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I. Executive Summary
The goal of this project is to learn about the life history of the marbled murrelet in hopes
of understanding why the species is endangered, their risks to recovery, and to educate municipal
landowners on how to better protect marbled murrelets.These landowners have the potential to
protect habitat that may be critical for marbled murrelet reproduction. In order to better educate
the communities living near marbled murrelet critical habitat, we identified habitat areas for
marbled murrelets that are not under federal protection. We noted that there is a large portion of
potential marbled murrelet nesting habitat on non-federal lands, within city limits. A few policies
have been identified that are in place to protect endangered species on non-federally protected
lands.We targeted these policies as voluntary ways to protect marbled murrelets. We then
researched the most effective means of conveying information about conservation and decided to
make a brochure with an accompanying sticker to inform the municipal landowners about the
species and what they can do to protect marbled murrelet nesting habitat. Finally, we researched
the most effective ways to convey conservation information in an aesthetically pleasing manner,
that would engage the specified audience.

II. NCCC Terms of Reference
North Cascades Conservation Council (NCCC) has long been concerned about the
declining status of marbled murrelets as documented in the recent status review and preparation
of a Long Term Habitat Conservation Plan (LHCP) for that species by the Washington
Department of Natural Resources (WDNR). In preparing its comments on the WDNR actions it
was apparent to NCCC that WDNR could manage all of its Trust Lands for habitat and it would
still not be adequate to halt the downward spiral of the marbled murrelet populations. In order to
motivate voluntary protection of other private and public lands within 55 miles of the coasts of
Puget Sound it would be necessary to make property owners, municipalities, public utilities [e.g.,
watersheds] aware that marbled murrelet habitats exist or could exist on these lands with
appropriate management. This sort of approach is not one that NCCC has explored in the past.
Thus, we seek advice on how to engage a wide variety of land owners in potential efforts to

protect and enhance marbled murrelet habitat beyond state owned Trust lands starting now and
over the next 50 years [i.e., the term of the WDNR LHCP].
We hope to learn 1) the extent to which these lands already serve as marbled murrelet
habitat, 2) how to engage with land owners in a generic way to help them recognize the potential
for their property to provide habitat, 3) provide science-based description of habitat needs of
marbled murrelets, and 4) suggest actions that land owners can take near and short term to
protect lands that presently meet the habitat needs and how to increase the potential to increase
the suitability of habitat they own.
While it is beyond the scope of this initial request, NCCC would appreciate your
suggestion programs and ways to provide incentives for landowners to take voluntary actions to
protect or enhance marbled murrelet habitats. Examples of this could be creating programs
similar to the riparian buffer compensation program that WDNR affords for owners protecting
salmon habitat; park lands that are forested by trees approaching habitat suitability over the next
30-50 years, access closures during nesting season, and other equivalent conservation measures.

III. Background
Marbled murrelets
Marbled murrelets (Brachyramphus marmoratus) are a species of small sea bird native to
the Pacific Northwest. The Washington population is currently in decline and the species, as a
whole, is listed as threatened on the US Endangered Species Act of 1973 (ESA). Marbled
murrelets nest in old growth forests up to 55 miles from the coast and travel each day to feed
along coastlines. Nesting habitat is a limiting factor in the marbled murrelet population, as old
growth forests are in decline. The species was listed as threatened in 1992 in Washington,
California, and Oregon (WDFW, n.d.). Various recovery strategies have been identified,
focusing on forested and aquatic habitat. Despite being a quarter of the way into a century-long
Northwest Forest Plan (NWFP), marbled murrelet populations have dropped by 44% in the last
fifteen years, and approximately 30% of their nesting habitat has been harvested in the past 20
years (Whittaker, 2016).

HANS Model
For a better understanding of the marbled murrelet conflict, this paper is based upon
several frameworks of thinking. The first of these is the Human-Artifact-Nature-System
(HANS), which involves looking at specific sectors of the conflict to identify important players
and aspects of the issue. See Figure 1 in the Appendix for the complete HANS model (Miller,
2014).

IV. Objectives
The goal of this project is to spread awareness of the marbled murrelet and its status as an
endangered species to municipal landowners. We hope to help the landowners foster a
connection with the local endangered species and therefore, incite them to take action, protecting
their critical habitat. In order to convey this information, we studied the life history of the
marbled murrelet to understand why the species is endangered. We consulted scientific research
to assess their risks to recovery and have a greater understanding of the best methods of
educating the landowners on protection. To better educate the communities living near marbled
murrelet habitat, potential habitat has been identified that is not under federal protection. A few
policies are in place to protect endangered species on non-federally protected lands. These
policies have been targeted as voluntary ways to protect marbled murrelets. Research was then
performed on the most effective means of conveying information about conservation and
management of the marbled murrelet. The medium of brochures and accompanying stickers were
chosen to inform the municipalities and public landowners about marbled murrelets. Finally,
brochure aesthetics were researched to create the most engaging and effective brochure possible.

