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Abstract

We report a first record of the widely invasive bryozoan Bugula neritina in Ketchikan, Alaska (USA), on Revillagigedo
Island (southeast Alaska). This represents the northernmost record of this fouling organism in the northeast Pacific Ocean.
We also report a new occurrence of the solitary ascidian Ciona savignyi not found in Alaska since 1903, along with recent
occurrences of the invasive colonial ascidians Botryllus schlosseri and Botrylloides violaceus in new localities. The high
level of vessel traffic in this region and the precedent for historical ship-borne invasions worldwide suggest that future
population growth and establishment of these taxa in the Ketchikan area could set the stage for further poleward range

expansion, highlighting the need for continued monitoring.
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Introduction

Southeast Alaska, U.S.A—particularly the city of
Ketchikan, as the most south-eastern city in the state
—is a key location in Alaska for early detection of
marine species with the potential to spread poleward
from lower latitudes. Moreover, non-indigenous
species (NIS) may be particularly problematic here.
Alaska has fewer marine NIS currently than other
coastal U.S. states, and they could disrupt near-pristine
ecosystems while impacting the state’s substantial
maritime economy (Fay 2002). Vessel traffic is a
predominant vector contributing to the spread of NIS
worldwide (Ruiz et al. 2000, 2013, 2015). Ketchikan
has a long history of shipping from logging and
fishing, joined by the now-ubiquitous summer cruise
ship traffic (NBIC 2018). The city is a first port of
call for many cruise ship itineraries, and it is the first

city in Alaskan waters for vessels traveling north
along the inside passage, from the U.S. state of
Washington and the Canadian province of British
Columbia (McGee et al. 2006). As such, it has the
potential to serve as a key link and hub for ship-
borne transport of marine NIS.

We present results for four widely introduced
marine invertebrate taxa—three ascidians and a
bryozoan. These taxa are common in fouling and
hard-substrate coastal communities around the globe,
but they have been either absent or rare in Alaskan
waters (Table 1). Focal taxa include the upright
bryozoan Bugula neritina (Linnaeus, 1758), the
solitary ascidian Ciona savignyi Herdman, 1882, and
two colonial ascidians, Botryllus schlosseri (Pallas,
1766) and Botrylloides violaceus Oka, 1927. Published
reports have noted the presence of B. schlosseri and
B. violaceus in the region using data collected in the
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Table 1. Non-indigenous sessile marine invertebrates included in this study with year of first live record in Alaskan waters.

Taxon Location 1st record Reference
Tunicata
Botrylloides violaceus Tatitlek 1999 Hines and Ruiz 2000
Sitka 2001 Ruiz et al. 2006
Ketchikan 2003 Ruiz et al. 2006; Simkanin et al. 2016; this study
Botryllus schlosseri Sitka 2001 Ruiz et al. 2006
Ketchikan 2010 Simkanin et al. 2016; this study
Ciona savignyii Loring 1903 Ritter 1913
Ketchikan 2016 this study
Bryozoa
Bugula neritina Ketchikan 2015 this study

surveys we describe here (Simkanin et al. 2016). We
therefore do not present first records for these two
taxa, but rather provide further detail on detection
frequency, localities, and patterns of potential estab-
lishment. Beyond our brief introduction to each taxon’s
status in the region, detailed reviews of these species’
ecological impacts, invasion histories, and regularly
updated geographic distributions are provided by the
Smithsonian Institution’s National Marine and Estua-
rine Species Information System (Fofonoff et al. 2018).

The upright, branching bryozoan Bugula neritina
is globally distributed and has been found in the
northeast Pacific Ocean as far north as Washington
in the U.S.A. and Vancouver Island, British Columbia
(B.C.), Canada, roughly 560 km south-southeast of
Ketchikan at 5S0°N (Cohen and Carlton 1995; Wonham
and Carlton 2005; Gartner et al. 2016). Though abun-
dant in California, records to the north are limited
and the extent of its establishment north of California
remains unclear. Live colonies of B. neritina have
not been previously detected in Alaskan waters,
although researchers have found dead colonies on
transient boat hulls (Ashton et al. 2014). Its origin
remains unknown, and it is considered cryptogenic
across much of the globe, but non-indigenous in the
northeast Pacific (Fofonoff et al. 2018). In the western
Pacific Ocean, B. neritina is documented as far north
as South Korea (38°N; Park et al. 2017). The northern-
most record from the Atlantic Ocean is Plymouth,
U.K. (50°N; Ryland 1960). Bugula neritina encom-
passes an as-yet unresolved species complex, possibly
including three or more cryptic species that appear
morphologically identical (Fehlauer-Ale et al. 2014).

The solitary ascidian Ciona savignyi is thought to
originate from a native range in Japan and is now
found as far north as Vostok Bay, Russia in the
northwest Pacific Ocean (Zvyagintsev et al. 2007).
Although non-indigenous along much of the north-
eastern Pacific, it is considered cryptogenic in Alaska,
and its current range is uncertain, due to the rarity of
early specimens (Lambert 2003). The species is
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firmly established to the south throughout California
where it is non-indigenous (Cohen and Carlton 1995;
Lambert and Lambert 1998; Lambert 2003; Blum et
al. 2007). The current northeast Pacific range extends
from southern California to Alaska, but no specimens
have been found in Alaska since the first collection
in Loring, Alaska in 1903 (Ritter 1913; note Loring
is roughly 30 linear km from Ketchikan on Revillagi-
gedo Island). The most recent record north of Puget
Sound is a 2016 specimen collected in Bella Bella,
B.C., 420 km south-southeast of Ketchikan (RBCM
2018). The Loring, Alaska specimen was originally
recorded as C. intestinalis (Linnaeus, 1767) and
revised by Hoshino and Nishikawa (1985). In 2008,
three specimens of an unknown Ciona species of
unknown origin were discovered in the seawater
system of the University of Alaska Fairbanks’ Marine
Center in Seward. Genetic analysis could not defi-
nitively identify the material to species (S. Cohen,
personal communication). Monitoring in the area has
not reported any Ciona species since then, so this
study represents the first record in Alaska since 1903,
and a new locality record for the species in the state.

