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EXECUTIVE SUMMARY
PROJECT OVERVIEW

This study assessesthe risk of biological invasion by nonindigenous species (NI S) associated
with oil tanker traffic and ballast water management for Port Valdez / Prince William
Sound (PWS), Alaska. This study included 8 major components:

* Review of risk factors for NIS invasions and ship-mediated transfer of species relevant to
PWS, ahigh latitude, cold-water marine ecosystem.

* Analysisof balast water delivery patterns and plankton communities associated with ballast
water on tankers that arrived to PWS.

* Experimenta analysisof initial survivorship of ballast water organismsin temperature-
salinity combinations typical of receiving waters of Port Valdez.

* Experimental measurements of the effect of ballast water exchange and voyage duration on
plankton communities arriving on tankersto PWS.

» Characterization of organisms fouling hulls and in sea chests of crude oil tankers.

» Characterization of organismsin sediments of tanker ballast tanks.

» Determination of NIS established within Alaska, as detected by field surveys and reviews of
existing collections and literature conducted by experienced naturalists and taxonomic
experts.

* Analysisof the biodiversity of PWS.

This study advances our under standing of invasion processes in many significant ways.

»  Our study provides the most comprehensive analysis worldwide of the abundance and
taxonomic composition of plankton communities in the segregated ballast water of tankers as
well as domestic ballast transfer by any vessel type.

* We have undertaken an ambitious set of experimental and quantitative measuresto (a)
compare directly, for the first time, the relative efficiency of exchange methods (Empty—
Refill and Flow-Through) for any vessel type or taxon, and (b) the effect of voyage duration
on plankton survivorship in the ballast water of oil tankers.

* We provide the first synthesis of NIS known in Alaska, resulting from an extensive literature
review and field-based surveys.

» The large scope of this study provides an unusually comprehensive analysis of the risks,
mechanisms, and patterns of invasion in PWS.

The project represents a cooper ative and successful partnership of industry, citizen,

agency, and scientific groups. This strong cooperative program addresses critical gaps in our

understanding of invasion risks, as well as facilitates information exchange and patrticipation

among a broad spectrum of industry, citizen, agency, and scientific groups.

» From a science perspective, this program results in a comprehensive analysis of invasion
processes and risks for PWS, representing the first such study in the world for a high-latitude
/ cold-water marine ecosystem.
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From an industry and management perspective, this program assesses the effectiveness and
trade-offsinvolved for various management strategies that are now required in Prince
William Sound, and are being promoted on a national and international scale.

From a public perspective, this program disseminates findings and serves as a key source of
information, especially through groups like the Smithsonian Environmental Research Center,
the Regional Citizens’ Advisory Council of Prince William Sound, U.S. Fish & Wildlife
Service, and NOAA Sea Grant.

RESULTS

Background

Biological invasions of marine ecosystemsin Alaska are a major environmental concern.

Biological invasions of coastal bays and estuaries are common throughout the world and are
having significant ecological and economic impacts.

High-latitude / cold-water regions are also subject to biological invasions by many species
with potential ecological and economic consequences similar to those reported for more
temperate latitudes.

Transport of coastal planktonic organisms in ballast water of commercial ships appears to be
the major source of new invasions worldwide in recent years.

Tankers arriving to Port Valdez release the third largest volume of ballast water of any U.S.
port.

BW Delivery Patter ns and Biological Char acteristics

A large quantity of ballast water arrivesto PWSin oil tankers.

For the past decade, tanker arrivals to Port Valdez have averagshipdier year.

Tankers arriving to PWS in 1998 carried an estimated average of 65 @7&ital ballast

water, including both segregated (non-oily) and nonsegregated (or oily) ballast water.
Segregated ballast water comprised an average of 54.7% of the total ballast water arriving to
PWS in tankers.

Overall, an estimated 17,000,000 of segregated ballast water (an average of 32,7 f&m
arrival) was discharged into PWS by oil tankers in 1998.

Most ballast water delivered to PWS by crude oil tankersoriginates from U.S. domestic
ports.

Tankers arriving directly from western U.S. ports accounted for 95.8% of the total tanker
traffic, and 96% of the total segregated ballast water delivered by tankers, to PWS in 1998.
Arrivals from Puget Sound, San Francisco, and Long Beach comprised approximately 82.7%
of all tanker traffic, as well as 86% of all segregated ballast water delivered by tankers, to
PWS in 1998.

Most (69.6%) of the tankers arriving to Port Valdez from overseas came directly from Korea
in 1998.

Tankers arriving from domestic ports transfer ballast water directly from that port to PWS,
whereas foreign arrivals have replaced coastal ballast water with open-ocean exchange prior
to their arrival.



page Vi

The voyage duration of tankersarriving to Port Valdez isrelatively short compared to
traffic arriving at other commercial ports, whereinvasions are common.

» Ballast water spent an average of 6.6 days in the ballast tanks of oil tankers before arrival to
Port Valdez, ranging between 4.8 to 10.2 days.

A large quantity of planktonic organismsisreleased into PWS with segregated ballast

water from oil tankers.

« Anaverage of 12,637 total organisms per m®(excluding chain-forming diatoms) was
measured in our ballast water samples from 169 tanker arrivals, including those from both
domestic and foreign source ports.

» Oveadl, we estimate that roughly 264 billion organisms were delivered to PWS in the
segregated ballast water of oil tankers during 1998.

* Importantly, these estimates include only the largest plankton and miss many small
planktonic organisms (e.g., bacteria, viruses, and other microorganisms), that would likely
increase overall densities many fold.

The abundance of planktonic organismswas greater in segregated ballast water from

domestic sour ce ports compared to that from foreign sour ce ports.

» Tota density (across al taxonomic groups) of organisms was greatest on averagein
segregated ballast water from domestic arrivals compared to foreign arrivals.

* Average densities of most taxonomic groups were 10- to 100-fold greater in segregated
ballast water from domestic versus foreign sources.

* The magnitude of density differences between domestic and foreign sources was much less
for copepods and solitary diatoms.

» Dinoflagellates were a notable exception to the general pattern, as average density was
greatest in ballast water of the foreign arrivals.

Significant variation existed in abundance of taxonomic groupsin the segregated ballast

water arriving from the major source ports.

» Tota density of organismswas lowest on average in ballast water from foreign arrivals
compared to arrivals from each of the three major domestic ports (Puget Sound, San
Francisco, and Long Beach)

» Tota density on average declined among the four major ports with increasing voyage
duration.

* Incontrast, the greatest average densities for individual taxonomic groups (e.g., protozoans,
brachyuran crabs, and bryozoans) did not always correspond to the shortest voyage duration.

The abundance of plankton arriving in segregated ballast water from the major domestic

portsvaried both spatially and temporally.

* The greatest densities occurred for al taxonomic groups, individually and combined, during
the spring and summer months.

* However, thetiming of peak densities differed among taxonomic groups and among source
ports.
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» The magnitude of seasonal variation in plankton densities also differed among source ports,
being greatest for Puget Sound and San Francisco Bay compared to Long Beach.

» Furthermore, significant annual variation also existed in the densities of plankton arriving to
PWS from each of the major domestic source ports.

NISare present in the segregated ballast water released by oil tankersin PWS.

*  Weidentified 14 different nonindigenous species (13 crustaceans and 1 fish) arriving to Port
Valdez in the ballast water of oil tankers.

* Todate, al of theseidentified NIS have been in ballast water from San Francisco Bay or
Long Beach.

* Importantly, these numbers are clearly underestimates, since only a subset of the plankton
can be identified to species and only the largest fraction of planktonic organisms were
included in our analyses.

Organismsdischarged in tanker ballast water, including known NIS, have high potential of

initial survival in the salinity-temperature conditions of Port Valdez and PWS.

» Seasonal cycles of salinities and temperatures in Port Vadez waters encompass the range of
salinities and temperatures of arriving ballast waster, providing a good match between source
ports and receiving waters.

» Laboratory experiments indicate that a wide range of ballast water species (including some
NIS) can survive the salinity and temperature conditions of Port VValdez upon initia
discharge from tankers.

Other Mechanismsof NIS Transport by Tankers

Tankersalso transfer organismsthat are not in ballast water and that may become

established in PWS.

e Tanker hulls and sea chests sampled in dry dock sometimes carried a diverse array of fouling
and nektonic organisms, including several NIS.

»  Sediment taken into ballast tanks during ballasting in shallow ports sometimes carried
diverse and abundant bottom-dwelling organisms, including reproductive adult individuals.

Ballast Water Exchange Experiments

Preliminary experimental results suggest that ballast water exchangeis as effective for oil

tankersasfor other vessel types.

* Initial analyses suggest roughly 80-99% of the resident water is replaced per ballast water
exchange event.

» The efficacy of exchange appears to differ between exchange method, with Empty—Refill
Exchange replacing the greatest proportion of water.

» The efficacy of exchange also appears to differ among taxa.

* Importantly, all analyses for the exchange experiments are still underway, and final results /
conclusions are therefore pending project completion (anticipated in June 2000).
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Summary of NISin Prince William Sound and Alaska

A diversearray of NIS have been introduced into PWS and Alaska.

* Thereare 24 species of NIS plants and animals in marine and estuarine ecosystemsin
Alaska, including 15 species recorded in PWS.

* These NIS are taxonomically diverse and occupy awide range of ecological niches and
habitats, although there appear to be more NIS associated with boat harbors and with
aguaculture activities.

* Our focal taxonomic collections provided the first records of 7 NISin Alaska, including
some species that appear to be very recent introductions.

* Many of the Alaskan NIS have larval stages which could be transported in ballast water.

* Noneof the Alaskan NIS s clearly associated with ballast water of oil tankers as a primary
mechanism of introduction, even though many NI S are frequently found in ballast water
arriving to Port Valdez.

* Instead, the transfer of NIS may have resulted from any one of multiple transfer mechanisms,
including ballast water, ship fouling communities, and aguaculture.

* Finaly, it isimportant to note that many additional Alaskan marine species are cryptogenic
(possibly introduced), as the historical baseline of biogeographic and taxonomic information
Isvery limited for this biota. For example, we identified at least 29 cryptogenic speciesin
Alaska (including 24 in PWS), exhibiting either wide global distributions often associated
with spread by early shipping traffic or avariety of characteristics common to NIS.

Biodiversity of Prince William Sound

Taxonomy and biogeography of speciesin Alaskan marine ecosystems have received poor
levels of study and under standing.

» Wediscovered 10 new, previously undescribed species, as well as recorded range extensions
for 74 other species from adiverse array of taxonomic groups.

* Itisnow apparent that alarge portion of many major groups remain undocumented, as well
as cryptogenic in origin, due to limited surveys and historical analysis of the Alaskan biota

We have now initiated a biodiversity data base for marine speciesin PWS.
* We have established a comprehensive data base for marine invertebratesin PWS.

» The scope of this data base will be expanded to include algae, fish, mammals and birdsin the
next year.

CONCLUSIONS

Multiplerisk factorsexist that favor the establishment of NISin PWS.
» Approximately 550 tankers currently arrive per year to PWS and release an estimated
17,000,000 metric tons of segregated ballast water.

» Tankersrepeatedly deliver ballast water from the same, limited source ports, providing
repeated inoculations of the same species.



page ix

The voyage duration of these tankersis usually short (3-7 days), favoring high survivorship
of transported plankton and resulting in the dense inoculation of competent organisms into
PWS.

Environmental conditions of source ports match those in PWS for some portions of the year,
and many organisms arriving in ballast water can tolerate conditions in receiving waters.
Most (95.6%) of arriving tankers do not undergo ballast water exchange, a process which can
limit the transfer rate of NIS.

A large number (tens-to-hundreds) of NIS are known from the domestic ports that are the
source of unexchanged ballast water arriving to PWSin oil tankers.

NIS are present in this domestic ballast water arriving to PWS in oil tankers.

Ballast water exchange appear s effective at reducing resident plankton on tankers,
although arisk of invasion still exists.

Ballast exchange experiments suggest that tankers arriving to Port Valdez from foreign ports
have reduced resident coastal organisms by > 90% through the current exchange practices.
Abundance of coastal organisms was 10-100 fold lower for oil tankers that were foreign
arrivals (that underwent ballast water exchange) compared to domestic arrivals (that do not
undergo exchange).

Although roughly equivalent to efficacy of exchange estimated for other vessel types, both
data sets suggest that tens to hundreds of thousands of organisms/ship still arrive with
exchanged ballast water.

Alaskan waters, and those of PWS, ar e susceptible to invasion by NI S.

It isnow evident that a diverse array of taxa have become established in Alaskaand PWS.
These NIS occupy a broad range of marine and estuarine habitats.

The number of marine NISin Alaska appear sto be significantly lower than other marine
ecosystems at lower latitude.

Our surveys of PWS and Alaska were intensive and failed to detect many NIS known from
the domestic source ports of oil tankers.

However, the limited historical record and scope of past surveys limits direct comparisons
with low latitude marine ecosystems, for which extensive surveys and knowledge have been
developed over decades to centuries of biological research.

I'n general, the poor resolution of taxonomic and biogeographic datain Alaskan marine
ecosystemsis a substantial impediment for analysis of environmental impacts.

To date, we have been able to provide only a minimum estimate of NIS, as many species
remain undescribed or cryptogenic until further analysis.

Assessment of other environmental impacts, such as oil spills, may also be limited without
adequate baseline data on species composition and abundance.

We recommend a program of standardized surveys across multiple sitesin PWS and Alaska
to both improve the existing knowledge of NIS and provide aregional baseline of data.
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Chapter 1. Introduction

Anson H. Hines, Smithsonian Environmental Research Center
Gregory M. Ruiz, Smithsonian Environmental Research Center

1A. Project Goals
The overall goal of this project was to assess the risk of biological invasion by
nonindigenous species (NIS) introduced into Port Valdez / Prince William Sound, Alaska.

Currently, ballast water isthe major vector for introductions of NIS in coastal ecosystems, where

ball ast-mediated biological invasions are causing severe ecological and economic impacts. While

the significance of ballast-mediated invasions has focused on temperate zone ports, little
consideration has been given to NIS invasions at high latitudes, despite the volume of shipping
and critical importance of certain cold-water ports to the world economy and especially US
energy interests. Port Valdez is ahigh latitude-cold water port receiving the third largest annual
volume of ballast water in the USA. Moreover, our recent review of NISinvasions at high

latitude (Ruiz & Hines 1997) indicates that such cold water ecosystems have been invaded by a

diverse array of marine and estuarine species. The specific objectives of the project were:

» Toanayzethe delivery patterns, biological characteristics, and management practices of
ballast water and other ships arriving to Port Vadez from coast-wise versus foreign voyages.

» Toassessviability of selected organisms arriving in tanker ballast water to Port Vadez.

» To conduct experiments on the effectiveness of ballast water exchange procedures of tankers.

* To evauate organisms occurring in entrained sediments at the bottom of ballast tanks of
crude oil tankers.

* To evauate fouling organisms on hulls and in sea chests of tankers as potential sources of
NIS.

* Toanayze and search for NIS currently invading or already established in coastal waters of
south central Alaska, using literature searches, an array of field sampling methods (field
collections, fouling plates, and plankton sampling), and examination of existing preserved
samples from Prince William Sound.

The purpose of this report isto summarize the research conducted during 1997-1999 to
assess the risk of biological invasionsin Prince William Sound, especially with regard to oil
tankers as a vector for transporting NIS into marine ecosystems. Progress during the project was
reported in Ruiz & Hines, 1997 and Hines et al., 1998. Modified elements of the earlier reports
are included in the present report, so as to provide a complete overview of the project within one
document. Certain limited elements of research will be completed during 2000, including further
analysis of existing collections at the University of Alaska Museum and Institute of Marine
Sciences, and work-up of sample from ballast water exchange experiments conducted during
summer 1999. These last elements will be reported separately upon completion.

1B. Structure & History of Project

This research project has built upon a Pilot Study conducted in 1997 (see Ruiz & Hines,
1997), and includes an expanded scope of work conducted during 1998-1999. The multi-faceted
approach to the research required ateam of diverse CoPrincipal Investigators and subcontracted
taxonomic experts. Drs. Anson Hines and Gregory Ruiz (SERC) have served as over-al project
leaders, providing over-all administrative and scientific oversight for the team. In addition, Drs.
Ruiz and Hines (SERC) had primary responsibilitiesfor: analysis of ballast water delivery
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patterns; biological characteristics of ballast water; experimental analysis of initial survival of

ballast water organisms; ballast water exchange experiments; analysis of ballast tank sediments

and tanker hull fouling; fouling community analysis, and management of most of the focal

taxonomic studies; as well many aspects of field surveys of Prince William Sound. To sample

and analyze ballast water of tankers arriving to Port Vaez, two Biological Technicians (Melissa

Frey and George Smith, of SERC) alternately rotated at about four month intervals between

SERC'’s temporary laboratory established in Valdez, Alaska and the SERC Biological Invasions
Laboratory in Edgewater, Maryland. Ballast water exchange experiments were conducted with
participation by several technicians and students from the SERC Biological Invasions Laboratory
(see Acknowledgments). Co-Pls Nora Foster (UAF) and Dr. Howard Feder (UAF) had primary
responsibility for analysis of existing samples in museum, reference and voucher collections in
the UA Museum and UAF Institute of Marine Science. Nora Foster also participated actively in
rapid community assessment surveys of Prince William Sound, and focal taxonomic analysis of
molluscs. Dr. Howard Feder provided oversight to subcontracted focal taxonomic analysis of
polychaetes. CoPIl Dr. John Chapman (OSU) had primary responsibility to conduct rapid
community assessment surveys of invertebrates of Prince William Sound, with focal taxonomic
analysis of pericaridean crustaceans. CoPI Dr. Gayle Hansen (OSU) had primary responsibility
for focal taxonomic field surveys of marine plants (especially macro-algae) of Prince William
Sound. Dr. James Carlton (Mystic Seaport, Williams College) had primary responsibility for
surveys of fouling communities of Prince William Sound. In addition, an array of systematic
experts was subcontracted to analyze several focal taxonomic groups (see Chapter 9 below).
Authorship of the chapters and subsections of this report indicate primary responsibilities for
each major element.

Throughout the 1997 Pilot Study and the 1998-1999 expanded phase, the project received
guidance and comment from the Alaska NIS Working Group, which was organized by the
RCAC of Prince William Sound and composed of academic scientists, resource managers from
state and federal agencies, representatives of the oil and shipping industries, and concerned
citizens of Alaska (see also Acknowledgments).

Initial funding for the Pilot Study was provided by PWS RCAC, US Fish & Wildlife
Service, and the US Coast Guard (Ruiz & Hines, 1997). Expanded research for the present
project was extended with a proposal submitted in 1997 to the National Sea Grant Program, with
co-funding from RCAC, USF&WS, Alyeska Pipeline Service Company, and in-kind support
from the oil shipping companies (especially ARCO Marine, BP and SeaRiver Maritime). Funds
awarded from the National Sea Grant Program were distributed to the Oregon Sea Grant
Program for John Chapman at Hatfield Marine Science Center and to Alaska Sea Grant Program
for Nora Foster and Howard Feder at University of Alaska Fairbanks and UA Museum.

However, funding from Alaska Sea Grant was delayed for one year, so that funding was actually
available beginning in 1999 and will carry through 2000. In 1998 SERC obtained supplemental
funding from the American Petroleum Institute, supported by ARCO Marine and SeaRiver
Maritime, to conduct ballast water exchange experiments on tankers. SERC also received
further funding from USF&WS for these ballast water exchange experiments during 1999
through a proposal submitted to the National Sea Grant Program. The work plan for the ballast
water exchange experiments specifies that sample processing and analysis continue into 2000.

SERC'’s technical staff worked in close coordination with the shipping agents, masters,
officers and crews of the oil tankers, and with Alyeska staff of the Valdez Marine Terminal. All
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of these industry participants provided in-kind contributions and worked actively and
cooperatively to assist project operations to sample ballast water and to conduct ballast water
exchange experiments (see also Acknowledgments).

Significantly more work than originally proposed was accomplished in nearly all
components of the project. Moreover, we have been successful in gaining additional resources to
support expanded elements of the project, including contributions in kind, and added external
funds for ballast water exchange experiments. Most importantly, a hallmark of the project was
the enthusiastic support of the project by the full array of private citizens, scientific institutions,
governmental agencies, and industry, which served as cooperative partners.

1C. Background

1C1. Invasive Species & Ballast Water

Aquatic nuisance species have invaded many, perhaps most, freshwater and marine ports
around the world. Ballast water from commercial shipping isincreasingly recognized asthe
most significant vector currently for those invasions occurring (Carlton and Geller, 1993).
Ballast water consists of water pumped into dedicated tanks or cargo holds/tanks for trim and
stability during oceanic voyages, especially when the vessel isempty or only partially full of
cargo. Ballast water is usually taken from coastal water containing arich diversity of planktonic
organisms. Ballast water is often discharged into areceiving port prior to loading cargo,
inoculating the ecosystem with exotic species. If any of the plankton are viable and become
established, these non-indigenous species (NIS) can cause major ecological and economic
disruption in the coastal ecosystem, with numerous examples in San Francisco Bay (Cohen and
Carlton, 1995), the Great Lakes (Mills et a., 1993), Chesapeake Bay (Ruiz et al.,1999), Hawaii
(Coleset a. 1999), and elsewhere (Ruiz et a., 1997). In San Francisco Bay, the rate of invasion
has increased to about one new NISinvasion every 16 weeks, probably as aresult of increased
ballast water discharge (Cohen and Carlton, 1995). Whether theinvasion is Eurasian zebra
mussels in the Great Lakes, Asian clamsin San Francisco Bay, or North American ctenophores
in the Black Sea, impacts of ballast introductions have been devastating and irreversible. Despite
the profound impact of ballast-mediated invasions, the biological characteristics of ballast water
and the factors that regulate invasion success are little studied and poorly understood. In the
USA, biological characteristics of ballast water have only been studied in two port systems: Coos
Bay (Carlton and Geller, 1993) and Chesapeake Bay (Smith et a., 1996; 1999; Ruiz et al.,
unpubl. data); and in other countries the biology of ballast water has similarly received little
guantitative analysis (Carlton, 1989; however see Williams et al., 1988; Hallegraeff and Bolsch,
1992).

1C2. NISin High Latitude/Cold Water Ecosystems

Although there has been no significant analysis of NIS in polar marine ecosystems, there
have been alimited number of NIS surveysin high temperate latitudes between 40° - 60°and a
study of the Baltic Sea, which includes a major bay that extends substantially above 60°. These
studies include three regions in the northern hemisphere (Baltic Sea, Wadden Sea, and United
Kingdom)(Reise et al., 1999, Lepapakoski 1984) and one region in the southern hemisphere
(TasmanialNew Zealand)(Hayward 1997, R. Thresher, 1999 pers. comm.). Together, these
studies clearly demonstrate that invasions are not limited to lower latitudes. The number of
known NIS at these |ocations ranges between 32 and 80 species. For each region, the species
include a broad range of taxonomic groups, and some of the invasions have generated serious
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concerns about their ecological and economic impacts. Aswith most invasions, the actual
impacts remain unmeasured (e.g., Ruiz et a., 1999). Nonetheless, based upon reported
abundances and known ecology, species such as the green crab Carcinus maenas (on the North
American east and west coasts, Tasmania), the seastar Asterias amurensis (in Tasmania), and the
laminarian kelp Undaria sp. appear likely to cause significant and irreversible changes.
Furthermore, the cumulative effects of the entire NIS assemblage may cause many changesin
ecosystem function that are not easily identified with any single invasion event (Cohen and
Carlton, 1995).

The numbers of NIS at high latitudes may be lower than those for temperate regions,
although it is not clear whether low numbers of documented NI S reflect lack of invasion in high
latitude ecosystems or lack of research focused on the invasion biology of these areas. At the
outset of this study, the number of NIS documented in Alaskan waters appeared to be lower than
other high latitude/cold water ecosystems with more extensive analysis, despite the extensive
environmental studies associated with the Exxon Valdez oil spill in Prince William Sound and
other ecological research throughout the region (Ruiz & Hines, 1997).

We advanced two hypotheses why NIS have not been as evident at high latitude as at
mid-latitudes:

(1) NISaretruly rare at high latitude. High latitude communities may be resistant to invasion
(e.0., severe seasonal stress requires specialized evolutionary adaptations not possessed by
non-native species). Transport patterns may not have been conducive to inoculation.
Shipping/ballast water is major source of rapidly escalating invasions in temperate |atitudes,
but perhaps neither the relatively recent (20 yrs) surge in tanker traffic to Alaskawith very
large ballast capacity, nor the current shift in tanker traffic to foreign ports has had timeto
produce invasions. Note, however, that NIS invasions mediated by ballast water have been
common over the past 20 yearsin some cold temperate ports such as San Francisco Bay
(Cohen and Carlton, 1995).

(2) NIS are actually common at high latitude, but have not yet received concentrated study by
experts of invasion biology. For example, Carlton (1979) identified some 160 NISin San
Francisco Bay and Pacific northwest coast, but as of 1995 the number of NIS documented in
San Francisco Bay was 212 species (Cohen & Carlton, 1995) and is now nearly 250 species
(J.T. Carlton, personal communication). Three years ago, the number of NIS in Chesapeake
Bay was considered to be only about 25 species; yet pursuant to our on-going literature
search of the historical records, we have documented >140 NIS, and thelist is still growing
with continuing research. Despite extensive biological/ecological assessments of coastal
ecosystems associated with oil spillsin Alaska, NIS probably remain inadequately studied.
The existing and on-going surveys from oil spill work and other studiesin Prince William
Sound are probably not adequate because those surveys were designed for purposes other
than detecting introduced species. Also, they mainly focused on rocky shores rather than on
soft-bottom and fouling communities that are most invaded in other regions (e.g., Cohen &
Carlton, 1995). Most introduced species have been discovered by taxonomic experts
systematically examining specimens previously identified by non-specialists or conducting
field surveys of their own.
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1C3. Risk Factorsfor Prince William Sound

Prince William Sound is arelatively pristine, cold water ecosystem at high latitude.
Approximately 20% of US domestic oil production is shipped from Port Vadez at the head of
the Sound (Fig. 1.1). Tankersarriving to Port Vadez come primarily from domestic source ports
of the west coast of North America and Hawaii; but in the past three years tankers also have been
traveling from foreign ports, especialy in eastern Asiaand rarely other locations (Fig. 1.2).
Tankers arriving to Prince William Sound discharge two types of ballast water: (1) Segregated
ballast water from tanks dedicated solely to ballast water and (2) non-segregated ballast water
from tanks which are used to carry petroleum products. Approximately 20 million metric tons of
segregated ballast water are discharged annually by tankersinto the port and sound, a quantity of
domestic ballast water that greatly exceeds the volumes of foreign ballast water released in other
U.S. West Coast ports and is the third largest volume for all U.S. ports (behind port systems of
New Orleans and Chesapeake Bay). All non-segregated, oily water (about 50% of total)
discharged by tankersin Port Valdez must pass through the Ballast Water Treatment Facility
located on shore at the Valdez Marine Terminal. Effects of the treatment plant on NIS were
unknown prior to our Pilot Study (Ruiz & Hines, 1997). The Pilot Study showed that non-
segregated ballast water contained few live planktonic organisms upon leaving tankers and
entering the treatment plant, and that there islittle risk of NIS in the discharge of water from the
treatment plant (Hines et. al., in press). Accordingly, al of our analyses in subsequent research
presented in this report focus on segregated ballast water.

Figure 1.1.Map of Prince William Sound, Alaska, showing location of Valdez Marine Terminal.
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Segregated ballast water from tankersis discharged directly into the Sound/Port without
treatment. This volume is many orders of magnitude greater than the ballast water released by
other types of ships traveling to Prince William Sound. Release of ballast water into Prince
William Sound increased markedly with the opening of the trans-Alaska Pipeline in 1977.
Tankers have made more than 15,000 voyages through Prince William Sound to Port Valdez
since the startup of the terminal in 1977. From 1987-1994, tanker arrivalsto Valdez averaged
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799 per year but have declined to less than 600 per year currently. Since 1996, oil shipping
patterns authorized by the US Congress have changed to allow sale of crude oil on foreign as
well as domestic markets. Tankers from foreign ports are required to conduct mid-ocean
exchange of their coastal ballast water, which is expected to reduce numbers of organisms
transported from foreign coastal ecosystems to Alaskan waters. However, the effectiveness of
mid-ocean exchange is poorly measured. Moreover, the greatest volume of ballast water coming
to Alaska derives from domestic ports of the west coast of North America, which themselves are
highly invaded by NIS. Tankers on these domestic, relatively short coast-wise voyages are not
required to exchange ballast water.

To determine whether the known NIS in Alaska provide an accurate indicator of the
probability for biological invasions, we considered 6 factors which contribute elements of risk
for invasions of Prince William Sound:

1. Hugevolume of ballast water. The greatest quantities of ballast water are transported by
bulk cargo carriers and tankers (Carlton et al., 1995; Smith et al., 1996). Chesapeake Bay
receives 10-fold more ballast water than other ports on the east and west coasts of the U.S.
because of the high volume of bulkers arriving to the ports of Baltimore and Norfolk. The
tanker traffic to Port Valdez releases the third largest volume of ballast water into a US port.
Other things being equal, larger ballast volumes mean larger inocul ations of NIS.

2. Short voyagetime. Our analysis of biological characteristics of ballast water arriving to
Chesapeake Bay shows a marked inverse relationship between densities of organisms and
length of voyage, such that ballast water after voyages of 14-24 days had more than 10-fold
fewer organisms than voyages of 5-13 days (Smith et al., 1996; 1999). However, these
effects may be confounded by differencesin the source of ballast, which co-varies with the
length of voyage (Smith et a., 1996; 1999). Voyages of tankers delivering ballast water to
Prince William Sound average only 3-6 days, quite short compared to most trans-oceanic
voyages that average 12-22 days. Short voyages mean that many larvae and other organisms
are likely to be in good health when they are discharged (see Chapt 2 and 3 below).

3. Pattern of repeated delivery from same donor locations. Although Chesapeake Bay receives
about 10-fold more ballast water than does San Francisco Bay, San Francisco Bay appears to
be invaded by many more ballast-mediated NIS. This greater risk could be due to San
Francisco Bay receiving repeated ballast inocul ations delivered from relatively fewer ports
than does Chesapeake Bay. Similarly, Prince William Sound could be at increased risk not
only by the large volume of ballast water, but also by the repeated inoculation of ballast from
asmall set of west coast ports (Fig. 1.2, Chapt 2 below).

4. The match of environmental conditions of source and receiving ports. Environmental
conditions in Alaska are often perceived as being harsh and inhospitable to most potential
invaders from temperate | atitudes where moderate conditions prevail. Obviously,
temperature, light and other conditions during winter are indeed more extreme than those in
temperate regions of North Americaand Asia. However, temperature-salinity conditionsin
Prince William Sound during spring and summer often approximate conditionsin source
ports of northwest North America, especially during productive periods of cold water
up-welling. In fact, many of the native marine/estuarine species in Alaska have geographic
ranges which extend to British Columbia, Washington, Oregon, and Northern California.
Temperature-salinity conditionsin segregated ballast water of tankers arriving from severa
west coast source ports is shown to be similar to the waters of Port Valdez (see Chapt 4
below). Inthe fjords of Prince William Sound, such as Port Valdez, heavy loads of
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suspended sediment during summer snow/glacial melt also may be a major stress on marine
organismsin surface waters.

Figure 1.2. Major tanker routesto Port Valdez, Alaska.
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5. Lack of mid-ocean exchange of ballast water delivered to Prince William Sound. Mid-ocean
exchange of ballast water reduces concentrations of larvae and plankton by 50-90% (Smith et
al., 1996). Exchange presumably limitsthe risk of invasion, as mid-ocean species are
generally thought to be incapable of invading near-shore habitats. Delivery of ballast from
coastal ports of the U.S. West Coast without oceanic exchange before release into Prince
William Sound poses an elevated risk. Further experimental assessment of this role of
mid-ocean exchange in reducing plankton abundance and diversity in ballast water is
presented below in “Ballast Water Exchange Experiments”. While ballast water exchange is
required for tankers from foreign ports, the National Invasive Species Act of 1996 considers
tankers from U.S. west coast ports to be domestic, coast-wise traffic that does not require
exchange.

6. High frequency of known NIS - especially those transported by ballast water - in source
regions of ballast coming to Prince William Sound. Some workers consider that there may
be "hotspots"” of invasion or donation of NIS. If such hotspots exist, certainly San Francisco
Bay and other ports of the U.S. west coast qualify as having among the highest prevalences
of documented ballast-mediated invasions. These, in turn, form the sources donating much
of the ballast water delivered to Prince William Sound. The 310+ known NIS of the west
coast of North America vary considerably in abundance among 6 latitudinally separate
regions (southern California, San Francisco Bay, northern California, Coos Bay Oregon,
northwest region from the Columbia River estuary to British Columbia, and Alaska) (Ruiz &
Hines, 1997). The number of known NIS varies from about 80+ species in southern
California to about 40+ species in the northwest region of Washington and British Columbia,
with the largest number of nearly 250 species occurring in San Francisco Bay. At each
location along the west coast, NIS are common in a diverse array of taxonomic groups, with
arthropods, mollusks, and annelids comprising major fractions of NIS at most locations. In
several locations (San Francisco Bay, Northern California, Oregon), vascular plants and
chordates also comprise major portions of the NIS. Much of the variation in number of NIS
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probably reflects the level of study and state of knowledge for each location, especially since

the highest numbers occur at two locations (San Francisco Bay and Coos Bay) where J.T.

Carlton has focused his past research. Many NIS occur in several locations along the west

coadt, indicating that invasions by the same species have occurred widely across latitudinally

separate sites. The similarity of NIS at less studied sites may be expressed as a percent
overlap with NIS in well-studied San Francisco Bay. The overlap of NIS at west coast
source ports with those in San Francisco Bay is high, ranging from about 60-75%. For the
limited sample known for Alaska, the overlap of NIS with San Francisco Bay is substantially
lower at about 25%. However, it isnot clear whether thislower overlap reflects reduced
compatibility with the Alaskan region or the small sample size, or both.

7. History of other vectorsfor NISin Prince William Sound. Although ballast water from
tankersis currently amajor vector for introductions of NIS in Prince William Sound, several
other vectors have been, and continue to be, active in Alaska for long periods of time and in
the present. These transport mechanisms include:

» Ballast water from other types of ships, especially bulk carriers of such products as wood
(logs, wood chips), ore, and coal, which come from foreign or domestic ports to Alaska
in ballast to load. These may provide inoculations in ports nearby Prince William Sound
(e.g., Homer, Seward), that may be spread by coast-wise traffic.

» Fouling of ship hulls, which was especially important historically in wooden ships and
before anti-fouling paints. However, fouling continues to be common, and may be
especially important in coast-wise transport to and within Alaskan waters. This vector
may include all types of private, recreational and commercial vessels.

* Intentional and accidental release from aquaculture activities. Both speciesthat are
cultured and species that may be coincident with the aquaculture (including disease
organisms) may be released. Oyster culture, salmon culture, and cultured herring roe on
kelp are especially common and potential sources of NIS in Prince William Sound.
Mussel culture may beinitiated in the area.

» Fishery release has occurred commonly in the past through efforts of state and federal
agencies to improve stocks.

* Aquarium and pet trades have resulted in NIS invasions at many places around the world.

» Large-scale changesin current patterns may transport NIS into Alaskan waters. During
1998 the very strong El Nifio along the eastern Pacific may have brought warm-water
species much further north than their typical distribution. These shifts may also allow
species transported by human activities to become established.

In many ecosystems, NIS invade over time as a series of vectors shift in importance, and this
accumulation of NIS can result in major changes in the diversity and function of coastal
ecosystems (Cohen & Carlton 1995).
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Chapter 2. Ballast Water Delivery Patterns

Gregory M. Ruiz, Smithsonian Environmental Research Center
Anson H. Hines, Smithsonian Environmental Research Center
George Smith, Smithsonian Environmental Research Center
Melissa A. Frey, Smithsonian Environmental Research Center

2A. Purpose
The primary goal of this portion of the study was to characterize the traffic patterns and
volumes of ballast water discharged into Port Valdez and Prince William Sound (PWS) by ail
tankers. Since ballast water is amajor mechanism for the transfer of NIS, we wished to describe
the delivery patterns of the ballast water to the region by season, source region, voyage duration.
Analysis of the biota associated with the tankers’ ballast water is discussed in the next chapter.

2B. Methods

We obtained data on ship arrivals and ballast water histories in two ways. First, we
obtained information about the long-term (10-year) pattern of arrivals to Port Valdez from
Alyeska and RCAC. Second, to characterize current patterns, we collected detailed data from
vessels arriving to Port Valdez over the one-year period of 1998. Our goal in this latter approach
was to collect comprehensive information on the origin (i.e., last port of call), date of arrival, and
ballast water histories for as many arriving vessels as possible. Most of these data were collected
by SERC staff, during interviews aboard vessels (see below). Additional data were sent to us by
the ships’ personnel and shipping agents.

Beginning December 1997, we implemented a sampling scheme to estimate the amount
of segregated ballast water delivered to Prince William Sound and Port Valdez by source port
and season. For tankers arriving to Port Valdez from each of the three primary domestic source
port systems (Los Angeles, San Francisco Bay, Puget Sound), we boarded approximately 3
tankers per month (i.e., 10 per quarter x 3 source ports = 30 per quarter). In addition, we
attempted to board most tankers arriving to Port Valdez from foreign ports.

Upon boarding, we conducted an interview of the ships’ personnel to collect information
on the quantity, age, source region, and management of all ballast water. Following the
interview, we proceeded to sample the segregated ballast water to characterize temperature,
salinity, and resident biota (see Chapter 3).