V. Habitat Threats
The largest driving factor in marbled murrelet population decline is habitat loss from
development/logging of old growth forests (Hunter, 2001). Unfortunately, both factors are
byproducts of logging, which is a large industry in Washington. Logging fuels many local
economies inside marbled murrelet habitat and brings in a lot of revenue. Preserving old growth
forests can interfere with this income and livelihood. The DNR manages 2.4 million acres of

land trusts that create revenue for public schools and universities in the state. In 2017, the
University of Washington received $3 million in revenue for construction from DNR managed
land, with $2.6 million coming from timber sales, and a total of $53 million was distributed to
common schools (K-12) around the state (WDNR, 2017).
The loss of terrestrial nesting habitat on non-federal land has been substantial with an
estimated loss of 30% (Desimone, 2016). However, there are other terrestrial and aquatic habitat
threats that are worthy of mentioning. Two other such threats to the habitat are the loss of
terrestrial habitat due to development which transforms forest into non-forest land uses (Hansen
et al. 2005) and stormwater runoff into Puget Sound (Scholz et al. 2011; Spromberg et al. 2016).
The conversion of forest lands to non-forest development is likely a permanent loss of
possible nesting habitat due to housing construction and the related roads and infrastructure.
Figures from the 2002 DNR report on Forest Land Conversion in Washington State indicate the
loss “of 0.37 percent per year from 1978 to 2001(from approximately 7.7 million acres to 7
million acres)” (Access WA, 2019). The growth in human population expands cities and adds
pressure for the expansion of rural housing. Living on the fringes, in town or out of town has
resulted in the expansion of neighborhoods, and this type of living has become very popular,
(Hansen et al, 2005). In addition, habitat fragmentation from human construction and logging
negatively impact the marbled murrelet. When fragmentation splits up populations, the species
loses access to potential breeding partners and this can limit gene flow. Fragmentation also
makes it easier for predatory birds like crows and jays to access marbled murrelet nests and
potentially prey upon marbled murrelets (Marzluff, 2006).
Another terrestrial threat that transfers directly to the marine environment is stormwater
or toxic urban runoff, also known as “urban stream syndrome” which is a continuing threat to the
near shore marine habitat. The Washington State Department of Ecology tracks many chemicals
and the effects they are having on the waters of Puget Sound. An example is the everyday
chemicals coming from our automobiles that runs into the drainages and then continues into the
creeks that end in Puget Sound (WA Dept. of Ecology, 2019). Several creeks in Puget sound are
having some type of pollution issues resulting fish die offs (Sholz et al, 2011). The areas of

water near shore are important for marbled murrelet foraging and the deleterious effects of urban
runoff into the waters of Puget Sound could possibly be a risk of pollution in the near shore
waters of the aquatic habitat of the marbled murrelet. “In recent decades, non-point source
run-off has become the leading pollution threat to aquatic habitats in the USA and similarly
developed countries.” (Spromberg et al, 2016). A loss of forage fish such as salmon fry could
possibly affect the fitness of the marbled murrelet and cause low fecundity and nesting success.
Efforts understand and to identify the anthropogenic activities directly associated with the toxic
urban runoff and identify the areas needed to mitigate those effects (Feist et al, 2017) are still
being studied. The currently known affected areas are shown in Figure 2 (ESRI, 2019). The
proximity of the urban runoff mortality sites that are identified may be topic to implement into a
future brochure to make the municipalities and conservation organizations aware of this issue.
Population trends:
Marbled murrelet populations in Washington have declined by 44% in the past fifteen
years, which raises serious concern for the future of the species. As of 2015, there were an
estimated 7,494 birds in Washington, though there were only 4,998 estimated in 2014, which is
the lowest known population ever (Whittaker, 2016). In addition to this, the effective, breeding
population of this population is lower than the overall population, often only about 25-30% of
the population (Thompson, 1991).

VI. Public Protection
Due to the marbled murrelets’ threatened status under the ESA, there are several
regulations in place that have identified critical habitat for the species.. An essential part of
protecting a species is the establishment of critical habitat. This process requires knowledge of
the life history of the species. The designation of critical habitat for the marbled murrelet has
been changed and updated throughout the years, with the most recent update occurring in 2016.
In 2016, the National Marine Fisheries Service published a revision of the criteria for
designating critical habitat for the marbled murrelet. Revisions included further definition and
clarifications of the criteria and procedures for designating critical habitat in order to provide for
a more predictable designation process (Whittaker, 2016). Although useful for establishing

government protection on federally owned lands, simply designating potential habitat is effective
for protecting marbled murrelet habitat on municipal lands. Several policies have been put into
place to protect endangered and threatened species on both the federal and private level.
All Federal agencies are also required to consult with the US Fish and Wildlife Service
(USFWS) on any action, such as a timber sale, that would affect the nesting habitat of marbled
murrelets. To assess the impacts of timber harvests, these agencies conduct surveys for marbled
murrelets in proposed timber sales using a protocol designed by the Pacific Seabird Group to
assess marbled murrelet use of an area (Ralph et al, 1995).
Broad restrictions are also in place on old-growth logging across 9.7 million hectares of
federal land in the United States under the 1994 NWFP; individual states also curtailed the
harvest on their lands to a lesser extent. In British Columbia, more than a quarter of nearly two
million remaining hectares of suitable murrelet nesting habitat is on protected land (McIver,
n.d.). The National Environmental Policy Act (NEPA) of 1969 also requires examination of
environmental consequences of all federally funded activities that have a potential to affect
endangered species. If a government decides it will use old growth forest that could affect the
marbled murrelet or fund the use of said habitat, it must account for the consequences on
endangered species through a full examination of the effects of alteration of old-growth forests
on the surrounding environment and the species that inhabit it.
The United States Forest Service (USFS) of the Pacific Northwest region has drafted
plans that require maintenance of old growth forests in the region. These plans work to provide
and maintain habitat for wildlife, maintain wilderness and research areas, and protect watersheds
in areas unsuitable for forestry (Thomas et al., 1988.)
Private landowners are that are in possession of old growth forest and marbled murrelet
nesting habitat can apply for Incidental Take permits, as outlined in section 10 (a) of the
Endangered Species Act. Incidental take allows landowners to utilize the resources on their own
properties, in the case of marbled murrelets, the harvest of old growth forests for timber or use
for recreation. The take of old growth forest affects marbled murrelet habitat, along with the
northern spotted owl (strix occidentalis caurina ), flying squirrel (pteromyini) and a host of other
species (WDFW).

