, an extremely conservative estimate
according to the program director, this adds up to hundreds of data sets not
needing a secondary transcription process, and a full week of man-hours
invested in data entry.
Before the beginning of the 2011 monitoring season, there was a small amount of
funds left over in WSDOT’s biennium budget allowance marked for
discretionary spending. This money was used to purchase several electronic
devices. The first being eleven Trimble Recon units at $1,100 each. These rugged
personal digital assistants (PDAs) were purchased to run spreadsheet software
designed to increase the accuracy and efficiency of monitoring recordings. No
longer were interns required to use paper data sheets to record observations,
reducing the literal risk of data loss and transcription errors.
Five Trimble Nomad PDA units were purchased for field leads; these models are
more expensive but also included GPS capable hardware. These units were
additionally useful for wetland delineations and for helping to create baselines
and marking transect crossings on mitigation sites with extreme dimensions.
Sites, like SR-270 Jorgstad, can have extremely long baselines, in this example,
nearly 500m long, average site baselines range between 120 and 250 meters in
length. Though the transects on SR-270 Jorgstad were on average 20 meters or
less, attempting to manually lay a baseline and flag transects with meter tape
would be extremely arduous, time consuming and likely to include a great deal
of human error. By setting a point as one end of the baseline, determining a
compass orientation the baseline lays along and interval between transects, these
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GPS capable PDA units can determine the remaining transect locations without
having to use five 100 meter tapes, and multiple field team members.
Investing in Efficiency
Throughout the fall and winter seasons, one wetland monitoring division
employee was taken off all report submission and early season preparation
duties. Sean Patrick, a former monitoring intern, was tasked with creating a set of
specialized Excel files, which would run on the newly acquired Trimble PDAs.
The templates consist of several sheets designed to organize all the data that is
needed to be recorded and powered by several complex macros within the
document to sort, organize, and interpret the data entered. These specialized
data sheets also contain several functions that evaluate data as it is entered,
alerting the data collector immediately if an obvious mistake is being made. This
represents several hours of work saved not only in mundane data processing but
also in quality control and assurance per data collection team on each site visit.
Mr. Patrick invested the better part of 600 hours by his estimations developing
these data sheets for WSDOT Wetland Monitoring Division. While true this is a
heavy investment, nearly 5 months of full time hours and pay, the benefits far
outweigh the costs. Countless hours are saved on transcription error tracking,
data entry, and elimination of the paper data sheets. These data sheets are
modular and do not need to be redeveloped each year; this shows an extremely
high return on investment over the next several years. After a season of use, the
department feels the investment in the PDA computers and development of the
Excel files was an extremely good use of the available budget (Tony Bush).
Preventing delays
Portable car GPS units were another electronic discretionary purchase made this
year. These devices were pre-programed with the locations of every active
remediation site. Sites often are located on back roads, away from highly
developed areas and are spread across the state of Washington. The field leads
cannot possibly have first had knowledge of every site’s location or experience
with the roadways taken. During a previous internship, before GPS devices
became affordable and commonplace, relying on printed web directions or paper
maps was marginally reliable at best. Hours were lost, extra miles were driven,
needless gasoline expended trying to find certain sites. A scenario like that
would have been especially damaging for the Wetland Monitoring division, a
lost field team uses, at minimum, five individuals’ man-hours while correcting a
travel mistake. While sites are monitored generally between five and seven year
periods, they are formally monitored only every other year, and new sites are
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developed every year. GPS units for transportation vehicles used by WSDOT
Monitoring remove another opportunity for disastrous time and resource waste.
Additional marginal features GPS units provide include up to date hospital and
other emergency services locations in case they are needed for accidental injuries
in the field.
Initially as the portable computers were brought to managed sites, the field leads
were responsible for combining the data collected from the individual PDA units
each day. Given the likelihood of traffic delays and other factors that may delay
the team’s scheduled return each day, leads began to carry along work-issued
laptops each day to field sites. Site data could be compiled during transport back
to WSDOT headquarters and given a cursory spot check along the way. This
saves the field leads time and effort to take care of other business at the end of
the day.