The colonial ascidian Botrylloides violaceus is a
well-known, often problematic, fouling species that
may impact native taxa via competition (e.g., Myers
1990; Osman and Whitlatch 1995; and see Fofonoff
et al. 2018 for a review of impacts). It is native to the
northwest Pacific and now broadly established around
the globe, including in the northeast Pacific from
Baja California through British Columbia, where it
has been found as far north as Haida Gwaii, 150 km
south of Ketchikan (Lambert and Sanamyan 2001;
Bock et al. 2011; Gartner et al. 2016). Botrylloides
violaceus was first found in Alaska in 1999 as newly
settled juveniles on fouling panels in Tatilek, roughly
1000 km northwest of Ketchikan (Hines and Ruiz
2000; Table 1). Reproductive adults have since been
documented in multiple surveys in Sitka, and it is
established in many harbors there (Ruiz et al. 2006).
It was first found in Ketchikan in 2003 (Table 1).
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Another colonial ascidian, Botryllus schlosseri, is
a non-indigenous species in northeast Pacific waters
(reviewed in Fofonoff et al. 2018). It comprises a
species complex (Nydam et al. 2017) first observed
in the northeastern Pacific in 1947 (San Francisco
Bay; Cohen and Carlton 1995). The known range of
B. schlosseri in the eastern Pacific extends from
Ensenada, Mexico (Lambert and Lambert 1998) north-
ward to its first record in Alaska, where it was
identified from samples collected in 2001 from Sitka
Sound, roughly 250 km north of this study (Ruiz et
al. 2006). As with B. neritina, only dead individuals
of B. schlosseri were found on boat hulls in Ketchikan
before the studies included here (Ashton et al. 2014).
It was first recorded live in Ketchikan in 2010
(Simkanin et al. 2016), discovered through the citizen-
science monitoring project we describe here.

We include results from three different surveys of
marine fouling species in this gateway region. Findings
include a new record for the state, B. neritina, new
localities for C. savignyi and B. schlosseri (including
the first specimen of C. savignyi found in Alaska in
over one hundred years), and further detail of the
distribution and abundance of B. violaceus. Taken
together, our results underscore the potential for
range expansion of these common marine invaders.
They also highlight the capacity of this region to
become a new source from which these taxa may
spread further.

Methods

We report findings from three distinct surveys of
marine fouling communities that used standardized
artificial substrates as passive collectors for the
colonization of sessile marine invertebrates. These
included (1) 2003 and 2013 NIS detection surveys,
(2) an annual citizen-science monitoring program
established in 2007 (PlateWatch 2017) with trained
local residents, and (3) a broad-scale experiment, part
of which was located in the Ketchikan area of
Revillagigedo Island from 2015 to 2016. Survey
times, replicates, and locations around the Ketchikan
region differed, but each survey deployed bare, pre-
sanded 14 cm x 14 cm PVC settlement panels face-
down on weighted lines suspended from floating
docks at 1 + 0.2 m depth. Figure 1 shows specific
survey locations, and Tables 2 and 3 provide the
numbers of panels deployed for each survey. For
survey type (3), a factorial experiment manipulated
two factors. The first was predator access to settlement
panels, accomplished with mesh caging (0.6 cm ope-
nings) in three treatments: full cage, no cage, and a
partial cage treatment as a procedural control. The
second factor manipulated biomass removal to

reduce competition for space, with 0, 20, or 60% of
biomass removed once monthly prior to the 2015
retrieval of panels. We report results for B. schlosseri
and B. violaceus from these 2015 experiments, as these
taxa were the only ones sufficiently common to test
factor effects.

We allowed communities of sessile invertebrates
to develop on initially bare panels for three months
prior to analysis, except for one year-long deploy-
ment from June 2015 to June 2016 (reported as 2016
surveys). We deployed survey panels in June to capture
summer peaks in invertebrate recruitment that are
common for many marine taxa in temperate regions
(Watson and Barnes 2004; Broitman et al. 2008). The
Plate Watch program (survey type 2 above) suspended
two settlement panels from floating docks at one site
(CM) and eight at another (BH), one to three times
per year (March, June, and September), with priority
being given to the summer time period from June to
September. For survey types (1) and (3) above, we
examined each community live under a stereo micro-
scope after retrieving panels from the field, identifying
organisms to the lowest possible taxonomic level. We
preserved a representative subset of each species for
further identification and confirmation by taxonomists
at the Smithsonian Environmental Research Center
(SERC). For the Plate Watch citizen science surveys
(2, above), trained volunteers visually examined
each panel for specific NIS in the field, focusing
especially on tunicates. Participants provided high-
resolution photographs electronically to SERC scien-
tists, and sent physical specimens when necessary
for confirmation of identifications.

Since the 2016 surveys analyzed panel commu-
nities that had developed for a full year, these panels
were exposed to more variable environmental
conditions than other surveys, and potentially more
intense biotic interactions at later successional stages.
Environmental monitoring data (measured with a
YSI® Pro 2030) from the 2015 to 2016 surveys
indicated conditions at the 1m deployment depth
during the summer (June to September 2015) ranged
from 12.5 to 17.0 °C and, for salinity, from 21 to 28 ppt
across the sites. Full year ranges in temperature and
salinity reflected winter minima, spanning 6.0 to
18.0 °C and 15 to 28 ppt, respectively.