Under Section 9 of the Endangered Species Act, there are no prohibitions for the take of
listed plants on non-federal lands unless the taking of plants violates state or federal law. When
removing, possessing or transporting listed plants from land under federal jurisdiction a federal
permit is required. Under section 7 of the Endangered Species Act, any sponsor of a project with
federal funding that has the possibility of affecting listed species must consult with the USFWS.
Then, the USFWS must make a decision based on the risk posed to the species (Washington
State Department of Transportation (WSDOT), 2014). The USFWS and the Washington
Department of Natural Resources are currently working on a long-term conservation plan within
six western Washington planning units in the marbled murrelet nesting range (Frans). These
plans involves amending the DNR State Trust lands Habitat Conservation plan of 1997 with the
inclusion of a longer term conservation strategy and applying for an amendment to the plans
incidental take permit for the marbled murrelet under the ESA.
Understanding what public protections are in place for old growth forests and the
marbled murrelet is critical to the development of our product. By being aware of what laws and
regulations protect the marbled murrelet we can determine what areas are still vulnerable and
how to focus our product. We determined that municipal landowners in possession of critical
nesting habitat should be the target of our product. This decision was made because of the
presence of potential nesting habitat that fall within the city limits of many Washington State
cities (WSDOT, 2014).

VII. Habitat:
The current recovery plan in place for the marbled murrelet outlines breeding, nesting,
and foraging requirements and determines physical and biological features which distinguish
suitable habitat from critical habitat. The designation of critical habitat per the Endangered
Species Act is, concisely: The range in which the species in question is defined/ delineated
during the time that it is listed on the Endangered Species Act (see Figure 3). The area in
question must be essential to the survival of the species, and areas which are found to be
occupied by the species after the time of listing may be designated as critical habitat if these
areas are also found to be essential to the survival of the species. These areas must contain

physical and/or biological features which are essential to the survival and conservation of the
species, and must require special management considerations.
Current critical habitat designations under the ESA for the marbled murrelet include
features within the terrestrial environment and do not pertain to marine environments, although
these environments also contain features that are critical to the survival and conservation of the
marbled murrelet. Critical habitat designation focuses on features that are important to nesting
habitat, as the marbled murrelet has only one offspring per breeding season, which makes
successful reproduction vitally important to survival and conservation of the species.

Critical Habitat Features
Distance to saltwater:
Marbled murrelets are the only alcid species known to nest inland in old-growth forests
(Singer et al, 1995). Due to reliance on a marine environment for foraging, most alcids nest in
large colonies on protected cliffs near water. The marbled murrelet is thought to have adapted its
inland nesting behavior to reduce nest predation by corvids and seabirds (Naslund and Marks,
1994). Their nest-sites are generally found between 30 km and 50 km from the ocean or marine
environment, but have been found up to 102 km inland. (Hull et al, 2001) Upon fledging the
chick is thought to fly directly to the ocean. The adaptation of inland-nesting can negatively
affect offspring-survival rates as many chicks are unable to complete the flight (Nelson and
Hamer, 1995b).

Stand Age:
A study conducted throughout the known range of the marbled murrelet in North
America examines stand characteristics at 61 tree-nest sites, and found that the average stand age
was 522 years with the youngest stand being 180 years old. (Hamer and Nelson, 1995b) Loss of
old-growth habitat has been deemed the primary threat to marbled murrelet conservation, as it
typically takes between 175-250 years for a forest to begin to exhibit old-growth characteristics
(Franklin et al, 2002). The designation of ‘old-growth’ transcends simple age distinction, and
encompasses a different meaning depending on state and jurisdiction, as well as species and

forest type. In Washington and Oregon old-growth forests are typically stands that are older than
250 years and contain the following: a multi-layered canopy, presence of snags and large woody
debris, with mature trees present in the overstory, and where human activities have not
significantly altered the stand (Bolsinger and Waddell, 1993).