We excluded non-segregated ballast water from most of our current analyses. Although
this can account for roughly 50% of the total ballast water aboard tankers arriving to Prince
William Sound (see below), previous analyses indicated that very few viable organisms were
present in this ballast water, which often includes some residual oil. Furthermore, the
nonsegregated ballast water is pumped to an on-shore treatment facility at the Alyeska terminal.
For review of previous results, as well as description of the treatment process, see Ruiz and
Hines 1997.

Since vessels with double bottoms are difficult to sample for biota, we focused our sampling
effort primarily on vessels without double bottoms. Thus, to characterize the entire fleet (i.e., all
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arrivals), we obtained additional data on ballast water histories of nearly all oil tankers arriving
to Port Valdez in 1998. Ships’ personnel and shipping agents generously provided these data.

2C. Results

2C1. Number and Source of Tanker Arrivalsto PWS

Over the past decade (1989-98), tanker arrivals to Port Valdez have averaged 713
(se=37.2) ships per yeaanging from 870 to 549 (Fig. 2.1). There has been a noticeable decline
in arrivals since 1991, with each year having fewer arrivals than the previous one.

Figure 2.1. Annual number of oil tankersarriving to Port Valdez, 1989-1998. Dataas provided by Alyeska.
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Using 1998 to examine spatial and temporal patterns, tanker arrivals to Port Valdez were
both distributed evenly among seasons and dominated by arrivals from U.S. domestic ports (Fig.
2.2). An average of 137.3 (s.e.=2.98) vessels arrived each quarter, and 95.8% (s.e. = 0.82 %) of
all arrivals came directly from a U.S. port. Of all tanker arrivals, 82.7% came from one of three
domestic ports (Fig. 2.3): Puget Sound, Washington (43.0%); San Francisco Bay, California
(28.8.%); and Long Beach, California (10.9%). The residual came from Oregon, Hawaii,

Alaska, or foreign ports. Among arrivals from foreign ports, most (69.6%) came directly from
Korea (Fig. 2.4).

Figure 2.2. Number of oil tankersarrivingto Port Valdez from foreign and domestic source ports by season
in 1998. Seasonsinclude: Winter (January-March), Spring (April-June), Summer (July-September), and Fall
(October-December). Data based upon boarding interviews and reports from ships’ personnel (see text).
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Figure 2.3 Number of oil tankersarrivingto Port Valdez from each domestic source port by season in 1998.
Source ports include: Puget Sound, WA (PS); San Francisco Bay, CA (SF); Long Beach, CA (LB); ColumbiaRiver,
Oregon (OR); Cook Inlet, Alaska (AK); and Barbers Point, Hawaii (HI). Seasonsinclude: Winter (January-March),
Spring (April-June), Summer (July-September), and Fall (October-December). Data based upon boarding
interviews and reports from ships’ personnel (see text).
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Figure 2.4. Number of oil tankersarrivingto Port Valdez from each foreign source port by season in 1998.
Seasons Include: Winter (January-March), Spring (April-June), Summer (July-September), and Fall (October-
December). Data based upon boarding interviews and reports from ships’ personnel (see text).
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2C2. Volume of Ballast Water delivered to PWS

During 1998, oil tankers arriving to PWS carried an estimated average of 65,775m>
(s.e=1,252; n=472) of total ballast water, the combination of segregated and nonsegregated
ballast water. Segregated ballast water comprised an average of 54.7% (s.e.=2.1%; n=472) of
the total among tankers.

Across all vessels, tankers discharged an average of 32,715 m® (s.e.= 645; n=472) of
segregated ballast water upon arrival to PWS (Table 2.1). Although there were no seasonal
differences in the average amount of ballast water per tanker, there was a significant difference
by source port (Fig. 2.5; 2-way ANOV A, F3 (seasons), 5 (port source), 517 obs) =3.92, P = 0.004).
Specificaly, the mean volume was significantly greater for arrivals from foreign ports compared
to arrivals from all other ports, and the mean volume was significantly lower for tankers from
Hawaii relative to all other sources.
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Table2.1. Estimated volume of ballast water delivered by oil tankersto Port Valdez and PWSin 1998.
Shown by source port and season are: (1) the estimated mean volume of ballast water arriving per tanker, including
the standard error and sample size (n=number of vessels for which we have volume estimates), (2) the total number
of tanker arrivals which is shown as N, (3) the total estimated volume of ballast water (calculated as mean volume X
total arrivals). The bottom row (Overall) estimates the total ballast water volume and number of arrivals for all
ships combined. Source portsinclude: Puget Sound, WA (PS); San Francisco Bay, CA (SF); Long Beach, CA (LB);
Foreign port with open-ocean exchange (EX); Columbia River, Oregon (OR); and Barbers Point, Hawaii (HI).
Seasons include: Winter (January-March), Spring (April-May), Summer (July-September), and Fall (October-
December). Source of data on volumes and arrivals as described in text.

BW vol. (m3)
Port/Source] Season [ Mean(se) n N Total
Winter 28163(1734) 56 64 1,802,432
Spring  |31421(2095)| 51 60 1,885,260
PS Summer |34448(1901) 53 59 2,032,432
Fall 33894(2199) 46 53 1,796,382
Grand total 206 236 7,516,506
Winter 31841(2798) 31 34 1,082,594
Spring  |32809(2984)| 40 41 1,345,169
SF Summer |35765(2361) 40 44 1,573,660
Fall 34371(2372) 37 39 1,340,469
Grand total 148 158 5,341,892
Winter 32526(3237) 18 18 585,468
Spring  |30399(2902)| 12 13 395,187
LB Summer |36045(3633) 14 14 504,630
Fall 28850(1346) 15 15 390,180
Grand total 59 60 1,875,465
Winter 42153(4093) 9 9 379,377
Spring  |44294(3775)| 6 6 265,764
EX Summer |29856(3689) 5 5 149,280
Fall 47056(5199) 3 3 141,168
Grand total 23 23 935,589
Winter 29182(6929) 4 9 262,638
Spring  |28250(2169)| 4 4 113,000
OR Summer |32429(1631) 2 3 97,287
Fall 39138(5740) 6 7 273,966
Grand total 16 23 746,891
Winter 27142(2279) 6 7 189,994
Spring  |22229(1651)] 4 5 111,145
Hi Summer |23766(4197) 6 6 142,596
Fall 21729(1544) 4 5 108,370
Grand Total 20 23 552,105
Overall 32,715 472 523 16,968,448

Note: Not included in the table are arrivals from Nikiski, AK (19) which provided no data, and other arrivals (7) for
which port data are unavailable.
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Figure 2.5. Mean volume of segregated ballast water per tanker arriving to Port Valdez and PWS by source
port and season, 1998. The mean volumes are estimated for: (A) Each source port across all seasons; (B) Each
season across all source ports. Standard error and sample size is shown above each bar; see Table 2.1 for further
information. Source portsinclude: Puget Sound, WA (PS); San Francisco Bay, CA (SF); Long Beach, CA (LB);
Foreign port with open-ocean exchange (EX); Columbia River, Oregon (OR); and Barbers Point, Hawaii (HI).
Seasons include: Winter (January-March), Spring (April-June), Summer (July-September), and Fall (October-
December). Data based upon boarding interviews and reports from ships’ personnel (see text).
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We estimated the total amount of segregated ballast water discharged into Prince William
Sound during 1998 was approximately 17,000,000 m? (no. arrivals x average ballast water
volume) for source port by season (see Table 2.1). The relative contribution of different source
ports to the total varied greatly, reflecting variation in the number of arrivals (Fig. 2.6; Table
2.1). Asaresult, Puget Sound contributed approximately 44% of the total, followed by San
Francisco 31% and Long Beach 11%.
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Figure 2.6. Cumulative volume of ballast water arrivingto Port Valdez and PWS by source port and season,
1998. The cumulative volumes are estimated for season by source port (see Table 2.1 for further detail). Source
ports include: Puget Sound, WA (PS); San Francisco Bay, CA (SF); Long Beach, CA (LB); Foreign port with open-
ocean exchange (EX); Columbia River, Oregon (OR); and Barbers Point, Hawaii (HI). Seasonsinclude: Winter
(January-March), Spring (April-June), Summer (July-September), and Fall (October-December). Data based upon
boarding interviews and reports from ships’ personnel (see text).
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2C3. Ageand Management of Ballast Water delivered to PWS

The average age of ballast water arriving in tankers varied among source ports, ranging
between 4.8 to 10.2 days (Fig. 2.7). The mean age among all arrivals was 6.6 days (s.e.= 0.2).
For domestic source ports, the age of water was correl ated with distance from Port Valdez to the
source port, as ballast water came directly from the last port of call (the exception was for
experiments conducted at our request, as described in Chapter 4). In contrast, all foreign arrivals
exchanged their ballast water at sea, so the age of water was less than the voyage duration. Thus,
for foreign arrivals, the actual source was considered open ocean exchange (EX) instead of the
last port of call.

Figure 2.7. Mean age (voyage duration) for ballast water arrivingto Port Valdez by source port. The mean

age is estimated for each source port based upon all boarding data (December 1997-July 1999). Standard error and
sample size is shown above each bar. Source ports include: Puget Sound, WA (PS); San Francisco Bay, CA (SF);
Long Beach, CA (LB); Foreign port with open-ocean exchange (EX); Columbia River, Oregon (OR); and Barbers
Point, Hawaii (HI).
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2D. Discussion
Over the past decade, Prince William Sound and Port VValdez together have received
approximately 23.3 million m* (= 713 arrivalslyr x 32,610 m*/arrival) of segregated ballast water
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each year from oil tankers arriving to the Alyeskatermina. Although most of thiswater is
released in Port Valdez, ships will sometimes begin discharging upon entering Prince William
Sound en route for the Port. Thus, organisms released with this ballast water may experience a
broader range of conditions outside of Port Valdez than we had originally considered.

The total volume of ballast water delivered to Prince William Sound by tankers gresatly
exceeds the estimated quantity of ballast water arriving to other western U.S. ports (Carlton et al.
1995). However, it isimportant to recognize that existing estimates for the other ports have
included only the ballast water from foreign sources. In contrast, our estimates for Prince
William Sound included both foreign and domestic sources, but were dominated by the | atter.
The amount of domestic ballast water released in other U.S. portsis only now being estimated.
Nonethel ess, even when we can include data on domestic sources for al ports, it appears likely
that the total volume of ballast water released to PWS will still exceed that for the other western
ports, due to the absence of extensive domestic tanker and bulker traffic (i.e., those vessels that
discharge the greatest quantities of ballast water) at the other ports. Instead, the domestic traffic
for other western U.S. ports is dominated by container ships, which release relatively small
amounts of ballast water (Carlton et a. 1995; National Ballast Water Information Clearinghouse,
unpubl. data).

The total amount of ballast water arriving to Prince William Sound in tankersis also
relatively large on aglobal scale. Within the U.S., PWSisthird only to Chesapeake Bay and
New Orleansin estimated ballast water discharge for 1991 (Carlton et a. 1995, Smith et al.
1999). Inasimilar estimate of ballast water discharged to 46 Australian portsin 1991, only that
for the port of Dampier exceeded the volume for PWS (Kerr 1994). As above, estimates for the
both the U.S. and Australian ports were restricted to arrivals from foreign ports. Although these
totals would clearly increase when including domestic arrivals, the overall patterns provide a
useful context, suggesting PWS is on the extreme end of the spectrum for amount of ballast
water discharge.

It is also important to recognize the present level of tanker activity, and the magnitude of
ballast water delivery, as arecent development in Port Valdez. The terminal began transporting
oil viatankersin 1977. Based upon the arrivals rate and discharge volumes observed in this
decade, we estimate over 700 million m® of segregated ballast water have been delivered over the
past 3 decades of operation. This large cumulative volume underscores the potential importance
of ballast water as a vector for the transfer of species. Unlike many other commercial ports,
however, the volume of ballast water prior to oil exportation was virtually absent, as very few
other vessels currently deliver ballast water to the Port (Ruiz et a., unpubl. data).

Furthermore, the foreign export of oil from Port Valdez has only occurred since 1996,
following authorization by U.S. Congress. Prior to thistime, all oil export was only to domestic
U.S. ports, which were therefore the source of ballast water delivery to PWS and Port Valdez.
Although tankers now export oil to foreign ports from PWS, the delivery of ballast water from
foreign traffic remains a small fraction (<5%) of the total annual volume. In addition, tankers
arriving from foreign ports are required to undergo ballast water exchange, further reducing the
actual amount of ballast water and organisms coming from coastal habitats surrounding foreign
ports (see Chapters 3 and 4 for further discussion of biota).
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Chapter 3. Biological Characteristics of Ballast Water in Oil Tankers

Gregory M. Ruiz, Smithsonian Environmental Research Center
Anson H. Hines, Smithsonian Environmental Research Center
George Smith, Smithsonian Environmental Research Center
Melissa A. Frey, Smithsonian Environmental Research Center

3A. Purpose

The overall goal of this research component was to characterize the biota associated with
segregated ballast water of tankers arriving to Port Valdez. For this analysis, we designed a
sampling program to measure temporal (seasonal, annual) and spatial (source port) variationin
the biota associated with the ballast water.

We focused primarily on the mid-large (>80 micron) zooplankton resident in the water
column of ballast tanks, and present the results of this analysis here. We have included some
information on the phytoplankton concentrations present in our samples, but the sampling
methods (below) were not designed to characterize these organisms and many of the other taxa
(e.g., bacteria, viruses, and other microorganisms) that are small in size. This choice does not
imply that small organisms are not significant from an invasion standpoint, as the potential
effects of toxic dinoflagellate blooms are very evident (see Introduction). Instead, we simply did
not have the resources to include al taxonomic groups in our analyses.

We chose to focus on the mid-large zooplankton for multiple reasons. First, the
taxonomic resolution is relatively good compared to many of the other (smaller) organisms.
Second, most known NIS that are established at the source ports of oil tankers, such as San
Francisco Bay, occur (for some portion of their life history) in this zooplankton community.
Third, we could readily gain access to the plankton community (as opposed to the bottom
sediments). Finally, the sample analysisfor larger zooplankton is not as technically difficult or
time consuming as that necessary for the smaller organisms, allowing us to analyze samples from
alarge number of shipsfor statistical comparisons.

The analysis of zooplankton presented here is one of the most comprehensive and
guantitative studies of ballast water in the world. Additional data on the biota associated with
ballast water also appear in other chapters. Our analysis of ballast water exchange (Chapter 5)
includes survivorship of plankton during 8 separate voyages, effects of exchange on
zooplankton, and some information on bacteria and ciliate protozoans. Biota associated with the
bottom sediments of ballast tanks, as well as the hulls and seachests, are also examined (Chapters
6 and 7, respectively).

3B. Methods

3B1. Sourceand Number of Sampled Ships

For a 13-month period (December 1997 — December 1998, hereafter 1998), we conducted
an intensive sampling program of ballast water on tankers that was stratified by source port and
season. Most tankers and ballast water arriving to Port Valdez came from three U.S. domestic
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port systems: Puget Sound, San Francisco Bay, and Long Beach (see Chapter 2). To characterize
biotafor these ports by seasons, we sampled a minimum of 3 tanker arrivals per month from

each of the three domestic source port systems (i.e., 10 per quarter x 3 source ports = 30 per
quarter). Although relatively few (23) tankers arrived from foreign ports in Port Vadez during
this year, we sampled as many as possible (n=19) to compare the biota arriving from foreign
versus domestic sources. We aso sampled alimited number of arrivals from the other two
domestic ports: Oregon and Hawaii (which comprised < 10% all arrivals; see Chapter 2).

In June of three consecutive years (1997, 1998, 1999), we collected samples from
approximately 10 tankers arriving to Port VValdez from the domestic ports of Puget Sound, San
Francisco Bay, and Long Beach. Samples from 1997 were collected as part of a Pilot Study that
we conducted for RCAC (Ruiz and Hines 1997), and the samples for 1998-1999 were collected
in the present study. Together, these samples were used to characterize annual variation in the
ballast water biota arriving to Alaska.

3B2. Sample Collection and Analysis

We boarded and sampled tankers immediately upon their arrival to Port Valdez. As
described above, we sampled approximately 2-3 vessels per week over the 13-month period.
Although we attempted to collect ballast water from every tanker boarded, vessels with double
bottoms could not be sampled easily without disruption of ship operations and modification of
our standard sampling protocol. In the present analysis, we therefore have included primarily
(but not exclusively) vessels without double bottoms.

We applied our established methods for qualitative and quantitative analysis of biota
transported in ballast water, which evolved from methods developed by J.T. Carlton (e.g.,
Carlton and Geller, 1993; LaVoie et al.1999; Smith et al., 1999). Our protocol consisted of
collecting the following information and samples:

» Ship and ballast management information: Last port of call, number of tanks by type,
capacity of tanks, amount of segregated and non-segregated ballast water on board, source(s)
of ballast water, age of ballast water, date of arrival, ballast management practices;

» Physica variables of ballast water: Water temperature and salinity were measured (surface
and 10m depth) for each tank sampled (as below), collecting ballast water with a Niskin
bottle through the Butterworth hatches; oxygen (O,) concentration was not measured
because previous extensive analysis of ballast water tanks in other cargo ships indicated that
O, concentrations rarely varied and were not appreciably lower than saturation (Smith et al.,
1996).

» Biological samples of ballast water: Plankton samples were collected by towing a standard
plankton net (80 micron mesh, 30 cm diameter) vertically through the entire height of the
water column in each ballast tank; access to ballast tanks was obtained through the
Butterworth hatches. A single tank was sampled for each ship, when ballast water was
present and accessible, and two plankton tows were collected for each tank; the height of
each plankton tow was measured to the nearest 10 cm.

» Additional observations and opportunistic samples. Upon initiating sampling of ballast
tanks, we routinely examined the surface watersto look for large, mobile biota (e.g., fish)
and organisms attached to the sides of tanks; we often took opportunitiesto collect any such
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organisms observed, as well as bottom sediments, since these are usually missed in our
plankton tows.

» Physical variables of port water: Shipside water temperature and salinity were measured
(surface and 10m depth) usually within an hour of sampling ballast water of most vessels; the
samples were collected from the berth platform (within 50m of the ship), using a Niskin
bottle.

Most plankton samples were returned to the laboratory at Valdez and examined initially
within an hour of collection to assess condition of organisms present. More specifically, we
examined each plankton sample with our dissecting microscopes (10-40x), to provide a
gualitative assessment of plankton viability. Each sample was washed carefully into afinger
bowl for examination, and the presence of each morphologically distinct taxonomic group was
noted. For each taxon identified, the percent of individuals alive was estimated by evaluating
their morphological integrity, movement, and activity; although status of some organisms (e.g.,
diatoms or eggs) was difficult to discern with confidence during a brief screening. After initial
microscopic examination, the plankton samples were preserved in 5% buffered formalin for later
identification and enumeration of organisms (as below).

We used two different methods to characterize the plankton samples, as follows:

» Coarse Anaysis. All sampleswere characterized by Coarse Analysis, consisting of a direct
count of individuals according to general taxonomic groups, usually phyla (e.g., molluscs,
crustaceans, echinoderms). The minimum of number of distinctly different taxa were also
estimated in Coarse Analysis of each sample.

* FineAnalysis. For asubset of samples (roughly 1/3 of the ships from domestic ports), Fine
Analysis was used to enumerate all morphologicaly distinct taxa at the lowest taxonomic
level possible. For many groups that included larval invertebrates (e.g., bivalves,
gastropods), identification could not progress beyond gross taxonomic groups; further
identification can only be accomplished with intensive culture of larvae to adult stages, upon
which taxonomy is based, or the use of molecular probes. For other groups that include
adult stages (e.g., copepods), we sought species-level identifications.

The two methods were selected to provide different types of information. The Coarse
Analysis alowed usto test for patternsin the biota across al ships, increasing the statistical
power of the analysis. Since many species were not present on each ship, such an approach was
not feasible with finer taxonomic resolution. In contrast, the Fine Analysis allowed usto
guantify the densities of particular taxa, usualy crustacean groups with adult forms (see results),
and test for the presence of nonindigenous species known from the source ports. These data also
allow usto characterize the frequency and density of particular nonindigenous speciesin the
ballast water.

For both analyses, samples were concentrated on an 80 micron sieve and washed into a
finger bowl for identification and enumeration. Each whole sample was examined using a stereo
microscope, and all morphologically distinct taxawere identified to the desired taxonomic level
(as above). For abundant taxa (> 100 individual /sample), samples were split using a Folsom
plankton splitter to achieve counts between 10-100 individuals per subsample (usually splits of
1/8to 1/32). For organismsin split samples, two subsamples were counted.
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Taxonomic identification of plankton followed a standard protocol. For those groups of
organisms that can be identified using the life stages present in ballast water samples (as
discussed above), we made an initial identification based upon our current knowledge and
literature that was immediately available to us at SERC. For many copepods, we were ableto
discern genera without much difficulty. Enumeration proceeded based upon the lowest
discernible taxonomic units, and representative specimens were vouchered (in Fine Analysis) for
taxonomic verification and, wherever possible, species-level identification. These voucher
specimens were sent to taxonomists at the Smithsonian Institution’s National Museum of Natural
History and elsewhere for verification and identification.

3B3 Data Analysis

Throughout our analyses, we use “ship” as the level of replication within a class variable
(e.g., source port, season, year), because multiple samples from the same ship are not
independent of each other. Although our replicate plankton samples per ship provide some
important information on variation within ships, these are not statistically independent (since the
ballast water originates from the same source and time) and mainly provide greater confidence in
estimating plankton communities per ship. Thus, we estimated density per ship as the mean of
replicate tows.

We derive most of the results reported from the Coarse Analysis. All enumeration is also
completed for the Fine Analysis, but identification of only a portion of the voucher specimens
has been finished to date. Although we cannot yet discuss the frequency and density of
individual taxa (as described above), we confirm the presence of numerous nonindigenous
species in the Fine Analysis, and these are reported here. We will include full results of the Fine
Analysis, when completed, in a future publication and provide a copy to RCAC.

Virtually all organisms collected in the ballast water samples were alive and appeared to
be in good condition. Indeed, many of the organisms collected from these samples performed
well in laboratory culture and experiments, as described in Chapter 4. Thus, we considered all
organisms counted in fixed samples to be alive at the time of sampling.

In most of the analyses, we have excluded the chain-forming diatoms. Although we
enumerated these organisms to the full extent possible, quantitative counts are particularly
problematic and unreliable, because the chains break apart during sample collection and
processing. We have therefore included information on their prevalence and the counts made but
excluded these data from most estimates of organism densities.

Finally, the presentation of water temperature and salinity, for both the ballast water of
oil tankers and Port Valdez, are presented in Chapter 4.

3C Results

Sour ce and Number of Sampled Ships

During this study, we sampled the ballast water of 169 tankers arriving to Port Valdez
(Table 3.1). Our samples included 8-15 arrivals per quarter for each of the three major domestic
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ports (Puget Sound, San Francisco Bay, and Long Beach) and 3-7 arrivals per quarter from

foreign ports (primarily Korea; see Chapter 2).

Table 3.1. Prevalence and densities of taxa in the ballast water arrivingto Port Valdez for each source port.
Shown for each taxon and source port are the prevalence, density among all ships, and density for ships only when
taxon was present. Standard errors are shown in parentheses with each density measure. Source portsinclude: Puget
Sound, WA (PS); San Francisco Bay, CA (SF); Long Beach, CA (LB); Foreign port with open-ocean exchange
(EX); Columbia River, Oregon (OR); and Barbers Point, Hawaii (HI). The datainclude all sample dates. Sample
sizesfor each source port as follows: PS (n=48), SF (n=50), LB (n=46), EX (n=19), OR (n=2), HI (n=4).

(%) (density/m3)
Phylum source n Prevalence mean(se) all ships mean(se) when present
DINOFLAGELLATA
PS 48 88 775(223) 902(245)
SF 50 54 66(21) 114(34)
LB 46 65 71(30) 107(45)
EX 19 84 729(658) 886(780)
OR 2 0 0(0.0) 0(0.0)
HI 4 100 3.0(1.0) 3.0(1.0)
DIATOMACEA
PS 48 100 13866(3270) 13866(3270)
SF 50 100 11683(4384) 11683(4384)
LB 46 100 1170(241) 1170(241)
EX 19 100 5346(2184) 5346(2184)
OR 2 100 9409(6120) 9409(6120)
HI 4 100 277(107) 277(107)
PROTOZOA
PS 48 83 316(122) 361(139)
SF 50 90 5506(3638) 6120(4037)
LB 46 93 210(57) 220(59)
EX 19 74 82(58) 110(78)
OR 2 100 31(13) 31(13)
HI 4 100 4.0(1.3) 4.0(1.3)
CNIDARIA
PS 48 63 19.5(11.9) 55(32)
SF 50 22 1.8(0.7) 8.3(2.3)
LB 46 87 45(18) 53(21)
EX 19 5 0.3(0.3) 5.7(0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
CTENOPHORA
PS 48 17 0.2(0.1) 1.2(0.3)
SF 50 4 0.01(0.008) 0.5(0.0)
LB 46 37 1.6(0.6) 4.0(1.5)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
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Table 3.1 continued

Phylum Taxa source n Prevalence (%) mean(se) all ships mean(se) when present
PLATYHELMINTHES
PS 48 27 3.4(1.4) 13(4.3)
SF 50 28 10.5(4.6) 37(14)
LB 46 80 11(2.2) 13(2.4)
EX 19 16 0.1(0.07) 0.9(0.1)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
NEMATODA
PS 48 6 0.2(0.1) 2.5(0.9)
SF 50 8 0.5(0.3) 6.5(2.4)
LB 46 4 0.1(0.07) 2.5(0.5)
EX 19 5 0.1(0.1) 1.4(0.0)
OR 2 100 4.4(3.0) 4.4(3.0)
HI 4 0 0(0.0) 0(0.0)
ROTIFERA
PS 48 2 0.3(0.3) 12.5(0)
SF 50 2 0.7(0.7) 33(4.5)
LB 46 2 0.6(0.6) 27(0.0)
EX 19 5 0.3(0.3) 5.6(0.0)
OR 2 50 0.2(0.2) 0.4(0.0)
HI 4 0 0(0.0) 0(0.0)
SIPUNCULA
PS 48 0 0(0.0) 0(0.0)
SF 50 4 0.8(0.7) 19.8(11)
LB 46 4 0.7(0.6) 15(4.1)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
NEMERTEA
PS 48 8 1.0(0.6) 12.4(5.3)
SF 50 8 41(27) 516(275)
LB 46 15 23(12) 150(66)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
ANNELIDA PS 48 90 370(136) 404(148)
SF 50 80 199(55) 251(68)
LB 46 100 33(6.5) 33(6.5)
EX 19 2 2.1(1.3) 6.3(3.6
OR 2 0 0(0.0) 0(0.0)
HI 4 25 0.31(0.31) 1.2(0.0)
MOLLUSCA
Bivalvia PS 48 90 371(100) 396(106)
SF 50 82 319(79) 389(93)
LB 46 98 240(72) 246(74)
EX 19 53 8.0(3.5) 15.2(5.5)
OR 2 50 0.5(0.5) 1.0(0.0)

HI 4 75 1.3(0.7) 2.0(0.5)
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Table 3.1 continued

Phylum Taxa source n Prevalence (%) mean(se) all ships mean(se) when present

Gastropoda PS 48 71 139(39) 191(44)
SF 50 54 34(18) 58(38)
LB 46 91 35(7.6) 37(6.8)
EX 19 37 26.6(17.6) 72(38)
OR 2 50 0.2(0.2) 0.4(0.0)
HI 4 0 0(0.0) 0(0.0)

Other Mollusca PS 48 8 8.0(7.7) 105(83)
SF 50 6 0.6(0.5) 10(7.6)
LB 46 2 0.2(0.2) 9.0(0.0)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)

ARTHROPODA/CRUSTACEA

Amphipoda PS 48 29 1.9(1.3) 6.1(3.8)
SF 50 30 0.61(0.16) 1.9(0.3)
LB 46 48 0.7(0.2) 1.4(0.3)
EX 19 19 0.07(0.05) 0.7(0.2)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)

Anomura PS 48 29 0.91(0.64) 3.7(2.2)
SF 50 24 0.2(0.08) 0.9(0.3)
LB 46 63 3.8(1.4) 5.9(2.1)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)

Brachyura PS 48 44 3.5(1.3) 9.2(2.8)
SF 50 14 0.13(0.07) 1.1(0.5)
LB 46 76 23.6(13.9) 30.2(18.6)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)

Caridea PS 48 15 0.2(0.10) 1.3(1.2)
SF 50 2 0.02(0.01) 0.2(0.0)
LB 46 22 1.2(0.60) 3.8(1.5)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
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Table 3.1 continued

Phylum Taxa source n Prevalence (%) mean(se) all ships mean(se) when present
Cirripedia PS 48 85 832(559) 951(637)
SF 50 66 96(34) 108(47)
LB 46 63 18(5.4) 37(7.2)
EX 19 16 0.8(0.5) 6.9(1.7)
OR 2 0 0(0.0) 0(0.0)
HI 4 50 3.1(1.9) 4.8(4.3)
Cladocera PS 48 15 2.7(1.2) 21.7(5.1)
SF 50 16 1.9(0.8) 11.7(3.7)
LB 46 7 0.04(0.02) 0.6(0.1)
EX 19 5 0.3(0.3) 5.7(0.0)
OR 2 100 3.5(1.9) 3.5(1.9)
HI 4 0 0(0.0) 0(0.0)
Copepoda PS 48 100 2395(664) 2395(664)
SF 50 100 9416(2060) 9416(2060)
LB 46 100 5116(685) 5116(685)
EX 19 100 2345(645) 2345(645)
OR 2 100 43(6.0) 43(6.0)
HI 4 100 8.2(4.4) 8.2(4.4)
Cumacea PS 48 10 0.05(0.03) 0.6(0.2)
SF 50 30 0.70(0.2) 2.1(0.5)
LB 46 22 0.13(0.05) 0.6(0.2)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
Decapoda (misc.) PS 48 4 0.05(0.04) 1.3(0.7)
SF 50 8 0.02(0.02) 0.5(0.2)
LB 46 4 0.05(0.02) 2.5(0.0)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
Isopoda PS 48 25 0.70(0.40) 2.1(1.3)
SF 50 18 0.34(0.26) 2.1(1.5)
LB 46 9 0.06(0.03) 0.7(0.1)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
Mysidacea PS 48 2 0.007(0.007) 0.3(0)
SF 50 54 2.48(0.6) 4.6(0.9)
LB 46 78 3.52(0.8) 4.4(0.9)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)

HI 4 25 0.15(0.15) 0.6(0.1)
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Phylum Taxa source n Prevalence (%) mean(se) all ships mean(se) when present
Ostracoda PS 48 25 0.35(0.16) 1.5(0.6)
SF 50 8 0.40(0.20) 3.9(2.0)
LB 46 17 0.28(0.14) 1.6(0.7)
EX 19 16 0.93(0.54) 5.9(1.4)
OR 2 50 0.6(0.6) 1.2(0.0)
HI 4 0 0(0.0) 0(0.0)
Tanaidacea PS 48 2 0.006(0.006) 0.3(0)
SF 50 0 0(0.0) 0(0.0)
LB 46 2 0.006(0.006) 0.3(0)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
BRYOZOA
PS 48 35 16.1(5.4) 40.7(11.5)
SF 50 40 59(33) 147(80)
LB 46 22 1.5(0.5) 6.7(1.7)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
PHORONIDA
PS 48 2 0.01(0.01) 0.5(0.0)
SF 50 2 0.01(0.01) 0.7(0.0)
LB 46 15 0.5(0.4) 4.2(2.7)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
CHAETOGNATHA
PS 48 33 0.7(0.4) 2.3(1.1)
SF 50 12 0.5(0.3) 4.1(2.5)
LB 46 72 5.8(2.2) 7.9(3.0)
EX 19 21 0.2(0.1) 1.5(0.3)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
ECHINODERMATA
PS 48 33 32(15) 94(43)
SF 50 12 6.3(4.8) 53(37)
LB 46 26 5.8(3.5) 22(12)
EX 19 5 0.3(0.3) 6.0(0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)
CHORDATA
Cephalochordata PS 48 0 0(0.0) 0(0.0)
SF 50 0 0(0.0) 0(0.0)
LB 46 9 0.1(0.01) 2.8(2.5)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)

9
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Table 3.1 continued

Phylum Taxa source n Prevalence (%) mean(se) all ships mean(se) when present

Fish PS 48 10 0.05(0.02) 0.3(0.1
SF 50 6 0.02(0.01) 0.5(0.1
LB 46 7 0.04(0.02) 0.5(0.1)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)

Other Chordata PS 48 21 4.9(2.2) 23.8(8.4)

(incl. larvacea) SF 50 8 5.2(3.5) 85(41)
LB 46 63 59.1(30.6) 107(55)
EX 19 5 0.06(0.06) 1.2(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)

OTHER

Eggs PS 48 73 87(39) 113(50)
SF 50 66 39(16) 56(22)
LB 46 61 141(41) 232(148)
EX 19 21 6.3(4.1) 15(9.2)
OR 2 100 12(11) 12(11)
HI 4 20 7.3(2.4) 7.3(2.4)

Trochophore
PS 48 33 20(8.2) 65(23)
SF 50 16 16(10) 115(65)
LB 46 30 11(4.6) 36(13)
EX 19 0 0(0.0) 0(0.0)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)

Unidentified larvae PS 48 0 0(0.0) 0(0.0)
SF 50 4 95(93) 2376(1388)
LB 46 9 0.02(0.02) 0.4(0)
EX 19 11 27(26) 253(178)
OR 2 0 0(0.0) 0(0.0)
HI 4 0 0(0.0) 0(0.0)

For June of 1997-1999, we sampled the ballast water of 31 tankers arriving to Port
Vadez from the domestic ports of Puget Sound (n=14), San Francisco Bay (n=9), and Long
Beach (n=9). The datafor 1998 and 1999 are included in the total 169 vessels sampled during
this study, and the data for 1997 are derived from our previous work (as above).

Figure 3.1. Number of oil tankers sampled upon arrival to Port Valdez. Shown are the number of shipsfrom
which ballast water samples were collected by source port (i.e., last port of call) and season. Source portsinclude:

Puget Sound, WA (PS); San Francisco Bay, CA (SF); Long Beach, CA (LB); Foreign port with open-ocean

exchange (EX); Columbia River, Oregon (OR); and Barbers Point, Hawaii (HI). Seasons include: Winter (January-
March), Spring (April-June), Summer (July-September), and Fall (October-December). Data were collected

primarily from December 1997 — December 1998, and some additional data were collected in May-June 1999.
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3C2. Abundance of Organismsin Ballast Water
() Tota Density by Source

We measured an average of 12,637 (s.e. = 5,533) total organisms per m*in the ballast
water for all 169 vessels from domestic and foreign source ports. This estimate excludes the
chain-forming diatoms, which were detected in the samples from 16 domestic tankers. Although
the chain-forming diatoms are difficult to quantify (as above), we estimated average densitiesin
excess of one million organisms/m?®, approximately 100 fold higher than the densities of solitary
diatoms and all other taxa measured for either domestic or foreign tankers (Fig. 3.2). We have
excluded the chain-forming diatoms from the subsequent analyses and discussion of total density
or abundance (i.e., abundance of all organisms) below.

Figure 3.2. Densities of organismsin ballast water arrivingto Port Valdez from foreign and domestic sour ce

ports. The estimated mean densities (#/m3 and standard errors) are shown separately for chain-forming diatoms,
solitary diatoms, and all other taxa in ballast water of ships arriving from each domestic ports and foreign ports.
Chain-forming diatoms were only detected on domestic ships (n=16), whereas the other groups were present on all
domestic (n=150) and foreign (n=19) arrivals that were sampled. The data include all sample dates. Since arrivals
from foreign ports all underwent ballast water exchange in open ocean, the source is indicated as exchange.
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The average total density was significantly greater in ballast water from domestic sources
compared to that for foreign sources (Fig. 3.2; 1-way ANOVA, F (1,168 = 3.63, P=0.048). The
chain-forming diatoms were only evident in the ballast water of domestic arrivals, increasing the
magnitude of density differences between foreign and domestic traffic.

The total abundance of organismsin ballast water differed among domestic sources. Of
the three major domestic ports, arrivals from Puget Sound and San Francisco Bay had
significantly greater densities than those from Long Beach and foreign sources, whereas the
latter two were not different (Fig. 3.3; ANOVA, Fp143 = 3.71, P = 0.027). We excluded both
Oregon and Hawaii from this comparison, due to the limited sample size and absence of datafor
some seasons. Although average density from Oregon arrivals was similar to that for Long
Beach and foreign arrivals, density for Hawaii arrivals was over 10-fold lower than all others.
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Figure 3.3. Densities of organismsin ballast water arrivingto Port Valdez for each sourceport. The

estimated mean densities (#/m3 and standard errors) are shown for all organisms by source port. The data include all
sample dates (sample size indicated above bars) but exclude chain-forming diatoms. Source ports include: Puget
Sound, WA (PS); San Francisco Bay, CA (SF); Long Beach, CA (LB); Foreign port with open-ocean exchange

(EX); Columbia River, Oregon (OR); and Barbers Point, Hawaii (HI).
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The average total densities among domestic source ports corresponded to voyage
duration, with densities decreasing with voyage duration (see Fig. 2.7 of Chapt 2). Arrivalsfrom
Puget Sound and San Francisco Bay had the shortest voyage duration (average of 4.3 and 6.0
days, respectively) and highest densities. Tankers arriving from Hawaii had the longest voyage
duration (average of 10.2 days) and lowest densities, whereas arrivals from Oregon and Long
Beach were intermediate to the other domestic ports in both respects.