Results

Bugula neritina

We first detected B. neritina in 2015 at Bar Harbor
Marina (Table 2). During that survey, we found one
colony of this upright bryozoan, which had recruited
and grown between June and September on one panel
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Figure 1. Species distribution and year of first detection since surveys began in 2003 in the Ketchikan region of southeast Alaska, U.S.A.
Site abbreviations: Knudson Cove Marina (KC), Refuge Cove Marina (RC), Homestead Skiffs (HS), Bar Harbor Marina (BH), Promech Air
(PA), Carlin Air (CA), Casey Moran (CM), Cruise Dock (CD), Thomas Basin (TB), and Hole In the Wall Marina (HW). All sites except CA
were first surveyed in 2003. CA surveys began in 2007. GPS coordinates are given in Supplementary material, Table S1.

Table 2. Detection of NIS from 2003, 2013, 2015, 2016 surveys. Entries give the proportion of panels on which focal species were present
from the year of first detection, with the total number of panels deployed in parentheses. For simplicity, when taxa were not detected prior to
a given survey year, the columns of zeros not shown. Panels were deployed for 3 months except in 2016, in which panels were deployed for

12 months.

Sites Botrylloides violaceus Botryllus schlosseri Ciona savignyi Bugula neritina
2003 2013 2015 2016 2013 2015 2016 2016 2015 2016

BH 0.40(10)  0.64(39)  0.69(55)  0.11(55) | 0.26(39) 0.44(55)  0.47(55) 0(55) 0.02(55) 0(55)

RC 0.90(10)  0.46(41)  0.45(55)  0.05(55) | 0.07(41) 0.02(55) 0(55) 0.04(55) 0(55) 0(55)

KC 0(10) 0(55) 0(55) 0(55) 0(55) 0(55) 0(55) 0(55)

HS 0.07(10)  0.47(36) 0.03(36)

HW 0(10)

CM 0.60(10)

PA 0(10)

CD 0.40(10)

TB 0(10) 0.22(41) 0(41)

CA 0.69(39) 0.03(39)

(image of colony in Figure 2A). This panel was a
procedural control open to predators. We did not
observe any reproductive structures (ovicells) present
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on this specimen (Figure 2A). The species was not
found again in subsequent surveys in 2016 (Tables 2
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Table 3. Detection of NIS from citizen science monitoring surveys. Data are from annual surveys spanning 2007 to 2016 at two sites. Data
depict the proportion of panels deployed that contained at least one individual or colony of the given taxon after three months, with the
number of panels deployed in parentheses. Note in 2013, these surveys were replaced with the more intensive sampling reported in Table 2.
Volunteers did not collect data for Bar Harbor Marina in 2012 and 2016, indicated with “NA” (not available). For survey details see

www.platewatch.nisbase.org.

Carlin Air (CA) Bar Harbor Marina (BH)

Year Botrylloides Botryllus Ciona Bugula Botrylloides Botryllus Ciona Bugula

violaceus schlosseri savignyi neritina violaceus schlosseri savignyi neritina
2007 0.63 (8) 0(8) 0(8) 0(8) 0(2) 0(2) 0(2) 0(2)
2008 0.38 (8) 0(8) 0(8) 0(8) 0(2) 0() 0(2) 0(2)
2009 0.13 (8) 0(8) 0(8) 0(8) 0(2) 0(2) 0(2) 0(2)
2010 1.0 (3) 0.33(3) 0(3) 0(3) 0(2) 0(2) 0(2) 0(2)
2011 0.38 (8) 0(8) 0(8) 0(8) 0(2) 0() 0(2) 0(2)
2012 0(11) 0(11) 0(11) 0(11) NA NA NA NA
2014 1.0 (2) 0(2) 0(2) 0(2) 0.89 (9) 009 0(9) 0(9)
2015 1.0 (2) 0(2) 0(2) 0(2) 0.10 (10) 0(10) 0(10) 0(10)
2016 0.44 (9) 0(9) 0(9) 0(9) NA NA NA NA

Ciona savignyi

The 2016 surveys were the first to detect the solitary
ascidian C. savignyi in Alaskan waters since the first
record in 1903, though it has been found to the south
in British Columbia, Canada as previously discussed.
In 2016, we found two individual adults alive and
growing in separate experimental panel communities,
both within cages excluding predators (Table 2). Both
individuals were 4 to 5 cm in body length, with sperm
ducts visible upon dissection. A representative image
of the species is shown in Figure 2B, as the two
specimens we collected photographed poorly after
preservation.

Botrylloides violaceus

Beginning in 2003, surveys revealed the presence of
B. violaceus at five of nine survey sites in the
Ketchikan area (Table 2). Through citizen-science
surveys, we detected B. violaceus on 63% of panels
at the Carlin Air (CA) site in 2007, the first year of
monitoring. It was present in all but one of the
following years at this location (2012; Table 3). The
experimental surveys in 2015 (a three-month deploy-
ment) and 2016 (a 12-month deployment) revealed
the continued presence of B. violaceus at Bar Harbor
(BH) and Refuge Cove Marinas (RC; Table 2). In
2015 surveys, predator treatment, biomass removals,
and the interaction of these factors had no detectable
effect on the presence or cover of B. violaceus at RC
and BH (ANOVA; in all cases p > 0.41). The
frequency of B. violaceus at both sites declined
markedly in 2016 relative to 2015 (BH: 69% to 11%
of panels; RC: 45% to 5% of panels). This species
was not found at Knudson Cove Marina (KC) in any
survey through 2016.