Tree Size:
Nesting trees on the Olympic Peninsula in Washington were found to have a mean
diameter breast height (dbh) of 136.5 cm (Wilk et al, 2016), and all marbled murrelet nesting
trees south of Alaska have been found to have a mean dbh greater than 80 cm which indicates a
preference for large trees. A study conducted on Naked Island in Alaska found that there was no
significant difference between the mean dbh of marbled murrelet nesting trees and surrounding
trees which were not used for nesting (Naslund et al,1995). This research does not suggest a lack
of preference in tree-size, but rather indicates that other characteristics may be more important
during the selection of a nesting tree in this area, such as; presence of epiphyte cover, abundant
platforms, high canopy cover, slope, and elevation.
Tree Species:
Marbled murrelet nests are found in old growth stands in the Pacific Northwest and
throughout the species’ range. Nesting tree species include western hemlock (Tsuga
heterophylla) , douglas fir (Pseudotsuga menziesii) , western red cedar (Thuja plicata) , sitka
spruce (Picea sitchensis) , mountain hemlock (Tsuga mertensiana), and yellow cedar (Cupressus
nootkatensis) (Silvergieter and Lank, 2011; Naslund et al, 1995). Selection of nesting tree
species varies by geographic location, with some species of trees being more or less available in
certain areas. Availability per location is a likely driver of tree species selection, as well as the
presence of platforms and epiphyte cover, of which both may be more abundant on one species,
e.g., douglas fir than another.

Presence of Corridors/ Flyways:

Marbled murrelet nests are typically found in close proximity to creeks, streams, and/or
corridors formed by fallen trees. These flyways are important as fledglings use them to navigate
their way to the ocean and during nesting season adults use them as routes for bringing food to
the chick and returning to the ocean to forage. A study conducted throughout the range of the
marbled murrelet in North America found that 66% of nests were found less than 100 meters
from either an opening or a stream. The mean distance to any opening was 92 meters (Hamer and
Nelson, 1995b.) All nest stands on Afognak, Naked, and Kodiak islands in Alaska were found to
have creeks within the stand (Naslund et al, 1995).

Stand Size:
The average stand-size in the Pacific Northwest in which nesting trees were found was
206 ha (Hamer and Nelson, 1995). In California nesting activity was higher in stands larger than
250 ha (Paton and Ralph, 1990). These data suggest a correlation between stand-size and nesting
tree suitability, though this selection is subject to availability. On Naked Island, Alaska areas of
high nesting activity were found in old-growth stands ranging from 3.6 ha to 62.6 ha (Naslund et
al, 1995), as the island is relatively small and there is a limited availability of contiguous
old-growth habitat. Preference for large contiguous stands may derive from an attempt to avoid
edges which have been shown to have negative effects on marbled murrelet habitat (Raphael et
al, 2002). Marbled murrelet chicks have a cryptic coloring (Hamer and Nelson, 1995) which
allows them to successfully nest near open canopy-areas and near hard edges with minimal
predator detection. However, in areas with ‘fuzzy-edging’ that have been clear-cut but are
beginning to grow back, berry-producing shrubs can attract nest predators disproportionately,
leaving marbled murrelet nests vulnerable (Nielsen et al, 2004). Nest-failure is expected to
increase in areas which have been clear cut and can support a larger predator population due to
increased availability of food-sources for jays and other nest predators (Marzluff and Restani,
1999).

Individual Tree Characteristics:

There is a positive correlation between nesting tree selection and presence of platforms
on trees (Hamer and Nelson, 1995). Trees with higher dbh tend to have more platforms on
average, which may explain the preference for older trees with higher dbh as a secondary
preference. There is no evidence to suggest a direct preference for trees with the most platforms
in an area, however a 1998 study conducted in the Ursus Valley, British Columbia found that all
nest-trees had three or more platforms (Bahn, 1998). Presence of epiphytes is an important part
of nesting-habitat selection as epiphyte cover on the platform provides insulation and helps keep
the egg from rolling out of the shallow nest (Naslund et al, 1995; Bahn, 1998). As,
epiphyte-cover is affected by changes in climatic regime, edge areas tend to have lower
epiphyte-presence than interior areas which suggests that the marbled murrelet may experience
negative edge effects as more timber is harvested from old-growth stands (VanRooyen et al,
2011).

VIII. Brochure Effectiveness
A set of case studies have been looked at for a better understanding of how brochures
inform and stimulate action using ecosystem understanding. Two cases where brochure usage
was analyzed for effectiveness, are a pumice stone brochure from Mt. St. Helens Volcanic
Monument and an action strategies brochure towards gypsy moth infestations (Martin, 1992;
Young and Witter, 1994) . Summaries of each case, their methodology, and results are explained
below. The results have been taken into consideration for the production and distribution
methods proposed for the marbled murrelet educational brochure for municipalities.
Case Study 1. Pumice Stone Taking in Mt. St. Helens Volcanic Monument
Martin (1992) conducted an evaluation of signage effectiveness in response to concern
about tourists taking pumice stones from the crater at Mt. St. Helens Volcanic Monument. To
understand this behavior, visitors were observed by researchers over a six-hour timeframe for
four days. Factors that were noted were the number of visitors who removed pumice stones each
hour and their estimated age, sex, and size of party. The observation period served to establish a
baseline for pumice collection. Later, a series of educational stimuli were implemented,
regarding pumice stones and the effects of taking them out of the park. The educational stimuli

used to express these ideas were signs and brochures. After these stimuli were presented, the
visitors were observed from 10:30 am to 4:30pm for a specified set of days.
The observations found that a sign or brochure along the trail did make a difference.
When a brochure or sign was present, collection was reduced by at least two-thirds. Therefore, a
behavior change in the visitors was noted based on the implementation of educational stimuli.
The brochure proved to be equally effective as the social influence signs. Signs were read more
by visitors, while brochures may have been more effective in changing behavior because of the
additional information. However, the combination of a sign and brochure could be the most
useful because the sign deficiencies would be made up for in the brochure and vice versa.
Brochures have an advantage over signage because they may spread information to people
outside of the park, allowing park managers to reach a wider audience about Mt. St. Helens
Volcanic Monument effects of pumice stone removal.