WSDOT has issued basic model cell phones to field leads for several years. They
are used to facilitate easy communication in the field. A significant portion of
time is spent traveling to and from sites; a great deal of business can be
conducted during this travel time. Cell phones allow field leads to communicate
with the home office or other departments (such as weed control). Once on site
the ability to deal with unclear situations or unexpected site conditions can be
invaluable time saving features. Data capable phones may improve efficiency
further, especially phones capable of tethering to field lead’s laptops. Interns and
field leads can help make further use of the time spent traveling by composing
emails, uploading reports, and preparing any other arrangements necessary.
Evolving Monitoring Standards
Since the wetlands monitoring program has begun, ecological knowledge of
wetland creation has increased. The techniques used to monitor sites efficiently
and accurately have increased as well. Unfortunately, monitoring standards
cannot change after a site has been approved by the USACE. Standards can
greatly increase the mount of time and labor needed to monitor a site. Older
standards, set before the WSDOT Monitoring department became extremely
busy and when they had a larger budget, are distinctive compared to newer site
requirements. Some of the older sites still being actively monitored are subject to
problematic performance standards set by the ecologists and landscape architects
that developed them.
As an example: SR-9 Pilchuck mitigation site includes eight performance
measures relating to relative cover of vegetative species in emergent, Palustrine
scrub-shrub (PSS), and Palustrine forested wetland (PFO) zones. These zones can
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be extremely hard to differentiate on some sites, especially after seven to ten
years of natural evolution and growth from when they were original built.
Performance measure 5 and 6 required three FAC or wetter vegetative species
achieve 5% or greater coverage in each the PSS and PFO zones. These zones
would be nearly impossible to determine apart after this amount of time and
potentially comprise too small of a total area to sample effectively.
Comparatively, performance measure 4 on SR-9 Whistle Creek states, “No more
than 30 percent cover by red alder (Alnus rubra), excluding existing trees over
twenty-five feet tall (in the wetland).” While complex, the wetland zone is
readily identified and removes guesswork regarding established vegetation prior
to mitigation planting. I asked Mr. Bush if site designers had ever felt pressure to
design simplified or lax standards; he assured me that even if that ever were to
occur, the USACE would, and has, rejected mitigation site plans that included lax
performance standards.
Effective Budget Management
Vehicles and transportation costs, while much smaller than salary, are a
significant expense for the Monitoring Department. The department needs to
transport 22 interns, five field leads, and all necessary equipment every day to
sites across the state during the summer months when traffic congestion
traditionally reaches its apex. This is accomplished with five vehicles, one for
each leader, four large vans, and one large Jeep style car. Since the vast majority
of fieldwork is done during the summer months. The late fall and winter seasons
include greatly reduced traveling, it does not make good economic sense for the
monitoring department to own and maintain the full fleet of vehicles year round.
Two of these vans are rented through WSDOT General Services Administration;
they are WSDOT fleet vehicles rented out to various departments. One of the
other vans is co-owned in part of an arrangement with another WSDOT Ecology
department, both departments need another vehicle during certain parts of the
year but not enough to reach the minimum 10,000 miles required by WSDOT to
own the asset (Tony Bush). The Jeep vehicle and one van are owned entirely by
the Monitoring Department. All fuel and maintenance charges are paid for by the
Monitoring Department for these vehicles. The shared vehicle allows for greater
flexibility at lower costs than full ownership of a third vehicle or long term rental
from General Services Administration. A one month rental of a large van with
fuel card costs $1,197 per month. The two vans are rented for a period of 2.5
months costing a total of $5,983 per season.
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Minimizing Labor Costs
“Monitoring could not occur with the interns,” Tom Mohagan (one of the most
senior field leads) once said to me. As you can see in figure 19 salaries and wages
are the greatest expenditure in the monitoring department. Without this
internship program, to comply with relations related to wetlands alone,
temporary field data collectors would be needed. These employees would
balloon the cost of salaries and benefits from $446,200 to a projected $618,636 as
an extremely conservative estimate. This represents an increase of over 138% the
current expense levels. If the monitoring department were to be replaced by
outside consultant companies the under $500,000 budget would likely cost
several million dollars.
Of the monitoring department’s nine member team during the summer, three are
botanists who have responsibilities outside the department for the rest of the
year, and are paid from other departments’ budgets for that time. This allows the
monitoring team to keep labor costs, which is the most significant portion of
expenditures, as low as possible. Due to government budget cutbacks, several of
the field leads and full time employees continue to be considered temporary
employees, whom are renewed annually rather than holding permanent
positions within WSDOT.