Botryllus schlosseri

We did not detect Botryllus schlosseri until September
2010 when it was found via citizen science moni-
toring at Carlin Air (Table 3). It was not found again
until 2013, possibly due to the more extensive
sampling effort at that time (Tables 2, 3). Surveys in
2013 revealed B. schlosseri present at all five survey
sites (Table 2). Botryllus schlosseri was rare in 2015
and 2016 surveys, except at Bar Harbor Marina
where it was present on nearly half of all panels in
both years (Table 2). Cage treatments influenced
B. schlosseri cover, but only in that full and cage-
control (partially caged) panels had equivalent, and
substantially less, cover (both means = 0.12 + 0.09 SD)
than open panels (mean cover: 0.39 + .023 SD), sug-
gesting cage artifacts rather than predator effects.
Observations of B. schlosseri settled on or grown
into caging suggest that bi-weekly cage maintenance
(scrubbing) and removal of the panels from the
cages during retrieval may have reduced its cover in
those treatments. There was no effect of biomass
removal or the interaction between treatments on
cover or presence of B. schlosseri (ANOVA, p > 0.34
in all cases).

Discussion

Findings from these surveys in the Ketchikan region
of southeast Alaska reveal the new northernmost
occurrence of Bugula neritina in the eastern Pacific
based on the first live specimen found in Alaskan
waters. We also report the first specimen of Ciona
savigni collected in Alaska in over one hundred years.
Additionally, results show temporal variability in
frequency but consistency in the presence of Botry-
lloides violaceus and Botryllus schlosseri at a subset
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Figure 2. Images of four non-indigenous marine species (one bryozoan and three ascidians) detected on fouling panels in and around
Ketchikan, Alaska, U.S.A. A. Depicts a Bugula neritina specimen collected at Bar Harbor Marina in 2015. This bryozoan species is brick red
or purple and does not have spines or avicularia. B. Close-up of live B. neritina zooids showing distinguishing color, lack of avicularia, and
lophophore (tentacle ring) from a specimen collected in San Francisco Bay, California. C. Ciona savigni, a solitary ascidian with clear,
smooth, vase shaped body and a transparent soft tunic with white pigmented flecks in the body wall. The color of the end of the vas deferens
is white (internal, not shown). The specimen here is photographed live and is representative of the species. D. Botryllus schlosseri. The arrow
emphasizes the star or flower-shaped orientation of the zooids. Color in this species is highly variable and may also be yellow, purple, red,
brown, or black. E. Botrylloides violaceus. Note the chain-like rows of zooids and solid color, which can be purple, red, orange, yellow, or
brown. Photo credits: D. Lopez (A, D), L. McCann (B), M. Frey (C) and G. Freitag (E).

of locations in the region, suggesting populations of to establish in and expand their ranges further from
these non-indigenous ascidians may be established at this important gateway region in the Gulf of Alaska.

these sites. Taken together, these findings underscore the Both colonial ascidians, B. violaceus and B. schlos-
potential for these commonly invasive marine species seri, can be dominant competitors for space and reach
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biomass levels capable of impacting shipping, fishing,
aquaculture, and native marine invertebrate commu-
nities (reviewed in Fofonoff et al. 2018). Fouling by
these taxa can also reduce growth of ecologically
important seagrass (Wong and Vercaemer 2012).
Botrylloides violaceus in particular appears to have
established at sites in the harbor areas with highest
traffic of recreational boats near the town of Ketchikan
proper (particularly in recent years). It was present
consistently since its appearance in our first surveys
in 2003 at some of these sites (CA, BH; Tables 2, 3).
We found the previously rare B. schlosseri regularly
at Bar Harbor Marina beginning in 2013. The 2015
to 2016 surveys revealed an interesting, but possibly
transient, shift in frequency from B. violaceus to
B. schlosseri at Bar Harbor Marina. A general decline
in B. violaceus over the same period occurred at
Refuge Cove Marina, with no concurrent increase in
B. schiosseri (Table 2). This pattern could be due to
the later stage (12-months) of community deve-
lopment for panels sampled in 2016, but further
exploration is needed to test that hypothesis. It is
possible that our observed decline in frequency of
B. violaceus can be attributed to the time of sampling
and not necessarily a persistent decline. For example,
the reduction in B. violaceus at Bar Harbor Marina
could indicate an over-winter mortality cycle, poten-
tially linked to low salinity during rainy winter
months. Over the winter of 2015-2016, temperature
reached a minimum of 6.0 °C. This could reduce
growth of both B. violaceus and B. schlosseri. Salinity
reached a minimum of 17.0 ppt, which appears more
likely to negatively impact B. violaceus due to its
somewhat lower salinity tolerance (Epelbaum et al.
2009). Both colonial ascidian species remained absent
at other sites, including the third experimental site in
the most recent survey years (2015-2016, KC; Table 2).
Notably, this site is the farthest from the city of
Ketchikan, and its busy cruise ship port, of the three
sites surveyed in these years (Figure 1).

Whether the other two taxa, C. savignyi and
B. neritina, are established remains unknown.
However, their extremely low frequency (one or two
specimens) in the surveys with the highest level of
per-site replication (55 panels per site, Table 2)
suggests that such establishment may not yet have
occurred. There remains the potential for ocean
warming driven by climate change to facilitate estab-
lishment—and potentially even further poleward
range expansion—of both of these often-problematic
species (Sorte et al. 2010). Elsewhere when abun-
dant they are known to dominate biomass in hard-
substrate communities and outcompete native biota
(e.g., Sutherland and Karlson 1977; Winston 1982).
Bugula neritina can impact fisheries and aquaculture

by fouling gear (Hodson et al. 1997; de S4 et al. 2007).
It is a strong competitor in benthic communities and
its reproduction may be enhanced by increased water
temperatures (Sutherland and Karlson 1997; Sorte
and Stachowicz 2011). A morphologically very similar
congener of C. savignyi, C. robusta is known to have
substantial economic impacts via fouling of fishing
or aquaculture gear in several parts of the world
(Castilla et al. 2005; Robinson et al. 2005; Rocha et
al. 2009). Continued monitoring in the region could
be particularly important given such negative conse-
quences of these species’ invasions elsewhere.