Case Study 2. Knowledge and Action Strategies for the Gypsy Moth
Young and Witter (1994) designed a study to scale effectiveness of educational brochures
regarding the environmental problem of gypsy moth infestations. They were especially interested
in the action strategies that the public took after receiving the brochures. In order to assess this
behavior, Young and Witter (1994) created seven brochures, each having specific length, either
long (2000 words) or short (700 words), and communication-effectiveness levels (low, medium,
or high). Each brochure had biological and management components to them.
After delivering the brochures and accompanying surveys, Young and Witter (1994) found that
brochures with high communication effectiveness increased knowledge on the topic to the
greatest extent. A high communication effectiveness brochure included headings, clear

descriptions, and concrete words. Brochures created with high effectiveness, and that were short
or long in length proved to be the most productive in communicating moth management
knowledge. Therefore, length did not matter as long as effective communication was presented.
Respondents understood biological components more than management components and the
authors speculate that this may have been because the management section was located at the
end of the brochure. The relatively ineffective brochures distributed were those that had low
levels of legibility and included jargon and abstract information. They also included little
management information, (meaning that techniques for controlling the gypsy moth were
unspecified). Altogether, brochure recipients had a greater understanding of gypsy moth
management and biology than those who did not receive any of the brochures.

Takeaways
The results of both case studies explain that distributing brochures is an effective method
of communicating education and management methods in an ecological setting. The strategies
that proved productive have been applied to the design of the accompanying brochure. The target
audience of the case studies were the general public rather than municipalities, meaning that the
brochure effectiveness may not directly translate to the target audience of this project. However,
there is not much research on brochure effectiveness in municipality settings. Despite this, a
brochure was chosen as the medium for this project because it is a quick, productive, tool for
presenting information. The accompanied brochures goal is to increase awareness and inspire

action regarding the marbled murrelet. The brochure will provide an effective medium that may
increase public knowledge and action for the marbled murrelet.

IX. Brochure Design
The text and layout of the text is important for encouraging readers to engage with the
brochure. The title of our brochure, “Are You a Threat to the Marbled Murrelet?” is proposed as
a question because questions tend to attract the attention of the readers (Moscardo, 1999). An
abundance of words and information can deter the readers from reading the entirety of the
brochure (Mitchell & Courtney, 2005). For this project, important ideas about marbled murrelet
conservation have been selected to minimize the amount of text and motivate holistic reading
(Moscardo, 1999). Headers and subheaders are present and underlined in the brochure to create
structure to the text, which allows the reader to follow and understand the content in a simple
manner (Whittingham et al, 2008; Moscardo, 1999). Pop-out effects, such as bolded words and
larger fonts, were used to draw attention and emphasize key ideas in the brochure (Whittingham
et al, 2008; Moscardo, 1999). The land inventory is a flow chart that gives the readers a visual on
the requirements for the marbled murrelet nesting habitat (see Figure 4). This visual can increase
recognition and comprehension of the information presented in the brochure (Whittingham et al,
2008).
The colors on the brochure were chosen based on how people connect with color and
color harmony. The color green was chosen as an elemental feature because people associate the
color green with the natural environment (Elliot and Maier, 2014). To create the trees in the
background of the brochure, three different hues of green were chosen to create a visually
appealing monochromatic color harmony (Westland et al, 2007). An overall yellow background
was chosen to establish an analogous color harmony with the greens (Westland et al, 2007).
Yellow is also associated with caution and calling attention, which correlates with the urgent
message for marbled murrelet conservation (Elliot and Maier, 2014; Singh, 2006). The trees
were arranged in a curve to guide the eye to follow a distinctive direction, in this case, from left
to right across the brochure (Chang et al, 2002).

To ensure text cohesion, each section of our brochure contains information related to
previously given information, from other sections. This enhances the comprehension of the new
information and prevents misinterpretation of the new information (Kools et al, 2004). The call
to action of this brochure is arguably the most important part, as the brochure is presented with
the goal of allowing the audience to classify the potential marbled murrelet habitat on their land.
The “What you can do!” section provides a direct call to action for the identification and
improved management of marbled murrelet habitat. The brochure, seen in Figure 5 can be
distributed to municipal landowners, as is, or can be edited in any way prior to distribution, if
desired.

X. Sticker Implementation and Design
In addition to brochures, the potential marbled murrelet municipal landholders will
receive stickers. Stickers are included to enhance aesthetics of the received product. Sticker
prompts have shown to have a significant impact on behavioral change in the public, while also
being feasible and inexpensive (Shearer, 2017). The sticker will engage local communities and
may have a higher probability of spreading general awareness of the marbled murrelet. Stickers
can be placed on a wide variety of surfaces, making them easily identifiable by the general
public, as well as the municipal landowners. Sticker effectiveness in conservation has not been
researched extensively. However, stickers provide an additional, appealing visual source that
may capture the attention of a wide audience.
Stickers also serve as a visual that may act as a recurring reminder of the threats to the
marbled murrelet. When implementing a wildland interface brochure, George and Crooks (2006)
found that only 21% of the audience that was issued the brochure remembered receiving it.
Therefore, incorporating additional materials to the brochure is crucial for the long-term
remembrance of the concern. The simple aesthetic, using green and white colors, and the catchy
phrase presented, “old growth trees protect these,” will make the sticker memorable and may
draw the audience into reading the brochure. The sticker component will help engage the local
communities in understanding conservation of the marbled murrelet.