(b) Density by Taxonomic Group and Source

All ballast water samples contained living organisms, but the prevalence and density
varied among taxonomic groups (Table 3.1). Copepods and diatoms were detected in ballast
water from 100% of the ships sampled, and protozoans (primarily tintinnids) were found in
nearly al samples. These three groups also exhibited the highest densities, dominating the
plankton community in ballast water (see below).

Aswith the total density measures, most taxonomic groups also occurred at greater
average densitiesin ballast water from domestic sources, when pooled, compared to that from
foreign sources (Table 3.1 and Fig 3.4). For most groups, this difference was 10- to 100-fold.
The magnitude of density differences between domestic and foreign sources were much less for
crustaceans, primarily due to the presence of copepods (see Table 3.1) and solitary diatoms.
Dinoflagellates were a notable exception to the general pattern, as average density was greatest
in ballast water of the foreign arrivals.
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Figure 3.4. Densities of major taxonomic groupsin ballast water arriving to Port Valdez from foreign and

domestic source ports. The estimated mean densities (#/m3 and standard errors) are shown separately for 10
different major groups of organisms in ballast water of ships arriving from each domestic ports (n=150) and foreign
ports (n=19). Eight groups are distinct phyla that were most abundant in the ballast water, and two are composed of
multiple phyla, including eggs and trochophores (which were abundant but could not be classified by phylum) and
all other invertebrates. The data include all sample dates. Since arrivals from foreign ports all underwent ballast
water exchange in open ocean, the source is indicated as exchange.
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On afiner scale, significant variation existed in the abundance of taxonomic groups
among specific source port systems (Fig. 3.5 and Table 3.1). More specifically, differences were
present when comparing mean densities for each taxonomic group among Puget Sound, San
Francisco Bay, Long Beach, and foreign arrivals (ANOVA, see Fig. 3.5 for statistically
significant differences). Among these four ports, the densities of most taxa were relatively low
for foreign arrivals, with the exception of diatoms and dinoflagellates. This pattern resulted from
both the prevalence and densities of taxa among vessels. For example, the prevalence of most
taxawas low in the ballast water of foreign arrivals, although the densities may not been
particularly low for the few ships where ataxon was detected (Table 3.1). Acrossall arrivals,
mean densities of the various taxa were generally lowest for both Oregon and Hawaii, although
the limited sample size precludes any formal analysis.

In contrast to total organism density, the greatest average densities for taxonomic groups
did not always correspond to the shortest voyage duration (Fig. 3.5 and Table 3.1). For example,
the highest average densities of protozoans, crustaceans, and bryozoans were measured for San
Francisco Bay arrivals, and the brachyuran crabs were most abundant in samples from Long
Beach.

(c) Seasona Variation in Density
Significant differences among months were present in the total densities of organisms

present in domestic ballast water (Fig. 3.6; ANOVA, F11,168) = 1.98, P=0.033). Thisresulted
primarily from arelative increase during the spring and summer months.
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Figure 3.5. Densites of major taxonomic groupsin ballast water arrivingto Port Valdez for each source port.
The estimated mean densities (#/m3 and standard errors) are shown separately for 10 different major groups of
organisms in ballast water of ships by source port. Eight groups are distinct phyla that were most abundant in the

ballast water, and two are composed of multiple phyla, incl

uding eggs and trochophores (which were abundant but

could not be classified by phylum) and all other invertebrates. Source ports include: Puget Sound, WA (PS); San
Francisco Bay, CA (SF); Long Beach, CA (LB); Foreign port with open-ocean exchange (EX); Columbia River,
Oregon (OR); and Barbers Point, Hawaii (HI). The data include all sample dates. Sample sizes for each source port
as shown in Figure 3.3. Indicated by * are those taxa where mean density among ports, excluding HI and OR, is

significantly different by ANOVA with confidence >95%.
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Figure 3.6. Monthly densities of organismsin ballast water arriving to Port Valdez from domestic sour ce

ports. The estimated mean densities (#/m3 and standard errors) are shown for all organisms, except chain-forming
diatoms, by month. The data for all domestic source ports are included in each month (sample size shown above
bars).
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The seasonal pattern in total density varied among arrivals from the 3 major domestic
ports (Fig. 3.7). Arrivals from San Francisco Bay exhibited a strong spring peak in total
plankton density, whereas the peak appeared later in arrivals from Puget Sound. In contrast, the
density of organisms arriving from Long Beach was relatively stable throughout the year.

Figure 3.7. Monthly densities of organismsin ballast water arriving to Port Valdez by domestic source ports.

For each of the three major domestic source ports, the estimated mean densities (#/m3 and standard errors) are
shown for all organisms, except chain-forming diatoms, by month. Sample size for each source port as follows,
from left to right: Long Beach - 3,4,4,4,5,4,2,2,3,4,6,5; San Francisco -2,3,3,5,6,5,2,4,4,4,5,7; Puget Sound —
5,3,3,2,5,6,5,4,4,3,2,6.
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For the individua taxonomic groups, densities varied both by source port and month (Fig.
3.8). Ingenera, peak densities occurred between spring and summer months for all taxonomic
groups, but the timing of these peaks differed among groups. Summed across the three major
domestic ports (Puget Sound, San Francisco Bay, and Long Beach; Fig. 3.8a):

» Dinoflagellates, echinoderm larvae, chordates, and the combined eggs and trochophores
exhibited peak mean densities in |ate summer;

* Protozoans and diatoms exhibited a spring to early summer peak in mean density.

» Molluscs and crustaceans for these combined ports were relatively high from spring through
summer, exhibiting a bimodal distribution with spring and later summer peaks;

* Annelids exhibited peaks in density during the summer months of June and August;

» All other invertebrates, when combined, had relatively high densities from early spring
through fall compared to the remainder of the year.

The relative contributions of the three port systems to the overall temporal patterns varied
significantly (Fig 3.8b-d). The general seasonal patterns (i.e., spring-summer peaks) in density
were similar among ports, but clear differences existed in the magnitude and month of peak
densities among ports. As noted previously for total density across the entire year (Fig. 3.5), the
magnitude of peaks for the taxonomic groups did not correspond consistently to voyage duration.

(d) Annual Variation in Density

There were significant differences among yearsin the total density of plankton arriving
from the three major ports for June 1997-1999 (Fig. 3.9). A 2-way ANOVA reveaed differences
among years (F,32) = 3.28, P = 0.055) but not ports (P>0.05), and the interaction was not
significant (P>0.05).

The magnitude of variation among years was more pronounced for the individual
taxonomic groups in each of these ports (Fig. 3.10). Over half of the taxonomic groups exhibited
significant differences among years, when analyzed individually for each port source (1-way
ANOVA, see Fig 3.10 for statistically significant differences). As discussed above, some groups
(e.g., echinoderm larvae and chordates) could not be compared statistically, due to low
prevalence among ships.

Interestingly, the changes among years were not consistent among port sources. For
example, dinoflagellates increased in successive years for Puget Sound and Long Beach arrivals,
but was greatest in 1998 and virtually absent in the other two years for San Francisco arrivals.
While peak years in protozoan and crustacean densities were similar among the port sources, the
peak years for al other taxa were highly divergent among the port sources.
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Figure 3.8. Monthly densities of major taxonomic groupsin ballast water arriving to Port Valdez from domestic sour ce ports. The estimated monthly
mean densities (#/m?3 and standard errors) are shown separately for 10 different major groups of organisms in ballabtpsaeivihg from domestic ports.
Eight groups are distinct phyla that were most abundant in the ballast water, and two are composed of multiple phylaggugdiatidgrochophores (which
were abundant but could not be classified by phylum) and all other invertebrates. For each taxonomic group, the monthisitresaarelshown for: (a) Puget
Sound; (b) San Francisco; (c) Long Beach; and (d) the three major ports combined. Sample size for each port as indig&t&d/in Fi
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Figure 3.9. Densities of organismsin the ballast water arriving to Port Valdez from domestic portsin June of

three consecutive years, 1997-1999. The estimated mean densities (#/m3 and standard errors) are shown for all
organisms, excluding chain-forming diatoms, by source port in each year (sample size indicated above bars). Source
ports include: Puget Sound, WA (PS); San Francisco Bay, CA (SF); Long Beach, CA (LB). Densities are also

shown by year for all three source ports combined (Overall).
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Figure 3.10. Densitiesof major taxonomic groupsin the ballast water arriving to Port Valdez from domestic

sour ce portsin June of three consecutive years, 1997-1999. The estimated mean densities (#/m? and standard

errors) are shown for 10 different major groups of organisms in ballast water of ships arriving by year from three
different source ports. Eight groups are distinct phyla that were most abundant in the ballast water, and two are
composed of multiple phyla, including eggs and trochophores (which were abundant but could not be classified by
phylum) and all other invertebrates. Sample size for each source port and year as indicated in Figure 3.9. Indicated
by * are instances where ANOVA showed significant differences in density among years (above bars) and among
ports (below taxa labels) with confidence >95%.
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3C3. Diversity of Organismsin Ballast Water

In apreliminary analysis of our Fine Analysis data (see Methods), there was a significant
difference in the minimum number of taxa, and/or species richness, detected among arrivals from
the three main domestic ports (Fig. 3.11). The average species richness was greatest for Long
Beach arrivals and lowest for San Francisco Bay arrivals, and it does not correspond to voyage
duration.

Figure 3.11. Minimum number of taxa detected in the ballast water arrivingto Port Valdez by domestic

sour ce ports. Shown are the mean number (including standard errors and sample size, above bars) of distinctly
different taxa observed in plankton samples of ships from each source port. Source ports include: Puget Sound, WA
(PS); San Francisco Bay, CA (SF); Long Beach, CA (LB). All sample dates included.
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The season of peak species richness differed among port sources (Fig. 3.12). Arrivals
from Puget Sound and San Francisco Bay exhibited peaks in mean species richness in the spring
and summer, whereas those from Long Beach had their highest species richnessin the fall and
spring. Subsequent analyses indicated differences among source ports for each season, aswell as
differences among seasons for each source port (1-way ANOVA, Fig. 3.12 indicates statistically
significant differences).

To date, we have identified 14 different nonindigenous species arriving to Port Valdez in
the ballast water of oil tankers (Table 3.2). Oneisafish speciesand al the other species are
crustaceans (copepods and amphipods, which have successfully invaded the respective source
ports of arriving tankers. To date, all of these identified NIS have been in ballast water from San
Francisco and Long Beach.

We expect the cumulative list will increase, asfinal identifications are still underway for
the Fine Analysis data. Upon completion, we will report the frequency and density of these NIS
in ballast water arriving from the respective source ports.
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Figure 3.12. Minimum number of taxa detected in the ballast water arrivingto Port Valdez among domestic

sour ce ports and seasons. Shown are the mean number (including standard error above bars) of distinctly different

taxa observed in plankton samples of ships from each source port and season. Source ports include: Puget Sound,

WA (PS); San Francisco Bay, CA (SF); Long Beach, CA (LB). Seasonsinclude: Winter, (December — February);

Spring (March — May); Summer (June — August); and Fall (September — November). Indicated by * are significant
differences (ANOVA with confidence >95%) in diversity among seasons within port (see legend) and among ports
within season (see x-axis labels).
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Table 3.2. Nonindigenous speciesidentified in ballast water arrivingto Port Valdez. The source of ballast
water is indicated in which each species was detected; when two sources are indicated, the species was found in
ballast water from each source port. Source ports are: San Francisco Bay, CA (SF); Long Beach, CA (LB).

Broad Taxa |Species Ballast Source
Amphipoda |Ampelisca abdita SF and LB
Monocorophium acherusicum SF
Sinocorophium heteroceratum LB
Gammarus daiberi SF and LB
Grandidierella japonica SF
Copepoda |Limnoithona tetraspina SF
Oithona davisae LB
Acatrtiella sinensis SF
Pseudodiaptimus marinus SF
Pseudodiaptimus forbesi SF
Sinocalanus doerrii SF
Tortanus dextrilobatus SF
Mysidacea |Acanthomysis bowmani SF
Chordata Acanthogobius flavimanus SF

3D. Discussion

Our analysis indicates that significantly greater numbers of organisms are discharged into
Port Valdez and PWS in ail tankers arriving from domestic ports compared to those from foreign
ports. Thisresults from the number of arrivals and the density of organismsin their ballast
water, as both are greatest for the domestic arrivals. Accounting for number of arrivals and
density (by source port and season), Table 3.3 estimates the total supply of plankton that we
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sampled to be roughly 264 billion organismsin 1998. Of this, approximately 3% arrived from
foreign traffic.

The differences observed in total density, as well as taxon-specific density, among arrivals
from different source ports may result from a combination of multiple factors, including (a)
differencesininitial densities, (b) differencesin survivorship, and (c) effects of ballast water
exchange (conducted for foreign but not domestic arrivals).

Table 3.3. Estimated number of large, planktonic organisms delivered in tankers’ ballast water to PWS and
Port Valdez in 1998. Shown by source port and season are (1) the estimated total ballast water volumes, (2) mean
densities of planktonic organisms, including standard errors and sample size, and (3) total number of planktonic
organisms arriving in the ballast water of oil tankers. Total Volumes are derived from Table 2.1. Mean densities
were estimated from analysis of plankton samples, which were collected by 80micron net, and exclude chain-

forming diatoms (see text for description). Where no samples were available for a season (e.g., Hawaii and Oregon),
the grand mean across al samples of that source port was used. The bottom row (Overall) estimates the total ballast
water volumes and total organisms delivered as a sum. Source portsinclude: Puget Sound, WA (PS); San Francisco
Bay, CA (SF); Long Beach, CA (LB); Foreign port with open-ocean exchange (EX); Columbia River, Oregon (OR);

and Barbers Point, Hawaii (HI). Seasonsinclude: Winter (January-March), Spring (April-June), Summer (July-
September), and Fall (October-November).

Density organisms (#/m?3)

Phyto.+Zoopl. Zoopl. Phyto.+Zoopl. Delivered Zoopl. Delivered
Port/Source | Season | Total BW (m3) Mean(se) Mean(se) n Billions Billions
Winter 1,802,432 5963(1432) 879(343) 11 10.75 1.58
Spring 1,885,260 17602(9543) 3427(1423) 11 33.18 6.46
PS Summer 2,032,432 24116(8198) 8539(3062) 12 49.01 17.35
Fall 1,796,382 8546(2636) 1269(384) 8 15.35 2.28
Grand total 7,516,506 42 108.30 27.68
Winter 1,082,594 24686(13263) [ 13435(9497) 8 26.72 14.54
Spring 1,345,169 48504(23134) | 29876(14848)| 13 65.25 40.19
SF Summer 1,573,660 14572(2914) 10696(1959) | 10 22.93 16.83
Fall 1,340,469 8840(1961) 7162(1488) 12 11.85 9.60
Grand total 5,341,892 43 126.75 81.17
Winter 585,468 4298(1094) 3426(954) 11 2.52 2.01
Spring 395,187 4848(667) 3734(490) 10 1.92 1.48
LB Summer 504,630 15951(3274) 15145(3175) 6 8.05 7.64
Fall 390,180 6574(1613) 5508(1639) 12 2.57 2.15
Grand total 1,875,465 39 15.05 13.27
Winter 379,377 8791(3127) 1852(423) 7 3.34 0.70
Spring 265,764 3466(2144) 1634(775) 3 0.92 0.43
EX Summer 149,280 18447(14784) 3393(3141) 5 2.75 0.51
Fall 141,168 3571(1398) 3179(1100) 2 0.50 0.45
Grand total 935,589 17 7.51 2.09
Winter 262,638 0 2.49 0.02
Spring 113,000 0 1.07 0.01
OR Summer 97,287 - - 0 0.92 0.01
Fall 273,966 9474(6138) 65(13) 2 2.60 0.02
Grand total 746,891 7.08 0.05
Winter 189,994 772 17 1 0.15 0.00
Spring 111,145 - - 0 0.05 0.00
HI Summer 142,596 102(72) 14(2) 2 0.01 0.00
Fall 108,370 - - 0 0.05 0.00
Grand Total 552,105 3 0.26 0.01
Overall 16,968,448 145 264.94 124.26
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Among the domestic arrivals, many of the observed differences in prevalence and density
probably result from initial differences at the locations where ballast tanks are filled. For
example, thismay explain the especially strong differences observed in densities of some
organisms, such as dinoflagellates and protozoans (Fig. 3.8), among source ports. Although we
have very limited data on the initial densities within ballast tanks at the start of the tankers’
voyages (see Chapter 5), the published literature indicates that significant variation in the density
and diversity of plankton communities among these and other source ports should be expected.
In this context, it is perhaps important to recognize some conspicuous differences that existed
among the domestic source ports. Certainly there are many differences in the habitat
characteristics (e.g., composition, extent, quality, proximity to ports, etc), which may influence
what is initially entrained in the tankers’ ballast tanks. However, there are also two
physical/chemical characteristics that are widely recognized to influence the composition and
dynamics of biotic communities: temperature and salinity. Temperature clearly differed among
domestic port systems, increasing from north to south. Among the major domestic ports, salinity
was extremely low for San Francisco Bay compared to Puget Sound and Long Beach in 1998, in
which rainfall was relatively high (due to EI Nino Southern Oscillation) and had a
disproportionately large effect on salinity in San Francisco Bay.

Despite any initial differences in plankton communities, it is evident that survivorship
during transit can contribute strongly to the observed differences in biota arriving from various
source ports. A variety of studies have now shown a significant decline in the density of
planktonic organisms in ballast tanks during voyages, and the magnitude of decline is time-
dependent, increasing significantly with voyage duration (Wonham et al. 1996, LaVoie et al
1999, Smith et al. 1999; however see below for possible exceptions). We have obtained similar
results aboard oil tankers arriving to Port Valdez (Chapter 5). For most taxa, the decline has been
attributed to mortality. However, for a few groups included in our analysis, such as diatoms and
dinoflagellates, it is possible for the organisms to develop dormant stages that can accumulate on
the bottom of ballast tanks.

Ballast water exchange undoubtedly had a significant effect on the plankton community
associated with foreign arrivals, contributing to the major differences in biota between foreign
and domestic arrivals. Exchange can significantly reduce the concentration of many organisms
within ballast tanks, and it can also entrain additional organisms from the oceanic site of
exchange (Ruiz et al. 1997, 1999; see also Chapter 5). In our study, the combination of ballast
water exchange and voyage duration (which was relatively high for foreign ports) would both
operate reduce initial densities of coastal plankton and contribute to the lower abundance of
many taxonomic groups in ballast water of foreign arrivals compared to that from domestic
arrivals. In contrast, the domestic arrivals did not undergo ballast water exchange and arrived to
Port Valdez with the initial coastal water, following a relatively short voyage.

We hypothesize that the combined effects of ballast water exchange and voyage duration,
instead of initial densities, were responsible for observed differences in abundance of coastal
organisms between domestic and foreign arrivals. More specifically, we suggest that these
forces reduced the densities of predominantly coastal organisms such as cnidarians, flatworms,
annelids, molluscs, chordates, echinoderms, bryozoans, barnacles, and many other crustacean
groups (see Chapter 5 for further discussion).
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The effects of ballast water exchange for some taxonomic groups, and its contribution to
observed differences in their abundance between foreign and domestic arrivals, is not so well
resolved. Unlike the low abundance of coastal organisms, foreign arrivals had relatively high
densities of dinoflagellates, copepods, and solitary diatomsin their ballast water. Most of these
organisms were probably oceanic in origin and were entrained during the exchange process.
Thisis certainly the case for the copepods, for which the species were recognized as oceanic and
the generation time isin excess of the voyage duration. However, there is some suggestion that
an increase of phytoplankton can result from ballast water exchange, as generation times are
relatively short and the organisms may respond rapidly to changes in water quality following
exchange (Gollasch et a.1998, LaVoie et a. 1999). The extent to which populations of these
taxa, either of coastal or oceanic origin, may have increased following exchange is uncertain.

The temporal variation observed in plankton densities was largely expected. In general,
the seasonal peaksin density corresponded to seasonal production and density variation
measured for plankton in north temperate estuaries. The magnitude of variation observed among
years also is evident in field studies, including especially an El Nifio event such as that for 1998.
The heavy rainfall in that year was associated with especially high densities of protozoans,
solitary diatoms, and copepods in the arrivals from San Francisco Bay.

Although we have identified 14 nonindigenous species in the ballast water arriving to Port
Valdez, and have provided some comparative data on species richness, these results must be
viewed with caution. Clearly these numbers are minimum estimates. Although both estimates
will increase upon completion of the voucher identification (see results), the measures can only
be applied to a subset of the taxa and will always represent a minimum value. More specifically,
most of the larval invertebrates (e.g., molluscs, barnacles) include many different species, which
cannot be readily distinguished as larvae. All bivalve larvae are therefore treated as one species
in our analysis, masking the diversity that most certainly exists. Thus, this approach is useful
primarily in describing minimum diversity of native and exotic species arriving in ballast water,
and does not necessarily reflect actual diversity patterns in space or time.

It is also important to recognize that our conclusions about patterns of abundance and
diversity are focused on the large (>80 micron) segment of the plankton community within
ballast tanks. We have provided some additional qualitative information about the macrofauna
found on the bottom of tankers’ ballast tanks (Chapt 6, this report). Thus, our data do not
address density or diversity of microorganisms and taxa missed by an 80 micron mesh. The
dynamics of these groups are very much in debate, as few good data exist to discern the potential
for population changes (either declines or increases), due especially to mortality, dormancy and
cyst formation, or ballast water exchange.

Beyond the variation in plankton delivery by time and source port, our data underscore
that both the concentration and cumulative amount of plankton arriving in tankers’ ballast water
to Port Valdez and PWS is relatively high compared to that estimated for other ports (e.g.,
Carlton and Geller 1993, Smith et al. 1999). This results from both the volume of water
delivered (Chapter 2) and the concentration of plankton, as both values are relatively high. We
hypothesize that the abundant plankton results from the short voyage duration for domestic
traffic, accounting for approximately 97% of the total tanker arrivals at present. In contrast,
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although Chesapeake Bay receives more total ballast water per year than PWS, most of the
ballast water comes from Europe, arriving in 10-14 days with an average concentration of 200
organisms/ m® (Smith et. al. 1999; Ruiz et a., unpubl. data). Furthermore, it appears that
ballast water arriving to the Chesapeake from domestic ports also has alower density than that
arriving to PWS from domestic ports.

Finally, from an invasion perspective, there are three unusual features of our analysis that

deserve explicit mention:

Thisis the most comprehensive analysis of domestic, coastwise ballast transfer. Most

organismsthat arrive in ballast water to PWS come from domestic source ports, which are
themselves highly invaded. Thus, our study examines the opportunity for sequential

invasions, which can “leapfrog” up the coast following initial colonization of North America.
The delivery of ballast water by tankers to Port Valdez is a relatively recent development,
beginning in 1977. Although many features may influence the risk of invasion, it is often
considered to increase with the frequency, density, and duration of inoculation. Our results
indicate that the risk associated with the first two of these is relatively high. However, the
operation of this transfer mechanism has only existed for three decades. Even at the current
rates of organism delivery (see above), invasion success may be influenced strongly by
duration. In contrast, many other ports have been receiving ballast water and ballast
materials for a century or more.

Delivery of ballast water from foreign sources by tankers is even a more recent development,
beginning in 1996. Although this accounted for only 3% of the total volume of ballast water
delivered in 1998, all of the ballast water delivered by foreign arrivals had undergone
exchange. Some coastal organisms remained in the exchanged tanks (see Chapter 5);
however, the total supply of organisms from foreign ports is both relatively small and
extremely recent compared to other port systems.
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Chapter 4. Predicting Initial Survival of Ballast Water Organisms
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4A. Purpose

When ballast water is discharged into the receiving waters, the associated plankton
encounters new conditions without time to acclimate. Survival may depend on short-term
tolerances to accute variation in salinity-temperature combinations. If temperature-salinity
conditions of ballast water closely match those of the receiving waters, then initial survival is
predicted to be higher than when the conditions do not match closely. To determineif NIS
arriving in ballast water can survive theinitial exposure to temperature-salinity conditionsin
Prince William Sound, we tested the match of conditions between ballast water and ship-side
water, and the short-term survival of ballast organisms in representative combinations.

4B. Temperature & Salinity: Match of Source and Receiving Ports

4B1. Methods

Samples of ballast water were collected from segregated ballast tanks and from ambient
waters adjacent to each ship sampled for ballast water plankton. A small niskin bottle lowered
through hatch covers into the ballast tanks and lowered off the end of the ship’s berth to collect
samples from the water surface and 10 m depth, which was determined to be below a potential
thermocline or pycnocline. Salinity was determined to the nearest ppt with a refractometer and
temperature to the nearest @5with a hand-held thermometer.

4B2. Results

Temperature and salinity of the receiving waters of Port Valdez exhibit a distinct
seasonal pattern (Fig. 4.1a, b). Water temperatures of Port Valdez at 10 m depth cycle
seasonally from a low of &C in February to a high of 13 in July. Surface water temperatures
are more variable and 1°6 warmer than deep water in the spring. Salinity during December to
April was about 31 ppt and the water column was well mixed. Water in Port Valdez was sharply
stratified by depth as snow melted from late April to September, with salinities of surface waters
dropping to 4-15 ppt while salinities at 10m depth declined only to about 25 ppt.

Water in the segregated ballast tanks rarely exhibited much depth stratification.
Temperatures of segregated ballast water varied seasonally with a winter mean low of about 7.5
°C (+-3C) and a summer high of about’Cs(+-3’C) (Fig. 4.1c). Salinities of ballast water did
not exhibit a seasonal pattern, but salinities fell into two distinct ranges, depending on the source
port of the tanker (Fig. 4.1d). Most tankers delivered high salinity ballast water (ca. 30 ppt,
range 20-36 ppt). In contrast, about 20% of the tankers throughout the year released ballast water
of low salinity (ca. 4 ppt, range 0-14 ppt, mainly from Benicia in San Francisco Bay, especially
during the heavy EI Nifio rains in 1998).
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Figure4.1 Seasonal Cyclesof Temperaturesand Salinities of Receiving and Ballast Water. Shown above are
temperatures (A) and salinities of Port Valdez, Alaska at Om and 10m depth. Shown below are average
temperatures (C) and salinities (D) of ballast water discharged into Port Valdez by tankers. Averages are for two
tank depths (Om and 10m depth) combined.
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Annual variation in temperature and salinity among source ports and receiving waters of
Port Valdez was compared in June of 1997, 1998, and 1999 (Fig. 4.2). Temperature of ballast
water from Long Beach (13-14°C) and San Francisco(13-14°C) was about a degree warmer than
from Puget Sound (11-12°C), but temperature of ballast water from Puget Sound was similar to
the surface water of Port Valdez (11-12°C), which was 1-3°C warmer than water at 10 m depth
(7-9°C). However, there were no significant differences in temperatures among years. Salinity of
ballast water from Long Beach (33ppt) was highest of the source ports, while that from San
Francisco (10-14 ppt) was the lowest, and Puget Sound was intermediate (29-30 ppt). Surface
salinity at the surface of Port Valdez (10-21ppt) was similar to ballast water from San Francisco
Bay, while salinity at 10 m depth in Port Valdez (29-30 ppt) was similar to ballast water from
Puget Sound. Salinity of ballast water from Long Beach and Puget Sound, as well as deep water
at Port Valdez, did not differ among years. However, salinity of ballast water from San
Francisco Bay and at the surface in Port Valdez was lowest in 1998, highest in 1997 and
intermediate in 1999.

Thus, there was often a good correspondence of physical characteristics between ballast
water and receiving water, depending on the source port, time of year and water depth in Port
Vadez. Temperatures of ballast water were a bit higher than of receiving waters, but the
differences were not great, and there was considerable overlap between ballast and receiving
water throughout the year. Higher salinities of ballast water from most source ports were similar
to deeper water of Port Valdez throughout the year and similar to surface water during winter
and early spring. During summer the vertical stratification in Port Valdez resulted in ballast
water from both high and low salinities having good correspondence in major areas of the
receiving waters. Based on these physical characteristics of ballast and receiving water,
temperatures of Port VValdez would not appear to prevent survival of organisms from most source
ports. Nonindigenous species from nearly fresh water, estuarine and full-strength sea water may
also find corresponding salinities in Port Valdez.
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Figure4.2 Annual Variation in Temperature and Salinity of Ballast and Receiving Water. Shown are
temperatures (top) and salinities (bottom) of ballast water arriving to Port Vadez in tankers from west-coast source
ports (PS = Puget Sound, WA ; SF = San Francisco, CA; LB = Long Beach, CA), and of recieving waters of Port
Valdez at surface (V-0) and 10m depth (V-10). Barsindicate means and S.E. for June 1997, 1998, 1999.
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4C1. Methods

We conducted experiments at the SERC laboratory in Valdez to test for temperature x
salinity tolerance of selected planktonic organisms arriving in segregated ballast water. Based on
the two salinity categories of segregated ballast water released into Port Valdez (see above, Fig.
4.1a, b), we grouped the experimental organismsinto "freshwater taxa" and "seawater taxa" (Fig.
4.3).

Figure 4.3. Survivorship of Ballast Water Organismsin Salinity x Temperture Experiments. Survivorship of

ballast water organisms at 96 hour exposure to 9 combinations of salinity and temperature in laboratory experiments.

Three sdlinities (10, 20, 30 ppt) and three temperatures (3, 9, 15°C) were tested to represent the range of seasonal
variation in Port Valdez. (A) Trials with organisms from ballast water with fresh water sources (n =9). (B) Trials
with organisms from ballast water with seawater sources (n = 15).
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Nine combinations of three temperatures (3, 9, and 15 °C) and three salinities (10, 20, and
30 ppt) were selected to represent the seasonal range of conditions for Port Vadez. Organisms
used in the experiments are collected from the common species of plankton arriving in tanker
ballast water. For each experiment, 10 individuals were placed in each of 3 replicate culture
dishes at each of the 9 treatment combinations. Thus, there were 27 trials in each experiment (9
treatments x 3 replicates). The test organisms were sorted in the lab and transferred directly to
culture dishes maintained in incubators for 96 hrs, simulating release of ballast water into
conditions of the Sound. Phytoplankton or brine shrimp nauplii were supplied as food to the
cultures during the test period.

Experiments (n = 24) were completed with organisms from the following taxonomic
categories:

Tintinnid protistan 1 experiment
Nemertean worm larvae 2 experiments
Spionid polychaete worm larvae 3 experiments
Gastropod veliger larvae 1 experiment
Copepods

calanoid 4 experiments

harpacticoid 1 experiment

cyclopoid (Oithonaspp.) 6 experiments
Barnacle nauplii 3 experiments
Crab zoea 1 experiment
Mysid shrimp 2 experiments

Nine of these were "freshwater taxa" and 15 were "seawater taxa'. We intentionally selected
copepods especialy Oithona spp., for many of our experiments, because we recognized these as
NIS arriving in apparently good condition from San Francisco Bay.

4C2. Results

Short-term survivorship of these ballast water organisms was high (>50%) for fresh water
taxaat 10 ppt, and for seawater taxa at 20-30 ppt. These short-term experiments also showed that
the ballast organisms had distinct, but quite broad tolerances that clearly overlap conditions of
temperature and salinitiesin Port Valdez. For example, although there was considerable
variation in survivorship among individual experiments, mean survivorship of calanoid copepods
varied from about 20-80% for each test salinity, but survivorship of calanoidsin most
experiments increased with salinity (Fig. 4.3). Oithona spp. (which include known NIS
copepods) were able to tolerate salinity-temperature conditions they would encounter in the
receiving waters of Port Valdez.

The freshwater and seawater taxa differed substantially in their patterns
of temperature x salinity tolerance (Fig. 4.3). The survivorship of seawater taxa at any of the 3
test temperatures generally increased with increasing salinity, and there were not great
differences in survivorship among temperatures. However, survivorship of freshwater taxa at all
temperatures generally declined sharply with increasing salinity, and survivorship at 3°C was
markedly lower than at 9 or 15°C.
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4D. Conclusions

Planktonic species arriving to Port Valdez in ballast water have high potential of
surviving the salinity-temperature conditions that they encounter during initial discharge from
the ship. Although some taxawill not tolerate some salinity layersin the seasonally stratified
conditions in the Port, the overlap of ballast water with Port conditions at some stratais high.
Plankton in the ballast water, including known NIS such as Oithona spp., should be able to
tolerate these conditions. Conditions other than initial salinity-temperature combinations
probably determine whether or not these organisms survive to become established within Prince
William Sound.

5
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Chapter 5. Ballast Water Exchange Experimentson Tankers
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5A. Purpose

The primary objective of this research component isto measure the efficacy of ballast
water exchange in removing various types of taxafrom ballast tanks of oil tankers. There are very
few quantitative studies that have measured the effects of exchange, and these are restricted to
just afew vessel types and measure the effect on a small subset of entrained taxa. Itislikely,
however, that the efficacy of exchange varies by vessel type, tank design, and organism type. To
date, there have been no measures of ballast water exchange for oil tankers.

Ballast water exchange is the most widely used national and international management
strategy to limit new invasions associated with ships’ ballast water (Hallegraeff 1998, Zhang &
Dickman 1999, Dickman and Zhang 1999,. Moreover, exchangeis currently the only treatment
method available for commercia ships to reduce the quantities of non-indigenous coastal plankton
in ballast water (National Research Council 1996). This practiceis recommended by the
International Maritime Organization (IMO) to reduce the risk of invasion by shipping.
Furthermore, the U.S. Congress passed the National Invasive Species Act of 1996 (NISA) to
encourage ballast water exchange. Specificaly, NISA requests that vessels arriving from outside
of the Exclusive Economic Zone (EEZ) voluntarily conduct open-ocean exchange of ballast tanks
to be discharged in U.S. ports

Commercial ships practice two basic types of ballast water exchange to replace coastal with
oceanic water. Flow-Through (FT) Exchangeis conducted by pumping oceanic sea water
continuoudly through a ballast tank to flush out the ballast water originating from a coastal source
port. Empty-Refill (ER) Exchangeis performed by emptying a ballast tank of its coastal water and
refilling it with oceanic water.

Each exchange method may vary in efficacy due to the amount and circulation of water
being removed, independent of any tank- or vessel-specific effects on efficacy. For example, FT
Exchangeinitialy has the effect of dilution but not complete replacement of ballast water.
Alternatively, organisms may differ in their distribution or response to water turbulence. Some
taxamay swim against currents or always reside near the bottom of tanks, which could greatly
influence the effect of ballast water exchange on removal.

To maximize the degree of exchange, multiple exchanges are often recommended. The
current IMO standard recommendation is 300% exchange for Flow-Through, while 100-200%
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exchange is common for Empty-Refill. These recommended standards provide atheoretical level
of at least 90% replacement of coastal water by oceanic water, but thisis largely untested among
the broad range of vessel types and tank configurations. Specifically, there are almost no
experimental analyses which quantify the efficacy of aternative exchange methods and multiple
tank exchanges, even though (a) thisis the present national and international management strategy
being implemented and (b) the cost of such exchangesis substantial in ship fuel and operations
time.

We initiated a rigorous quantitative comparison of ballast water exchange methods on ail
tankers arriving to PWS. Across two years, we conducted replicated exchange experiments,
allowing us to measure the effects of both exchange methods on reduction of entrained organisms
and standard physical and biological tracers.

We hypothesize that (1) Empty-Refill exchange will have the highest efficiency, (2)
relatively little reduction in density occurs after the first exchange event, and (3) a significant
difference exists among taxa on the effect of ballast water exchange. Our experiments were
designed to directly test these hypotheses and provide needed quantitative data on this management
practice.

Thiswork was initiated in two phases, extending the duration of the analyses and
allowing us to increase the replication (and therefore strengthen the statistical power and value of
thisanalysis). Thefirst phase was initiated in summer of 1998. Through the cooperation and
financia support from the American Petroleum Institute, SeaRiver and ARCO, we conducted the
ballast water exchange experiments on four separate voyages of tankers to Alaskain June/July of
that year. The second phase was initiated in spring of 1999, when we received additional
funding from U.S. Fish and Wildlife Service to conduct similar experiments (with increased
measurements) on another four voyagesin summer. In addition to analysis of these experiments,
we agreed (with additional funding from phase two) to provide areview of existing data on the
efficacy of ballast water exchange, alowing us to examine our results from oil tankers to those
reported for other vessel types.

All of the experiments have been completed, but we have not yet completed the full
analysis of al samples. We report here on the experiments conducted, including the status of
sample analysis and initia results. We will provide acomprehensive report of the results across
both phases upon completion of our analyses. We anticipate that these results will be available
by June 2000.

5B. Methods
Although the overall goal of this research was to measure the efficacy of ER and FT
methods of ballast water exchange in removing coastal plankton from ballast water, our
experimental design allowed usto address three specific objectives:
» Comparethe efficacy of ER and FT exchange methods in removing arange of different
materials (biotic and abiotic);
» Measure the effect of repeated exchanges. comparing 100, 200, and 300% exchange of the
tanks.
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» Measure the survivorship of organismsin ballast water over the course of routine voyages.
Since the density of organisms can change during a voyage (see Chapter 3 for discussion), it
was important to control for such changesin experimental tanks that were independent of the
exchange treatment. For this purpose, we included identical measures for an unexchanged
control tank on every vessel. Although key to the experimental analysis, this also provided
an opportunity to address this third objective.

All experiments were conducted aboard oil tankers during regular operations, en route to
Port Valdez. Each tanker served as an experimental platform. Each ship was boarded by a pair of
SERC dtaff at a domestic source port (San Francisco, Puget Sound, or Long Beach), where ballast
water used to fill the segregated ballast tanks just in advance of departure for Port Valdez. The
tanks underwent various treatments and were sampled repeatedly during the voyage (below).

Experimental Design

The experiment consisted of areplicated, factorial, and paired design. On each ship, we
sought to use 3 different ballast tanks that were each subjected to a different treatment: No
exchange (=Contral), ER Exchange, and FT Exchange. Each Treatment tank was sampled as
many as 5 time points, coinciding with: initial ballast loading, 100% exchange, 200% exchange,
300% exchange, and fina at arrival to PWS.