There are numerous hypotheses regarding the
potential for biotic interactions to influence the
spread of invasive species, whether negatively via
predation and competition (e.g., Freestone et al. 2011,
2013) or positively via facilitation (e.g., Rodriguez
2006). We found no evidence that local predation in
Ketchikan limited the species we consider here. Yet
the question warrants further study (and the only two
specimens of C. savignyi we found were in predator-
exclusion cages). The capacity of predators to control
NIS varies even across tropical and sub-tropical loca-
tions where predation is generally considered intense.
For example, B. neritina and Botrylloides nigrum (a
close relative of B. violaceus and B. schlosseri) appear
to be poorly controlled by fish predators in Pacific
Panama (Jurgens et al. 2017), yet predation affects
multiple aspects of their population dynamics in
Brazil’s Southwestern Atlantic Ocean (Oricchio et
al. 2016a, b; Vieira et al. 2012, 2016). Importantly,
we have observed leather sea stars (Dermasterias
imbricata) consuming B. violaceus and B. schlosseri
both directly and via time-lapse photography on
benthic settlement panels in Ketchikan (G Freitag
and L Jurgens, personal observation). Echinoderms
are often key consumers in temperate regions (e.g.,
Jurgens et al. 2015; Gravem and Morgan 2017), and
their potential to influence benthic NIS establishment
bears further investigation. Sea star predation may
not be detected as well on suspended panels, but
their effects could be pronounced in hard-bottom
habitats. Additionally, facilitation can be strong in
temperate marine systems (e.g., Jurgens and Gaylord
2016, 2018), and may benefit both native taxa and
NIS by offering substrate and refugia from predators
or abiotic stressors (Altieri et al. 2010). Targeted expe-
riments in the region could help untangle how these
types of biotic interactions may influence population
dynamics of the four NIS we consider here.

Intense abiotic stressors, such as extreme low
salinities or temperatures, could also limit population
expansion of these NIS. Extreme low salinity events
have been associated with large reductions in B. neritina
and C. savignyi populations in San Francisco Bay
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(Chang et al. 2018). Ketchikan receives an enormous
amount of rain annually and there is substantial tidal
mixing (Weingartner et al. 2009), which could poten-
tially limit these taxa, particularly in shallow waters.
Temperature and salinity could also influence estab-
lishment north of Ketchikan. Minimum temperatures
in the Gulf of Alaska appear relatively stable (~ 6 °C)
as far north as Seward, but coastal margins of the
Bering Sea have much lower annual minima (NOAA
2018). Low salinity extremes common in the Gulf of
Alaska could reduce the likelihood of population
establishment, particularly since many coastal areas
already receive enormous freshwater runoff, which
appears to be increasing with warming temperatures
(Royer and Grosch 2006). Examining population
responses to salinity variation could provide insight
into the potential of low-salinity events to limit these
species’ establishment.

Findings from this collection of surveys demonstrate
the efficacy of monitoring efforts, including those
that engage local residents, in successfully detecting
the presence of non-indigenous marine taxa. Citizen
science monitoring can supplement more extensive
scientific surveys both spatially and temporally,
thereby facilitating the detection of new non-natives.
The first detection of B. schlosseri in Ketchikan and
of the invasive tunicate, Didemnum vexillum (Kott,
2002) in Sitka, Alaska occurred through this same
Plate Watch program (Cohen et al. 2011). Continued
monitoring in the region will be important to detect
spatial population expansion and shifts in abun-
dance. High recreational vessel traffic in the region
could extend local distributions of NIS among sites.
While we found these species on passive collectors
near marinas and dock areas, they are also able to
colonize natural substrate from nearby anthropogenic
structure (Simkanin et al. 2012). Since any of these
taxa could potentially impact the region’s important
fisheries and aquaculture activities via fouling, and
may also displace native species, population expan-
sion could be problematic at local scales and warrants
continued investigation.

The establishment of any or all of these taxa in
the Ketchikan region of southeast Alaska may be
problematic at larger scales as well, due to the sheer
volume of vessel traffic passing through the area
(McGee et al. 2006). Both recreational and commercial
vessels are potent vectors for introduction of NIS
propagules to new sites and regions via secondary
spread (Ruiz et al. 2000, 2013, 2015; Davidson et al.
2009; Kelly et al. 2013). Ketchikan’s prominence as
a first port of call for cruise ships and ferries passing
into more northerly Alaskan waters with large ports
(McGee et al. 2006) indicates a particular risk for
poleward transport of these species, which could be
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further exacerbated by an increase in Arctic crossings
made possible by climate warming (Miller and Ruiz
2014). These climate and vector-based threats under-
score the risk that establishment of these NIS in the
region could produce new source populations from
which the species could further spread.

Acknowledgements

We thank three anonymous reviewers for helpful comments. We
thank the University of Alaska Southeast and M. Funk for
generously providing research facilities; Carlin Air, Bar Harbor
Marina, Knudson Cove Marina, and Refuge Cove Marina for site
access; and S. Alley, W. McClees, A. Neterer, L. Baumeister, and
C. Schloeder for field assistance. We appreciate the valuable
advice and expertise on detection and identification of non-native
tunicates in Alaska offered by I. Davidson, G. Lambert, and S.
Cohen. This work was supported by grants from Alaska Sea
Grant, U.S. National Sea Grant program, and the U.S. National
Science Foundation (BIO-OCE 1434528).