The sticker designed to accompany the marbled murrelet brochure was produced by
University of Washington design student, Luke Raddue, and environmental studies student,
Marwa Mahmoud. See Figure 6 for sticker design.

XI. Product Distribution
Based upon the murrelets habitat needs, cities within 55 miles of Washington’s coast
have been identified as potential marbled murrelet habitat (See Figure 7). According to WSDOT
(2014), the following cities have detected marbled murrelets within their city boundaries or
within .25 miles of them. WSDOT (2014) claims that if managed correctly, there are 17,456
acres of potential nesting habitat within Washington state city limits (See Table 1). Therefore,
the cities listed below serve as the target audience for the educational brochure and an
aesthetically designed informational sticker.
·

Darrington

·

Des Moines

·

Everett*

·

Issaquah

·

Port Angeles*

·

Seattle

*In Everett, WSDOT (2014) identified marbled murrelet nesting habitat that lies on municipal
land owned by the city of Everett, 14 miles east of city limits. This makes Everett an especially
important receiver of the educational brochure.
*Port Angeles is also an important city to consider because of its proximity to the marine
ecosystem and higher density of marbled murrelets (Raphael et al, 2015) (See Figure 8).
Although Everett and Port Angeles serve as important protection sites, each city listed
has the capability to conserve marbled murrelet habitat within its boundaries. The
action-advising brochures and stickers will help city council members and land managers better
understand the opportunity to protect marbled murrelets and the steps that should be taken
regarding protection of the species and their habitat. The products should be distributed to the
following organizations within each city:

·

Darrington
o Stillaguamish Watershed Council
o Darrington City Council

·

Des Moines
o Duwamish- Green Watershed
o King County: Water and Land Resources Division
o Des Moines City Council

·

Everett
o Snohomish County
o Snohomish Conservation District
o Everett City Council

·

Issaquah:
o Issaquah City Council
o Cedar River Watershed [this is owned by the City of Seattle, Public Utilities
District]
Port Angeles
o Clallam County- Environmental Sector
o Elwha-Dungeness Watershed
o Port Angeles City Council

·

Seattle
o Seattle City Council
o Seattle Public Utilities- Environment and Conservation Sector

With the information and management suggestions on the brochure, the cities stated
above will gain a better understanding of the marbled murrelet as a species, and their habitat
needs. Municipalities will also have the ability to make active changes on the lands that they
work within, that may be suitable marbled murrelet habitat. The brochure should be distributed
to all of the organizations above more than one time, to ensure that the audience eventually reads
the brochure and remembers it. The brochure should also be made available on the NCCC
website, so organizations can access a digital copy.

XII. Production Costs
The brochure and sticker will be distributed to fifteen organizations in total. The
organizations include local municipalities and PUDs. For maximum efficacy, the products
should be distributed at least twice to each location. Sending the products multiple times will
increase the probability that the content is read by the target audience.
There are 307 individual members associated with the above-mentioned organizations,
including council-members, outreach advocates, elected officials, and board members. With the
intent of distributing brochures to each of these individuals at least two times, a conservative
estimate of 615 brochures would be needed. More brochures should be available on-hand, in the
event that there are requests for more, and also to ensure that the re-distributions will occur.
Therefore, printing more than one thousand brochures would be the most cost-effective method,
and would ensure access to brochures, upon request.
The most cost-effective method for printing more than one thousand brochures would be
offset printing, which is different from traditional ink-to-paper printing in that the content is
transferred to a large rubber roller, much like a stamp, and it is then transferred to paper. This
process is often used by schools and colleges as they are able to print thousands of copies of
documents to distribute to students, and the method is faster and more cost-effective than
traditional printing methods. Offset printing also produces high quality prints with fine details
that are often unable to be achieved using standard printers.
Another benefit of offset printing is that the cost per brochure drops incrementally as the
volume printed increases, as the main cost associated with offset printing is the initial set-up. A
preliminary estimate of the cost to print one thousand initial brochures from camera ready copy
would be around $205.00, with a price of twenty cents per brochure at this rate. If we increase
the initial amount to two thousand brochures the price drops to fourteen cents per brochure for a
total of $280.00. This is for an 8.5”x11” high gloss, tri-fold brochure which is printed on both
sides. The cost can increase or decrease depending on preferences, and the $205.00 estimate can
be considered a baseline.

With this cost in mind, printing one thousand brochures seems feasible, and would leave
our client with plenty of extra brochures that they can distribute at fairs and events, or keep
on-hand in the event of requests. Printing two thousand brochures would allow us to distribute
the brochures more than two times to each person at each location, and would also allow us to
send extra brochures that the organizations can keep in their office for public consumption.
The cost of producing stickers can vary greatly depending on size and material
preferences (Custom Sticker Printing, n.d.). A baseline estimate of the cost to produce
one-thousand 3”x4” oval stickers on 70 lb. high gloss paper would be $161.00, with the stickers
having a per-unit cost of sixteen cents each. To improve aesthetic appeal and versatility of
placement ability, the stickers should be printed on high gloss vinyl. However, this would nearly
double the cost of production, with the per-unit cost jumping to thirty cents per sticker and a total
cost of $303.32 for one-thousand units. In the same way that per-unit cost of printing brochures
drops as more units are added, sticker cost drops incrementally as the total amount printed
increases. For instance, printing two-thousand stickers on the 70 lb. high gloss paper would drop
the per-unit cost to eleven cents, with a total cost of $221.67. Taking these costs into account the
NCCC may wish to print two-thousand stickers in order to minimize future cost in the event that
brochures or stickers are requested by recipients, and also in order to supplement all brochure
redistribution attempts.