Ballast water was |oaded in accordance with standard operating procedures at dockside. All
exchanges occurred in open, oceanic conditions well outside the influence of coastal waters (>75
miles offshore). Exchanges of tanks were managed by ships’ crewsin coordination with the desired
sampling schedule. For FT Exchange, seawater was pumped into the ballast tanks, causing ballast
water to overflow through the top of the tanks and onto the deck. After a volume of water equal to
the volume of the tank was pumped, the exchange was interrupted and samples were collected. For
ER Exchange, ballast tanks were drained initially by gravity and then by pumping before refilling
with seawater. The process required approximately 12 hours for each multiple of exchange.

The specific details of implementation and sampling are described below in various
sections.

Biotic and Abiotic Tracers.

In addition to quantifying the effect of ballast water exchange on entrained plankton
communities in the ballast tanks, we used four different types of tracers for parallel measures of
efficacy. One of these (salinity of the resident water) ssmply involved collecting and measuring
attributes of the resident water. The other three involved materials that we added directly to the
ballast tanks, including: Rhodamine dye to trace the fate of the initial water; 1 um Fluorescent
Microspheres that simulate passive particles such as cysts; and newly hatched Artemia (brine
shrimp) nauplii, native to San Francisco Bay, as aliving particle.

Each tracer can provide information about different components of the ballast tank
environment during exchange (asindicated above). Moreover, we were interested in developing
some standardized measures for comparisons across ships. Since the resident community within
each ship’s ballast tanks may differ considerably (see Chapter 3), the tracers could provide a



Chapt 5 Ballast Water Exchange Experiments, page5- 4

common currency for comparing exchange performance among many shipsin away that is smply
not possible for the entrained plankton communities.

Tracers were added to ballast tanksin a standardized way, following approval for usein
these experiments by the U.S. Environmental Protection Agency. The quantity of tracer was
chosen to produce desired concentrations for the specific volumes of each tank, such that
anticipated dilution during exchanges would allow usto detect at least a 100-fold reductionin
measurable concentrations of each tracer.

Tracers were added to at least two locations in each tank during early stages of ballast tank
filling (i.e., before the tank was 25-50% full), so as to increase the opportunity for mixing
throughout each tank. Rhodamie and microspheres were added directly to al tanks. In contrast,
Artemia wereinitially cultured (i.e., the cysts were added to salt water and hatched in bucketsin
advance of boarding the ship), and the resulting organisms were used to inoculate ballast tanks.

Sample Collection.

Replicate samples were collected at 2 —3 different locations (i.e., tank access points) from
each tank, for up to 5 different sampling periods (as above). Sampling procedures for the plankton
community followed our established protocol for characterization of ballast water (see Chapter 3
for description); Artemia abundance was measured as a component of the plankton (see below).
Replicate whole water samples were collected from two depths (Om and 10m), using a Niskin
bottle. Whole water samples were used to measure salinity, temperature, and concentrations of dye
and microspheres.

For each sampling location and period, we collected 2 replicate samples for all measures.
Thus, for each tank and sampling period, we obtained at least: 4 plankton samples (2 locations x 2
samples); 8 rhodamine samples (2 locations x 2 depths x 2 samples); 8 mircosphere samples (2
locations x 2 depths x 2 samples). Temperature and salinity measures were made immediately
upon all replication Niskin samples (at least 8 per tank and sampling period, as above).

Although we followed the same general sampling protocol for all voyages (in both years),
we collected additional whole water samples during the 1999 experiments to measure changes in
the abundance of total bacteria and ciliate protozoans. For both measures, we collected at least 8
samples per tank and sampling period (2 locations x 2 depths x 2 samples). Samples were
collected from all experiments in 1999 to measure total bacteria. However, we only included
samples from one vessel for the protozoans, due to the time-intensive nature of analysis for this

group.

Sample processing.

Water temperature and salinity were measured immediately, using a hand-held
thermometer and refractometer, respectively. Plankttemia samples were examined aboard
ship initially to assess general condition (live/dead, active, lethargic) soon after collection, using
dissecting microscopes; these samples were then preserved in 5% buffered formalin. The preserved
plankton samples were sorted and enumerated in the laboratory as described in Chapter 3 for Fine
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Analysis. Thus, densities were estimated for each taxon, and voucher samples were sent to experts
to verify the taxonomic identity.

The tracersin whole water samples are being quantified in the laboratory at SERC (dye
concentration with a fluorometer, micro-spheres with direct counts under a fluorescent compound
microscope). Total bacteriaare aso being estimated by direct count with a compound microscope,
using standard techniques. The protozoan have been sent to a colleague (Dr. Richard Pierce,
expert in ciliate protozoa) for direct counts by taxon.

5C. Reaults

The experiments were conducted on 8 different voyages, which were divided evenly
between the two years (Table 5.1). All experiments were conducted from June to mid July, to
control for seasona variation and to occur during aperiod of high plankton abundance (see
Chapter 3). Six of the 8 shipsincluded al three treatments. ER exchange, FT exchange, and
control. These were SeaRiver ships, departing from the ports of San Francisco Bay and Puget
Sound. However, thelarge ARCO tankers were not able to perform ER exchange; experiments
aboard these remaining 2 shipsincluded only FT exchange and control tanks.

Table5.1. Overview and status of ballast water exchange experiments conducted aboard oil tankersarrivingto
Port Valdez, 1998-1999. For each of 8 replicate experiments: (A) The upper table indicates the vessd, start date,
source port, exchange methods, and number collected samples (physical/chemical and biological); (B) The lower table
indicates the status of the respective samples. Physical/chemical tracersinclude salinity, rhodamine, and flourescent
microspheres (shown in lower table). Biological tracersinclude resident zooplankton and brine shrimp (Artemia) in
both years, aswell astotal bacteriain1999 only. . Source ports. Puget Sound, WA (PS); San Francisco Bay, CA (SF);
Long Beach, CA (LB). Exchangetypes. Empty-Refill (ER) and Flow-Through (FT). Seetext for experimental
design.

A.
# of samples # of samples
Ship Date  Port Source Exchange type(s) Physical tracers Biol. Tracers
S/R Baytown 27-Jun-98 SF ER+FT 120 60
S/R Benicia 01-Jul-98 SF ER+FT 120 60
S/R Long Beach 08-Jul-98 SF ER+FT 120 60
ARCO Independence 18-Jul-98 LB FT 80 40
S/R Baytown 11-Jun-99 PS ER+FT 60 144
ARCO Spirit 12-Jun-99 LB FT 64 164
S/R Baytown 08-Jul-99 PS ER+FT 60 144
S/R Long Beach 19-Jul-99 SF ER+FT 120 252
B.
status of proccessing (ip=in progress)
Ship Date Salinity Rhodamine Microspheres  Zooplankton/Artemia Bacteria
S/R Baytown 27-Jun-98 done done ip done
S/R Benicia 01-Jul-98 done done done done
S/R Long Beach 08-Jul-98 done done done done
ARCO Independence 18-Jul-98 done done done done
S/R Baytown 11-Jun-99 ip done done done ip
ARCO Spirit 12-Jun-99 ip done done done ip
S/R Baytown 08-Jul-99 ip done done ip ip

S/R Long Beach 19-Jul-99 ip done done ip ip
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We distributed our experiments among the three source ports to maximize the range of
conditions (e.g., taxonomic groups, voyage duration, vessel types, and sdinity), allowing usto test
for generd patterns among oil tankers. For example, diversity (and salinity) was generally greatest
for ships from Long Beach and Puget Sound, and voyage duration differed among source ports
(see Chapters 2 and 3). However, the traffic from each source port presented some unique
constraints to the overall design:

(2) Shipsfrom Long Beach could not perform ER Exchange;

(2) Shipsfrom San Francisco contained low salinity waters, especially during the 1998 El Nino
year, creating a possible physiological stress for organisms when exposed to exchange (not
present at the other ports);

(3) Shipsfrom Puget Sound were not able to complete as many exchanges during the short voyage
duration, limiting the total exchange volume to 100% or 200% (instead of the 300% possible
for the longer voyages from other source ports).

For all experiments on all 8 vessals, we have measured the effect of at least one full (100%)
exchange for the exchange methods and tracersindicated in Table 5.1. In addition, for the majority
of vessels we have aso measured the effect of multiple exchange events.

Table 5.1 dso indicates the number of samples taken for each voyage and the status of
these samples. The analysisfor physical tracersis actualy twice the number shown, asthe same
sampleis used for analysis of rhodamine and microspheres.

Although the samples are now at various stages of analysis (Table 5.1), our initial
analyses suggest a significant difference between ER and FT exchange in the reduction of
rhodamine dye. For example, Figure 5.1 shows the average change in concentration of
rhodamine for the respective treatments across multiple exchange eventsin 1998. The
concentration of dye was reduced by 80 and 99% (for FT and ER exchange, respectively)
compared to the initial concentrations. Interestingly, the concentration of dye in the control tank
increased between the first and second measures, and this change is attributed to inadequate
mixing at time T, for some ships (as evidenced by vertical stratification that was present in our
raw data). Similar patterns exist for the rhodamine data collected in 1999.

Despite the rhodamine results, demonstrating relatively high levels of exchange, it is
premature to draw conclusions about the efficacy of exchange to remove organisms. We are
now analyzing the samples to measure removal rates for both biological and physical tracers
(i.e., microspheres), and we expect to complete these analyses by June 2000. At present, itis
evident that some taxa declined in abundance (following exchange) to the same extent as
rhodamine dye. Figure 5.2 shows a decline in the abundance of Limnoithona sp. for both ER and
FT exchange on one vessel. The density actually increased in the control tank, and this was due
most likely to growth of copepodite stages instead of mixing. Changes in the abundance of other
taxa appear to be much less striking, although analysis of the overall pattern (including variation
among taxa) must await completion of all quantitative counts and taxonomic verification.
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Figure5.1. Effect of ballast water exchange on rhodamine dye concentrations. Data are from exchange

experiments conducted in the ballast tanks of oil tankers arriving to Port Valdez. Shown for 1998 voyages (n=4

vessels) is the mean percent change in rhodamine dye concentration (compared to the initial time measure) at each

of four successive time points for 3 different treatments: Control — ballast tanks that did not undergo exchange; ER
Exchange — ballast tanks that underwent Empty-Refill Exchange; FT Exchange — ballast tanks that underwent Flow-
Through Exchange. See text for experimental design.
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Figure5.2. Effect of ballast water exchange on Limnoithona sp.density. Data are from exchange experiments
conducted in the ballast tanks of an oil tanker arriving to Port Valdez. Shown for one voyage is the mean density of
the copepod SPECIES at each of five successive time points for 3 different treatments: Control — ballast tanks that
did not undergo exchange; ER Exchange — ballast tanks that underwent Empty-Refill Exchange; FT Exchange —
ballast tanks that underwent Flow-Through Exchange. See text for experimental design.
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Changes in the density of entrained biota within the control tanks of each vessel will
measure survivorship over time (i.e., during transit). Thiswill allow usto test our hypothesis
(above) about the effect of voyage duration on survivorship, and whether differences among port
sources are due to such time-dependent survivorship.

5D. Discussion
Thisisthefirst study to compare the relative efficiency of exchange methods (ER and FT

exchange) for any vessal type or taxon.
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Quantitative and experimenta analyses of ballast water exchange have been very limited to
date, and these can be classified into 3 general types:

1. Comparison of ballast water in shipsthat have or have not exchanged ballast water.
These data indicate that, compared to ships that have not conducted mid-ocean ballast water
exchange, ships with exchanged ballast water have reduced abundance of plankton. However,
with this approach, it is not possible to (a) compare directly methods of exchange (FT vs. ER) ,
(b) control for initial plankton densities or the percentage of water exchanged (as below). Thus,
the data are highly variable and interpretation is limited (e.g., Smith et a. 1996).

2. Comparison of ballast water in tanks of the same ship that have not exchanged ballast
water, with measurements made only after exchange is complete and upon arrival to port.
These data suggest a reduction of roughly 90% occurred, but interpretation isaso limited with
this design (Ruiz and Hines 1997; see below). Initia variation among tanks can be
considerable, depending upon the timing (e.g., day vs. night) and sequence of ballasting, which
creates potentially large differences among tanks independent of exchange treatment.
Furthermore, it is not possible to compare efficiency between methods of exchange, or for
multiples of exchange, because ships usually only perform one method and volume of
exchange.

3. Comparison of ballast water in tanks of the same ship before and after exchange of ballast
water, with measurements made on board ship at various stages of the exchange process.
These data provide a clear measure of efficiency within a single tank, and we have conducted
this analysis on approximately 5 military vessels and 1 commercia bulk carrier (Ruiz et d.
1999, Wohnam et a. 1996). However, the sample sizeis small (and taxaincluded in shipsto
date are limited), and comparison between exchange methods or multiples of exchange (on the
same ship) has not been included or possible to date.

The 1997 Pilot Study provided initial data comparing the end result of FT Exchange (300%
and 100%) on plankton abundance. These data suggested that approximately 70- 90% of coastal
plankton was removed by FT exchange, compared to control tanks from the same source.
Interestingly, it was not clear that an increased level of exchange (100 vs. 300 %) produced a
parallel reduction in key taxonomic groups.

In both the Pilot Study and the current study (Chapter 3), it was evident that abundance of
coastal organisms was 10-100 fold lower in tankers from foreign ports (that underwent ballast
water exchange) compared to domestic arrivals (that do not undergo exchange). Although this
difference may result from the exchange, it is confounded by differencesin theinitia
concentrations (i.e., source ports) and voyage duration that can also have a strong influence.

The results of this study — the most comprehensive and rigorous to date - will
significantly advance our understanding of the strengths and limitations of ballast water
exchange, providing multiple quantitative measures for the two exchange methods, both for oil
tankers specifically but for commercial ships more generally.
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Importantly, when completed, our study will also provide a set of standards for
evaluating ballast water management in two ways. First, we have developed and tested a
standard set of assays to measure exchange efficiency across vessel types, vessdl tanks, and
under various conditions. Thiswill be useful in comparing efficiency among studies. Second,
the results obtained by this and future studies will provide a benchmark against which to assess
the efficacy of emerging technologies.
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Chapter 6. Organismsin Sedimentsof Tanker Ballast Tanks

Anson H. Hines, Smithsonian Environmental Research Center
Gregory M. Ruiz, Smithsonian Environmental Research Center

6A. Purpose

At certain times and source ports, appreciable quantities of bottom sediment are taken up
by tankers during ballasting. The entrained sediment potentially includes bottom dwelling
organisms, which may be discharged and introduced into areceiving port (Smith et a. 1996).
Few studies of such entrained sediment exist, but our samples of bulk carriersin Chesapeake Bay
revealed that the bottoms of ballast tanks often hold awide variety of large crabs, fish, shrimp, as
well as many small organisms. To determine whether tankers arriving to Prince William Sound
transported organisms associated with sediment in the bottoms of segregated ballast water tanks,
we sampled a subset of ships traveling between Port Valdez and west coast ports, and between
west coast ports and Asian ports.

6B. Methods

During 1998-99 we supplied 13 ships with “sediment sampling kits”, which we
developed in cooperation with the shipping agents. The ships’ mates collected core samples and
evident organisms in the sediment during routine cleaning operations, which usually occurred on
voyages from Valdez to west coast ports, when ballast tanks were empty and open for
maintenance, and in Asian ports, when ships were in dry-dock. The samples were preserved in
10% formaldehyde sea water, labeled and returned to Valdez. Samples were then sent to the
SERC lab in Maryland for processing and identification. Subsamples of whole sediment were
sent to Mary McGann in USGS, Menlo Park for identification of foramenifera. Remaining
sediment was washed through a 0.5 mm mesh sieve and identified under a dissecting
microscope.

6C. Results

Sediment samples of the 13 tankers contained a diverse array of taxa, including fish,
polychaete worms, mollusks, adult crabs and other crustaceans, cnidarians, and other
invertebrates (Fig. 6.1,Tables 6.1, 6.2). The ships averaged 2.8 taxa per ship, ranging from 0-6
taxa, with annelid worms occurring in about 90% of the ships. The number of individuals per
sample varied widely from 1-147 individuals, with a mean of 47 individuals. Small crustaceans
(particularly cumaceans) were the most abundant taxa, however polychaete worms were the most
prevalent. The sediments also contained several species of Foraminfera, intlodmagimina
hadai, an NIS that has invaded many west coast ports and is very common in San Francisco Bay
(McGann, pers. comm.), and which is reported from Prince William Sound in samples collected
from deep sediments following the ExxonValdez oil spill. Organisms were abundant in
sediments taken up in both San Francisco Bay (Benicia) and in Long Beach, where the ship
intakes are near the port bottom. Ships sampled in dry dock in Asia tended to have few
organisms, perhaps as a result of longer voyage time across the Pacific. However, the diversity
of higher taxonomic groups present in sediments of ballast tanks did not show any obvious
pattern by source port.
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Table6.1. Taxa Recovered From Ballast Tank Sediments of 12 Tankers.

Foraminifera Annelida Mollusca Crustacea Chordata Other inverts.
Ammonia hadai Capitellidae Mytilidae Alpheidae Engraulidae Bryozoa
Bulimina sp. Nereis sp. Nudibranchia Amphipoda Sciaenidae Sipuncula
Elphidium sp. Oligochaeta Balanus balanoides Turbellaria
Globigerina sp. Spionidae Calanus
Haglophragmoides sp. Syllidae Canuellidae
Jadammina macrescens Caridea
Lagena sp. Cirripedia
Rosalina globularis Crangonidae
Trochammina hadai Cumacea
Trochammina inflata Grapsidae
Trochammina pacifica Harpacticoida

Hyperiidae
Majidae
Ostracoda
Tanaidacea

Table6.2. Presence/Absence of Taxain Ballast Tank Sediment Samples Presented by Sour ce Region(s).

Source(s) Diatomacea Foraminifera Annelida Mollusca Crustacea Chordata] Other Inverts | n
Korea P P P A A A A 1
LB & Korea P P P P P P P 2
PS A A A P P A P 1

PS & SF P P P P P P P 1
SF A P P P P P P 6
SF&China A A P A P A A 1

2
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Figure6.1. Prevalence (A) and numbers (B) of organismsrecovered from sediments of tanker ballast tanks.
Barsindicate means for 12 tankers.
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6D. Conclusions

Sediment that accumulated in the bottom of ballast tanks often contained organisms from
adiverse array of taxa. Many of these were adultsin full reproductive condition. At least one
NIS (the foraminiferan Trochammina hadai) found in these samples appears to be established in
Prince William Sound, although the current status of thisinvasion is not known (McGann, pers.
comm. 1999).

In future work, it would be valuable to sample sediment in ballast tanks that have
undergone mid-ocean exchange. It isnot clear if bottom-dwelling organisms will be affected by
exchange in the same ways as planktonic organismsin the water column.
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Chapter 7. Organisms Fouling Hullsand Sea Chests of Tankers

Anson H. Hines, Smithsonian Environmental Research Center
Gregory M. Ruiz, Smithsonian Environmental Research Center

7A. Purpose

Historically, fouling organisms on ships have been amajor source of introduced species
(Carlton 1979a, 1979b, 1987, 1989). Modern anti-fouling paints and high ship speeds greatly
reduce the amount of fouling today. However, fouling is often common in sea chests and at
certain points on the bottom. We sampled tankers during routine maintenance in dry dock,
selected to estimate the potential range of fouling and diversity of fouling organisms.

7B. Methods

We sampled the fouling communities of two shipsin dry dock: the S/R Baytown (in San
Francisco Bay), which had not been cleaned in dry dock for approximately 2 years; and the SR
Benicia (in Portland), which had been cleaned in dry dock within about 6 months. The SIR
Baytown had remained within San Francisco Bay for several months without making an ocean
voyage prior to haul out, providing time for further accumulation of fouling organisms.
Representative patches of fouling communities were scraped from the bottoms of the ships
within 6 hours of haul out and before any cleaning had commenced. The sea chests and strainers
of the ambient water intakes were also sampled. All sampleswere preserved in 10%
formaldehyde and returned to the laboratory for sorting and identification using a dissecting
microscope.

7C. Results

The two ships exhibited divergent extremesin the quantity and diversity of organisms
(Table 7.1). The ship that had not been in dry dock for approximately 2 years exhibited
extensive fouling communities, with abundant mussel s and associated worms, crustaceans, and
sediments. At least one NIS for the west coast (the mussel Musculista senhousia) was identified
specifically on this ship. In contrast, the ship that had been hauled recently had arelatively
sparse number of organisms, with most of the hull completely clean of fouling communities, and
only organisms present in the sea chest. However, even this ship had organisms that are NIS for
the west coast (e.g., the striped bass Morone saxatilis) in its water intake strainers.

7D. Conclusions

We hypothesize that these two vessels represent the extremes in fouling communities,
corresponding to the length of time since the last entry into dry dock for bottom cleaning.
However, there are two other features that may contribute to these overall patterns. First, the SR
Baytown had been resident in San Francisco Bay for over 6 months, and may have developed an
unusually rich fouling community. Second, the other vessel entered relatively fresh water of the
Columbia River that may have had an adverse effect on the resident community of fouling
organisms. To distinguish the effect of dry dock schedule on fouling community structure (from
these other confounding variables), it would be valuable to sample more ships which differ in
time since last haul out, but preferably sampled at the same dry dock to control for potential
effects of different salinity. Nevertheless, both ships carried NIS, which indicates that thisis an
active mechanism of transport and introduction.
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Table 7.1. Organisms from hulls and sea chests of two oil tankersin dry dock (*=NIS).

S/R Baytown S/R Benicia
Algae Cnidaria
Ulva sp. Garveia franciscana *
Diatomacea Mollusca, Bivalvia
Protozoa Mytlilus sp.
Folliculina sp. Crustacea, Cirripedia
Cnidaria Balanus sp.
Cordylophora caspia * Crustacea, Amphipoda
Garveia franciscana * Corophium sp.
Nematoda Pisces
Unidentified sp. Morone saxatlis *
Nemertea Sardinopsis sagax
Unidentified sp.
Polychaeta
Neries sp.
Ophelidae, unidentified sp.
Polydora sp.

Mollusca, Bivalvia
Musculista senhousia *
Mytilus sp.
Crustacea/Copepoda
Cyclopoida, unidentified sp.
Harpacticoida, unidentified sp.
Crustacea/Amphipoda
Corophium sp.
Gammaridae, unidentified sp.
Crustacea/lsopoda
Unidentified sp.
Crustacea/Brachyura
Unidentified sp.
Bryozoa
Bowerbankia
Membrenipora
Victorella sp.

7E. References
Carlton, JT. 1979a. History, biogeography, and ecology of the introduced marine and estuarine
invertebrates of the Pacific coast of North America. Ph.D. Thesis, Univ. Calif., Davis. 904 pp.

---. 1979b. Introduced invertebrates of San Francisco Bay. Pp. 427-444 in Conomos, T. J. (ed.),
San Francisco Bay: The Urbanized Estuary. California Academy of Sciences, San Francisco.

---. 1987. Patterns of transoceanic marine biological invasionsin the Pacific Ocean. Bull. Mar.
Sci. 41(2): 452-465.

---. 1989. Man’s role in changing the face of the ocean: biological invasions and the implications
for conservation of near-shore environments. Conserv. Biol. 3(3): 265-273.
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S/R Baytown S/R Benicia
Diatomacea Cnidaria

Protozoa Garveia franciscana *
Folliculina sp. Crustacea, Cirripedia
Cnidaria Balanus sp.

Garveia franciscana * Crustacea, Amphipoda
Cordylophora caspia * Corophium sp.
Hydroid — unident sp. Mollusca, Bivalvia
Bryozoa Mytilus sp.
Bowerbankia sp. Pisces

Canopeum sp. Morone saxatilis*
Victorella sp. Sardinopsis sagax
Nemertea

Unidentified sp.

Nematoda

Unidentified spp.

Polychaeta

Ophellidae, unidentified sp.

Polydora sp.

Nereis sp

Crustacea/Copepoda

Harpacticoida, unidentified sp.

Cyclopoida, unidentified sp.

Crustacea’/Amphipoda

Gammaridae, unidentified sp.

Corophium sp.

Crustacea/l sopoda

Unidentified sp.

Crustacea/Brachyura

Unidentified sp.

Mollusca, Bivalvia

Musculista senhousia *

Mytilus sp.

Algae

Ulva sp.
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Chapter 8. Summary of NISin Prince William Sound and Alaska

Anson H. Hines, Smithsonian Environmental Research Center
Gregory M. Ruiz, Smithsonian Environmental Research Center
Paul W. Fofonoff, Smithsonian Environmental Research Center

8A. Purpose

To summarize our knowledge of marine NIS in Prince William Sound specifically and
Alaska generally, we extracted information obtained from the literature, our field surveys, focal
taxonomic research by systematists, and analysis of existing specimens in museum and reference
collections (see detailed reportsin Chapt 9). Because prior ecological and systematic work in
Alaska has not focused on NIS, we also wish to establish a baseline for the status of NISin
Alaskan waters, against which future introductions may be measured. We partitioned the species
records into 5 categories:
(1) Definite & probable NIS, along with particularly suspicious cryptogenic species;
(2) Cryptogenic species;
(3) New, undescribed species discovered by this study.
(4) Specieswith range extensions into south central Alaska discovered by this study; and
(5) Speciesthat were reported/suspected as NIS, but which we dismissed upon further analysis.

The sudden appearance of apparently new or undescribed speciesin an ecosystem is
often a good indicator of a biological invasion. Similarly, analysis of species’ range extensions
Is an important tool in detecting NIS, which may be introduced from distant biogeographic
provinces or from adjoining provinces. However, where the native biota is as poorly studied as
in Alaska, it may be difficult to distinguish NIS from native species that are new to science, or
from new records of species within their normal range. Discovery of undescribed species and
range extensions needs to be evaluated in the context of other indicators of biological invasions,
such as association with sites of human activities and particular transport mechanisms. Thus,
designating species as native or NIS requires a series of graded criteria (see Methods below), but
the origin of many species may remain unknown, i.e., “cryptogenic”. These cryptogenic species
may be further categorized into species that have particular, suspicious attributes in some
criteria, or species that have not received adequate research to evaluate their origin. In other
cases, species initially may be designated or suspected as NIS, but further consideration by
experts may refute the initial concern.

8B. Methods

The graded criteria (derived from J.T. Carlton, e.g., Carlton 1979a, Chapman & Carlton
1991) used to determine whether each species in our database is introduced, native, or
cryptogenic are described below. "Cryptogenic species” cannot be identified clearly as native or
introduced, and thus have unknown origin (Carlton 1996). In Alaska, the marine biota in many
groups have received little systematic and biogeographic analysis, and a large portion of species
in these groups may be cryptogenic in origin due to lack of study without particular suspicions of
invasive characteristics. Further discussion of criteria for identifying species as introductions are
given in Chapman (1988), Chapman and Carlton (1991) and Eno (1996). Often a single criterion
Is not sufficient to designate a species as being introduced, but combinations of several factors
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increase the probability of an accurate reconstruction of introductions and invasions. In several

cases, we have indicated cryptogenic species that have some suspicious characteristics of NIS.

» Paleontological - NIS are absent from fossil record even though they are present in other
locations; native species are found locally as recent fossils; cryptogentic species are not in the
local fossil record, but they are not reliably fossilized generally.

» Archeological - NIS are absent from shell middens and other archeological deposits; native
species are in local deposits; cryptogenic species would not be expected to be found in
archeological deposits.

» Hidtorical - NIS are not recorded by direct observation at early periods, especially by trained
naturalists, but suddenly appear where trained observers did not find them previously; native
species are recorded in the earliest observations of trained observers; cryptogenic species are
species that were not studied by early trained observers.

» Biogeographic - NIS exhibit grossly digunct patterns of distribution (we took careto
evaluate artifacts of the distribution of biologists/taxonomists); native species have
continuous geographic ranges which include Alaska/Prince William Sound or other high
latitudes; cryptogenic species have poorly known distributions or "cosmopolitan”
distributions.

» Ecologica - NIS have habitats in close association with other NIS (co-evolved species;
specialized predator-prey, commensal or host-parasite relations); native species are closely
associated with other native species; cryptogenic species are more generalized, lacking close,
specialized association with other species.

» Dispersal Mechanisms - NIS presence cannot be plausibly explained by natural dispersal
mechanisms and have documented human-mediated mechanisms which could effect their
distributions; native species have natural dispersal mechanisms and lack known
human-mediated mechanisms of introduction; cryptogenic species have both natural and
human-mediated mechanisms of dispersal that could account for their distribution.

» Evolutionary/Genetic - NIS have isozyme or DNA frequencies which match distant proposed
source populations and are significantly different from adjacent natural populations; native
species have population genetics which blend with adjacent natural populations; cryptogenic
species have not been studied with molecular techniques.

We also researched all published and anecdotal reports of NIS or range extensions of species that
we were able to find in the scientific and informed popular literature for the region. We use
these reports interactively with our field and museum work, both to direct our field surveys and
re-examination of existing collections, and to determine the history of suspicious species that we
collected in thefield.

8C. Results

A diverse array of 24 species of plants and animals has been introduced into Alaskan
waters, with 15 of these species being recorded in Prince William Sound (Table 8.1; see also
Species Notes below). Of these definite/probableNIS, we collected 12 speciesin our Focal
Taxonomic Analyses (Chapt 9), including 5 species of algae (Ceramium sinicola, Croodactylon
ramosum, Fucus cottoni, Macrocystis integrifolia, Codium fragile tomentosoides), 1 species of
sponge (Cliona thosina), 1 hydroid at Homer (Garveia franciscana),1 polychaete worm
(Heteromastus filiformis), 2 molluscs (Mya arenaria, Crassostrea gigas), 1 bryozoan
(Schizoporella unicornis), and 1 tunicate (Botrylloides violaceus). Our findings include 7 “first
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TABLE 8.1 Definite/Probable NIS for Alaska

* Found by this project |

Species Common Name Probable AK Regions Date 1st Invasion  Population Ecological References
Region of Origin Record Status Status Impacts?
Rhodophyta
* Ceramium sinicola ared alga NE Pacific (CA) Prince William Sound 1998 Probable  Established Fouling Hansen 1998
* Chroodactylon ramosum ared alga NW Pacific Prince William Sound 1998 Probable Established  Fouling Hansen 1998
Phaeophyta
* Fucus cottoni (=muscoides) a rockweed NE Atlantic Princg WiII_iam Sound,; Probable Established Unknown H_ansen 1998; South and
Kenai Peninsula Tittley 1986
Not
* Macrocystis integrifolia akelp NE Pacific (SE AK) Prince William Sound 1979  Definite reproducing  NIS vector Hansen 1998
* Microspongium globosum a brown alga NW Pacific Prince William Sound 1998 Probable Established  Fouling Hansen 1998
Sargassum muticum Japanese brown NW Pacific SE Alaska <1986 Definite Established  Fouling Scagel et al. 1986; USGS
alga 1998
Chlorophyta
* Codium fragile (ssp. tomentosoides?) Dead Man’s Fingers (NW Pacific?) Prince William Sound 1998 Probable  Established Fouling Hansen 1998
Angiospermophyta
Cotula coronopifolia Brassbuttons S. Africa SE Alaska (FW) <1948 Definite Established Competitor? Hulten 1968; USGS 1998
Sacodina-Foraminifera
Trochammina hadai a foraminiferan NW Pacific Prince William Sound 19897 Definite Established  Benthic Cohen and Carlton 1995;
processes McGann and Sloan 1996;
. Me(Gann 1008 pers comm
Porifera
* cliona thosina a boring sponge Unknown Prince William Sound 1998 Probable Established Oyster shell Ruetzler 1998 pers. comm.
damaae
Cnidaria-Hydrozoa
Rope Grass
* Garveia franciscana Hydroid Unknown Homer 1999 Definite Established  Fouling Henry 1999 pers. comm.
Annelida- Polychaeta
* Heteromastus filiformis a capitellid N Atlantic? Prince William Sound 1998 Probable Established Competitor? Jewett 1998; Cohen &
polychaete Carlton 1995, Feder &
Jewett 1973
Lumbrineris heteropoda a lumbrinereid NW Pacific (Japan- Resurrection, Glacier 1979 Probable Unknown? Unknown? Feder et al. 1979; Foster
polychaete Sakhalin) Bays 1999 pers. comm., UA
Mollusca- Bivalvia
* crassostrea gigas Pacific Oyster NW Pacific SE Alaska; Prince William 1980s? Definite Not ) NIS vector Quayle 1969; Hines, 1998
Sound reproducing pers. obs
* i Softshell Clam NW Atlantic; Bering SE Alaska; Prince William 1800s? Definite Established Competitor? Baxter 1971; Feder & Paul
lya arenaria
Sea Sound 1973; Carlton 1979;
Crustacea-Amphipoda
* jassa sp. / Jassa marmorata? a tubg—dwelling NW Atlantic Prince William Sound 1999 Probable Unknown?  Unknown  Chapman 1999 pers.
amphipod comm.
Bryozoa
Cryptosula pallasiana a bryozoan N Atlantic SE Alaska (Sitka?) 1944- Definite Unknown?  Fouling U.S. Navy 1951; Carlton
1946 1999 pers. comm.; Dick &
Ross 1988; Powell 1970
* Schizoporelia unicornis a bryozoan NW Pacific Kodiak, Prince William 1944- Definite Established Fouling U.S. Navy 1951;. Carlton,
Sound 1949 pers. comm.; Winston 1999
pers. comm.; Powell 1970;
Dick & Ross 1988
Echinodermata-Ophiuroida
Ophiothrix koreana a brittlestar NW Pacific SE Alaska (Juneau) 1998 Definite Unknown Unknown Kyte 1998 pers. comm.

3
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Species Common Name Probable AK Regions Date 1st Invasion Population Ecological References
Region of Origin Record Status Status Impacts?
Chordata- Ascidiacea
* Botrylloides violaceus (=Botrylus a tunicate NW Pacific Prince William Sound 1999 Definite Established Fouling G.Lambert 1999pers.comm.
aurantius)
Chordata-Osteichthyes
Alosa sapidissima American Shad NW Atlantic N to Cook Inlet; Kodiak I. 1896  Definite Migrant Predator on  Chapman 1942; McPhail
salmonid and Lindsey 1986; USGS
fry? 1999
Dallia pectoralis (FW) Alaska Blackfish Arctic Slope (FW)  Anchorage area (FW) 1950s Definite Established Predator on Morrow 1980; USGS 1999
salmonid
fry?
Esox lucius (FW) Northern Pike Northern N. Anchorage area (FW) 1970s Definite Established Predator on Morrow 1980; USGS 1999
America (FW) salmonid
fry?
Salmo salar Atlantic Salmon N Atlantic SE Alaska-Prince William 1990 Definite Unknown Predator/ Wing et al. 1992; Freeman
(Anadromous) Sound competitor 1998 pers. comm.; USGS
of salmonids 1999
Salvelinus fontinalis (FW) Brook Trout Eastern N. America SE Alaska 1920 Definite Established Predator on Morrow 1980; Alaska

(Fw)

salmonid Department of Fish and
fry? Game 1994; USGS 1999
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records” for NIS in the region. Our Rapid Community Assessment (Chapt 9) found 1 NIS
species (the soft-shelled clavtya arenaria ) to be widely distributed in intertidal sediments
throughout Prince William Sound and the Kenai Peninsula. Two species (theGrygstestrea
gigas, and the kelpMacrocystis integrifolia) are not established as self-sustaining, reproducing
populations within the Sound; but these aquaculture introductions are being sustained by on-
going inputs that serve as a potentially important mechanism of transport for many other
associated species. Further notes on each of these NIS are provided below.

The literature reports 11 other NIS species, including 1 algal sp&argsgsum
muticum), 1 marsh plantQotula coronopifolia), 1 foraminiferan Trochammina hadai), an
amphipod crustaceadassa marmorata), 1 bryozoanCryptosula pallasiana), 1 brittle star
(Ophiothrix koreana), and 5 species of fisilpsa sapidissima, Dallia pectoralis, Esox lucius,
Salmo salar, Salvelinus fontinalis). Several of these fish species were intentionally introduced in
fresh water to augment fisheries, and we have included them here because they potentially have
important impacts on native salmonid species in the region. Further notes on each of these NIS
are provided below.

In addition, we consider two cryptogenic species to be particularly suspicious as NIS,
because of their new appearance at harbor areas (i.e., Homer, Cordova)(Table 8.2). These
species include a sea stasterias amurensis) that is native to Alaska in the Bering Sea, but
which has a history of invading other regions (probably via ballast water transport), and which
appears to have suddenly extended its range to Homer in south central Alaska. Despite surveys
of the area by good naturalists, this large animal has not been recorded at Homer/Katchemak Bay
until now. We also discovered a new, undescribed species of as@dpali@ sp. nov.) in the
fouling communities of Homer and Cordova, but it was not present at other locations with rich
fouling communities but lacking intense boat/ship traffic. Further notes on each of these
suspicious species are provided below.

A large portion of Alaskan marine species is cryptogenic in origin due to inadequate
biogeographic and taxonomic study. However, many cryptogenic species also either exhibit wide
distributions that may reflect global spread by early shipping traffic (Carlton 1996) or have other
suspcicious traits of NIS (Table 8.3). During this project we collected at least 24 such species in
Prince William Sound, and identified at least 5 others found elsewhere in Alaska.

During our study we discovered several apparently new/undescribed species (Table 8.4)
and documented range extensions for many other species. (Table 8.5), which also highlights the
need for more analysis of Alaskan marine biodiversity. We found specimens of 10 apparently
new/undescribed species in Prince William Sound, including 1 brown alga, 6 polychaete worms,
2 molluscs, and 1 tunicate (Table 8.4). Formal species description of the tunicate species
(Distaplia sp. nov.) is proceeding. We documented range extensions or first records for Prince
William Sound or Cook Inlet (although some are known in the Bering Sea and further north) for
74 species (4 algae, 11 hydrozoan cnidarians, 2 ctenophores, 24 polychaete worms, 20 molluscs,
7 crustaceans, 2 bryozoans, 1 echinoderm, 2 tunicates, and 1 fish) (Table 8.5).