References

Altieri AH, Van Wesenbeeck BK, Bertness MD, Silliman BR (2010)
Facilitation cascade drives positive relationship between native
biodiversity and invasion success. Ecology 91: 1269-1275,
https://doi.org/10.1890/09-1301.1

Ashton G, Davidson I, Ruiz G (2014) Transient small boats as a
long-distance coastal vector for dispersal of biofouling
organisms. Estuaries and Coasts 37: 1572—1581, https://doi.org/
10.1007/s12237-014-9782-9

Blum JC, Chang AL, Liljesthrom M, Schenk ME, Steinberg MK,
Ruiz GM (2007) The non-native solitary ascidian Ciona intesti-
nalis (L.) depresses species richness. Journal of Experimental
Marine Biology and Ecology 342: 5-14, htps:/doi.org/10.1016/
j.jembe.2006.10.010

Bock DG, Zhan A, Lejeusne C, Maclsaac HJ, Cristescu ME (2011)
Looking at both sides of the invasion: patterns of colonization in
the violet tunicate Botrylloides violaceus. Molecular Ecology 20:
503-516, https://doi.org/10.1111/j.1365-294X.2010.04971

Broitman BR, Blanchette CA, Menge BA Lubchenco J, Krenz C,
Foley M, Raimondi PT, Lohse D, Gaines SD (2008) Spatial and
temporal patterns of invertebrate recruitment along the west
coast of the United States. Ecological Monographs 78: 403-421,
https://doi.org/10.1890/06-1805.1

Castilla JC, Uribe M, Bahamonde N, Clarke M, Desqueyroux-
Faundez R, Kong I, Moyano H, Rozbaczylo N, Santelices B,
Valdovinos C, Zavala P (2005) Down under the southeastern
Pacific: marine non-indigenous species in Chile. Biological
Invasions 7: 213-232, https://doi.org/10.1007/s10530-004-0198-5

Chang AL, Brown CW, Crooks JA, Ruiz GM (2018) Dry and wet
periods drive rapid shifts in community assembly in an estuarine
ecosystem. Global Change Biology 24: €627—642, https://doi.org/
10.1111/geb.13972

Cohen AN, Carlton JT (1995) Biological study: non-indigenous
aquatic species in a United States estuary: a case study of the
biological invasions of the San Francisco Bay and Delta. US
Fisheries and Wildlife and National Sea Grant College Program
Report, NTIS Number PB96-166525, Springfield, Virginia,
USA, 292 pp

Cohen CS, McCann L, Davis T, Shaw L, Ruiz GM (2011) Discovery
and significance of the colonial tunicate Didemnum vexillum in
Alaska. Aquatic Invasions 6: 263-271, https://doi.org/10.3391/ai.
2011.6.3.03

Davidson IC, Brown CW, Sytsma MD, Ruiz GM (2009) The role of
containerships as transfer mechanisms of marine biofouling species.
Biofouling 25: 645655, https://doi.org/10.1080/08927010903046268


https://doi.org/10.1007/s12237-014-9782-9
https://doi.org/10.1016/j.jembe.2006.10.010
https://doi.org/10.1111/gcb.13972
https://doi.org/10.3391/ai.2011.6.3.03

Non-indigenous marine invertebrates in southeast Alaska

de Sa FS, Nalesso RC, Paresque K (2007) Fouling organisms on
Perna perna mussels: is it worth removing them? Brazilian
Journal of Oceanography 52: 155161

Epelbaum A, Herborg LM, Therriault TW, Pearce CM (2009)
Temperature and salinity effects on growth, survival,
reproduction, and potential distribution of two non-indigenous
botryllid ascidians in British Columbia. Journal of Experimental
Marine Biology and Ecology 369: 4352, https://doi.org/10.1016/
j.jembe.2008.10.028

Fay V (2002) Alaska Aquatic Nuisance Species Management Plan.
Alaska Department of Fish and Game, 116 pp

Fehlaver-Ale KH, Mackie JA, Lim-Fong GE, Ale E, Pie MR,
Waeschenbach A (2014) Cryptic species in the cosmopolitan
Bugula neritina complex (Bryozoa, Cheilostomata). Zoologica
Scripta 43: 193-205, https://doi.org/10.1111/zsc.12042

Freestone AL, Osman RW, Ruiz GM, Torchin ME (2011) Stronger
predation in the tropics shapes species richness patterns in
marine communities. Ecology 92: 983-993, https://doi.org/10.1890/
09-2379.1

Freestone AL, Ruiz GM, Torchin ME (2013) Stronger biotic
resistance in tropics relative to temperate zone: effects of
predation on marine invasion dynamics. Ecology 94: 1370-
1377, https://doi.org/10.1890/12-1382.1

Fofonoff PW, Ruiz GM, Steves B, Simkanin C, Carlton JT (2018)
National Exotic Marine and Estuarine Species Information
System. http://invasions.si.edu/nemesis/ (accessed 18 January 2018)

Gartner HN, Murray CC, Frey MA, Nelson JC, Larson KJ, Ruiz
GM, Therriault TW (2016) Non-indigenous invertebrate species
in the marine fouling communities of British Columbia, Canada.
Biolnvasions Records 5: 205-212, https://doi.org/10.3391/bir.2016.
5.4.03

Gravem SA, Morgan SG (2017) Shifts in intertidal zonation and
refuge use by prey after mass mortalities of two predators.
Ecology 98: 1006—10135, https:/doi.org/10.1002/ecy.1672

Hines AH, Ruiz GM (2000) Biological invasions of cold-water
coastal ecosystems: Ballast mediated introductions in Port
Valdez/Prince William Sound, Alaska. Report to the Regional
Citizens’ Advisory Council of Prince William Sound, 340 pp

Hoshino Z, Nishikawa T (1985) Taxonomic studies of Ciona intestinalis.
Publication of the Seto Marine Biological Laboratory 30: 61-79,
https://doi.org/10.5134/176100

Hodson SL, Lewis TE, Burke CM (1997) Biofouling of fish-cage
netting: efficacy and problems of in situ cleaning, Aquaculture
152: 77-90, https://doi.org/10.1016/S0044-8486(97)00007-0