Additionally, several interns were kept on as temporary employees of WSDOT to
finish the end of monitoring season through the end of September. There were
six interns retained as WSDOT employees, increasing their pay significantly.
Those who continued on for an additional four weeks of work earned 172% of
the rate they were paid as interns for that month.
Costs to the department have also been reduced by minimizing the need for
training. Though it is standard policy within WSDOT to give any position to
displaced or previously laid off employees from within WSDOT, the monitoring
department negotiated hard to hire on these interns to help finish the end of the
monitoring season. These employees already knew the protocols and procedures
to work independently, accurately, and efficiently. Given the extremely short
term nature of this extension, retraining an unrelated WSDOT employee would
have cost more than the value of their work over the month.
Most of the field leads were former interns as well. I discussed with Mr. Bush
several times the loss of workdays and data inaccuracies caused field leads that
had not previously worked as interns even though they possessed a skillset more
than suitable for the position. Former interns are “clearly easier” to train, and the
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internship also serves as a trial run to determine if personalities will enhance
teamwork within the department.
Parting Remarks
The WSDOT Wetland Monitoring Department and internship program is a
unique system to fulfill the complex legal requirements set by the USACE and
CWA for public construction projects across the state that impact wetlands.
WSDOT wetland mitigation sites provide critical habitat for wildlife and
specialized vegetation in addition to ecosystem functions valuable to human
society. The task of monitoring the sheer number of sites and acres that comprise
these sites over many years cannot reasonably be accomplished by outside
contractors or full time WSDOT staff members. The interns, these critical
temporary hires, are chosen mainly from TESC students under an arrangement
that allows shared resources and lab space and provides to them a valuable
professional experience. Each wetland site requires sound statistical and
ecological methods performed consistently and reliably every year. As Tom
Mohagan said to me, “the wetlands monitoring program would not exist without
the interns.”
Faced with increasing workloads and falling budgets, the interns have grown in
number and have taken on more responsibilities during the internship program.
The department has also faced hard choices when determining necessary costs
and has adapted to survive on less funding through modernization efforts and
key resource sharing arrangements. It was an impressive experience and I gained
valuable skills and experiences over the course of the program.
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Rep. 2011. Print.
Washington State Department of Transportation Wetland Monitoring Division.
SR 9 Pilchuck Monitoring Plan Year 7of 10 = 2011 Quantitative. Rep. 2011.
Print.
Washington State Department of Transportation Wetland Monitoring Division.
SR 9 Schloman Road Monitoring Plan Year 3 of 10 = 2011 Quantitative. Rep.
2011. Print.
Washington State Department of Transportation Wetland Monitoring Division.
SR 9 Whistle Creek Monitoring Plan Year 5 of 10 = 2011 Qualitative. Rep.
2011. Print.
Washington State Department of Transportation Wetland Monitoring Division.
SR 90 Sunset Wall Monitoring Plan Year 7 of 10 = 2011 Quantitative. Rep.
Olympia, 2011. Print.
Washington State Department of Transportation Wetland Monitoring Division.
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SR18 Wetland 3 Monitoring Plan Year 5 of 10 = 2011 Quantitative. Rep. 2011.
Print.
Washington
State
University.
Estimating
Soil
Texture.
Web.
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Appendix A
Historical U.S. Government Court Cases and Acts of Congress Affecting Wetland Protection
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Appendix B
Munsell Soil Color Chart Example and Soil Texture Triangle
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Appendix C
Adjusted Sample Size Conversion Charts
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Appendix D: Additional WSDOT Monitoring Internship Forms and Documents:
1. Additional Vegetation Map Samples
2. Unknown Plant ID Form
3. List of Common Woody Species
4. List of Common Herbaceous Species
5. Manual Data Entry Form
6. Average U.S. light duty vehicle fuel efficiency (mpg per calendar year)
7. Common Wetland Related Bird Species
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1. Additional Vegetation Map Samples
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Continued.
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2. Unknown Plant ID Form
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3. List of Common Woody Species
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4. List of Common Herbaceous Species
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5. Manual Data Entry Sheet
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6. Average U.S. light duty vehicle fuel efficiency (mpg per calendar year)
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6. Average U.S. light duty vehicle fuel efficiency (mpg per calendar year) Continued
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7. Common Wetland Related Bird Species
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7. Common Wetland Related Bird Species Continued
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7. Common Wetland Related Bird Species Continued
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