Chapt. 8. Summary of NIS, page 8-

TABLE 8.2 Highly Suspicious Cryptogenic Species * Found by this project |
Species Common Name Probable AK Regions Date 1st Invasion  Population Ecological References
Region of Origin Record Status Status Impacts?

Echinodermata - Asteroidea

* psterias amurensis Asian Sea Star NW Pacific; Bering Homer Spit 1999 Suspicious Established Predator on Baranova 1976; Ward and
Sea Range molluscs & Andrew 1995; Foster et al.
extension other inverts 1999 (Chapt 9, this report)
Chordata - Ascidiacea
a tunicate unknown Homer, Prince William 1998 Suspicious Established Fouling G.Lambert 1999 pers. comm.

* Distaplia Sp. nov.
Sound (Cordova) New
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Species Common Name Probable AK Regions Date 1st Invasion Population Ecological References
Region of Origin Record Status Status Impacts?

Rhodophyta

Porphyra miniata ared alga ? Prince William Sound 1998 Cryptogenic  Established Unknown Hansen 1998

Phaeophyta

Demaraeaea attenuata a brown alga NW Pacific? Prince William Sound 1998 Cryptogenic Established Unknown Hansen 1998

Punctaria latifolia NE Pacific? Prince William Sound 1998 Range Hansen 1998

extension

Punctaria plantaginea a brown alga ? Prince William Sound 1998  Cryptogenic Established Unknown Hansen 1998

Heterokontophyta-Xanthophycaeae

Vaucheria longicaulis a golden-brown alga NE Pacific? Prince William Sound 1998 Range Hansen 1998

extension,
overlooked

Chlorophyta

Blidingia marginata a green alga NE Pacific? Prince William Sound 1998 Cryptogenic Established Unknown Hansen 1998

Caposiphon fulvescens a green alga NE Pacific? Prince William Sound 1998 Cryptogenic Established Unknown Hansen 1998

Halochlorococcum moorei a green alga NE Pacific? Prince William Sound 1998 Cryptogenic Established Unknown Hansen 1998

Kornmannia leptoderma non zostericola a green alga NE Pacific? Prince William Sound 1998 Cryptogenic Established Unknown Hansen 1998

Angiospermophyta

Atriplex patula (=A. p. var. littoralis) Orach; Spearscale Eurasia? SE Alaska 1883 Cryptogenic Established Unknown Meehan 1884; Hulten 1968

Atriplex prostrata (=A. patula var. Halberd-Leaved Orach Eurasia? SE Alaska ? Cryptogenic  Established Unknown Hulten 1968

hastata)

Cnidaria

Protohydra sp. a worm-like hydroid Cosmopolitan?  Prince William Sound Cryptogenic  Established Unknown Kozloff 1987; Foster 1999 pers.

(CA-BC) comm.; UAF collections

Annelida- Polychaeta

Barantolla (americana species complex?) a capitellid polychaete Circumboreal?  Prince William Sound 1988 Cryptogenic Established Unknown Kozloff 1987; Kudenov 1998,
pers. comm.

Amphitrite (cirrata species complex?) a terebellid polychaete Circumboreal Prince William Sound 1998 Cryptogenic Established Unknown Kozloff 1987; Kudenov 1998,
pers. comm.

Capitella (capitata? species complex?)  a capitellid polychaete Cosmopolitan Prince William Sound 1980 Cryptogenic Established Unknown Jewett 1998; Cohen and Carlton
1995; Kudenov 1998, pers.
comm.

Decamastus sp. a capitellid polychaete Cosmopolitan?  Prince William Sound 1998 Cryptogenic Established Unknown Jewett 1998; Kozloff 1987; Cohen

(WA-BC) and Carlton 1995

Eteone (longa species complex?) a phyllodocid polychaete  Circumboreal Prince William Sound 1980 Cryptogenic Established Unknown Pettibone 1963; Kozloff 1987
Kudenov 1998, pers. comm.

Eumida (sanguinea species complex?)  a phyllodocid polychaete = Circumboreal Prince William Sound 1998 Cryptogenic Established Unknown Kozloff 1987; Kudenov 1998,
pers. comm.

Harmathoe (imbricata species complex?) a polynoid polychaete Circumboreal Prince William Sound 1980 Cryptogenic Established Unknown Kozloff 1987; Cohen and Carlton
1995; Kudenov 1998, pers.
comm.

Mediomastus sp. a capitellid polychaete Cosmopolitan Prince William Sound 1988 Cryptogenic Established Unknown [Jewett 1998]; Cohen and Carlton
1995

Pholoe (minuta species complex?) a sigalionid polychaete Circumboreal Prince William Sound 1979  Cryptogenic Established Unknown Jewett 1998; Cohen and Carlton
1995; Kudenov 1998, pers.
comm.

Polydora quadrilobata a spionid polychaete NE Pacific Prince William Sound ? Cryptogenic  Established Unknown? Kozloff 1987; Foster 1999 pers.

(British comm.; UAF collections

Columbia)
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Species Common Name Probable AK Regions Date 1st Invasion Population Ecological References
Region of Origin Record Status Status Impacts?
Crustacea- Copepoda
Leimia vaga a harpactacoid copepod  NW Atlantic? Prince William Sound 1999 Cryptogenic Established Unknown Cordell 1999 pers. comm.
Mollusca- Bivalvia
Macoma balthica Baltic Clam Northern Alaska Pacific coast before  Cryptogenic Established Likely Carlton 1979; Meehan et al. 1989;
oceans?, NW 1924 Cohen & Carlton 1995
Atlantic crvptic
Bryozoa
Alcyonidium "polynoum" or "mytili" a bryozoan Unknown Kachemak Bay ? Cryptogenic  Established Unknown Carlton 1979; Cohen & Carlton
(Pacific, NW 1995; Winston 1999 pers. comm.
Atlantic?)
Callopora lineata a bryozoan Unknown Prince William Sound ? Cryptogenic? Established Unknown Foster 1999 pers. comm.;
Winston 1999 pers. comm.
Celleporella hyalina a bryozoan Unknown Resurrection Bay ? Cryptogenic? Established Unknown Foster 1999 pers. comm.;
Winston 1999 pers. comm.
Cellepora craticula a bryozoan Unknown Prince William Sound ? Cryptogenic? Established Unknown Foster 1999 pers. comm.;
Winston 1999 pers. comm.
Cribilina corbicula a bryozoan Unknown Prince William Sound ? Cryptogenic? Established Unknown Foster 1999 pers. comm.;
Winston 1999 pers. comm.
Parasmittina trispinosa a bryozoan Unknown Prince William Sound ? Cryptogenic? Established Unknown Foster 1999 pers. comm.;
Winston 1999 pers. comm.
TABLE 8.4 New or Undescribed Species
Species Common Name Probable AK Regions Date 1st Invasion References
Region of Origin Record _Status
Phaeophyta
Coilodesme n. sp. a brown alga NE Pacific Prince William Sound 1998  New species Hansen 1998
Annelida- Polychaeta
Eumida sp. a phyllodocid polychaete Unknown Prince William Sound 1998  undescribed species? Kudenoff 1998 pers. comm.
Exogone sp. a syllid polychaete Unknown Prince William Sound 1998  undescribed species? Kudenoff 1998 pers. comm.
Glycera sp. a glycerid polychaete Unknown Prince William Sound 1998  undescribed species? Kudenoff 1998 pers. comm.
Nephtys sp. a nephtyid polychaete Unknown Prince William Sound 1998  undescribed species? Kudenoff 1998 pers. comm.
Polygordius sp. an archiannelid polychaete Unknown Prince William Sound 1998  undescribed species? Foster 1999 pers. comm.;
UAF collections
Scolopos sp. an orbiniid polychaete Unknown Prince William Sound 1998  undescribed species? Kudenoff 1998 pers. comm.
Mollusca -
Gastropoda
*Adalaria sp 1. a nudibranch, Adalaria sp. 1 Unknown Prince William Sound 1999  undescribed species? Goddard 1999 pers. comm.
of Behrens (1991)
Adalaria sp. 2 a nudibranch Unknown Prince William Sound 1999  Unidentified species  Goddard 1999 pers. comm.
Chordata - Asciiacea
*Diastaplia n. sp. a tunicate Unknown Homer, Prince William 1998  New species G. Lambert 1999 pers. comm.

Sound (Cordova)

* This species has been known from West coast of US for several years, but is not yet described (Goddard, 1999 pers. comm.)

8
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Chapt. 8. Summary of NIS, page 8-

Species Common Name Probable AK Regions Date 1st Invasion References
Region of Origin Record _Status

Rhodophyta
Polysiphonia senticulosa ared alga NE Pacific Prince William Sound 1998 Range extension Hansen 1998
Phaeophyta
Ectocarpus acutus a brown alga NE Pacific Prince William Sound 1998  Range extension Hansen 1998
Ectocarpus dimorphus a brown alga NE Pacific Prince William Sound 1998 Range extension Hansen 1998
Chlorophyta
Codium fragile spp. fragile agreen alga NE Pacific Prince William Sound 1998  Range extension Hansen 1998
Cnidaria-Hydrozoa
Aequorea aequorea a hydromedusa NE Pacific (SE AK) Prince William Sound, 1999  First Record sc AK Mills, Chapt 9C2, this report

Bering Sea north
Aequorea victoria a hydromedusa NE Pacific (SE AK) Prince William Sound 1999  First Record sc AK  Mills, Chapt 9C2, this report
Clytia gregaria (=Phialidium a hydromedusa NE Pacific (SE AK) Prince William Sound, 1999  First Record sc AK Mills, Chapt 9C2, this report
areaarium) Berina Sea north
Eperetmus typus a hydromedusa NE Pacific (SE AK) Prince William Sound, 1999  First Record sc AK Mills, Chapt 9C2, this report

Bering Sea north
Euphysa sp. a hydromedusa NE Pacific (SE AK) Prince William Sound, 1999  First Record sc AK  Mills, Chapt 9C2, this report

Bering Sea north
Gonionemus vertens a hydromedusa NE Pacific (SE AK) Prince William Sound, 1999  First Record sc AK Mills, Chapt 9C2, this report

Bering Sea north
Halitholus sp. a hydromedusa NE Pacific (SE AK) Prince William Sound, 1999  First Record sc AK Mills, Chapt 9C2, this report

Bering Sea north
Melicertum octocostatum a hydromedusa NE Pacific (SE AK) Prince William Sound, 1999  First Record sc AK Mills, Chapt 9C2, this report

Bering Sea north
Proboscidactyla flavicirrata a hydromedusa NE Pacific (SE AK) Prince William Sound, 1999  First Record sc AK Mills, Chapt 9C2, this report

Bering Sea north
Sarsia spp. a hydromedusa NE Pacific (SE AK) Prince William Sound, 1999  First Record sc AK Mills, Chapt 9C2, this report

Bering Sea north
Tiaropsis multicirrata a hydromedusa NE Pacific (SE AK) Prince William Sound, 1998  First Record sc AK  Mills, Chapt 9C2, this report

Bering Sea north
Ctenophora:
Bolinopsis infundibulum a ctenophore NE Pacific (SE AK) Prince William Sound, 1999  First Record sc AK  Mills, Chapt 9C2, this report

Bering Sea north
Pleurobrachia bachei (?) a ctenophore NE Pacific (SE AK) Prince William Sound, 1999 Range extension N Mills, Chapt 9C2, this report

Dutch Harbor
Annelida- Polychaeta
Chaetozone senticosa a cirratulid polychaete NE Pacifc Prince William Sound 1980 Range extension N Kudenov 1998, pers. comm.
Cirratulus cirratulus a cirratulid polychaete NE Pacific (BC Canada) Prince William Sound Range extension N Kozloff 1987; Foster 1999 pers. comm.;
Dodecaria sp. a spionid polychaete NE Pacific (BC Canada) Prince William Sound Range extension N Kozloff 1987; Foster 1999 pers. comm.;
Drilonereis falcata minor a lumbrinereid polychaete  NE Pacific (BC Canada) Prince William Sound 1980 Range extension N Kozloff 1987; Foster 1999 pers. comm.;
Drilonereis minor (?) a lumbrinereid polychaete  NE Pacific (BC Canada) Prince William Sound Range extension N Kozloff 1987; Foster 1999 pers. comm.;
Flabelligera mastigophora a lumbrinereid polychaete  NW Pacific (Chukchi Sea) Prince William Sound 1980 Range extension S Foster 1999 pers. comm.; UAF
Hesperonoe complanata a polynoid polychaete NE Pacific Prince William Sound 1980 Range extension S Kozloff 1987; Foster 1999 pers. comm.;
Lumbrineris limicola a lumbrinereid polychaete  NE Pacific Prince William Sound Range extension Kozloff 1987; Foster 1999 pers. comm.;
Lumbrineris luti a lumbrinereid polychaete  NE Pacific (BC Canada) Prince William Sound 1988 Range extension N Kozloff 1987; Kudenov 1998 pers. comm.
Magelona berkleyi a magelonid polychaete NE Pacific (BC Canada) Prince William Sound Range extension N Kozloff 1987; Foster 1999 pers. comm.;
Magelona hobsoni a magelonid polychaete NE Pacific (BC Canada) Prince William Sound 1988  Range extension N Kozloff 1987; Foster 1999 pers. comm.;
Magelona sacculata a magelonid polychaete NE Pacific (BC Canada) Prince William Sound Range extension N Kozloff 1987; Foster 1999 pers. comm.;
Mesochaetopterus taylori a chaetopterid polychaete  NE Pacific (BC Canada) Prince William Sound Range extension N Kozloff 1987; Foster 1999 pers. comm.;
Microphthalmus sczelkowi a hesionid polychaete NE Pacific (CA) Prince William Sound 1980 Range extension N Foster 1999 pers. comm.; UAF

Mysta barbata
Onuphis (=Nothria,
Oriopsis sp.

a hesionid polychaete
an onuphid polychaete
a sabellid polychaete

NW Pacific (Chukchi Sea)

NE Pacific
NE Pacific (BC Canada)

Prince William Sound
Prince William Sound
Prince William Sound

Range extension S
Range extension N
Range extension N

Foster 1999 pers. comm.; UAF

Kozloff 1987; Foster 1999 pers. comm.;
Kozloff 1987; Foster 1999 pers. comm.;

9
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Species Common Name Probable AK Regions Date 1st Invasion References
Region of Origin Record _Status
Nemidia sp. a polynoid polychaete Bering Sea Prince William Sound Range extension S Foster 1999 pers. comm.; UAF
Nemidia tamarae a polynoid polychaete Bering Sea Prince William Sound Range extension S Foster 1999 pers. comm.; UAF
Phyllodoce medipalpa a phyllodocid polychaete NE Pacific Prince William Sound Range extension N Kozloff 1987; Kudenoff 1998 pers. comm.
Rhynchospio gluteae a spionid polychaete Unknown Prince William Sound Range extension Kudenov 1998 pers. comm.
Syllis (Typosyllis) harti a syllid polychaete NE Pacific (BC Canada) Prince William Sound Range extension N Foster 1999 pers. comm.; UAF
Syllis (Typosyllis) harti a syllid polychaete NE Pacific (BC Canada) Prince William Sound Range extension N Foster 1999 pers. comm.; UAF
Tharyx secundus a cirratulid polychaete NE Pacific (BC Canada) Prince William Sound 1980 Range extension N Kozloff 1987; Foster 1999 pers. comm.;
UAF collections
Mollusca- Gastropoda- Prosobranchia
Barleeia acuta Acute Barleysnail NE Pacific (BC Canada) Prince William Sound Range extension N Kozloff 1987; Turgeon et al. 1988; Foster
1999 pers. comm.; UAF collections
Mollusca- Gastropoda- Opisthobranchia
Acanthodoris nanaimoensis Wine-Plumed Spiny Doris  NE Pacific (BC Canada) Prince William Sound 1999 Range extension N Kozloff 1987; Turgeon et al. 1988; Foster
1999 pers. comm.; UAF collections;
Goddard 1999 pers. comm.
Adalaria jannae Janna’s Adalaria NE Pacific (BC Canada) Prince William Sound 1999 Range extension N Kozloff 1987; Goddard 1999 pers. comm
Adalaria sp.1 of Behrens (1991) Armed Adalaria NE Pacific (SE AK) Prince William Sound 1999 Range extension N Goddard 1999 pers. comm
Alderia modesta Modest Alderia NE Pacific (BC Canada) Prince William Sound 1999 Range extension N Kozloff 1987; Turgeon et al. 1988;
Goddard 1999 pers. comm
Ancula pacifica Pacific Ancula NE Pacific (SE AK) Prince William Sound 1999  Range extension N Kozloff 1987; Turgeon et al. 1988;
Goddard 1999 pers. comm
Cuthona albocrusta White-Crust Cuthona NE Pacific (BC Canada) Prince William Sound 1999 Range extension N Kozloff 1987; Turgeon et al. 1988;
Goddard 1999 pers. comm
Cuthona pustulata NE Pacific (BC Canada) Homer 1999 Range extension N Kozloff 1987; Turgeon et al. 1988;
Goddard 1999 pers. comm
Eubranchus olivaceus Green Balloon Aeolis NE Pacific (BC Canada) Prince William Sound Range extension N Kozloff 1987; Turgeon et al. 1988; Foster
and Cook Inlet 1999 pers. comm.; UAF collections;
Goddard 1999 pers. comm
Geitodoris heathi Heath’s Dorid NE Pacific (SE AK) Prince William Sound 1999 Range extension N Goddard 1999 pers. comm
Janolus fuscus NE Pacific (SE AK) Cook Inlet 1999 Range extension N Foster 1999 pers. comm.; Goddard 1999
pers. comm
Albatross Aglaja NE Pacific (SE AK) Prince William Sound 1980 Range extension N Kozloff 1987; Turgeon et al. 1988; Foster
1999 pers. comm.; UAF collections
Melanochlamys diomedeum NE Pacific (SE AK) Prince William Sound 1998 Range extension N Kozloff 1987; Foster 1999 pers. comm.;

Melanochlamys ocelliger

Odostomia arctica

Olea hansineensis

Palio zosterae

Retusa obtusa
Mollusca- Bivalvia

Musculus glacialis
Crustacea- Copepoda
Unidentified Calanoid
Crustacea- Leptostraca
Nebalia sp.

Crustacea- Isopoda
Gnathia tridens

Arctic Odostome

Hansine Seaslug

Banded Polycera

Arctic Barrel-Bubble

Glacial Mussel

Unidentified copepod

a nebaliacean

an isopod

Bering Sea

NE Pacific (BC Canada)
NE Pacific (N to Hawkins
Island, Prince William

Sound)
Bering Sea

Bering Sea

NE Pacific (subtropical)

NE Pacific (BC Canada)

NE Pacific (CA)

Prince William
Sound,Shumagin Is.,
Kodiak Is.

Prince William Sound
Prince William Sound
Prince William Sound
Prince William Sound
Prince William Sound

Prince William Sound

Prince William Sound

Range extension S

Range extension N

Range extension W

Range extension S

Range extension S

Range extension S

Range extension N

Range extension N

Berh 1894; Lee & Foster 1985; Foster
1999 pers. comm.; UAF collections

Kozloff 1987; Turgeon et al. 1988;
Goddard 1999 pers. comm

Foster 1999 pers. comm.; Goddard, pers.
comm., 1999

Turgeon et al. 1988; Foster 1999 pers.
comm.; UAF collections

Foster 1999 pers. comm.; UAF
collections

Ted Cooney 1998 pers. comm.
Kozloff 1987; Foster 1999 pers. comm.;
UAF collections

Foster 1999 pers. comm.; UAF
collections
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References

Munna chromocephala
Munna ubiquita
Pleurogonium sp.
Synodidotea ritteri

Brachiopoda
Terebratalia crossei

Bryozoa
Cribilina annulata

Filicrisia smithi

Echinodermata-Asteroida
Asterias amurensis
Chordata- Ascidiacea
Chelysoma columbianum

Halocynthia hilgendorfi igaboja

Chordata- Osteichthyes
Sphyraena argentea

an isopod
an isopod
an isopod

an isopod

a brachiopod

a bryozoan

a bryozoan

Asian Sea Star
a tunicate

a tunicate

Pacific Barracuda

NE Pacific (WA)
NE Pacific (WA)
NE Pacific (WA)

NE Pacific (CA)

NW, NE Pacific

Bering Sea

Bering Sea

NW Pacific; Bering Sea
NE Pacific (BC Canada)

NE Pacific (BC Canada)

NE Pacific (BC Canada)

Prince William Sound
Prince William Sound
Prince William Sound

Prince William Sound

Prince William Sound

Prince William Sound

Prince William Sound

Homer Spit
Prince William Sound

Prince William Sound

Prince William Sound

Range extension N
Range extension N
Range extension N
Range extension N
Range extension N,
NE

Range extension S

Range extension S

1999  Range extension
Range extension N

Range extension

1998 Range extension

Kozloff 1987; Foster 1999 pers. comm.;

UAF collections

Kozloff 1987; Foster 1999 pers. comm.;

UAF collections

Kozloff 1987; Foster 1999 pers. comm.;

UAF collections
Smith and Carlton 1975; Foster 1999
pers. comm.; UAF collections

Foster 1999 pers. comm.; UAF
collections

Kozloff 1987; Foster 1999 pers. comm.;

UAF collections
Foster 1999 pers. comm.; UAF
collections

REFS

Kozloff 1987; Foster 1999 pers. comm.;

UAF collections

Kozloff 1987; Foster 1999 pers. comm.;

UAF collections

Valdez Vanguard newspaper, 1998
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We also considered several reports and specimens that wereinitially considered as
possible NIS, but which we reject primarily as misidentifications of similar native species (Table
8.6).

TABLE 8.6 Species/Specimens Misidentified as NIS

Putative Species Common Name Probable AK Regions Date 1st Invasion References
Region of Origin Record Status

Rhodophyta

Porphyra redidiva ared alga NE Pacific Prince William Sound 1998 Misidentified earlier Hansen 1998

Chlorophyta

Monostroma fractum  a green alga NE Pacific Prince William Sound 1998 Misidentification, overlooked Hansen 1998

Angiospermophyta

Myriophyllum spicatum Eurasian Watermilfoil Eurasia SE Alaska (FW) Probable misidentification USGS 1998

Cnidaria-Hydrozoa

Halitholus sp. a hydromedusa NE Pacific Prince William Sound 1998 Not identifiable to species Mills, Chap9C2,this rep

Leuckartiara sp. a hydromedusa NE Pacific Prince William Sound 1998 Not identifiable to species Mills, Chap9C2,this rep

Annelida- Polychaeta

Anaspio boreas a spionid polychaete  Gulf of Alaska Prince William Sound Uncertain identification Foster 1999 pers.
comm.; UAF
collections

Polydora cf. P. a spionid polychaete  NE Pacific Prince William Sound ? Misidentification? Kozloff 1987; Foster

brachycephalata (Oregon) 1999 pers. comm.;

UAF collections

There are few over-arching ecological traits that characterize marine NISin Alaska. NIS
were variable in their local distributionsin the region, with distributions of most species
apparently limited to particular sites, but with many sites having some NIS. Although NIS were
frequently associated with harbor areas and aguaculture sites, some species (e.g., Mya arenaria)
occurred widely wherever the appropriate habitat was present. NIS occurred in awide range of
habitats from coastal marshes (Cotula coronopifolia) and the high intertidal zone (Fucus
cottonii) to deep subtidal waters (Trochammina hadai), and from variable and low salinity areas
(Mya arenaria, Heteromastus filiformis) to stenohaline high salinities (Botryloides violaceus).
NIS included species inhabiting hard and soft substrates. NIS also include species from awide
range of moatility, from migratory fish to sessile plants and invertebrates; and they included a full
range of trophic modes from autotrophs (algae) to suspension feedersto predators. While many
of the NIS have life cycles with a dispersal stage (especially echinoderms and bivalves with
long-lived planktonic larvae), others had little motility (e.g., sessile tunicates with short-lived
planktonic larval stages). Thus, although NI'S were most common in habitats most impacted by
human activities, there were few sites or habitats within the region and few ecological niches that
were immune from invasion.

Although oil tankers transport great quantities of abundant and diverse plankton
(including known NIS) into Prince William Sound, we have not identified any established NIS
that is clearly attributable to introduction via tanker ballast water. However, analysis of probable
transport mechanisms for species introductionsis difficult in most regions where multiple
transfer agents have been active. 1n south central Alaska, NIS were commonly found at harbor
areas (e.g., Homer), where ballast water and hull fouling associated with cargo ships and the full
range of fishing and other vessels are potential vectors. Bulk carriers like wood chip and log
ships arriving in ballast to Homer, as well as tankers arriving to Port Valdez, are sources of the
largest volumes of ballast water (Smith et al., 1999). Fishing and recreational vessels often have
extensive fouling communities which may be transported coastwise within the region. NIS were
also found at sites of associated with aquaculture (e.g., Tatitlek) and with fishery introductions
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(e.g., Atlantic salmon). Oyster (Crassostrea gigas) culture imports spat from Washington and

Oregon hatcheries as “clean” seed for grow-up in the field. However, associated parasitic,
commensal and fouling organisms frequently could be transported unintentionally with the spat
(Carlton, 1992). Similarly, transfer of kelwl@crocystis integrifolia), however “clean” in
appearance, from Oregon and Washington (in the past) and southeast Alaska (in the present)
could also serve as a vector for many fouling species, epiphytes, or organisms hiding in
holdfasts. Several species of fish have been introduced intentionally into Alaskan freshwaters,
where they may impact salmonids at key stages of their migratory life cycle. Also, escapes of
Atlantic salmon from pen culture have resulted in established populati@akrafsalar in

British Columbia, as well as in increasingly frequent instances of this NIS fish being caught in
Prince William Sound and throughout south central to southeast Alaska.

The number of marine NIS in Alaska appears to be significantly lower than other marine
ecosystems along the west coast of North America, where numbers of NIS range from about 50
species in Puget Sound (Cohen et al., 1998) to 250 species in San Francisco Bay (Cohen &
Carlton, 1995; Carlton, pers. comm.).

Species Notes:

RHODOPHYTA

Ceramium sinicola- This red alga was found as an epiphyt€adium fragile (tomentosoides?)

near Green Island. It has not been found previously north of southern California, and is strongly
suspected of being an introduction (Hansen 1998).

Chroodactylon ramosum+ This microscopic, primitive, red alga was found growing on oyster

floats at Tatilek. This species is previously known from Japan, Australia, and southern California
(and the Great Lakes, where it was introduced, Mills et al. 1993) but has not been found in the
well-studied waters of British Columbia and Washington. It may have been introduced with
oysters (Hansen 1998).

PHAEOPHYTA

Fucus cottoni (=muscoides)- This brown seaweed is known from European coasts from northern
Spain to Scandinavia (South and Tittley 1986). In the northeast Pacific, it was first found by G.

I. Hansen on Vancouver Island in 1981, and subsequently found to be abundant in high marsh
and mudflat areas along Prince William Sound (Hansen, 1998; Chapt 9 Hansen). Its status as a
separate species has been questioned by Fletcher (1987), who considers this species to be an
ecotype of. vesiculosus adapted to marsh and mudflat habitats. Specimens from Prince

William Sound have been sent to Esther Serrao, Portugal, who is studying the phylogenetic
relationships ofucus using molecular techniques. The widespread distribution of this plant in
British Columbia and Alaska, suggests that it is not a recent introduction (Hansen 1998; Chapt. 9
Hansen).

Macrocystisintegrifolia- This giant kelp is found from California to southeast Alaska. Since

1979, this kelp had been transported by plane from southeast Alaska to Prince William Sound to
be used as substrate for the Herring-Roe-on-Kelp fishery. Blades of kelp are placed in
impoundment nets with gravid herring, which deposit their eggs on the kelp. The egg-laden
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blades are then harvested and shipped to Japan, as adelicacy. Blades and holdfasts of kelp are
commonly found in Prince William Sound, but attached plants have not been found, indicating
that this kelp has not become established. While “clean” kelp blades are selected for the fishery,
the practice represents a potential vector for transport of microscopic developing stages of algae
and invertebrates into Prince William Sound (Jay Johnson, Alaska Fish and Game, pers. comm.
to G. I. Hansen ; Hansen 1998). Our examination of several large plants including blades, stipes
and holdfasts at Knight Island in the Sound during June 1998 showed that a variety of
gastropods, ophiuroids, amphipods and bryozoans were present. It was not clear whether these
associated organisms colonized the plants or were present at the time of release into the Sound.

Microspongium globosum+ This tiny brown alga is known previously from the North Atlantic

and Japan, but it has not been found in the waters of British Columbia and Washington. It grows
epiphytically on the cryptogenic brown alfamaraeaea attenuata, attached to oyster floats at

Tatilek (Hansen 1998).

Sargassum muticum- This Japanese seaweed was first observed on the U.S. west coast in 1947,

in Coos Bay, Oregon. By 1986, it was well established from southern California to southeast
Alaska. It was probably transported across the Pacific on the shells of Pacific Oysters from
Japan, and then transported along the coast by currents, shipping, and oyster transplants (Scagel
1956; Scagel et al. 1986; Cohen and Carlton 1995; US Fish & Wildlife Service, Nonindigenous
Aquatic Species Database 1999).

CHLOROPHYTA

Codium fragile (ssp. tomentosoides?), Dead Man’s FingersThe green algal speci€odium

fragile occurs on the West Coast as a species complex consisting of several unnamed subspecies,
presumably native (Cynthia Trowbridge, pers. comm. to G. I. Hansen), as well as the introduced
C. f. tomentosoides. The latteris native to the Northwest Pacific, and now widely introduced in
temperate waters (Farnham 1980; Carlton and Scanlon 1985; Trowbridge 1995). On the West
Coast, this seaweed has previously been known only from San Francisco Bay, where it was first
collected in 1977, and probably was introduced on ship fouling (Cohen and Carlton 1995). A
form of Codium nearly identical teC. f. tomentosoides was found in 1998, at Green Island, in

Prince William Sound, together with a more typically na@aelium. According to experts on

the genus consulted by Hansen, both forms lie within the morphological range of the native
populations, but molecular studies will be needed to determine their identity and relationships.

In any event, the occurrence@ddium in Prince William Sound represents a range extension

from southeastern Alaskan waters, and a possible introduction.

ANGIOSPERMOPHYTA

Cotula coronopifolia, Brass Buttons- This attractive flowering plant of the aster family is native

to South Africa. It was first reported on the Pacific Coast in 1878, along San Francisco Bay and
now occurs in coastal marshes from southern California to southeast Alaska (Hultén 1968;
Cohen and Carlton 1995). Brass Buttons was probably transported in the dry ballast of ships to
San Francisco Bay and other Pacific ports, as well as to scattered sites on the Atlantic coast of
North America and Europe (Hultén 1968). Seeds of this plant (Cohen and Carlton 1995) are a
favorite food of waterfowl, which may be how this species reached Alaska.
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Additional flowering plants, identified by Hultén (1968) as “introduced weeds” of “waste

places” and roadsides, probably occur at the edges of seashores and salt-to-fresh tidal marshes on
the Pacific coast of Alaska, based on their habits and distribution elsewhere in North America.
The following species are likely to occur in tidal marsh and shore habitats, especially disturbed
ones:Agrostis gigantea (Redtop);Polypogon monspeliensis (Beard Grass)Puccinellia distans

(Alkali Grass);Rumex crispus (Curly Dock); Rumex obtusifolius (Round-Leaved Dock)Rumex

maritimus (Golden Dock Polygonum prolificum (Prolific Knotweed);Spergularia rubra (Sand
Spurrey);Plantago major (English Plantain) (e.g. Fernald 1950; Gleason and Cronquist 1991;
Cohen and Carlton 1995Rolygonum prolificumis native to eastern North America; the other
species are of Eurasian origin (Hultén 1968). Many of these species were present on the coast of
southeast Alaska by 1883 (Meehan 1884), and may have been introduced in ship’s ballast.

PROTOZOA- FORAMINIFERA

Trochammina hadai- This foraminiferan is native to Japan, and was first found in North America

in San Francisco Bay in 1990-1993 (Cohen and Carlton 1995; McGann and Sloan 1996). It was
subsequently found in many Pacific Coast estuaries, from San Diego Bay to Puget Sound (Cohen
et al. 1998; McGann 1998 pers. comm.). In San Francisco Bay it forms very dense populations
and it processes large amounts of carbon in the benthic communities throughout the €stuary.
hadai was also found in EVOS samples taken from deep (300 ft) water of Prince William Sound
(McGann 1998 pers. comm.). This benthic protozoan inhabits the sediments (preferably muddy)
of brackish-marine estuaries (Matsushita and Kitazato 1990, Kitazato and Matsuchita 1996). It
probably has been introduced in ballast water, and was common in sediments in the ballast tanks
of oil tankers travelling between west coast ports and Port Valdez (McGann and Sloan 1996;
McGann 1998 pers. comm.). However, sediment samples collected from low intertidal to

shallow subtidal zones throughout Prince William Sound during 1998-1999 did not ¢bntain

hadai, so the extent of this population in the Sound remains unclear (Hines & McGann, pers.
comm.).

PORIFERA

Cliona thosina- This boring sponge was originally described in 1888 using specimens on oyster
shells from an unknown locality (possibly France or Mexic@}hosina was found boring in

field cultured oystersGrassostrea gigas) in Prince William Sound in 1998 (Hines, 1998;

Ruetzler pers. comm. 1998). Its boring activities weaken oyster shells and can cause shell
deformation, breakage and increase vulnerability to predators (such as crabs). The larval stages
of C. thosina are short lived (1-2 days), limiting its ability to be transported in ballast water.
Oysters cultured in the Sound arrive as “clean” spat derived from laboratory cultures in Oregon
and Washington. However, oyster spat is not always as “clean” as the suppliers claim, and many
associated species may be found in these types of aquaculture sources (CarltoG|ibBa23.
common in oysters of the lower west coast, so it is possibly derived from these populations.

CNIDARIA- HYDROZOA

Garveia franciscana (Rope Grass Hydroid)- This hydroid has been found in many estuaries
around the world, but its origin is uncertain. The Indo-Pacific and the Black--Caspian Sea basin
have been suggested as possible native regions (Cohen and Carlton 1995; Calder 1997 pers.
comm.) It was first described from San Francisco Bay in 1902, which was its only known
location on the west coast of North America (Cohen and Carlton 1995), until we found it near
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Homer in 1999 (Lee-Anne Henry pers. comm. 1999; Chapt 9 Fouling Communities). In other
regions of the world, this hydroid has been an economically important fouling organism,
adversely affecting ships, power plants and fishing gear (Simkina 1963; Andrews 1973; McLean
1972).

ANNELIDA- POLYCHAETA

Heteromastus (filiformis?)- This sediment-dwelling, free-burrowing polychaete, of the family
Capitellidae, was first described from Europe, but it is now widely distributed in coastal waters
around the world. On the west coast of North America, H. filiformis was first reported in 1936,
from San Francisco Bay, and subsequently has been found north to British Columbia and Prince
William Sound. Itsintroduction to the Pacific Coast could have occurred with Atlantic or Pacific
oysters, or in the ballast water of ships (Carlton 1979; Cohen and Carlton 1995). Heteromastus
“filiformis”, aswith some other capitellid species, may constitute a complex of several
morphologically similar species (Cohen and Carlton 1995). H. filiformis was collected
commonly in Port Valdez in 1971-1972, 7 years after the 1964 earthquake that disrupted the
benthic system, indicating that it was established well before initiation of tanker traffic to the
Port (Feder et al. 1973).

Lumbrineris heteropodaFhisinfaunal and polychaete is known from the Sahkalin and Japan,
and from two Alaskan specimens, one from Resurrection Bay, and another from Glacier Bay.
The wide gap between the known range and the Alaska records is suggestive of an introduction
(NoraFoster, 1999 pers. comm.).

MOLLUSCA- BIVALVIA

Crassostrea gigaéPacific Oyster; Japanese Oyster)- The Pacific Oyster was first planted in
North American watersin 1902, in Puget Sound. By 1939, it was cultivated in Ketchikan,
Alaska, and it is now reared in Prince William Sound, Katchemak Bay and other locations.
Alaskan waters are too cold for natural reproduction of C. gigas so spat must be transferred from
southern waters (Quayle 1969; Carlton 1979;R. Piorkowski 1999 pers. comm.).

Mya arenaria(Softshell Clam)- The Softshell Clam has a complex biogeographical history. This
species evolved in the Pacific, in the Miocene Period, and subsequently invaded the Atlantic, but
became extinct in the Eastern Pacific (Strasser 1999). Living populations of Mya arenaria
remain in the Bering Sea, but on the Eastern Pacific Coast, shells of softshell clams are absent
from subfossil deposits and shell middens, including those recently examined for M. arenaria
(Foster, Chapt 9C7, this report). Mya arenariawas re-introduced to the Pacific Coast in San
Francisco Bay in 1874, probably with plantings of Eastern Oysters (Crassostrea virginica It
was soon widely transplanted along the coast, reaching Alaska by the 1960s-1970s (Carlton
1979). The clam has been widely established for decades in Prince William Sound and Port
Valdez (Feder et al. 1973, Feder and Paul 1973), and was heavily impacted by benthos upheaval
in the 1964 earthquake (Baxter 1971).