Jurgens LJ, Gaylord B (2016) Edge effects reverse facilitation by a
widespread foundation species. Scientific Reports 6: 37573,
https://doi.org/10.1038/srep37573

Jurgens LJ, Gaylord B (2018) Physical effects of habitat-forming
species override latitudinal trends in temperature. Ecology
Letters 21: 190—196, https:/doi.org/10.1111/ele.12881

Jurgens LJ, Rogers-Bennett L, Raimondi PT, Schiebelhut LM,
Dawson MN, Grosberg RK, Gaylord B (2015) Patterns of mass
mortality among rocky shore invertebrates across 100 km of
northeastern Pacific coastline. PLoS ONE 10: e0126280,
https://doi.org/10.1371/journal.pone.0126280

Jurgens LJ, Freestone AL, Ruiz GM, Torchin ME (2017) Prior
predation alters community resistance to an extreme climate
disturbance. Ecosphere 8: €01986, https://doi.org/10.1002/ecs2.1986

Kelly NE, Wantola K, Weisz E, Yan ND (2013) Recreational boats
as a vector of secondary spread for aquatic invasive species and
native crustacean zooplankton. Biological Invasions 15: 509—
519, https://doi.org/10.1007/s10530-012-0303-0

Lambert G (2003) New records of ascidians from the NE Pacific: a
new species of Tridemnum, range extension and description of
Aplidiopsis pannosum (Ritter, 1899), including its larva, and
several non-indigenous species. Zoosystema 24: 665-675

Lambert CC, Lambert G (1998) Non-indigenous ascidians in southern
California harbors and marinas. Marine Biology 130: 675688,
https://doi.org/10.1007/s002270050289

Lambert G, Sanamyan K (2001) Distaplia alaskensis sp. nov.
(Ascidiacea, Aplousobranchia) and other new ascidian records
from south-central Alaska, with a redescription of Ascidia
columbiana (Huntsman, 1912). Canadian Journal of Zoology
79: 17661781, https://doi.org/10.1139/z01-141

McGee S, Piorkowski R, Ruiz G (2006) Analysis of recent vessel
arrivals and ballast water discharge in Alaska: toward assessing
ship-mediated invasion risk. Marine Pollution Bulletin 52:
1634-1645, https:/doi.org/10.1016/j.marpolbul.2006.06.005

Miller AW, Ruiz GM (2014) Arctic shipping and marine invaders.
Nature Climate Change 4: 413-416, https:/doi.org/10.1038/nclimate
2244

Myers PE (1990) Space versus other limiting resources for a colonial
tunicate, Botrylloides leachii (Savigny), on fouling plates,
Journal of Experimental Marine Biology and Ecology 141: 47—
52, https://doi.org/10.1016/0022-0981(90)90156-7

NBIC (2018) National Ballast Information Clearinghouse Online
Database. Smithsonian Environmental Research Center and
United States Coast Guard. http:/invasions.si.edu/nbic/search.html
(accessed 16 April 2018)

NOAA (2018) National Oceanic and Atmospheric Administration,
National Centers for Environmental Information. https:/www.
nodc.noaa.gov/dsdt/cwtg/alaska.html (accessed 26 June 2018)

Nydam ML, Giesbrecht KB, Stephenson EE (2017) Origin and
Dispersal History of Two Colonial Ascidian Clades in the
Botryllus schlosseri Species Complex. PLoS ONE 12: 0169944,
https://doi.org/10.1371/journal.pone.0169944

Oricchio FT, Flores AaV, Dias GM (2016a) The importance of
predation and predator size on the development and structure of
a subtropical fouling community. Hydrobiologia 776: 209-219,
https://doi.org/10.1007/s10750-016-2752-4

Oricchio FT, Pastro G, Vieira EA, Flores AAV, Gibran FZ, Dias GM
(2016b) Distinct community dynamics at two artificial habitats
in a recreational marina. Marine Environmental Research 122:
85-92, https:/doi.org/10.1016/j.marenvres.2016.09.010

Osman RW, Whitlatch RB (1995) The influence of resident adults on
recruitment: a comparison to settlement. Jowrnal of
Experimental Marine Biology and Ecology 190: 169-198,
https://doi.org/10.1016/0022-0981(95)00035-P

Park C, Kim ST, Hong JS, Choi KH (2017) A rapid assessment
survey of invasive species of macrobenthic invertebrates in
Korean waters. Ocean Science Journal 52: 387-395,
https://doi.org/10.1007/s12601-017-0024-5

PlateWatch (2017) Smithsonian Environmental Research Center.
https://platewatch.nisbase.org (accessed 3 December 2017)

RBCM (2018) Royal British Columbia Museum. Catalogue Number
016-00102-001. http://search-collections.royalbcmuseum.be.ca/Invertebrate
Zoology (accessed 26 June 2018)

Ritter WE (1913) The simple ascidians from the North-eastern
Pacific in the collection of the United States National Museum.
Proceedings of the United States National Museum 45: 427-509

Robinson TB, Griffiths CL, McQuaid CD, Rius M (2005) Marine
alien species of South Africa: status and impacts. African
Journal of Marine Science 27: 297-306, hitps:/doi.org/10.2989/
18142320509504088

Rocha RM, Kremer LP, Baptista MS, Metri R (2009) Bivalve
cultures provide habitat for exotic tunicates in southern Brazil.
Aquatic Invasions 4: 195-205, https://doi.org/10.3391/2i.2009.4.1.20

Rodriguez LF (2006) Can invasive species facilitate native species?
Evidence of how, when, and why these impacts occur.
Biological Invasions 8: 927-939, https:/doi.org/10.1007/s10530-
005-5103-3

Royer TC, Grosch CE (2006) Ocean warming and freshening in the
northern Gulf of Alaska. Geophysical Research Letters 33:
L16605, https://doi.org/10.1029/2006GL026767