XIII. Continuing Protection/Recommendations
The educational brochure is being distributed to wide array of stakeholders, some of
which have both private and public lands. For this reason, the continuing protection and
recommendations will have several policies to apply to the land type of the stakeholder, e.g.,
Clallam county has several land types.
The Terms of Reference provided to this group by our client, the North Cascades
Conservation Council (NCCC), had a list of four goals they hoped to learn about. The last
question in which they wanted our group to provide information for is to “suggest actions that
land owners can take near and short term to protect lands that presently meet the habitat needs
and how to increase the potential to increase the suitability of habitat they own.” The first part of

the question can be answered with existing policies and programs or the possibility of a citizen
owned land trust in Washington state. The second part of the question correlates to the
description of the lands currently suitable for marbled murrelet habitat in the WSDOT report
(WSDOT 2014). However, some of the WSDOT suitable lands are very small blocks of acreage
that would ultimately be unsuitable due to edge effects, (see fig. 8). There are federal and state
administered programs that help address the conservation of marbled murrelet nesting habitat in
Washington state. The Department of the Interior is the lead agency of the federal government
within which the United States Fish and Wildlife Service (USFWS) bureau operates. The
mission of the USFWS is “working with others, to conserve, protect and enhance fish, wildlife,
and plants and their habitats for the continuing benefit of the American people” (USFWS, 2018).
The USFWS is also in charge of implementing the Endangered Species Act (ESA) for terrestrial
and freshwater animals, and the National Marine Fisheries Service (NMFS) is charged with
implementing the ESA for marine animals. The goal of the ESA is to conserve the ecosystems on
which threatened and endangered species depend and to recover the listed species to bring the
species to the point that protections under the Act are no longer necessary, [ESA secs 2 (b), 3
(3)]; USFWS, 2018). Birds such as the marbled murrelet, would be under the supervision the
USFWS to implement the protections afforded this species under the ESA for its terrestrial
nesting habitat.

Safe Harbor Agreements:
A majority of listed species exist on non-federal lands owned by private citizens, states,
municipalities, and tribal governments. One of the tools available for the conservation of the
marbled murrelet on non-federal lands is the Safe Harbor Agreement (SHA), (USFWS, 2018).
The SHA is an agreement that the non-federal property owner can enter into and by voluntarily
enhancing or restoring habitat for the listed species and have the assurance that there will be no
further land-use restrictions. At the end of the agreement the land can be brought back to its
original pre-agreement state or “baseline” condition. However, it is possible the landowner may
not do this. This agreement could provide certainty into the long-term future for the terrestrial
nesting habitat for the marbled murrelet, however, it is a program that could produce short-term

benefits that could be revisited at the end of the term of the agreement. By renewing the original
agreement the landowner would follow the agreed upon original conditions set forth in the SHA,
and the landowner would not be subject to updated or current land use restrictions. The decision
to keep the SHA in place could provide the potential to increase the suitability of the habitat due
to the length of time it takes the forests of the Pacific Northwest to develop late successional
characteristics of which this alcid species prefers to nest. NCCC could continue to use the
conservation tool such as this brochure and accompanying sticker to continually inform
landowners of the benefits of continuing marbled murrelet nesting habitat.

Conservation Banks:
Conservation banks consist of lands that are permanently protected and managed due to
lands that are lost elsewhere. The land the conservation bankers own is used to conserve the
listed species and an endowment fund is set up for the land. The FWS then issues credits to the
bank for sale to projects where the unavoidable or adverse impacts are anticipated. It is an offset
to lands that developers, for example, may need to use for completion of a project if the cost of
mitigation is more than the bank credits (USFWS, 2018). An advantage to this program is it
could be used to conserve large tracts of land which would better suit the marbled murrelet due
to edge effects in smaller tracts.

Rivers and Habitat Open Space Program:
The Washington State Department of Natural Resources Rivers and Habitat Open Space
Program is available for landowners to sell a permanent forestland conservation easement to the
state. There is $1 million available for funding to purchase Rivers and Habitat Open Space
easements which are under one of two types. The critical habitat for state-listed species or river
habitat called unconfined channel migration zones. The critical habitat for state threatened and
endangered species must be designated a particular concern by the Forest Practices Board in able
to qualify. The funding has expired for this year, however, the application could be put in and
awaiting future funding for the next cycle. Contact information is available on the Washington

Department of Natural Resources website or contact the Rivers and Habitat Open Space Program
Specialist for help at 360-902-1427, (WDNR, 2019).

Land Trusts:
Formation of a land trust may be an option for some landowners that want to provide setaside lands for conservation efforts. The Land Trust Alliance (LTA) is a nationwide organization
to assist with the implementation and successful performance of a land trust by advocating for
favorable tax incentives. There are 28 land trusts in Washington State that are members of this
organization and more than a thousand nationwide. This alliance provides education and
guidance for the standards and procedures for operating a trust and they advocate for favorable
tax policies at the state and federal level (Land Trust Alliance, 2019).