CRUSTACEA-AMPHIPODA

Jassasp.; Jassa marmorataA tube-dwelling amphipod of the genus Jassafrom Prince William
Sound was found in University of Alaska collections (Nora Foster pers. comm.). Specimens are
being examined by John Chapman, but are not yet identified to species. Jassa marmoratanative
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to the northwest Atlantic, has been widely introduced in the world’s oceans, and has been
collected from Alaska waters (Point Slocum, Conlan 1989; Cohen and Carlton 1995; Chapman
1998 pers. comm.). Amphipods of this genus build tubes on hard surfaces, including ship hulls,
but also have been collected from ballast water (Cohen and Carlton 1995).

BRYOZOA

Cryptosula pallasiana- This bryozoan is apparently native to the Atlantic Ocean, but is now
widely distributed in the Pacific. An early (1925) recorcCopallasiana from Homer, Alaska

was a misidentified specimen Gf okadai, but in 1944-46 it was found in Sitka (U. S. Navy

1951, Carlton, pers. comm.), as well as San Francisco Bay, and Newport Harbor, California. It
was probably transported in ship fouling (Cohen and Carlton 1995).

Schizoporella (unicornis?)- This northwest Pacific bryozoan was first collected in the Eastern
Pacific in 1927, in Puget Sound (Carlton 1979; Cohen and Carlton 1995). Its first Alaska
collection was made between 1944 and 1949, in Kodiak (U. S. Navy 1951; Powell 1970; Dick
and Ross 1988; Carlton, pers. comr8chizoporella unicornis may have been introduced in ship
fouling or with plantings of Pacific Oysters (Cohen and Carlton 1995). In 1999, it was found in
Tatitlek. (This form, while definitely introduced to the Pacific coast, may actually be a complex
of several species (Winston 1999 pers. comm.).

ECHINODERMATA- OPHIUROIDEA

Ophiothrix koreana- A single brittlestar from Southeast Alaska (Juneau) has been tentatively
identified ag0. koreana (Kyte 1998, pers. comm.). If this identification is correct, this collection
would be the first record of this northwest Pacific ophiuroid from the eastern Pacific. Since only
a single specimen has been collected, the existence of established populations is unknown. Most
brittlestars have long-lived planktonic larvae, so ballast-water transport is likeliest, but transport
with oysters or ship fouling can not be ruled out.

CHORDATA- ASCIDIACEA

Botrylloides violaceus (=Botryllus aurantius)- This colonial tunicate is native to the northwest
Pacific (Japan), and may have been first found on the West Coast in 1973, in San Francisco Bay
(Cohen and Carlton 1995). It is now widespread, from southern California to British Columbia
(Cohen et al. 1998; Lambert and Lambert 19B8)ylloides violaceus was abundant on fouling
plates in Prince William Sound in 1999 (G. Lambert 1999 pers. comm.).

CHORDATA-OSTEICHTHYES

Alosa sapidissima (American Shad)- This anadromous fish, native to the Atlantic coast of North
America, was introduced in 1871, to the Sacramento River. It rapidly spread along the Pacific
coast, and was first collected in Alaska in the Stikine River in 1896. Shad spawn in freshwater
rivers from San Francisco Bay, north to the Columbia River, but feeding adult and juvenile fish
wander as far north as Cook Inlet and the Kamchatka Peninusla (Chapman 1942; Cohen and
Carlton 1995). A specimen of this species from Port Moller, Alaska Peninsula resides in the
University of Alaska Museum collections (Foster 2000, pers. comm.). American Shad have been
captured by seines and gill nets in Southeast Alaska during strong EIl Nifio years, e.g., 1969 and
1983 (J. Karinen, 2000 pers. comm.)
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Dallia pectoralis (Alaska Blackfish)- This small freshwater fish is native to the North slope and
Y ukon-Kuskakwim Delta of Alaska and eastern Siberia, but it was introduced in 1950 to Hood
and Spenard Lakes in Anchorage, in the Susitna River drainage, and has spread to other lakes in
the vicinity (Morrow 1980). We are unaware of records of this fish in brackish or tidal waters,
but we are including it here because of concerns of adverse impacts on Rainbow Trout
(Oncorhynchus mykiss) and other salmonid populations in the Anchorage area (Morrow 1980).

Esox lucius (Northern Pike)- This large predatory, freshwater gamefish is native to most of the
glaciated regions of North America and Eurasia (Scott and Crossman 1973). In Alaska, the
native range includes the Bering Sea drainage, and North Slope, but not Pacific watersheds.
Northern Pike wereillegally introduced to the Susitna River valley in the 1970s (Morrow 1980).
This speciesis known to enter brackish waters (Scott and Crossman 1973), though we are
unaware of estuarine occurrencesin Alaska. Pike have areputation as predators of salmonids, so
their introduction has long been discouraged on the West Coast (Lampman 1946; Dill and
Cordone 1997).

Salmo salar (Atlantic Salmon)- Atlantic Salmon are native to both sides of the North Atlantic,

and spawn in rivers of Europe and eastern North America. Many unsuccessful attempts were

made to stock this species on the West Coast, beginning in the Sacramento River in 1874 (Dill

and Cordone 1997), but the extensive use of S, salar in net-pen agquaculture has again raised the
possibility of its establishment in Pacific waters. Rearing of Atlantic Salmon isillegal in

Alaskan waters, but occurs in British Columbia and Washington (USGS, Nonindigenous Aquatic

Species Database 1999). In Alaska, the Atlantic Salmon was first caught off Cape Cross, in

southeastern waters, in 1990 (Wing et al. 1992). Since then, many S salar have been caught in

the state’s marine waters, and in 1998, the first one was caught in Alaska freshwater (Freeman
1998 pers. comm.; USGS, Nonindigenous Aquatic Species Database 1999), and some have been
caught in Prince William Sound with landings reported at Port Valdez and Cordova (Benda 1997
pers. comm., Freeman 1998 pers. comm.). Many escaped cultured fishes are in poor condition
(USGS, Nonindigenous Aquatic Species Database 1999), but successful reproduction has been
documented on Vancouver Island (Volpe 1999), and could well occur in Alaska waters.

Salvelinus fontinalis (Brook Trout)- This eastern North American fish was introduced into

southeast Alaska in the 1920s, and continued to be stocked into the 1950s. In its native range,
the Brook Trout has anadromous populations in coastal regions, from Massachusetts to Labrador
(Morrow 1980). We have not found documentation of sea-running fish in Alaskan waters, but
estuarine occurrences of this trout are possible. However, few populations occur in coastal lakes,
and none are known from streams or rivers (Alaska Department of Fish and Game 1994) The
Brook Trout may hybridize with the native Dolly Varden, but the impact of this crossing on

native populations is unknown (Morrow 1980).

Suspicious Species

ECHINODERMATA- ASTEROIDEA

Asterias amurensis (Common Asian Sea Star)- This sea star is native to the Northwest Pacifc,
including the coasts of Japan and Russia north to the Tatarskii Inlet and the southern Kuril
Islands, and to the Bering Sea Coasts of Russia and Alaska (Baranova 1976; Ward and Andrew
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1995, Jawett and Feder 1981). Itsrecent appearance at Homer in Cook Inlet could represent a

natural range extension. However, this species has long-lived planktonic larvae and could also

be carried in ship ballast water. Asterias amurensis has successfully invaded the coast of

Tasmania, where it poses a threat to shellfisheries (Ward and Andrew, 1995). Shipping traffic

into Homer by bulk carriers of logs and wood chips increased markedly recently as spruce trees

killed by a beetle outbreak have been forested. These ships probably bring large quantities of

ballast water to Homer from Asian ports within the established of range A. amurensis. The

recent appearance of A. amurensisin the low intertidal zone at the tip of Homer Spit was noted
asasudden arrival by experienced naturalists (C. & C. Field, 1999 pers. comm.), who have been

studying the areafor several years. This large conspicuous sea star would not be overlooked

easily and was not recorded previously in the many benthic trawl surveys of the Gulf Alaska (N.

Foster, UA Museum 1999 pers. comm.). Specimens of A. amurenis are not represented in the

University of Alaska Museum'’s collections for trawl surveys in either the Gulf of Alaska (Foster,
1999 pers. comm.) or Cook Inlet (Feder and Paul 1981, Feder et al. 1981). The survey of Cook
Inlet also included scuba surveys. It would have been very unusual for such collections to miss
a large conspicuous sea star (30 cm from ray tip to ray tip). We consider this species to be
cryptogenic in Cook Inlet, with characteristics that are very suspicious of an NIS. Because itis a
voracious predator, it could have a major impact on benthic communities.

ASCIDIACEA

Distaplia n. sp.- This tunicate is a new, undescribed species (G. Lambert, 2000, Chapt 9C10, this
report), which is very abundant in fouling communities on floats and man-made substrates in
marinas at Homer and Cordova. It was first collected in 1998 in Homer and was found in both
Homer and Cordova in 1999. It was not found at other sites within Prince William Sound where
other, native species of tunicates were common in fouling communities but lack similar
shipping/boating traffic (e.g., Tatitlek, Chenega, Port Chalmers). These sites were sampled by
the same expert taxonomists and systematists who found the species at Homer and Cordova.
Also, sites with and without the new species were sampled at the same times with an equivalent
sampling effort (fouling plates, Chapt 9D, this report). Its appearance is also suspicious, because
it was not identified in 1901 when tunicates were collected in the region at nearby sites (Ritter
1903), but this ascidian taxonomist tended to “lump” speci€sstdiplia (G. Lambert, 1999

pers. comm.). This tunicate could be a formerly rare native species that has taken advantage of
the newly created marina habitat (G. Lambert 1999 pers. comm.), or a recent introduction.

CRYPTOGENIC SPECIES

PHAEOPHYTA

Demaraeaea attenuata- This is a possible introduction from the Northwest Pacific, but G.
Hansen treated this alga as cryptogenic, although she considered its epgobagieim sinicola
to be a more likely introduction (Chapt 9C1, this report).

ANGIOSPERMOPHYTA

Atriplex patula & A. prostrata- These flowering plants commonly occur on marshes and

beaches, but Hultén (1968) refers to them (lumpeal patula) as an “introduced weed”.

Botanists are divided on their status in North America, and on the East Coast they can be traced
back to the early 1700’s. Here, we designate them “cryptogenic”.
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ANNELIDA-POLYCHAETA

Capitella capitata and other polychaete species complexes- Many cosmopolitan polychaete

“species” are believed to represent groups of sibling species, with little morphological
differentiation, but possibly with differing life histories and environmental adaptations. This has
been shown for the pollution-tolerant woaptitella capitata (Grassle and Grassle 1976), and

is suspected for many others. Cryptic invasions by foreign sibling species could be common for
species with planktonic larvae, especially in newly polluted harbors, where less-tolerant natives
could be replaced by better adapted invaders. Such invasions could only be detected by genetic
methods, or by very exacting morphological studies.

Polydora quadrilobata- This spionid polychaete has a wide distribution, including both sides of
the North Atlantic, the Northwest Pacific, and the Northeast Pacific coast from California to
Puget Sound (Blake 1971; Kozloff 1987). At least 7 species of spionids have been introduced to
the Northeast Pacific (Cohen and Carlton 1995; Cohen et al. 1998). Foster (N. Foster, UA
Museum, 1999 pers. comm.) considergjuadrilobata’swide distribution to be suspicious, in

view of the numerous introductions of this group: “The suspicious designation results from my
perception that Spionidae do seem to make up a large proportion of the NIS listed by the Puget
Sound expedition.”

BRYOZOA

Alcyonidium (polyoum?) Native and introduced cryptic species are presumed to exist on the
Pacific Coast. However, Alaska animals may be more likely to represent native forms, while
San Francisco Bay bryozoans are more likely to be introduced (Cohen and Carlton 1995).

MOLLUSCA- BIVALVIA

Macoma balthica- Native and introduced cryptic species are presumed to exist on the Pacific
Coast. However, Alaska animals may be more likely to represent the native forms (Meehan et
al. 1989; Cohen and Carlton 1995).

CRUSTACEA-COPEPODA

Leimia vaga- This benthic harpacticoid copepod was first described from Nova Scotia, but has a
limited distribution in the North Atlantic and is found in several Oregon and Washington
estuaries (Chapt 9C5; Jeff Cordell 1999 pers. comm.). In 1999, our surveys found it in Prince
William Sound (Chapt 9C5, this report). Its disjunct distribution is suggestive of transport
between coasts, but the origin of this species is unknown.

8D. Conclusions

We have identified 24 species of plants and animals comprising the NIS of marine related
ecosystems in Alaska, including 15 species recorded from Prince William Sound. In addition, 2
cryptogenic species have highly suspicious characteristics of NIS. These species represent a
diverse array of taxa that occupy a wide range of ecological niches and habitats, although there
appear to be more NIS associated with boat harbors and with aquaculture activities. Several of
these NIS are first records for Alaska. We also recorded several new, previously undescribed
species as well as numerous range extensions for species, which probably reflect the poor level
of study and understanding of taxonomy and biogeography in Alaskan marine ecosystems. Many
of the Alaskan NIS have larval stages which could be transported in ballast water; however,
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other vectors (including intentional and incidental release for fisheries and aquaculture) are
obvious possibilities. None are clearly associated with ballast water of oil tankers as a primary
mechanism, even though many NIS are frequently found in ballast water arriving to Port Vadez
(see Chapt 3, this report). The number of marine NIS in Alaska appears to be significantly lower
than other marine ecosystems along the west coast of North America, where numbers of known
NIS range from about 50 to 250 species. The complexities and uncertainties of the native biota
and the history of vectorsin the south-central Alaskan region will inevitably result in an evolving
analysis, typically revealing previously hidden importance and impacts of NIS.
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Chapter 9A. Overview of NIS Surveys

Anson H. Hines, Smithsonian Environmental Research Center
Gregory M. Ruiz, Smithsonian Environmental Research Center

9A1. Purpose

A central goal of this project was to determine whether NIS have been, or are becoming,
established within Prince William Sound. Because of the diversity of potential vectors and
changing patterns of transport mechanisms, our purpose was to provide as broad and
comprehensive a search for NIS as possible with our resources. Since previous ecological and
systematic work in Alaska has not focused on NIS, we also wished to provide a baseline for the
status of NISin Alaskan waters, against which future introductions could be measured. Recent
and on-going work on NIS aong the temperate west coast of North Americaindicates that many
INvasive species appear to be spreading northward from a peak of NIS diversity in San Francisco
Bay, aswell as other highly invaded source ports for ballast water arriving to Prince William
Sound. Some of these NIS (e.g., Carcinus maenas) have moved rapidly from central California
to Washington and British Columbia, and may be expected to reach Alaskan waters in coming
years. We focused on Prince William Sound for our field surveys and analysis of existing
samples; but because NIS often spread coast-wise, we aso sampled ports on the adjacent Kenai
Peninsula, and we considered scientific reports broadly from Alaskan waters.

9A2. Approach
To detect recent or well-established NIS in Port Valdez / Prince William Sound and
adjoining areas of risk for invasion, we used several methods, including:

» Rapid assessment field surveys of estuarine and marine invertebrates and plants for Port
Vadez, Prince William Sound, Seward and Homer. The objective was for experienced
genera ecologists to survey major habitats and communities, especially for large NIS plants
and animals detectable in the field by experienced naturalists.

» Focal taxonomic field collections in Prince William Sound, Seward and Homer. The
objective was for taxonomic experts to sample and analyze key taxonomic groups that have
known NIS but which are difficult for generalists to identify, providing definitive
identification and careful, authoritative assessments of the native, invasive and cryptogenic
status. Whenever possible, we also wished the taxonomic experts to have the opportunity to
sample the sites using their specialized methods and knowledge for collecting the focal
taxon.

» Fouling plate surveysin Prince William Sound, Seward and Homer. The objective was to
provide areplicated standard sampling method of assay for NIS in acommunity that is prone
to invasions, but which has received little prior ecological analysisin Alaska.

* Re-examination of museum and reference collections for Prince William Sound. The
objective was to re-examine extensive collections already available in the University of
Alaska Museum and vouchers samples from Exxon Valdez Oil Spill (EVOS) and other
ecological studies, developing a screening method of screening for potential NIS.

Our approach of utilizing this array of methods served to maximize spatial, temporal, taxonomic,
and habitat coverage, while still focusing our limited resources upon e ements known to be of
highest risk of invasion. The field surveys provided broad coverage of Prince William Sound, as
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will as Anchorage, Homer and Seward as important ports in neighboring Cook Inlet and the
Kenai Peninsula (Fig. 9.A.1).

Figure 9A.1. Map of Sampling Sites for NIS Surveys (1997-1999).

62900'N‘ T
e
‘o i r'****** —
/*// o "/‘LE ‘ “/; ‘
/ ) v/ f it :
o | W
7 Gl
{ e o N
T f ST e
. | \r ‘ f\;/@ LA 5 N /Z,%jp |
Loy T I Y
- - ¢ g ~a T 20
A | ' U |
/ s LT T
i \ c - /" /
60%00N - _ Cr 7 énﬁ\dm‘» Jﬁ% 0 4
/ ﬂﬂﬁ/\/zﬂ; (; ﬁ‘/\
/ . % %@g o~ See Figure 9A.2
"3 /if Y '\?\?M« |
S " ‘/ Qs‘(‘) A T - N -
et - SV
A B F
£ =2l 4
! 4 k4
59901%’2\“-’1007 1 50960'W 148°00'W 146°00'W
Longitude
Figure 9A.2. Map of Sampling Sites for NIS Surveys (1997-1999).
T T H
61900'N;
{

Latitude
[o))
o
3
a
=
z.

1

i |
149°00'W 148200'W 147°00'W 146200'W 145°00'W
Longitude



Chapt 9A. Overview of NIS Surveys, page 9A- 3

In any ecosystem, the ability to detect established NIS variesin space and time, because
most aspects of species distribution and abundance are probabilistic. Like any population, NIS
populations are typically patchily distributed across the full range of habitats, and may undergo
marked seasonal and annual fluctuations. In high latitude ecosystems like Prince William
Sound, this variation is extremely pronounced, due to rapid changes in photoperiod and
fluctuations in surface salinities resulting from warm season runoff. By using an array of
sampling at several times throughout the growing season, we increased the probability of
detecting NIS.

In addition to the stochastic aspect of detecting NIS, detection of NISin Prince William
Sound is difficult because the biotais not well described by taxonomists and biogeographers.
Despite the extensive sampling in Prince William Sound for EV OS and other ecological
programs, there are no comprehensive keys or field guides to the biota of the region (a notable
exception is the guide to Alaskan molluscs; Foster 1991). In our Pilot Study (Ruiz & Hines
1997) of Port Valdez alone, we found a surprisingly high percentage of new species records, and
our literature analysis showed that 20-50% of the species are cryptogenic in origin.

It was necessary to sample severa habitats of Prince William Sound that have received
little scientific study. For example, there are almost no publications on the fouling community of
floats and pilings, yet NIS are very common in this habitat in west coast source ports, where
some of these NIS have been very destructive. Soft-bottom habitats of Prince William Sound
have received less study than rocky substrates.

Also, in much of the previous work associated with the Exxon Valdez Oil Spill,
taxonomic identifications were not carried out to species but were reported at relatively high
taxonomic levels (e.g., Family, Order). Without careful identification to species by expert
taxonomists, NIS are often confused with similar native species. Therefore, we brought
systematic experts for several focal taxonomic groupsto Alaskafor field collections or
contracted them to identify selected subsets of samples.

9A3. Site selection and sampling design
In addition to a survey of Port Valdez and Sawmill Bay during our Pilot Study in
June 1997, we conducted two broad expeditions to survey Prince William Sound for NIS during
low tide series of 20-28 June 1998 and 8-16 August 1999. Fouling Plate Surveys were
conducted during 7-17 September 1998 and in 8-16 August 1999.

The surveysin September 1998 and August 1999 included sampling stations at Homer
and Cordova on the Kenai Peninsula adjacent to Prince William Sound. The survey sampling
design focused on invertebrates and plantsin avariety of habitats of shallow water, the intertidal
zone, and accessible man-made surfaces (e.g., floats, pilings, buoys). We selected sampling sites
that were judged to be most susceptible to invasion by NIS:

» areasmost likely to be in the path of ballast water discharged from tankers (as estimated by
circulation models and the path of the Exxon Valdez Oil Spill);

» ports and sites of sustained disturbance by human activities (especially Port Valdez, Cordova,
and Whittier, as well as Homer and Seward);

» habitats associated with previously reported NIS and cryptogenic species,
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* warmer water aress,
* marinas, floats, buoys, and pilings with accessible fouling communities; and
» ditesof active aquaculture for the Japanese Oyster Crassostrea gigas.

Together, these habitats comprise a broad area of the shallow, nearshore margins and islands of
Prince William Sound. The survey attempted to gain broad coverage of these habitats, including
46 sitesin June 1998, 9 sites for fouling platesin September 1998, and 33 sitesincluding a
subset of 7sites for fouling platesin August 1999, which were spread throughout the major
regions of the Sound and the port sites of the Kenai Peninsula (see map Fig. 9A.1, Table 9A.1).
The survey sampled three major habitats: intertidal and shallow rocky substrates; intertidal and
shallow soft sediments; and fouling communities on floats, buoys, pilings and oyster culture
structures. The salinity of the array of sites ranged from fresh to fully marine areas of the Sound.

The rapid assessment survey methods were similar to those employed in NIS surveys of

San Francisco Bay (Cohen & Carlton 1995) and Puget Sound (Cohen et al. 1998). The approach
utilizes ateam of experienced naturalists and general ecologists to sample as great a diversity of
organisms at as broad an array of sites as possible within the region of concern. The team for the
surveys consisted of:
* John Chapman (OSU), general NIS of northeast Pacific and peracaridan crustacez;
* NoraFoster (UAF), marine invertebrates of Alaska, especially mollusca;
* Anson Hines (SERC), barnacles and decapod crustaceans; and
* Todd Miller (Hatfield Marine Science Center), technical assistance and peracaridan

crustaceans.

The survey teams utilized a variety of transportation modes to travel among sites
throughout Prince William Sound, including vans, ferries, float planes, small boats, vessels of
Stan Stephens Tours, and the Fishing Vessel Kristina. Following collecting, samples were
processed in temporary laboratories provided by USF& WS Refuge in Homer, the Seward
Marine Science Center, University of Alaskain Seward, Prince William Science Center in
Cordova, the SERC Invasions Biology Laboratory in Vadez, the Prince William Sound
Community Collegein Valdez, and several hotels. The F/V Kristinaalso served as |aboratory
platform for processing of samples while in transit among some of the sites. For each sampling
site, the diversity and relative abundance of species were recorded. Field notesincluded GPS
readings, sketches of the sites, salinity and temperature readings, and notes on common or
abundant speciesidentified in the field. Samples were collected by hand, by scraper to remove
fouling organisms, and by trowel to collect soft sediment. Samples of sediment, algal-
invertebrate turf, and scrapings of fouling communities were washed and sieved on 5mm, 1mm
and 0.5 mm mesh. Each sample was “rough sorted” immediately after collection to aid in
identification of large or delicate specimens and to preserve voucher specimens for subsequent
work-up in the laboratory. Voucher samples were preserved in either 70% EtOH or 10%
formalin (as appropriate to the type of organism). Voucher samples from the survey have been
distributed to appropriate taxonomic experts for definitive identification in the laboratory using
microscopes.



Chapt 9A. Overview of NIS Surveys, page 9A- 5

TABLE 9A.1. Collecting Sites for NIS Surveys Rapid Community Fouling Plate

(1997,1998,1999). Assessments Surveys
Map Site Station 98 Cruise Latitude  Longitude 1997 1998 1999 1998 1999
No. Station Pilot Surveys Survey
No. Study
1 Anchorage Port Anchorage 61°14'N 149°45'W X
Westchester Lagoon 61°13'N 149°50'W X
2 Potter Potter flats 61°05'N 149°40'W X
3 Katchemak Bay Homer small boat harbor X X
Homer spit X X
Homer spit mudflat X X
4 Sadie Cove X
5 Seward Seward small boat harbor X X
Lowell Point X
6 Whittier Whittier small boat harbor 60°46'37"N 148°41'24"W X X
Whittier ferry dock 60°46'25"N 148°40'55"W X X
7 Shotgun Cove Shotgun Cove 60°47'26"N 148°32'30"W X
8 Esther Island Lake Bay buoy 28 60°47'37"N 148°05'01"W X
Lake Bay oysters 30 60°48'00"N 148°05'24"W X
9 Squaw Bay Squaw Bay oysters 36 60°50'00"N 147°49'20"W X
10 Eaglek Bay Eaglek Bay oysters 37 60°51'00"N 147°45'36"W X
11  Fairmont Bay Fairmont Bay oysters X X
12 Growler Island Growler mudflat 38 60°54'15"N 147°07'48"W X X
Growler dock 39 60°54'13"N  147°07'48"W X X
13  Valdez Arm, Sawmill Bay = Sawmill Bay shore 9 61°03'15"N 146°47'24"W X X
Sawmill Bay mudflat 10 61°03'23"N 146°47'24"W X X
Navigation buoy 40 61°03'16"N 146°41'39"W X
14  Valdez Arm Potato Point X
15 Port Valdez Anderson Bay X
16  Valdez Duck Flats low intertidal 44 61°07'28"N 146°18'00"W X
Duck Flats high intertidal 45 61°08"24"N 146°19'30"W X
Floating cargo dock 43 61°07'25"N 14618'36 "W X X
SERVS dock 61°07'25"N 146°21'15"W X X X
Small boat harbor 46 61°07'25"N 146°21'15"W X X X X
USCG dock " " X X
Ferry dock " " X
17  Port Valdez, Dayville flats  Dayville flats 4 61°04'54"N 146°19'00"W X X
18 Valdez Marine Terminal Alyeska small boat ramp 1 61°05'12N  146°23'30"W X X
Alyeska small boat harbor 2 61°05'10"N 146°22'28"W X X
Alyeska entrance 3 61°05'10"N 146°21'55"W
Terminal floats 42 61°05'20"N 146°24'09"W X X
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TABLE 9A.1. (continued) Collecting Sites for NIS Rapid Community Fouling Plate

Surveys (1997,1998,1999). Assessments Surveys
Map Site Station 98 Cruise Latitude Longitude 1997 1998 1999 1998 1999
No. Station Pilot Surveys Survey
No. Study
19 Valdez Arm, Rockey Point Rockey Point 11 60°57'36"N 146°45'36"W X
20 Busby Island South reef 5 60°52'55"N 146°46'29"W X
Busby Island 6 60°52'54"N 146°46'24"W X
21  Tatitlek Tatitlek Narrows oysters 8,12 60°52'06"N 146°43'30"W X X X
Village dock 60°52'06"N 146°43'30"W X X X
Ferry dock 60°52'06"N 146°43'28"W X X
22  Bligh Island Cloudman Bay 7 60°50'11"N 146°43'15"W X
23  Sheep Bay Upper Sheep Bay 13 60°52'12"N 146°43'48"W X
Middle Sheep Bay 14 60°40'21"N 145°57'06"W X
24 Cordova Small boat harbor 15,19 60°32'30"N 145°46'28"W X X X
Mudflat S of Small Boat Harbor 18 60°32'28"N 145°46'28"W X X X
Marine Science Center 17 60°32'48"N 145°46'27"W X X
Fish Dock & Flats 16 60°32'27"N 145°46'26"W X
Ferry dock 60°32'27"N 145°46'24"W X
25  Hawkins Island Windy Bay 20 60°33'54"N 145°58'38"W X
26  Orca Bay Channel Buoy 21 60°32'22"N 146°55'55"W X
27  Hinchinbrook Island Constantine Harbor X
28  Montague Island Port Chalmers X X
29  Green Island Green Island 22 60°18'19"N 145°58'38"W X
30 Evanslsland Sawmill Bay 23 60°03'31"N 147°59'47"W X
Port San Juan 24 60°04'2"N  148°03'36"W X
31 Chenega Island Chenega dock X X
32  Eleanor Island Northwest Bay middle arm 25 60°32'57"N 147°34'48"W X
33  Knight Island Passage Knight Island Passage buoy 26 60°33'52"N 147°49'11W X
34  Main Bay Main Bay 27 60°31'58"N 148°04'41"W X
Main Bay fish hatchery 28 60°31'16"N 148°05'35"W X
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The experts for the Focal Taxonomic Collections included:

» Gayle Hansen (Hatfield Marine Science Center, Oregon State University), phycologist with
special expertise in Alaskan macroal gae;

» John Chapman (Hatfield Marine Science Center, Oregon State University), peracarid
crustaces;

» Jeff Cordell (School of Fisheries, University of Washington), copepod crustaceans;

* Nora Foster (University of Alaska Museum), molluscs and other marine invertebrates of
Alaska;

» Jeffery Goddard (University of California, Santa Barbara), opisthobranch molluscs

* Jerry Kudenov (University of Alaska, Anchorage), polychaete worms;

»  Gretchen Lambert (Friday Harbor Laboratories, University of Washington), ascidians,

* Charles Lambert (Friday Harbor Laboratories, University of Washington), ascidians;

» Claudia Mills (Friday Harbor Laboratories, University of Washington), cnidarian medusae
and ctenophora;

» Lise Schickel (University of California, Santa Barbara), decapod crustaceans and parasitic
crustaceans;

* Anson Hines (SERC), barnacles and decapod crustaceans;

e Judith Winston (VirginiaNatural History Musem), bryozoans; and

* LeaAnn Henry (University of Toronto), hydrozoan cnidarians.

At numerous locations in Port VValdez / Prince William Sound, sediment samples were collected
for identifications of foraminiferans, particularly the Asian NIS Trochammina hadai, which is
extensively introduced in San Francisco Bay and other west coast source ports. This NIS was
reported from deep-water samples taken for the Exxon Valdez Oil Spill study. Sampleswere
processed and sent to Mary McGann of US Geological Survey, Menlo Park, CA, for
identification.

Other details of the methods are provided below within the individual chapters for each
Focal Taxonomic Collection, the Fouling Community Analysis and the Re-examination of the
Museum, Reference and Voucher Collections.
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Chapter 9B. Rapid Community Assessment
John Chapman, Hatfield Marine Science Center, Oregon Sate University

Collections of some taxonomic groups from the 1998 survey were transferred to
systematic experts for focal taxonomic analysis provided in other sections of this report- see

sections below for Foca Taxonomic Collections.

Other data and analysis to be provided by John Chapman have not been forthcoming.
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Chapter 9C1. Focal Taxonomic Collections. Marine Plantsin Prince William Sound,
Alaska

Gayle |. Hansen, Hatfield Marine Science Center, Oregon State University

Background

Severa NIS marine plants with potential for invasion of Alaskan waters have been
reported on the west coast of North America. For example, the pervasive algae Sargassum
muticum, Lomentaria hakodatensis, and the Japanese eelgrass Zostera japonica are thought to
have been introduced with the aquaculture of oysters by the importation of spat from Japan. At
least 5 oyster farms occur in Prince William Sound, and all have imported spat. For the herring-
roe-on-kelp (HROK) pound fishery, the giant kelp Macrocystis integrifolia is transported to
Prince William Sound via plane from southeast Alaska (the northern limit of this species) to be
used as a substrate for herring roe. Although the giant kelp cannot recruit in Prince William
Sound, it seems likely that other species, accidentally co-transported with Macrocystis, could
become established. Our Pilot Study (Ruiz and Hines 1997) also considered several NIS algal
species reported from Alaskan waters, including areport of a cosmopolitan species Codium
fragile tomentasoides from Green Island.

Methods
Sample Period. Marine benthic algae, seagrasses, and intertidal lichens were sampled as a part
of the cruise aboard the F/V Kristina during 20-28 June 1998, described above for invertebrates.

Site Information. A subset of 19 of the 46 sites selected for invertebrate sampling were chosen
for the plant study, including 13 intertidal sites (4 within Port Valdez and 9 in Prince William
Sound) and 6 off-shore float sites. Site abbreviations (for tables and figures to follow),
coordinates, temperature, and salinity are given in Table 9C1.1. Please note that the site numbers
in Table 9C1.1 for plants do not correspond to the site numbers on the map (Fig. 9A2) or Table
9A1 for invertebrates. The substratum types, listed for each site, are only those sampled for
algae and seagrasses. For analysis and discussion, the 19 plant sites have been grouped into 5
basic habitat types: harbors, mud bays, rocky headlands and reefs, rocky bays, and floats. These
will be discussed in greater detail in the Results section below.

Surveying Techniques. At each site, intertidal areas accessible by foot within the time period
provided were sampled. Since introduced species could potentially occur in any of the marine
plant taxonomic groups, it was important to sample the entire range of species present from as
broad an area as possible. Marine algal populations are well-known for being extremely patchy
in distribution, caused primarily by narrow species requirements (and tolerances) for substratum,
tidal height (exposure), salinity, nutrients, and sunlight. Since the species were patchily
distributed, they were encountered and collected sporadically, not uniformly over time. For this
study, abundance was noted only when unusually large patches of a particular species were
encountered; it was not documented uniformly for entire sites.

Time Allotment. Asshown in Table 9C1.s, sampling times at mgjor sites varied from 10
minutesto 2 hours. At low diversity sites, such as Cloudman Bay, the time provided was
sufficient for complete algal collection; at other sites, such as Green Island, the time was often
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TABLE 9C1.1. General Site Information, 1998 Collections*

ABBR. DATE LOCATION LAT LON SUBSTR. T SAL
(°C) || (0/00)
Port Valdez (Val)
al-sbr Jun 20 [|Alyeska, small boat ramp, 61°05' 12"N | 146°23' 30"W br, co 9 0
Port Valdez
al-pil Jun 20 [[Alyeska, small boat harbor, 61°05' 10"N | 146°22' 28"W pi 9 0
Port Valdez
sough Jun 20 [[Slough, near Alyeska gate, 61°04' 54"N | 146° 19' 00"W mu 11 0
Port Valdez
duckflat [|Jun 28 [[Duckflat, Port Valdez 61° 07' 28"N | 146° 18' 00"W mf 17-22f| 0-4
Other Harbors
Cor Jun 23 [|Cordova, Orca Inlet 60° 32" 28"N | 145°46' 28"W dm, mf 10-16|| 5-28
Whit Jun 26 Whittier, Passage Canal 60° 46' 25"N 148° 40' 55"W ||dm, bo, gr, mul| 4-10 8-14
Mud/Cobble Bays
CB Jun 21 Cloudman Bay, Bligh I. 60°50" 11"N | 146°43' 15"W mu, co 10 3
SMB Jun 22 Sawmill Bay, Valdez Arm 61° 03" 15"N | 146° 47' 24"W mu, co 8 5
Gro Jun 27  [Growler I. 60°54' 15"N | 147° 07" 48"W mu, co 22 11
Rk Headlands and Reefs
RP Jun 22 [|[Rocky Point, Valdez Arm 60°57' 36"N | 146° 45' 36"W br, co 11 15
Bus Jun 21 |[|Busby I., south reef 60°52' 55"N | 146° 46' 29"W br, co 11 23
Green Jun 24 Green |., northwest reef 60° 18' 19"N 147° 23' 47"W bo, br 11 30
Rk Bays
NW Jun 25 Northwest Bay, middle arm, 60° 32' 57"N 147° 34' 48"W gr, co 12 10-27
Eleanor Island
Floats and Buoys
TAT Jun 22 [[Tatitlek Narrows, Bligh I. 60°52' 12"N | 146° 43" 48"W oy 12 26
WBF Jun 23 Windy Bay, Hawkins |. 60° 33' 54"N | 145°58' 38"W oy 14 28
MBF Jun 25 Main Bay 60° 31'58"N | 148°04' 41"W bb 14 19-20
EIF Jun 25 Lake Bay, Esther I. 60° 48' 00"N | 148°05' 24"W bb 12 16
SBF Jun 26 [[Squaw Bay 60° 50" 00"N | 147°49' 20"W oy 14 24
EBF Jun 26  ||Eaglek Bay 60°51' 00"N | 147°45' 36"W oy 14 24

Abbreviations:

*= coordinates, temperature, and salinity provided by T. Miller lon=longitude
abbr.=abbreviations mf=mudflat
bb=barrier buoy mu=mud
bo=boulders oy=oysterfloats
br=bedrock pi=wood pilings
co=cobble rk=rocky
dm=docks/marina sal=salinity
gr=gravel subst=substratum
lat=latitude t=temperature

seriously inadequate to sample fully the algal diversity present. Differences among sitesin

amount of time for collecting were not factored out or corrected after sampling was completed;
however, the sites which were judged to be undercollected are designated with an “*” in Table
9C1.2.

TABLE 9C1.2. Collection Efficiency Records

Data Type Major Collection Sites (without off-shore floats)

Val | al-sbr al-pil slough duckflat | Cor Whit CB SMB Gro RP Bus Green NW
New Records 5 1 1 1 4 5 2 2 5 4 2 2 6 1
Total Species 47 35 7 7 24 41 56 10 45 63 61 59 71 69
Collection Time 165 40* 10 15 100 120 120 30 45* 105 70* 75* 65* 136
Correlation R R? * = undercollected sites
Total Species:Time** | 0.896 | 43% ** = poth without Val (Total Valdez) included
New Records:Time** | 0.498| 7%
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Field Sampling & Processing. All agal sampling was done by hand or with achisel. Collected
specimens were then placed in plastic bags for transport back to the boat for processing. On
board, the samples were sorted to species and then either pressed in a plant press or preserved in
5% formalin/seawater. Site notes and preliminary specieslists were made in the field, and some
final identifications were done on board. However, for most species fina determinations were
not made until returning to the Hatfield Marine Science Center in Newport, Oregon, where
compound microscopy was available. The smaller marine algae that require microscopic
examination while still alive for identification were necessarily excluded from this study. After
identification, both liquid and dried specimens were curated, |abeled, and deposited in the
herbarium at OSU/HM SC for reference in future Alaskan marine algal studies.