Ruiz GM, Fofonoft PW, Ashton G, Minton MS, Miller AW (2013)
Geographic variation in marine invasions among large estuaries:
effects of ships and time. Ecological Applications 23: 311-320,
https://doi.org/10.1890/11-1660.1

365


https://doi.org/10.1016/j.jembe.2008.10.028
https://doi.org/10.1890/09-2379.1
https://doi.org/10.3391/bir.2016.5.4.03
https://doi.org/10.1016/S0044-8486(97)00007-0
https://doi.org/10.1038/nclimate2244
https://doi.org/10.1016/0022-0981(90)90156-7
https://www.nodc.noaa.gov/dsdt/cwtg/alaska.html
https://doi.org/10.1016/0022-0981(95)00035-P
http://search-collections.royalbcmuseum.bc.ca/InvertebrateZoology
https://doi.org/10.2989/18142320509504088

Ruiz GM, Fofonoff PW, Carlton JT, Wonham MJ, Hines AH (2000)
Invasion of coastal marine communities in North America:
apparent patterns, processes, and biases. Annual Review of
Ecology and Systematics 31: 481-531, https://doi.org/10.1146/annu
rev.ecolsys.31.1.481

Ruiz GM, Huber T, Larson K, Mccann L, Steves B, Fofonoff P,
Hines AH (2006) Biological Invasions in Alaska’s Coastal
Marine Ecosystems: Establishing a Baseline. Final Report.
Prince William Sound Regional Citizens” Advisory Council and
U.S. Fish and Wildlife Service, Anchorage, Alaska, 112 pp

Ruiz GM, Fofonoff PW, Steves BP, Carlton JT (2015) Invasion
history and vector dynamics in coastal marine ecosystems: a North
Anmerican perspective. Aquatic Ecosystem Health and Management
18: 299-311, https://doi.org/10.1080/14634988.2015.1027534

Ryland JS (1960) The British species of Bugula (Polyzoa). Journal
of Zoology 134: 65-104, hitps:/doi.org/10.1111/1.1469-7998.1960.
tb05919.x

Simkanin C, Davidson IC, Dower JF, Jamieson G, Therriault TW
(2012) Anthropogenic structures and the infiltration of natural
benthos by invasive ascidians. Marine Ecology 33: 499-511,
https://doi.org/10.1111/j.1439-0485.2012.00516.x

Simkanin C, Fofonoff PW, Larson K, Lambert G, Dijkstra JA, Ruiz
GM (2016) Spatial and temporal dynamics of ascidian invasions
in the continental United States and Alaska. Marine Biology
163: 163, https://doi.org/10.1007/s00227-016-2924-9

Sorte CB, Stachowicz JJ (2011) Patterns and processes of compositional
change in a California epibenthic community. Marine Ecology
Progress Series 435: 63—74, https://doi.org/10.3354/meps09234

Sorte CJB, Williams SL, Zerebecki RA (2010) Ocean warming
increases threat of invasive species in a marine fouling commu-
nity. Ecology 91: 2198-2204, htps:/doi.org/10.1890/10-0238.1

Sutherland JP, Karlson RH (1977) Development and stability of the
fouling community at Beaufort, North Carolina. Ecological
Monographs 47: 425-446, https://doi.org/10.2307/1942176

Supplementary material

The following supplementary material is available for this article:

L.J. Jurgens et al.

Vieira EA, Duarte LFL, Dias GM (2012) How the timing of predation
affects composition and diversity of species in a marine sessile
community? Journal of Experimental Marine Biology and
Ecology 412: 126133, https://doi.org/10.1016/j.jembe.2011.11.011

Vieira EA, Dias GM, Flores AV (2016) Effects of predation depend
on successional stage and recruitment rate in shallow benthic
assemblages of the Southwestern Atlantic. Marine Biology 163:
87, htps:/doi.org/10.1007/s00227-016-2872-4

Watson DI, Barnes DKA (2004) Temporal and spatial components
of variability in benthic recruitment, a 5-year temperate example.
Marine Biology 145: 201-214, https:/doi.org/10.1007/s00227-003-1291-5

Weingartner T, Eisner L, Eckert GL, Danielson S (2009) Southeast
Alaska: oceanographic habitats and linkages. Journal of Biogeo-
graphy 36: 387-400, https:/doi.org/10.1111/j.1365-2699.2008.01994.x

Winston JE (1982) Marine bryozoans (Ectoprocta) of the Indian River
area (Florida). Bulletin of the American Museum of Natural
History 173: 99-176

Wong MC, Vercaemer B (2012) Effects of invasive colonial
tunicates and a native sponge on the growth, survival, and light
attenuation of eelgrass (Zostera marina). Aquatic Invasions 7:
315-326, https://doi.org/10.3391/2i.2012.7.3.003

Wonham MJ, Carlton JT (2005) Trends in marine biological
invasions at local and regional scales: the Northeast Pacific
Ocean as a model system Biological Invasions 7: 369-392,
https://doi.org/10.1007/s10530-004-2581-7

Zvyagintsev AY, Sanamyan KE, Kashenko SD (2007) On the
introduction of the ascidian Ciona savignyi Herdman, 1882 into
Peter the Great Bay, Sea of Japan. Russian Journal of Marine
Biology 33: 133—136, https://doi.org/10.1134/S1063074007020083

Table S1. Occurrence of four non-native sessile marine invertebrate species colonizing harbors and floats of Ketchikan, Alaska,

with site and survey information.

This material is available as part of online article from:

http://www.reabic.net/journals/bir/2018/Supplements/BIR_2018 Jurgens_etal Table S1.xlsx

366


https://doi.org/10.1146/annurev.ecolsys.31.1.481
https://doi.org/10.1111/j.1469-7998.1960.tb05919.x


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