Policy Implementation:
The economic complexities of any policy adopted are beyond the scope of this paper and
these are merely suggestions that the landowners could follow up on if they choose. Not
covered here is the loss of revenue to the municipalities directly, as well as the lost jobs to the
timber industry of Washington state and the effects of those losses. A thorough study of the
environmental, social, and economic (including community and not only the landowner)
parameters is paramount in both the creation and implementation of any policy. Environmental
sustainability, social acceptance, and economic sustainability are some of the elements to
consider in the creation of policy. Creation of policy should be inclusive of all stakeholder input
regarding public and private timber resources to guide policy makers to the best decision
possible. This holistic policy planning process should satisfy these parameters and if it does not it
should not be adopted and be re-assessed (Underwood et al, 2017).

XIV. High Priority Researchable Topics
This project should not be the end of NCCC’s relationship with the marbled murrelet.
Continuing protections for the marbled murrelet are required to stop the species from declining
further. The following questions should be addressed to help retain marbled murrelet populations

and their habitat. It is recommended that the NCCC addresses these topics alone, or with
partners, for the conservation of the marbled murrelet:
● Community involvement with marbled murrelet habitat and decline.
● Complex stakeholder analysis to better understand the conflict.
○ E,g., Human dimensions and economic analysis of logging effects on marbled
murrelet habitat and vice versa.
● Marbled murrelet population surveys.
● Marbled murrelet contributions to ecosystem functions.
● Continuing research on organizations that may positively reinforce old growth acquisition
and management.
● Wind turbines effect on marbled murrelet survival.
● Urban stream syndrome and urban sprawl effects on marbled murrelet population.
XV. Conclusion
The main goals of this project are to understand the needs of the marbled murrelet to
better conserve their habitat and to engage municipal landowners in marbled murrelet
conservation. Studies have shown that marbled murrelets nest in large old growth forests that are
hundreds of years old, located near the shoreline in Washington state. A great threat to the
marbled murrelet is the loss of these forests and predation from fragmentation due to human
construction and logging. Regardless of critical habitat protection by the USFWS, over 17,000
acres of potential marbled murrelet nesting habitat are within Washington state’s city limits,
which are not protected by the ESA. Distributing educational brochures is an effective way in
communicating a message at a large scale. We propose that the brochures and accompanied
stickers be distributed to the cities within potential marbled murrelet habitat to bring awareness
and inspire action to conserve the old-growth forests, which may protect the marbled murrelet.
The complementary sticker will spread further awareness on marbled murrelet conservation
throughout the community and remind landowners of how their actions may impact marbled
murrelets. This brochure is the first step in highlighting the importance of marbled murrelet
conservation to public municipal landowners. We hope that this project deems successful. We

also hope that the project extends to a larger target audience in the future, to ensure that the
marbled murrelet continues to flourish in Washington state.

XVI. Appendix
Definitions:
● Critical Habitat: Specified areas that have been designated by the Endangered Species
Act which are important for the conservation of the endangered/threatened species.
● Ecosystem management: Defines a paradigm that weaves biophysical and social threads
into a tapestry of beauty, health, and sustainability. It embraces both social and ecological
dynamics in a flexible and adaptive process. Ecosystem management celebrates the
wisdom of both our minds and hearts, and lights our path to the future. (Cornett, 1994)
● Human Dimensions: How and why humans value natural resources, how they want them
managed, and how humans are affected by the management decisions.
● Old Growth Forest: Structurally complex, native forests that are 200+ years old.
● Potential Habitat: M
 ature, native forests that range from 50-200 years old.
● Species: Consisting of organisms sharing a cohesive gene pool. The members of a
population, according to the biological species concept, can mate successfully with one
another and with other populations in the same species, but not with individuals of other
species.

Figures and tables:

Figure 1: HANS model depicting the relation between humans, nature, and artifacts.

Figure 2: Coho Urban Runoff Mortality Syndrome in Puget Sound ( ESRI ARCVIEW GIS Website,
2019).

Figure 3: Map of Critical Habitat in Washington state designated by the Endangered Species Act.

Figure 4: Land inventory flow chart from the brochure that helps readers to determine whether their land
is potential marbled murrelet habitat.

Figure 5: The completed design of the brochure which can be distributed to landowners and
municipalities. The outside of the brochure is on top and the inside is below. When folded, the title “Are
You a Threat to the Marbled Murrelet?” is the front of the brochure and the “Habitat Map” is the back.
*The “Organizations contributing to marbled murrelet conservation efforts” section may be edited if desire.

Figure 6: Sticker implementation and design which will accompany the brochure.

Figure 7: City boundaries within the range of marbled murrelet habitat in Washington (WSDOT, 2014).

Figure 8: Marbled murrelet detections and potential nesting habitat near Port Angeles (WSDOT, 2014).
Table 1. Potential marbled murrelet habitat within city and municipal boundaries (WSDOT, 2014).

Additional figure
Figure 9: From Habitat associations of marbled murrelets during the nesting season in nearshore waters
along the Washington to California coast, Raphael, Martin G, Shirk, Andrew J, Falxa, Gary A, & Pearson,
Scott F. (2015). Journal of Marine Systems, 146, 17-25.
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