Identifications. Since no marine flora (identification guide) of Prince William Sound exists, the
algae collected during this study were identified using awide variety of literature. For common
species, the most important references utilized were Abbott and Hollenberg (1976), Gabriel son et
al. (1993), Perestenko (1994), and Sears (1998). For more obscure species, much of the world
taxonomic literature on temperate/arctic marine algae was employed. To confirm the
identification of particularly difficult or important species, some specimens were sent out to
colleagues for identification using molecular techniques. These taxa are designated with a"#" in
the species charts. Due to the costs of these tests, these results will not be presented here, but
instead will be presented at alater date as part of the papers prepared by these experts.

Distributions, Residency Status, and New Records. In determining if species were introduced,

the local and global distributions had to be determined from the literature. Some of the

references used for this process were: Scagel et al. (1993), Sears et al.(1998), Selivanova and
Zhigadlova (1997), Lee (1980), Guiry (1998), Rueness (1977), Phillips and Menez (1988),

Yoshidaet al. (1995), Adams (1983, 1994), Womersley (1984, 1987, 1994, 1996), Lindstrom

(1977), Hansen et al. (1981), and Hansen (1997). These distributions, summarized in the

abbreviated form explained below, are shown under range (Ra) in the first column of the species

site lists (Tables 9C1.3 — 9C1.5). The ranges provided the basis for determining the Residency
Status (St) of the species. Residency status rankings include the following 5 categories:

* E (Endemic) = species known only from Alaska

* N (Native) = species native to the North Pacific, including species with ranges limited to the
northeast Pacific (nep) and those that occur in all other areas around the northern Pacific rim
(np).

» C (Cryptogenic) = species with extremely broad distributions that occur circumboreally (cb)
and/or extend to the southern hemisphere (ws).

* 1? (Introduced?) = species that appear to have been introduced to the area.

* F (Failed Introduction) = deliberately introduced species that have failed to colonize the
area
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TABLE 9C1.3. Marine and Estuarine Plants Collected in Port Valdez, Alaska

4

NIS ANALYSIS PORT VALDEZ
TAXA 1 June 1998 Collections............ Total
Ra| St |NR| So Val al-sbr | al-pil | slough | duckflat | Checklist

RHODOPHYTA, Rhodophyceae

ws |C Ahnfeltia fastigiata (0]
nep |N Ahnfeltiopsis gigartinoides (0]
nep |N Antithamnionella pacifica O
ws |C Audouinella purpurea O
ws |C Bangia atropurpurea X X X
nep |N# Ceramium gardneri (@)
np |N Constantinea subulifera (@)
np |N Corallina frondescens (@)
np |N Corallina vancouveriensis O
np |N Cryptonemia borealis O
np |N Cryptonemia obovata O
nep |N Cryptosiphonia woodii X* X* (0]
cb |C Devaleraea ramentacea X X o
cb |C Dumontia contorta (0]
np |N Dumontia simplex O
nep |N Endocladia muricata O
ws |C Erythrotrichia carnea O
np |N Glioipeltis furcata X* X* O
np,anN Halosaccion firmum X X (@)
np |N Halosaccion glandiforme X* X* (@)
ws |C Hildenbrandia rubra (0]
np |N Leachiella pacifica O
np |N Lithophyllum dispar O
nep |N Mastocarpus papillatus complex X* X* (o]
np [N Mastocarpus cf. pacificus ? X* X* X
nep |N Mazzaella heterocarpa (@)
np |N Mazzaella phyllocarpa X X X
nep |N Mazzaella splendens O
nep |N Microcladia borealis O
ws |C Nemalion helminthoides O
np |N Neorhodomela aculeata X X (@)
np |N Neorhodomela larix X X (@)
np |N Neorhodomela oregona X* X* (@)
nep |N Odonthalia floccosa O
np |N Odonthalia kamtschatica O
np |N Odonthalia setacea (drift?) (o]
nep |N Palmaria hecatensis X* X* O
cb |C Palmaria mollis/palmata (0]
np |N Phycodrys riggii (0]
ws |C Polysiphonia brodiaei (0]
nep |N Polysiphonia hendryi v. deliquescens X X [e]
nep |N Polysiphonia hendryi v. hendryi [e]
nep [N Polysiphonia hendryi v. luxurians (0]
nep [N Polysiphonia pacifica v. pacifica (0]
nep |N Porphyra cuneiformis (0]
nep |N Porphyra mumfordii (0]
np |N Porphyra perforata O
cb |C# [NR |NAT |Porphyra purpureo-violacea ? (0]
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nep [N NR [Wa |Porphyra rediviva X* X* X
np [N Pterosiphonia bipinnata X* X* (0]
np [N Ptilota filicina (0]
cb |C Ptilota serrata (incl. pectinata) (0]
cb |C Rhodomela lycopodioides (0]
cb |C Scagelia americana (0]
np [N Tokidadendron kurilensis X X (0]
nep [N Weeksia coccinea X* X* X
HETEROKONTOPHYTA, Phaeophyceae Val al-sbr | al-pil | slough | duckflat | Checklist
cb |C Agarum clathratum (cribrosum) (0]
cb |C Chordaria flagelliformis Xun Xun (0]
np [N Chordaria gracilis (6]
cb |C Coilodesme bulligera (0]
np [N Costaria costata (0]
cb |C Desmarestia aculeata (0]
cb |C Desmarestia viridis (0]
cb |C Dictyosiphon foeniculaceus X* X* Xun (0]
nep |N Ectocarpus parvus O
ws |C Ectocarpus siliculosus (0]
nep N Elachista lubrica X* X* (0]
cb |I? |NR |[NAT JFucus cottonii X* X* X
cb |C Fucus gardneri/distichus/evanescens X* X* X*un X* (6]
cb |C Fucus spiralis X X X X
np, 4N Laminaria "groenlandica"/bongardiana X* X* (0]
cb |C Laminaria saccharina X* X* X (0]
np [N Laminaria yezoensis X* X* (0]
ws |C Leathesia difformis (0]
cb |C Melanosiphon intestinalis X X (0]
ws |C Petalonia fascia (0]
ws |C Pilayella littoralis/washingtonensis X* X* X X* (0]
ws |C Scytosiphon simplicissimus X* X* Xun (0]
np [N Soranthera ulvoidea X* X* (0]
ws |C Sphacelaria rigidula (0]
cb |C Spongonema tomentosum O
HETEROKONTOPHYTA, Xanthophyceae Val al-sbr | al-pil | slough | duckflat Checklist
WS |c |NR |BC IVaucheria longicaulis (?) mats X* X* X
CHLOROPHYTA, Chlorophyceae Val al-sbr | al-pil | slough | duckflat Checklist
cb |C Acrosiphonia arcta X* X* X* (0]
nep [N Acrosiphonia coalita (0]
np [N Acrosiphonia saxatilis (0]
cb |C Blidingia chadefaudii (0]
ws |C NR [BC |Blidingia marginata X* X* X* X
ws |C Blidingia minima X* X* X* (0]
cb |C Blidingia subsalsa X* X* X* X* (0]
cb |C Chaetomorpha capillaris/cannabina (0]
nep N NR |[Wa |Chaetomorpha recurva (@)
ws |C Cladophora albida (0]
ws |C Cladophora sericea (0]
ws |C Enteromorpha clathrata (0]
ws |C Enteromorpha in compressa (0]
ws |C Enteromorpha intestinalis X* X* X* (0]
ws |C Enteromorpha linza (0]
ws |C Enteromorpha prolifera/torta X* X* X* X* X

5
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Table 9C1.3. continued
cb |C Gayralia oxyspermum X* X* X
cb |C NR |BC |Halochlorococcum moorei X* X* X* X
cb |C Kornmannia zostericola (epiphytic) (0]
cb |C Monostroma grevillei/arcticum (0]
ws |C Rhizoclonium implexum X* X* X* X* O
ws |C Rhizoclonium riparium X* X* X* X* O
ws |C Rhizoclonium tortuosum O
ws |C Ulothrix implexa (non flacca) X* X* X* X? X* (6]
np |C# Ulva fenestrata /expansa/lactuca X* X* X* (0]
cb |C Ulvaria obscura X* X* X* O
ws |C Urospora penicilliformis ? X* X* X
SEAGRASSES Val al-sbr | al-pil | slough | duckflat | Checklist
cb |C | | IZostera marina X* X* O
LICHENS Val al-sbr | al-pil | slough | duckflat | Checklist
cb |C Verrucaria maura O
cb |C Verrucaria mucosa O

Ra| St | NR] So Val al-sbr | al-pil | slough | duckflat | Checklist
TOTALS: Species 47 35 7 7 24 112

New Records 5) 1 1 1 4 7

Abbreviations:

! = abundant or common

# = currently being examined with molecular techniques
?= uncertainty of identification

al-sbr=Alyeska boat ramp and vicinity

al-pil=Alyeska small boat harbor pilings

BC=British Columbia

C=cryptogenic

cb=circumboreal

Checklist=total records for Port Valdez including literature and the present study
duckflat=Mudflat east of the town of Valdez

N=native to North Pacific

NAT=North Atlantic

nep= northeast Pacific

np= North Pacific

NR = new record to Alaska

nr = northward range extension within Alaska

O= records from the literature and pilot study
slough=Slough about 1 mile from Alyeska gate
So=Closest source to PWS

Stat=NIS Status (native, cryptogenic, introduced, etc)
un= living unattached

Val=Total records for Port Valdez for the present study
Wa=Washington

ws= widespread, occurring in North Pacific, North Atlantic, and Australia or New Zealand
X*= current record noted with specimen

X= current record noted in the field
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TABLE 9C1.4. Marine and Estuarine Plants Collected at Shore***
Sites in Prince William Sound
NIS ANALYSIS HARBORS MUD BAYS HEADLANDS RK
TAXA AND REEFS BAYS

Ra St |INR |So Val Cor Whit]] CB SMB Gro || RP Bus Green NW
RHODOPHYTA, Rhodophyceae
ws C Ahnfeltia fastigiata X* X*1
nep [N Antithamnionella pacifica X* X* X*
ws C Antithamnionella spirographidis X?  X?
ws C Audouinella purpurea X* X*
ws C Bangia atropurpurea X X+ X* X*
np N Bossiella cretacea X* X*
nep [N Bossiella plumosa X*
nep [N Callithamnion acutum X*
nep [N Callithamnion pikeanum v. laxum X*
nep [N Callithamnion pikeanum v. pikeanum X*
cb C# Ceramium cimbricum X*? X*?
nep [I?# |NR |Cal |Ceramium sinicola? (on Codium) X*
nep |N# Ceramium gardneri X*
nep |N# Ceramium pacificum/washingtonensis X* X* X* X* X*? X*
ws Ci#t Ceramium rubrum/kondoi X*? X*
np N Constantinea subulifera X* X X* X* X*
np N Corallina frondescens X* o X* X* X
np,ch |N Corallina officinalis v. chilensis X* X* X*
nep [N Cryptosiphonia woodii X* X* X*  X* X* X* X* X*
nep [N Delesseria decipiens X?
cb C Devaleraea ramentacea X X* X*
cb C Dumontia contorta X*  X* X* X* X X*
np N Dumontia simplex X
nep [N Endocladia muricata X* X*
ws C Erythrotrichia carnea X* X* X* X*
np N Glioipeltis furcata X* X X* X* X* o X* X* X*
np,ar [N Halosaccion firmum X X* X?  X? X?
np N Halosaccion glandiforme X* X X* X X* X X*
np N Leachiella pacifica X* X* X* X*
nep [N Mastocarpus papillatus complex X* X*
np N Mastocarpus cf. pacificus X* X X* X* X X*
np N Mazzaella phyllocarpa X X* X* X*1 X* X* X!
nep [N Mazzaella splendens X
nep [N Microcladia borealis X
np N Neorhodomela aculeata X X X+ X* X X* X* X!
np N Neorhodomela larix X X* X* X*
np N Neorhodomela oregona X* X*! X X*  X* X X* X* X*
np N Neoptilota asplenioides X* X X* X! X
nep [N Odonthalia floccosa X! X X X* X* X*
np N Odonthalia setacea (drift?) X*
nep [N Opuntiella californica X*
np N Palmaria calophylloides/stenogona X X X Xxx X*1
nep [N Palmaria hecatensis X* X*! X* X* X
cb C Palmaria mollis/palmata X* X X* X X* X* X!
np N Phycodrys riggii X X* X* X*
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Table 9C1.4. continued

nep [N Platythamnion pectinatum X? X? X*
np N Pleonosporium cf vancouverianum X*

nep [N Polysiphonia eastwoodae X*

ws C Polysiphonia brodiaei X?

nep |N Polysiphonia hendryi v. deliquescens X X

nep |N Polysiphonia hendryi v. hendryi X* X*

nep |N Polysiphonia pacifica v. determinata? X*

nep [N Polysiphonia pacifica v. pacifica X* X* X* X*
np,nz [N |nr |SeA |Polysiphonia senticulosa X*  X* X*  X* X* X*
cb C Polysiphonia stricta (urceolata) X* X* X*
nep [N Porphyra cuneiformis X* X* X?
cb C [NR |Com|Porphyra miniata X*

nep [N Porphyra nereocystis X*

nep [N |NR |Wa |Porphyra rediviva X*

np N Porphyra torta/abbottae X*
np N Pterosiphonia bipinnata X* X* o X* X* X* X* X* X*
ch C Ptilota serrata (incl. pectinata) X* X* X* X*
np,ar [N Rhodymenia pertusa X X* X X* X!
cb C Scagelia americana X* o X* X* X* X* X*
nep [N Smithora naiadum X*

np N Tokidadendron kurilensis X X* X* X*
nep [N Weeksia coccinea X* X? X*
HETEROKONTOPHYTA, Phaeophyceae Val Cor Whit|]|CB SMB Gro ||RP Bus Green NW
np N# Alaria taeniata/angusta/crispa X* X X

np N# Alaria tenuifolia/pylaii//membranacea X*

np N# Alaria praelonga/marginata X X* X* X*1

cb C Agarum clathratum (cribrosum) X X* X*
np N Analipus japonicus X X* X* X* X* X
cb C Chorda filum X* X*  X* X

cb C Chordaria flagelliformis Xun X* X* X* X* X* X* X*
cb C Coilodesme bulligera X*

ak E |NR Coilodesme n. sp. X*

np,nz [N Colpomenia bullosa X*

ws C Colpomenia peregrina X* X* X* X*
np N Costaria costata X* X*

np N Cymanthera triplicata X*

np N Cystoseira geminata X*

cb C |INR |Com|Delamarea attenuata X* X*

cb C Desmarestia aculeata X X X X X* X

cb C Desmarestia viridis X X X*

cb C Dictyosiphon foeniculaceus X* o XH X X* o X*  X* X* X* X* X
ws C Ectocarpus siliculosus X?

cb C Elachista fucicola X* X X X*

nep [N Elachista lubrica X* X* X*
cb C Eudesme virescens X*  X* X* X*

cb I? INR [NAT |Fucus cottonii X* X*  X*  X*

cb C Fucus gardneri/distichus/evanescens X*ooXH X X X X*un]| X* X X*1 X*
cb C Fucus spiralis X X* X? X X X! X!
np,ar [N Laminaria "groenlandica"/bongardiana X* X* o X* X* X* X* X* X*!
cb C Laminaria saccharina X* X X* X* X!
np N Laminaria yezoensis X* X* X*
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Table 9C1.4. continued

ws C Leathesia difformis X X X* X! X
nep [N Leathesia nana X* X*  X* X*

nep |[F Macrocystis integrifolia X* drift
cb C Melanosiphon intestinalis X X*! X*  X* X* o X* X* X*
ws C Pilayella littoralis/washingtonensis X* X* o X* X* o X* X* X X X*
ws C |nr |[SeA |Punctaria latifolia X* X*

ak E Punctaria lobata X*

cb C [NR |Jap |Punctaria plantaginea* X X* X? X? X*

cb C Punctaria tenuissima X*
cb C Ralfsia fungiformis X* X*
np N Saundersella simplex X* X*

ws C Scytosiphon simplicissimus X* X* X*  X* X X* X* X*
np N Soranthera ulvoidea X* X* X?  X* X X* X* X*
np N Soranthera ulvoidea f. difformis X* X*
cb C Sphacelaria racemosa X* X*
ws C Sphacelaria rigidula X? X* X* X*
HETEROKONTOPHYTA, Xanthophyceae Val Cor Whit|[CB SMB Gro |[RP Bus Green NW
ws |c |NR |BC | Vaucheria longicaulis (?) X* X+ | |

CHLOROPHYTA, Chlorophyceae Val  Cor Whit||CB SMB Gro [[RP Bus Green NW
cb C Acrosiphonia arcta X* X* o X* X?  X* X* X* X? X*
np N Acrosiphonia saxatilis X* o X* X*

ws C [NR |BC |Blidingia marginata X*

ws C Blidingia minima X* X* o X* X* X X* X* X*
cb C Blidingia subsalsa X* X* o X*

cb C [NR |BC |Capsosiphon fulvescens X*

ws C Cladophora albida X* X* X*  X* X X* X*
cb C Cladophora hutchinsiae X*

ws C Cladophora sericea X X* X X*  X* X* X* X* X*1
np N Cladophora stimpsonii X* X*

nep |N |nr |SeA |Codium fragile subsp. fragile X*

ws 1?# INR |Wa [Codium fragile subsp. tomentosoides? X*

ws C Enteromorpha intestinalis X* X* X X X X X?
ws C Enteromorpha linza X*1 X X* X* X

ws C Enteromorpha prolifera/torta X* X X* X* X* X X*
cb C Gayralia oxyspermum X* X? X? X*

cb C |INR |BC |Halochlorococcum moorei X* X*

cb C Kornmannia zostericola (epiphytic) X*

ch C [NR |NAT |Kornmannia leptoderma (epilithic) X*

nep |N |NR |Wa [Monostroma fractum X* X*

cb C Monostroma grevillei/arcticum X? X? X* X*
ws C Percursaria percursa X* X*

ws C Rhizoclonium implexum X*

ws C Rhizoclonium riparium X*

ws C Rhizoclonium tortuosum X* o X* X* X* X

ws C Ulothrix implexa (non flacca) X* X* X

ws C# Ulva fenestrata /expansa/lactuca X* X* X X*  X* X* X* X*
cb C Ulvaria obscura X* X? X* X? X*
np N Ulvella setchellii X*

ws (e} Urospora penicilliformis ? X* X
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Table 9C1.4. Continued |

SPERMATOPHYTA, Seagrasses Val Cor Whit]|]CB SMB Gro ||RP Bus Green NW

cb C Zostera marina X* X* X* X xX* X X*

nep |N Phyllospadix scouleri X X*

nep [N Phyllospadix serrulatus X

LICHENS Val Cor Whit|{|[CB SMB Gro [|[RP Bus Green NwW

cb |C | | | Verrucaria maura X X X

47 41 56
TOTALS: Species (total =146) 47 41 56 10 45 63 61 59 71 69
New Records (total =17) 5 5 2 2 5 4 2 2 6 1

GROUP TOTALS (with overlap excluded): Harbors Mud Bays Headlands Rk Bays
Species in Merged Groups 87 78 96 69
New Records in Merged Groups 8 7 8 1

Abbreviations:

! = abundant or common

# = currently being examined with molecular techniques
***=shore sites include both shore and marina sites
?= uncertainty of identification

ak=Alaska

ar=arctic

BC=British Columbia

C=cryptogenic

Cal=California

cb=circumboreal

Ch=Chile

Com=Commander Islands, Russia
Cor=Cordova

drift= dying unattached

E=endemic to Alaska

F=failed introduction

1?=possible introduction

Jap=Japan

N=native to North Pacific

NAT=North Atlantic

nep= northeast Pacific

np=North Pacific

NR = new record to Alaska

nr = northward range extension within Alaska
nz=New Zealand

O=Presence known from the Pilot Study and literature
Ra=Distribution Range

RK=rocky

SEA=Southeast Alaska

So=Closest source to PWS

St=range status (see N, C, E, and I)

un= living unattached

Wa=Washington

Site Abbreviations and Dates:

Bus=Busby Island

south reef, 21 June

CB=Cloudman Bay, East Bleigh |, 21 June
Cor=Cordova, 23 June

Green=Green Island, northwest point, 24 June

Gro=Growler Island, near resort, 27 June
NW=Northwest Bay, Knight Island, 25 June

RP=Rocky Point h

eadland, 22 June

SMB=Saw Mill Bay, 22 June

V-Ck=Port Valdez

checklist (all records known)

Val=all Port Valdez collections, June 1998
Whit=Whittier, 26 June

ws= widespread, occurring in North Pacific, North Atlantic, and Australia or New Zealand

X*=Presence known from the current study; specimens available
X=Presence known from the current study; no specimen taken
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TABLE 9C1.5. Marine Algae Collected from Off-Shore*** Floats
in Prince William Sound, June 1998

NIS ANALYSIS TAXA Float FLOATS Only
Range [stat [NR [so Cklist| TAT WBF MBF EIF SBF EBF | onfloats
CYANOPHYTA, Cyanophyceae
ws C Calothrix crustacea X X* i
ws C Rivularia atra X X* **
RHODOPHYTA, Rhodophyceae
nep N Antithamnionella pacifica X X*
cb 1?7 | NR| SD |Chroodactylon ramosum X X* &3
nep N nr | SeAk |Polysiphonia senticulosa X X*
ws C Polysiphonia urceolata X X* >
cb C Scagelia americana X X*
HETEROKONTOPHYTA, Phaeophyceae
nep N Coilodesme californica X X* **
ak E | NR Coilodesme n. sp. X X*
np N Cystoseira geminata X X*
cb C NR [ Com |Delamarea attenuata X X*
nep N nr | BC |Ectocarpus acutus X X* ok
nep N nr BC |Ectocarpus dimorpha X X* &5
nep N Ectocarpus parvus X X* **, V-CK
Ectocarpus sp. (Acinetospora?) X*
Giffordia sp. X*
np N Laminaria groenlandica X X*
ws C Laminaria saccharina X X* X*
np N Laminaria yezoensis X X*
cb C Melanosiphon intestinalis X X*
cb 1?7 | NR | Jap |Microspongium globosum X X* tal
ws C Pilayella littoralis X X*
Pilayella sp. (elongate X*
intercalary structures)
cb C | NR | Jap |Punctaria plantaginea X X*
cb C nr | SeAk |Punctaria latifolia (Desmotrichum) X X*
ws C Scytosiphon simplicissima X X*
CHLOROPHYTA, Chlorophyceae
ws C Cladophora albida X X* X*
ws C Cladophora sericea X X* X* X*
ws C Enteromorpha prolifera/torta X X*
ws C Percursaria percursa X X*
TOTALS: 27 17 1 4 1 4 7 9
New Records 9 4 1 1 0 0 3
Abbreviations:
*=Specimen available LJ=LaJolla, California Float Sites and Dates (Coord. with JC)
*=0nly on floats in this study N=native EBF=Eaglek Bay floats, 26 June
**=Gites accessed by boat nep=northeast Pacific EIF=Ester Island float, 25 June
BC=British Columbia np=North Pacific MBF=Main Bay barrier buoy, 25 June
C=cryptogenic nr=new record from neighboring area SBF=Squaw Bay float, 26 June
cb=circumboreal NR=new record from remote area TAT=Oyster floats near Tatilek, 21 & 22 June
Com=Commander Islands, SeAk=Southeast Alaska WBF=Windy Bay floats, 23 June
Jap=Japan V-Ck=also known from the Valdez Checklist Float Cklist=species used in this study

ws=widespread
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Species were then categorized as to whether they were new distribution records (NR) to the area.
These included species that had never before been reported from Prince William Sound (nr) or
Alaska (NR). In each of these cases, the closest known records to the area were given asthe
source (So0). Since the new records seemed to be the most likely category in which to find
recognizable NIS, they are highlighted in gray throughout the charts and tables.

This preliminary quantification of marine plant species and NIS in Prince William Sound
required a number of lengthy, detailed steps. After gathering, identifying, and curating all of the
species, site lists had to be prepared and both local and global biogeographic information
compiled. Then, with thisinformation in hand, the residency status and new distribution records
of each species were determined. Only after all of this was completed could NIS begin to be
recognized. Since many of the steps in this process revealed important data that characterized not
only NIS but the marine florain genera, this report presents the site listsin their entirety and
then summarizes the results for comparative purposes in tables and graphs. Since the results are
lengthy, they have been organized into the following 7 major parts that are presented below:

» The SpeciesLists by Site, including Port Vadez, Shore, and Floats.

» The Total Species Numbers and Composition of the Individual Sites.

» Total Species Numbers and Composition in each Habitat Type.

* Native, Cryptogenic, and Introduced Species and their Taxonomic Composition.

* Native, Cryptogenic, and Introduced Species in the Habitat Types.

* New Species Records and Probable Introductions.

» Comments on the Five Probable Introductions and One Important Failed Introduction.

Results

During our 9-day search for NISin Port Valdez and Prince William Sound, 489 plant
samples were processed (Table 9C1.6). These samples contained 155 different species
dominated by thered (Rhodophyceae), brown (Phaeophyceae), and green (Chlorophyceae)
algae, inthat order. Among these species, 21 were found to be new records to the area, and, of
these, at least 5 appear to be introduced. In addition, 70 species were found to be cryptogenic,
some of which have suspicious characteristics of NIS.

TABLE 9C1.6. Collection Data*

TAXONOMIC SAMPLES TOTAL NEW
GROUP Total Herb. Form. SPECIES || RECORDS
Rhodophyceae 199 135 64 69 5
Phaeophyceae 162 120 42 49 8
Chlorophyceae 117 99 18 30 7
Xanthophyceae 2 2 0 1 1
Seagrasses 7 4 3 3 0
Lichens 0 0 0 1 0
Cyanophyceae 2 1 1 2 0
Total, June 1998 489 361 128 155 21

Abbreviations:

* =Samples and species counts are only for the June 1998 trip.
Herb.=Pressed herbarium sheets

Form.=Bottles of preserved specimens
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The total species and new species records/collecting site were correlated with collection
time (Fig. 9C1.1). Longer collecting periods yielded more species at an R? value of 43%. New
records, on the other hand, appear to be almost unaffected by collection time, showing an R? of
only 7%.

FIG.9C1.1. Collection Efficiency
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The Site Species Lists. Species of marine and estuarine plants identified at all sites sampled
during our June 1998 survey are listed in Tables 9C1.3, 9C1.4, and 9C1.5. The plants sampled
were predominantly macrobenthic marine algae of the Rhodophyceae, Phaeophyceae,
Chlorophyceae, Xanthophyceae, and Cyanophyceae along with several species of seagrasses and
marine lichens. Species occurrence at the various sitesis designated with an Xin thellists. If
samples were taken and curated for identification purposes, the species are listed with an X*,
indicating that vouchers are available in the OSU/HM SC herbarium for study. In addition, each
speciesis categorized for several biogeographic features that are necessary for the NIS Analysis,
explained in the Methods section above.

» Species of Port Valdez. Samplesfrom 4 sampling sitesin Port Valdez included 47 algal
species and 5 new records (Table 9C1.3). The sites covering the largest areas (the Alyeska
small boat ramp and the duckflat) contained the majority of the species. The highest species
count occurred at the Alyeska boat ramp where the greatest amount of hard substratum was
available for algal settlement. The highest number of new records occurred in the duckflat.
A few of these species are good candidates for NIS status. However, their lack of earlier
discovery may have an obvious explanation. Mudflats, like the duckflat, are not only
notoriously poor habitats for most marine algae, but they can be dangerousin Alaska.
Therefore, earlier phycologists avoided many of these areas. Knowing thisto betrue, it was
possible to predict the occurrence of some new records (e.g., Fucus cottonii and Vaucheria
longicaulis) in the mudflats and sloughs. Also shown in Table 9C1.3 is a Checklist of Algal
Species for Port Valdez, which includes the species collected from the 1998 sampling, as
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well as those found previously during the 1997 Pilot Study (Ruiz & Hines, 1997) and the
literature (Calvin and Lindstrom, 1980, and Weigers et a., 1997). In addition to our summer
sampling, thislist includes year-round collections taken by the earlier investigators. The
total count for the entire Port Valdez area, including these earlier records, amountsto 112
Species.

Species of Shore Sites.  Shore sitesinclude al intertidal areas and marinas sampled during
the June 1998 cruise, along with the combined records for Port Valdez (Table 9C1.4). These
10 sites covered awide range of habitats, which were grouped into 4 major habitat types:
Harbors, Mud Bays, Headlands and Reefs, and Rocky Bay (presented in more detail below).
The overall species count for al of the shore areas was 146 species with 17 new records.
The highest species diversity occurred at Green Island, Northwest Bay, and Growler Island,
all of different habitat types; while the highest number of new records occurred at Green
Island, Saw Mill Bay, Cordova, and Port Valdez, also a mixture of habitat types. Only two
species (Dictyosi phon foeniculaceus and Fucus gardneri ) were found at al shore sites
sampled. Four others (Cladophora sericea, Acrosiphonia arcta, Pilayella littoralis, and
Neorhodomela oregona) were found at al but one site (and were possibly overlooked there).
Numerous species (31) were common to all of the habitat types, but there were also an
extraordinary number of species that appeared to be limited to only 1 habitat type (17 were
found only in harbors, 9 only in mud bays, 19 only on headlands and reefs, and 5 only in
rocky bays). Two species restricted to harbors are new recordsto the area: Porphyra
rediviva, a newly discovered free-floating marsh plant that could be easily transported by
ships, and Vaucheria longicaulis, a species unique to high mudflats that is common to many
southern west coast harbors. Although not a new record, another interesting harbor speciesis
Antithamnionella spirographidis. This speciesis reported to be common to harborsin British
Columbia and is thought to be introduced to that area (Lindstrom in DeWreede 1996).
However, its circumboreal and Australian existence leads me to categorize it as cryptogenic
in this paper.

Species from Floats. Marine plants were sampled from five oyster floats and one barrier buoy
(MBF) (Table9C1.5). A tota of 27 different algal specieswere identified from the floats.
Of these, 9 were not collected at any of the other sites during our trip. Most of these unique
species are small and could have been overlooked in other areas, but several are species that
probably could only find suitable habitat on the floats. Over half the 27 species collected are
well-known fouling organisms (e.g., Cladophora sericea, Pilayella littoralis, and
Polysiphonia urceolata). Nine new species records, the highest habitat number in our
survey, were also found on the floats. This may be related to the fact that most of the floats
sampled are used in aguaculture, which could be a source of introductions. The highest
counts for both species and new records occurred on the floats at Tatitlek Narrows (TAT)
and Eaglek Bay (EBF) used in active oyster culture. Two of the new records found at these
sites (Chroodactylon ramosum and Microspongium globosum) and possibly more are thought
to be introduced. One species (Polysiphonia senticulosa) is considered to be arange
extension from southeast Alaska, but it is already widespread in Prince William Sound. This
speciesis presumably native in Washington to Southeast Alaska, and was recently reported
to be introduced and pervasive in New Zealand (Nelson and Maggs, 1996).
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The Total Number of Speciesand Species Composition of the Individual Sites. The overall
number of specieswas 155 for all sites, but the numbers of species per site ranged from only 10
to 71 species, indicating that there is considerable variation in species composition among
habitats (Table 9C1.7, Fig. 9C1.1, 9C1.2). The 21 new records across all areas ranged from 1 to
9 at the individual sites and was highest on floats. The highest species count (71 species)
occurred at Green Idland, the most exposed and highly saline site. At this site, the proportion of
red algal species was nearly 2 times that of the brown algae and 4 times that of the greens. The
lowest species count (10 species) occurred at Cloudman Bay, a sheltered, estuarine mud bay. At
this site there were ailmost no red algae, and the brown algae were more abundant than the
greens.

Table 9C1.7. Total Species Numbers and Composition at Each Site, June 1998

Taxonomic Group Val Cor Whit| CB SMB Gro| RP Bus Green | NW | Floats Total* V-Total**
Rhodophyceae 18 12 23 1 15 26 | 27 27 40 37 5 69 84
Phaeophyceae 13 11 14 5 20 24 123 21 21 22 16 49 52
Chlorophyceae 14 16 17 3 9 12 9 8 10 9 4 30 36
Xanthophyceae 1 1 0 0 0 0 0 0 0 0 0 1 1
Seagrasses 1 1 1 1 1 1 1 3 0 0 0 3 3
Lichens 0 0 1 0 0 0 1 0 0 1 0 1 2
Cyanophyceae 0 0 0 0 0 0 0 0 0 0 2 2 2
TOTALS 47 4 56 | 10 45 63 | 61 59 71 69 27 155 180
NEW RECORDS 5 5 2 2 5 4 2 2 6 1 9 21 23

Abbreviations: Sites as in Table 1; Val=the Port Valdez collections combined; Floats=the float collections combined;
Total*=with overlap and earlier collections excluded; V-Total**=Total* with the Port Valdez Checklist species included.

Figure 9C1.2. Total Species Numbers and
Composition at each Site, June 1998
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Total Species Numbersand Composition in each Habitat Type. Since several sampling sites
had mixed habitats, categorizing the sites into distinct habitat types had some weaknesses.
However, it increased the number of species sampled for each category of habitat, providing
more power to the data analysis (Table 9C1.8, Fig. 9C1.3a, b).



TABLE 9C1.8. Habitat Type and Species Composition
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Taxonomic Group | Valdez Harbors Mud Bays Rk Bays Headlands Floats Total
Rhodophyceae 18 37 31 37 48 5 69
Phaeophyceae 13 22 31 22 30 16 49
Chlorophyceae 14 25 15 9 14 4 30
Xanthophyceae 1 1 0 0 0 0 1
Seagrasses 1 1 1 0 3 0 3
Lichens 0 1 0 1 1 0 1
Cyanophyceae 0 0 0 0 0 2 2
Total 47 87 78 69 96 27 155

Fig 3a. Habitat Type and
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The 5 habitat types with their features and included sites are:

o Harbors* (Va, Cor, and Whit). Sheltered areas with variable salinities (0-28 ppt) and
variable substrates including mud, cobble, and wood (the pilings). Heavily influenced by
boat traffic and other human activities. [* Note that Port Valdez (Va), aso included in the
Harbor group, isincluded separately in several of the tables to show the comparable diversity
of thistargeted site]

e Mud Bays (CB, SMB, Gro). Sheltered bays with salinity ranges from 3-11 ppt with a
substratum of primarily mud, although cobble and bedrock was often available.

* Rocky Bays (RB). One semi-sheltered bay with a salinity ranging from 10-27 ppt and a
substratum varying from gravel to cobble to bedrock.

» Headlands and Reefs (RP, Bus, Green). Very exposed habitats with salinity ranges from 15-
30 ppt and a substratum consisting almost totally of bedrock and cobble.

* Floats (TAT, WBF, MBF, EIF, SBF, EBF). Exposed to semi-sheltered off-shore habitats.
Salinities ranged from 16-28 ppt and substrata included 5 plastic oyster floats and lineand 1
cement buoy (MBF).

Headlands and reefs with high exposure and high salinity had the greatest species
diversity. Aswould be expected for temperate zones, they are dominated in descending order by
red, brown, and green algae. Surprisingly, the next largest diversity of species occurred in the
harbors. Although the red algae also predominated there, harbors had alarge number of green
algae. Inthe mud bays and on off-shore floats, there was atendency for increase in the
percentage of brown algae. However, since total species number varies among habitat types,
composition of algal groups may be partly an artifact of small number of species at the low
diversity sites.

The numbers of new records among the various habitat types were fairly uniform except
in rocky bays where the sample size (1 bay) was small (Table 9C1.9). The dight increase in
numbers on floats may be significant, but overall, the dataindicate that habitat type haslittle to
do with the discovery of new species records.

TABLE 9C1.9. Habitat Type and New Species Records

Valdez | Harbors| Mud Bays | Headlands Rk Bays Floats (pvc/ Totals*
TAXONOMIC (mixed) | (mixed) | (mud/cob) and Reefs (gravel/cob) concrete)
GROUP SP NR| SP NR| SP NR | SP NR SP NR SP NR | SP NR %
Rhodophyceae 18 1|37 2 31 1 48 2 37 1 5 2 69 5 7
Phaeophyceae 13 1 ]22 2 31 4 30 4 22 0 16 7 49 8 16
Chlorophyceae 14 2|25 3 15 2 14 2 9 0 4 0 30 7 23
Xanthophyceae 1 1 1 1 0 0 0 0 0 0 0 0 1 1
Seagrasses 1 0 1 0 1 0 3 0 0 0 0 0 3 0
Lichens 0 0 1 0 0 0 1 0 1 0 0 0 1 0
Cyanophyceae 0 0] 0 O 0 0 0 0 0 0 2 0 2 0
Total 47 5|87 8 78 7 96 8 69 1 27 9 155 | 21
% Habitat Total 11 9 9 8 1 33 14
% NR Total (21) 24 38 33 38 5 43 100

* = excludes overlapping records
cob= cobble
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Native, Cryptogenic, and Introduced Species and their Taxonomic Composition. Of the 155
total algal speciesfound, 52% are native, 45% are cryptogenic, and 3% (5 species) appear to be
introduced (Table 9C1.10, Fig. 9C1.4). The taxonomic composition of these groups paralelsthe
findingsin the Pilot Study survey for Port Valdez. The native species contain avery large
percentage of red algae, about 64% of the total. The brown algae make up 27% of the natives,
and the greens only 6%. The composition of the cryptogenic formsis almost the reverse. The
red algae are only about 23% of the total count, while the browns and the greens both average
about 35%.

Table 9C1.10. Native, Cryptogenic, and Introduced
Species and their Taxonomic Composition

Taxonomic Status**

Group Total N C 1? NR
Rhodophyceae 69 51 16 2 5
Phaeophyceae 49 22 25 2 8
Chlorophyceae 30 5 24 1 7
Xanthophyceae 1 0 1 0 1
Seagrasses 3 2 1 0 0
Lichens 1 0 1 0 0
Cyanophyceae 2 0 2 0 0
Totals 155 80 70 5 21
% of Total 100 52 45 3 14
NR 21 7 9 5
¥ = For simplification, 2 endemics and 1 failed introduction are included with the natives.

N=native, C=cryptogenic, |?=potentially introduced, NR=new records

Fig. 9C1.4. Residency Status and
Taxonomic Composition
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Of the 21 new species records across all habitats, 5 were red algae, 8 brown, 7 green, and
1 was a Xanthophyte (Table 9C1.9), reflecting afairly uniform distribution of new records across
at least the 3 major taxonomic groups. However, the percentage of new species records by group
increased dramatically from red to brown to green algae. It ispossible that thisincrease relates,
in part, to our overall level of taxonomic understanding in each of these 3 major classes. Since
stable morphological features usable in taxonomy decrease as one moves from the red to the
brown to the green algae, ease of accurate identification likewise decreases. Hence, it islikely
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that our knowledge of the Alaskan florais correspondingly most complete for the reds, then the
browns, and lastly the greens.

Native, Cryptogenic and Introduced Species by Habitat Types. In al habitat types except the
floats, the native and cryptogenic species were fairly evenly distributed and ranged from 44 to
55% of the species (Table 9C1.11, Fig. 9C1.5a, b). However, there were some predictable
reversals of dominance. In the harbors and mud bays and on the floats, the cryptogenic species
were the most abundant, while on the headlands and reefs and in the rocky bays, the native
species predominated. Thisreversal reflects the confounding effect of variation in groups among
habitats (Figs. 9C1.3a, b). Since red algae predominated on the reefs and rocky bays (and green
algae arerelatively low in numbers), native species, consisting mostly of red algae, were also
predominant there. On the other hand, in harbors and mud bays red algae were not as common
(and green algae are more abundant); hence the numbers of native species were lower in those
habitats. The reefs and rocky bays were under-collected in most cases, weakening the
conclusions about algal speciesin these areas. On floats the cryptogenic forms consisted of

55% of the species while the native species consisted of only 37%. Since most of the floats
sampled were from oyster farms, it islikely that they are periodically cleaned. Each cleaning of
the floats would provide cleared primary substratafor ephemeral (opportunistic) speciesthat are
quick to colonize and reproduce. Since ephemeral species are most often cryptogenic, their
higher percentage may be understandable.

Table 9C1.11. The Native, Cryptogenic, and Introduced
Species Occurring in Each Major Habitat

Residency Habitat Types
Status Harbors| Mud Bays | Headlands] Rk Bays | Floats| Totals
Native* 38 35 52 36 10 80
Cryptogenic 48 42 42 33 15 70
Introduced? 1 1 2 0 2 5
Totals 87 78 96 69 27 155
New Records 8 7 8 1 9 21

*2 endemics and 1 failed introduction (under rk bay browns) are included in natives.

Fig 9C1.5a. Species Residency Types
Occurring in Each Major Habitat
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New Species Records and Probable Introductions. The 21 new species records for the June
1998 trip are the most likely candidates to be NIS; however, several factors should be considered
further before the status of the species can be determined definitively (Table 9C1.12). Since all
of the new records appeared to have been overlooked for at |east some period of time, the
obvious questions related to why this oversight occurred are:

TABLE 9C1.12. New Records of Benthic Marine Algae to Prince William Sound
(species overlooked, misidentifications, range extensions, and possible introductions)

Justification Stat |Taxon Location Type |Ra So C |Comments
Rhodophyta, Rhodophyceae
gi 1?7 | Ceramium sinicola? Green Exp nep |Cal 3 |epiphyte, MB in progress
gi, sol 1? | Chroodactylon ramosum TAT F cb S. Cal. 1 |microscopic
rex N |Polysiphonia senticulosa RP, Cor, Whit, Bus, |All np,nz |SeAk 1 |easy to recognize
Green, NW, TAT ex M invasive
mid C |Porphyra miniata Gro M cb Com. 2 |MB in progress
mid N | Porphyra redidiva Val (duckflat) M nep |Wa 1 |recently described
Heterokontophyta, Phaeophyceae
mid E |Coilodesme n. sp. Green, TAT Exp, F |ak 1 |epiphyte, morph. needed
mid C |Delamaraea attenuata SMB, Bus, EBF Exp, F |cb Com 1 |recently illustrated
rex N |Ectocarpus acutus MBF, EBF F nep |BC 1
rex N |Ectocarpus dimorphus EBF F nep |BC 1
gi 1? | Fucus cottonii Val (slough), SMB, |M cb N. Atl 1 |[common in marshes
CB, Gro MB in progress
gi, sol 17 |Microspongium globosum EBF F cb Jap, N. Atl | 1 |microscopic
rex C |Punctaria latifolia TAT, SMB, RP Exp, F |cb SeAk 1
mid C |Punctaria plantaginea SMB, Cor, Whit, All cb N. Atl. 1 |some think cold water
Green, Gro ex F form of latifolia
Heterokontophyta, Xanthophyceae reproductive material
sol, rex C |Vaucheria longicaulis ? Val, Cor M, H |ws BC 3 |needed to confirm sp.
Chlorophyta, Chlorophyceae
rex C |Blidingia marginata Val M ws BC 1
sol, rex C |Capsosiphon fulvescens CB M cb BC 1 |microscopic
rex N |Codium fragile* (NE Pacific form) |Green Exp nep |SeAk 1 |epi=C. sinicola?
ai 1? | Codium fragile
subsp. tomentosoides ? Green Exp ws Wa. 2 |MB needed for subsp.
sol, rex C |Halochlorococcum moorei Val, Cor H ch BC 1 |microscopic, endophytic
mid, sol C |Kornmannia leptoderma non
zostericola (epilithic) ? Cor H cb N. Atl. 2 |Culture work needed
mid, sol N |Monostroma fractum Gro M nep |Wa. 2 |Culture work needed
Abbreviations: (see earlier charts)
* = Recently also reported in O'Clair et al., 1996, morph.=morphological studies
from my earlier EVOS collections rex=range extension
Category=preliminary decisions based on sol=species overlooked
morphological and distributional features Stat=residency status
and the literature available Type=habitat type
ex=except
Exp=exposed cobble C=Certainty of Idenfication
F=on floats 1=absolute certainty
H=harbor, on cobble 2=Morphological identity but additional
gi=geographic isolation study (eg, MB or cultures) needed
I=likely introduction 3=Vegetative morphology similar, but reproductive
ID=identification or MB data needed for positive identification
M=mud

MB=molecular biological study
mid=earlier misidentification



Chapt 9C1. Marine Plants, page 9C1- 21

* Areany of the species taxonomically problematic? Such problematic species often end up in
new records lists; and, indeed, several of the new records are problematic species that require
further study for positive identification. Investigations are currently in progress for 5 of these
Species.

»  Could the species have been mistaken for other similar speciesin the past? Species that
resemble one another can be confused easily. Often these mistakes are not revealed until a
speciesis newly illustrated or described. In these cases, misidentifications and distributions
could easily be corrected with herbarium searches. Inthelist, at least 6 speciesfal into this
category, including at least 1 undescribed species.

» Hassmall size or habitat restriction influenced the species discovery? Microscopic species
are frequently overlooked as are species from unusual habitats. On thelist, 4 species are
microscopic, and 1 occurs in the unlikely habitat of a high marsh.

» Isthe species new to the area through range extension or through an actual introduction? For
marine plants, historical (baseline and fossil) information, geographic isolation, and
molecular data are appropriate for proving the latter.

The final justification for categorizing a species of marine plant as introduced (Table 9C1.12)
was based on many of these factors, but remainstentative. All 5 specieslisted as introduced are
geographically isolated. Nine other species are northward range extensions from southeast
Alaskaor British Columbia, and these species are tentatively identified as native. However,
these range extensions could be caused by either natural dispersal, possibly caused by El Nifio
events of the past few years, or they could be introduced with aquaculture transports.

Of the 21 new records, at least 5 are at this time very strongly supported for NIS status
based on their geographic isolation, and this is a very conservative estimate. To further confirm
the status of these, molecular biological proof of identifications are currently in progress.

Commentson the 5 Probable Introductionsand on 1 Important Failed Introduction.
Additional description of each of the most probable introduced species and their habitats and
distribution are provided below:

Chroodactylon ramosum. Chroodactylon is a microscopic primitive red alga that is typically

bright bluegreen in color. Its uniseriate, dichotomously branched filaments are unmistakable
under the microscope. Although common to the North Atlantic in both Europe and North
America, in the Pacific it is only known from Japan, southern Australia, and southern California.
Because this alga generally occurs in estuarine or freshwater habitats (Vis and Sheath 1993), its
occurrence in the turf algae of the oyster floats at Tatitlek was a surprise, except that it could
have been brought in with oysters. The lack of records for this species in the well-worked

marine and estuarine environments of British Columbia and Washington indicates that it is truly
an isolated population and in all likelihood introduced.

Codium fragile subsp. tomentosoides and the northeast Pacific complex*. The normal range of

the native species complex©bdiumfragile in the northeast Pacific is from Baja California to
southeast Alaska. This complex appears to consist of several unnamed subspecies (C.
Trowbridge, pers. comm.). Separate from this is an alien subspeciesaakatbsoides that

has been reported to occur in San Francisco Bay. This alien subspecies is differentiated from the
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native complex by having a different branching frequency and more rounded and mucronate
utricletips. At Green Island, two different subspecies of Codium appear to occur. The low
intertidal form appearsto be identical to the native complex. Its utricletips are sharply pointed
and it isfairly tightly branched. The second form occurs in the mid to upper intertidal and is
more loosely branched with very short mucronate tips, nearly identical to subsp. tomentosoides.
However, expertsin the field (Silvaand Max) have told me after considerable hesitancy, that
neither are truly subsp. tomentosoides, and that both fall clearly within the native complex. This
indicates that the Green Island Codium is probably arange extension or an introduction from
southeast Alaska or from Washington, Oregon, or California. Perhaps studies on its epiphyte
(discussed below) will enable us to detect its true source. (* Recently O’Clair et al., 1996, also
noted thatCodium occurs on Green Island. This record appears to be based on G.I. Hansen’s
earlier EVOS project collections, now located in Juneau.)

Ceramiumsinicola. ThisCeramium species was an epiphyte@ddium fragile at Green Island.

The species, unlik€eramium codicola, does not have bulbous rhizoids. It is completely
corticated except for some slightly broken cortication near the tips like in the southern California
specieLCeramiumsinicola. The morphology of the plants most closely matches the descriptions
of Dawson (1950) and Setchell and Gardner (1924¢femicola, and male, female, and

tetrasporic specimens have all been observed. Its occurrence in Alaska is extremely unlikely
unless it is a recent introduction. This past year | have been working with Mr. Tae Oh Cho, who
is monographing the world species@damium with both morphological and molecular
techniques. He has agreed to look at this material for me and will also look at my Alaskan
material ofCeramium rubrum which he feels may actually 162 kondoi, a Japanese/Korean

species, and possibly another introduction to Alaska.

Fucus cottonii. This species is unrecorded for the North Pacific, and yet it occurred in nearly all
of the high mudflat/marsh areas visited during the June 1998 cruise of Prince William Sound.
The plant was first observed in unpublished notes by G.l. Hansen on Vancouver Island in 1981
and then at several Prince William Sound and Kenai sites during the EVOS studies. In some
areas it dominated the supralittoral zone extending even into the terrestrial. At Cloudman Bay it
occurred 100 meters away from the bay on stream banks intermixed with mosses and vascular
plants. The plants in Alaska are mat-forming and either loose-lying on mud, entangled with
other algae (such &sicus gardneri), or intermixed with terrestrial plants. They range from 1-5

cm in height. The blades are dichotomously branched and often terete and only 1-3 mm in
diameter. In some habitats, they become flattened, still without a visible midrib, and up to 5 mm
in diameter. No receptacles were found during the June trip, but during the EVOS studies G.I.
Hansen found a number of plants with relatively small (up to 2 cm long), elongate, somewhat
pointed receptacles with conceptacles and oogonia bearing 8 eggs. In some areas, the extent of
the mats of this small fucoid makes me question its form of reproduction. Since receptacles are
SO uncommon, propagation of the mats must be by fragmentation and vegetative growth, an
advantageous feature for dispersal.

There is some question as to the usEugiis cottonii (= F. muscoides) as a valid species.
Fletcher (1987) considers the species as a high marsh eéaclisfvesiculosis, an Atlantic and
Arctic species, but others have acceptedottonii as a distinct species (Guiry, 1998). To
confirm the validity of the species and my designation of the Prince William Sound material,
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samples are being sent to Esther Serrao in Portugal, who is studying the phylogenetic
relationships of the genus with molecular techniques.

Microspongium globosum. This tiny brown alga was found growing epiphytically on
Delamaraea attenuata on the floats at Tatitlek. The thalli were abundant and bore plurilocular
sporangiathat clearly match the diagrams for this speciesin Fletcher (1987). Known only from
the North Atlantic and Japan, the species makes a surprising appearance in Alaska. It also has
not been reported from the well investigated areas to the south. Its occurrence on the oyster
floats at Tatitlek as an epiphyte on another new record to Alaska indicates to me that this species,
possibly along with its host, is another new introduction to the area. However, its vector could
also have been oysters from Japan.

Macrocystisintegrifolia. Since 1979 (Jay Johnson, Alaska Fish and Game, pers com.)

Macrocystis has been imported (by plane) from southeast Alaskato Prince William Sound to be

used as substrate for herring eggs in the lucrative Herring-Roe-On-Kelp (HROK) fishery.

Normally only blades and fronds of the giant kelp are transported northward for the fishery.

These are then placed in impoundment nets which house both the kelp and the fish. The egg-

laden blades are then harvested and sold primarily to Japan as a gourmet food item.

Theoretically, the blades that are brought up to the Sound are clean (the most desirable for

HROK) and are all harvested for later sale. However, during our June trip and during many of

Hansen’s earlier trips to the area, blades and holdfasts of the kelp that had escaped were found
adrift in Prince William Sound. Perhaps due to the climate, none of these plants appear to have
propagated in the area since none have ever been found attached anywhere north of southeast
Alaska. Hence, in the site list the species is listed as a failed introduction. However, even with
the transport of “eye-clean” blades, it is likely that numerous small algal and animal species are
co-transported accidentally from southeast Alaska to Prince William Sound every year with this
kelp. This may account, as much as the current El Nifio, for many of our new range extensions.

Discussion

During the search for marine plant NIS in Prince William Sound, it was important to
characterize the flora at each of the sites so that the probable introduced species and their impacts
on the community could be recognized. In addition, information on the taxonomic and residency
status composition of these communities was absolutely essential to be able to determine
vulnerable sites for future invasions. Although 155 species of plants collected during the 1998
cruise is probably only about half that of the actual flora of Prince William Sound, the data
compiled reveal important trends in community composition. In addition, the final lists of new
records and probable introductions give valuable insight into the difficulties of recognizing NIS.

Limitations of the data. Although 19 sites were visited during the June 1998 survey, the
time allowed for sampling was inadequate at many of the beaches. This had a substantial impact
on the overall data. Moreover, the lack of year-round collections for the area limits the results in
ways that cannot even be predicted. In terms of numbers, this can be shown clearly by
comparing the total count of 112 species shown for Port Valdez in the Checklist (which includes
seasonal collections) with the count of 47 for the area obtained during this short trip.
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Information derived from additional collections and herbarium specimens from our sites would
help to overcome these difficulties and to improve the resolution of the data.

Although temperature and salinity influenced the total species counts for marine algal
species, this could not be demonstrated clearly with the data on hand. Prince William Sound has
regions heavily effected by rain, snow and ice melt, and marked changes in temperature and
salinity occur throughout the year. During summers, salinity is the lowest as runoff produces a
freshwater lens on the surface of many of the bays, including Port Valdez and Whittier. Inthese
areas intertidal species are subjected to wide salinity fluctuations with the tidal cycle. Since these
physical factors were measured only during the limited sampling periods, they do not reflect the
range of conditions encountered over time by the intertidal species sampled.

Limited historical knowledge of the flora and new records. Only two floristic papers
on the marine algae (and plants) of Prince William sound have ever been published (Calvin and
Lindstrom, 1980; Wiegerset al., 1997). In addition, an overall identification guide to the marine
algae does not exist for Prince William Sound or even for Alaska, and we are left with using an
assortment of references from neighboring areas to identify species. Thislack of both taxonomic
information and baseline data for Prince William Sound is clearly evident in the discovery of 21
new records to the area amounting to 13.5% of the species collected during our short 9 day
cruise. During our earlier Pilot Study, an additional 3 new records were found in Port Valdez
alone. Though fairly evenly distributed among the 3 major taxonomic groups, there were afew
more new records among brown and green algae than among the red, and the majority of the
Species appeared to be cryptogenic. In addition, new record species were slightly more abundant
at certain sites. Green Island, the most diverse site in the study, bore 6 new records, while the
float sites combined bore 9. Both of these areas (probably along with many othersin Prince
William Sound) appear to have been understudied in the past. Since, for this study, our probable
NIS were derived from the new records, it is understandable that each of these 2 sites (or site
types) also bore 2 of the 5 probable NIS designated in the study.

Taxonomic composition. In nearly all temperate outer-coastal habitats, the red algal
species are the highest in numbers followed by the brown and then the green algae forming a
R>B>G hierarchical pattern of dominance. Proceeding from open coasts into protected bays and
estuaries, the ratio changes to reflect areduction in the number of red algae. For instance, off the
coast of Oregon, the R:B:G ratio is 61:22:17. In Prince William Sound, the overall ratio of
R:B:G in the species surveyed was 47:33:20, aratio probably indicating the influence of
sheltered and less saline water. However, the overall composition pattern was still R>B>G
(Table 9C1.13). The R>B>G dominance pattern in Prince William Sound occurred only at
Rocky Headlands and Reefs and in Rocky Bays, all areas of moderate to high water movement
(exposure) and relatively uniform salinity and temperature supporting established communities
with numerous annuals and perennials. In Harbors, the proportion of green algae increased and
the pattern became R>G>B, reflecting the tolerance of green algae for lower salinities found in
this habitat. In addition, since many of the green and brown algae are ephemeral (opportunistic),
they can survive the wide fluctuations in temperature and salinity. Moreover, since ephemeral
forms are often fouling organisms, many are repeatedly brought in to seed these areas by boat
traffic. Inthe mud bays and on the floats, the proportion of brown algae increased. In mud bays,
the frequent shiftsin mud level smothers many of the species, providing niches primarily for
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ephemeras and unattached forms. On the oyster floats, the early successional ephemeral forms

are also encouraged due to the periodic cleaning of the habitat. The higher and generally more

uniform salinity of both of these habitats appears to enable the ephemeral browns to outcompete
the ephemeral greens.

Table 9C1.13. Summary of the Hierarchical Composition
and Physical Features of each Habitat Type
Observed during the June 1998 Survey

Habitat Types
Harbors | Mud Bays | Rk Headlands Rk Bays Floats
Composition and Reefs

Taxonomic* R>G>B B=R>G R>B>G R>B>G B>R>G

variable variable variable
Residency Status C>N C>N N>C N>C C>N
Exposure low low high low med-high
Salinity variable low-med high variable high
Temperature variable variable uniform uniform uniform
Substratum variable soft hard hard hard

* = includes only the 3 major taxonomic groups sampled.

Resident type composition. Cryptogenic species predominated in the more disturbed
and variable habitats of the Harbors, Mud Bays, and Floats, while the native species
predominated in the less disturbed and more uniform habitats provided by Rocky Headlands and
Reefs, and Rocky Bays. Cryptogenic algal species appear to contain a high percentage of
ephemeral forms. Hence, their ability to survivein fluctuating environments and perhapsin
ballast water and on ship bottomsis high.

Introduced species and their impact. The 5 probable plant NIS discovered during our
survey are all isolated (and probably young) populations. Although four of these species do not
appear to have wide distribution in Prince William Sound, Fucus cottonii does appear to have an
expanding range. It wasfound at 4 of our sites and appears to be prevalent in the supra-littoral of
all of these areas. Unique to sloughs and the marsh area of mudflats, this species does not seem
to be replacing any of the known marine or estuarine species. However, in Cloudman Bay, it
may actually be out-competing some terrestrial plants. Fortunately, none of the probable NIS
plants found in Prince William Sound appear to be hazardous to the environment. None are as
toxic or asinvasive as the Mediterranean introduction Caulerpa taxifolia (Lemee et a., 1993;
Verlaque and Fritayre, 1994).

The transport mechanisms of these introductionsis only partially clear. The two species
(Chroodactylon ramosum, Microspongium globosum ) found on oyster floats could have been
brought into the area with the transplantation of oysters for aguaculture purposes. The vector for
Codium and its epiphyte Ceramium is more debatable. The subspecies Codium fragile fragile
was potenitally transported up from southeast Alaska with Macrocystis for the HROK industry.
But the only method of transport for the subspecies Codium fragile tomentasoides would have to
be either ballast water or as fouling on the hulls of ships. The importation mechanism of Fucus
cottonii iseven less clear. Itsrelatively widespread occurrence in Prince William Sound (and in
patchy spots along the west coast) indicates that it is probably not a recent introduction.
However, sinceit is a predominantly unattached species, it is aso an excellent candidate for
transport by ballast water.
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Other potential introductions and their significance. What of the other 70 cryptogenic
species which are possibly introductions, but which have less obvious characteristics of
invasion? These species are, by definition, wide-ranging and many are abundant, often heavily
Impacting the communities in which they occur. Proof of the NIS status of these prominent
speciesis possible, but it will require detailed comparative morphological study and world-wide
molecular biological tracking of their distributions. Furthermore, knowledge of the impacts of
these species on community structure will demand complex physiological and ecological studies
of the speciesin both their introduced and native habitats. These studies are important projects
for future investigators who are concerned about the conservation of our native biodiversity.
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Chapter 9C2. Focal Taxonomic Collections: Planktonic Cnidaria, Ctenophora, and
Pelagic Mollusca

Claudia Mills, Friday Harbor Laboratories, University of Washington

Methods

Medusae, ctenophores, and pelagic molluscs were collected at sitesin both Prince William
Sound and Cook Inlet from August 8-14, 1999 using small plankton nets and a water scoop attached
to a long handle. Specimens were examined in the field, relaxed, and fixed for transport to the
laboratory. Specimens were reexamined microscopically at the Friday Harbor Laboratories in
September 1999, in order to verify or assign species names.

Results

All pelagic Hydrozoa, Scyphozoa, Ctenophora and Mollusca are identified by site in Table
9C2.1. Separate species lists for these groups follow for Prince William Sound (Table 9C2.2) and
Cook Inlet (Table 9C2.3). An annotated species list follows (Table 9C2.4), including all species on
both lists. In the time allotted to this project, | do not feel that | completed a comprehensive search
of the literature for species previously collected in Prince William Sound and Cook Inlet, but no
other papers came to mind. | also did not search for unpublished data at the University of Alaska.

A few coelenterates were conspicuously missing from the region. We saw no
stauromedusae, rigpiactis anemones on eelgrass, @larysaora or Phacellophora
scyphomedusae, and Aathopleura elegantissima or A. xanthogrammica.

No known nonindigenous species of planktonic Cnidaria or Ctenophora were collected in
Prince William Sound or Cook Inlet by our scientific teams in either 1998 or 1999. In the 1999
expedition, 15 species of Hydrozoa were collected (including 3 hydroids [see section 9D. Fouling
Communities) for more thorough hydroid work-up] and 14 species of hydromedusae), two
scyphomedusae and unidentified scyphozoan polyps (scyphistomae), and two species of
ctenophores. Two molluscan species were also taken in the water column.

The following species appear to be new records in the Prince William Sound region:

Hydromedusae

* Aequor ea aequor ea

* Aequorea victoria

*Clytia gregaria (=Phialidium gregarium)
Eperetmus typus

Euphysa sp.

Gonionemus vertens
Halitholus sp.

*Melicertum octocostatum
*Proboscidactyla flavicirrata
Sarsia spp.

Tiaropsis multicirrata
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Ctenophora:
*Bolinopsis infundibulum
*Pleurobrachia bachei

New NAME for common Scyphomedusa
Aurelia labiata

* indicates common species whose presence in PWS may be known, but | have not seen reports
in print. Dr. Jennifer Purcell (Horn Point Laboratory, University of Maryland) is working with
some of these, but her results are unpublished as yet.

Following the annotated species list isalist and discussion of nonindigenous cnidarian
species aready present in some west coast estuaries that might be positioned to ultimately invade
locationsin Alaska. Thislist is accompanied by an Appendix (following the report) titled
“Commentary on species of Hydrozoa, Scyphozoa and Anthozoa (Cnidaria) sometimes listed as
non-indigenous in Puget Sound”, reprinted from Cadteh. (1998). References are given at the end
of the main report as well as the Appendix.

References
Arai, M. N. and A. Brinckmann-Voss, 1980. Hydromedusae of British Columbia and Puget Sound.
Can. Bull. Fish Aquat. Sci., 204: 192 pp.

Bigelow, H. B. 1912. The ctenophores. Bull. Mus. Comp. Zool., 56: 369-404, 2 pls.

Bigelow, H. B. 1913. Medusae and siphonophorae collected by the U. S. Fisheries steamer
“Albatross” in the Northwestern Pacific, 1906. Proc. U. S. Nat. Museum, 44: 1-119, 6 pls.

Bigelow, H. B. 1920. Medusae and Ctenophora. Rep. Canadian Arctic Exp. 1913-18, Southern Party
1913-16, Volume VIII: Mollusks, Echinoderms. Coelenterates, etc., Part H: 3H-22H, 2 pls.

Calder, D. R. 1988. Shallow-water hydroids of Bermuda: the Athecatae. Royal Ontario Museum Life
Sciences Contributions, 148: 1-107.

Cohen, A., C. Mills, H. Berry, M. Wonham, B. Bingham, B. Bookheim, J. Carlton, J. Chapman, J.
Cordell, L. Harris, T. Klinger, A. Kohn, C. Lambert, G. Lambert, K. Li, D. Secord, and J. Toft,
November 1998. Report of the Puget Sound Expedition, September 8-16, 1998: a Rapid
Assessment survey of non-indigenous species in the shallow waters of Puget Sound. Washington
State Department of Natural Resources, Olympia, Washington, 37 pages.

Greenberg, N., R. L. Garthwaite and D. C. Potts, 1996. Allozyme and morphological evidence for
a newly introduced species Afirelia in San Francisco Bay. Marine Biology, 125: 401-410.

Harbo, R. M. 1999. Whelks to Whales: Coastal Marine Life of the Pacific Northwest. Harbour
Publishing, Madeira Park, B.C., Canada.



Chapt 9C2. Planktonic Cnidaria, Ctenophora, and Pelagic Mollusca, page 9C2- 3

Kramp, P. L. 1961. Synopsis of the medusae of the world. J. Mar. Biol. Assoc. U.K., 40: 1-469.

Mills, C. E. 1981. Seasonal occurrence of planktonic medusae and ctenophores in the San Juan
Archipelago (NE Pacific). Wasmann J. Biol., 39: 6-29.

Mills, C. E. 1998 to present. Web Site: http://faculty.washington.edu/cemills/

Mills, C. E. and F. Sommer, 1995. Invertebrate introductions in marine habitats: two species
of hydromedusae (Cnidaria) native to the Black $&seotias inexspectata andBlackfordia
virginica, invade San Francisco Bay. Marine Biology, 122: 279-288.

Murbach, L. and C. Shearer. 1903. On medusae from the coast of British Columbia and
Alaska. Proc. Zool. London 2:164-192, pls. 17-22.

Purcell, J. E. 1998? Project report 98163S - Jellyfish as competitors and predators of fishes.
On the web at http://www.uaa.alaska.edu/enri/apex/98163S.html.

Ricketts, E. F. and J. Calvin, 1939. Between Pacific Tides. Stanford University Press, Stanford.

Wrobel, D. and C. Mills, 1998. Pacific Coast Pelagic Invertebrates: a Guide to the Common
Gelatinous Animals. Sea Challengers and the Monterey Bay Aquarium, Monterey, California.



Chapt 9C2. Planktonic Cnidaria, Ctenophora, and Pelagic Mollusca, page 9C2-

Table9C2.1. Hydrozoa, Scyphozoa, Ctenophora and pelagic M ollusca by site, 1999.

Collections and identifications by Claudia E. Mills.
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1999 PWS EXPEDITION
C.E. MILLS REPORT

Homer

Sadie
Cove

Seward
Marina

Lowdll

Seward

Whit-
tier

south of
Esther
Is.

Fair-
moun
t Bay

Val-

Mar
ina

Tetit-
lek

Bus
_by
Is.

Cord
ova

HYDROZOA

Aequorea aequorea v, albida

Aglantha digitale

Bougainvillia ?superciliaris

x

Clytia gregaria
(=Phialidium gregarium)

Eperetmus typus

Euphysa sp.

Eutonina indicans

Gonionemus vertens

Halitholus sp.

Leuckartiara sp.

Mélicertum octocostatum

Mitrocoma cellularia

Obelia? hydroids

Proboscidactyla flavicirrata

x
+><><><

polyps

Sarsia/Coryne sp. hydroids

Sarsia spp. medusae

SCYPHOZOA

Aurelia labiata

Cyanea capillata

unidentified scyphistomae
(probably Aurdlia sp.)

CTENOPHORA

Bolinopsis infundibulum

Pleurobrachia bachei

MOLLUSCA

Melibe leonina

? Clione limacina
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Table9C2..2. Prince William Sound specieslist. See Table 1 for specific locations.
Collections and identifications by Claudia E. Mills, unless otherwise noted.

HYDROZOA
Aequorea aequorea v. albida

Aequorea victoria/ A. aequorea v. aequorea

Catablema multicirrata

Clytia gregaria
(=Phialidium gregarium)

Eperetmus typus

Euphysa sp.

Gonionemus vertens

Halitholus sp.

Melicertum octocostatum

Obelia longissima

Obelia? spp. hydroids

Proboscidactyla flavicirrata

Sarsia spp. medusae

Saurophora mertensii

Tiaropsis multicirrata

SCYPHOZOA

Aureliaaurita”" (Mills quotes)

Aurelia labiata

Cyanea capillata

Unidentified scyphistomae
(probably Aurelia sp.)

CTENOPHORA
Bolinopsis infundibulum
Pleurobrachia bachei

MOLLUSCA
Melibe leonina

REFERENCE

PWS 99; Purcell, 1998

Purcell, personal communication 1999
Bigelow, 1913

PWS 99

PWS 98, PWS 99
PWS 99

PWS 99

PWS 99

PWS 99

PWS 98

PWS 99

PWS 99

PWS 99
Bigelow, 1913
PWS 98

Purcell, 1998

PWS 99

PWS 99; Purcell, 1998
PWS 99

PWS 99
PWS 99; Purcell, 1998

PWS 99

* PWS 98 refers to specimens collected by Ruiz et al., June 1998 in Cook Inlet.

PWS 99 refers to specimens collected by Greg Ruiz et al., August 1999 in Cook Inlet.

5
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Table9C2.3. Cook Inlet specieslist.
Collections and identifications by Claudia E. Mills, unless otherwise noted.

HYDROZOA *REFERENCE AND LOCATION
Aequorea aequorea v. albida PWS 99 - Homer Marina
Aglantha digitale PWS 99 - Sadie Cove, Katchemak Bay
Bougainvillia ?superciliaris PWS 99 - Sadie Cove, Katchemak Bay
Clytia gregaria PWS 99 - Sadie Cove, Katchemak Bay
(=Phialidium gregarium)

Eperetmus typus PWS 99 - Sadie Cove, Katchemak Bay
Eutonina indicans PWS 99 - Homer Marina
Leuckartiara sp. PWS 99 - Sadie Cove, Katchemak Bay
Melicertum octocostatum PWS 99 - Homer Marina
Mitrocoma cellularia PWS 99 - Homer Marina
Obelia? sp. hydroids PWS 99 - Homer Marina
Proboscidactyla flavicirrata hydroids PWS 99 - Homer Marina
Sarsia/Coryne sp. hydroids PWS 99 - Homer Marina
Sarsia spp. medusae PWS 99 - Homer Marina, Sadie Cove
SCYPHOZOA
Cyanea capillata PWS 99 - Homer Marina, Sadie Cove
Unidentified scyphistomae PWS 99 - Homer Marina

(probably Aurelia sp.)
CTENOPHORA
(none)
MOLLUSCA
? Clione limacina PWS 99 - Homer marina
Melibe leonina PWS 99 - not collected but told of site at Jakalof Bay

by Carmen Field

* PWS 99 refers to specimens collected by Ruiz et al., August 1999 in Cook Inlet.
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Table9C2.4
PRINCE WILLIAM SOUND ANNOTATED SPECIESLIST
(combines both Cook Inlet and Prince William Sound locations)

HYDROZOA

Aequorea aequorea var. albida

Distribution. Most of the Aequorea medusae that we saw were beached. Such specimens were seen at the
Homer Marina, Lowell Point in Seward, the Whittier Marina, and in Cordovaand Valdez. A few were
seen in the water while underway south of Esther Island, along with Cyanea capillata.

Remarks. This name was applied by Bigelow (1913) to Aequorea specimens measuring 120 mm and
165 mm bell diameter, collected in Dutch Harbor. Such very-large Aequorea occur throughout southern
Alaska, and are accompanied in some places by smaller specimens that seem very similar to Aequorea
victoria at Friday Harbor (called Aequorea aequorea var. aequroea by Bigelow, 1913). Whether they
are different sizes of the same species or 2 different species has till not been resolved (even the modern
use of "A. victoria" as species name for Friday Harbor medusae is controversial). Only large-sized
specimens (most 120-160 mm diameter) were seen in Prince William Sound in August 1999. Similar
large Aequoreasin Prince William Sound were called A. victoria by Purcell (1998).

Aequorea victoria or Aequorea aequorea var. aequorea

Remarks. We did not collect any smaller specimens of Aequorea, but | am told by Dr. Jennifer Purcell,
who has been doing arecent plankton study in Prince William Sound that small Aequoreas that ook like
those at Friday Harbor are also present. Bigelow (1913) calls these A. aequorea var. aequorea. Aral
and Brinckmann-V oss later applied the name A. victoria to the same animals. It is not clear to me that
A. victoriaisnot ajunior synonym to A. aequorea.

Aglantha digitale

Distribution. Several Aglantha digitale medusae were collected at the head of Sadie Cove,
Katchemak Bay, on August 8, 1999, by dipping from asmall boat in about 8 feet of water. Most were
within alayer of fresher water that occupied the upper 15" of the water column and were dead and
decomposing. Many others were seen, but not collected.

Remarks. Thereis no question about the identification of this material, although why these medusae
were in the layer of low salinity water isnot clear. This circumpolar speciesiswell known in the
North Pacific, North Atlantic and Arctic Oceans, including the Bering Sea.

Bougainvillia ?superciliaris

Distribution. Five Bougainvillia ?superciliaris medusae were collected at the head of Sadie Cove,
Katchemak Bay, on August 8, 1999, by dipping from a small boat in about 8 feet of water. All were
below alayer of fresher water that occupied the upper 15" of the water column. Several others were
seen, but not collected.

Remarks. These 6-12 mm high specimens best correspond with the description of Bougainvillia
superciliaris, having its characteristic prominent peduncle above the manubrium. The Sadie Cove
specimens had 36-40 tentacles on each of the four marginal bulbs, which is quite a bit higher than the
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10-22 tentacles described for B. superciliarisin Kramp (1961). Bigelow (1913) found a single specimen
of B. superciliaris of the same size off Attu Island in the Aleutians, but also with less than 20 tentacles
in each group. This tentacle number discrepancy leads to the question about species identification for the
Sadie Cove material.

Catablema multicirrata
Distribution. This species (2 medusae) was collected by Bigelow (1913) off Orcain Prince William
Sound on July 19, 1906.

Remarks. Wedid not find it in August 1999, but did not sample at that location.

Clytia gregaria (=Phialidium gregarium)
Distribution. Many individuals of this species were collected in Sadie Cove, Katchemak Bay and in
Fairmount Bay, Tatitlek, off Busby Island and in the Cordova Marina.

Remarks. Most of the specimens correspond well to the description of Clytia gregaria (as Phialidium
gregarium) in Kramp (1961), with about 40 tentacles and a few rudimentary bulbs alternating with
marginal vesiclesin 12 mm diameter medusae; the gonads were on the distal 1/2 of the radial canals.
Some smaller medusae (7 mm diameter), with afew less tentacles and shorter gonads may be C.
gregaria, or could be C. lomae, looking very similar to specimens collected in September 1998 in Puget
Sound by Claudia Mills and Erik Thuesen. Seasonal morphological variation with changesin
zooplankton prey availability have not been described, so it is difficult to be positive about the species
name in some cases. The genus name Clytia has typically been applied only to the hydroid form, but it is
an older genus name than Phialidium, and should be applied to both phases of the life cycle.

Eperetmus typus

Distribution. One young Eperetmus typus medusa was collected at the head of Sadie Cove,

Katchemak Bay, on August 8, 1999, by dipping from a small boat in about 8 feet of water. It was

below alayer of fresher water that occupied the upper 15" of the water column. Three more Eperetmus
typus medusae were collected in Fairmount Bay, Prince William Sound, in vertical plankton tows

taken off the side of the Kristina with Jeff Cordell's 130 pum mesh plankton net in about 70- 90 feet of
water.

Remarks. These 8-12 mm diameter immature specimens were very lively swimmers, that sank rapidly
when they were not swimming. Both locations were protected coves and in both cases the animals mze
have been fairly near the bottom, but not enough is known to verify whether this species is indeed
typical of protected coves and associated with the bottom in the same Garyi agemus or

Polyorchis.

Euphysa sp.

Distribution. Three smakuphysa sp. medusa were collected in Fairmount Bay, Prince William
Sound, in vertical plankton tows taken off the side ofkhistina with Jeff Cordell's 130 pm

mesh plankton net in about 70- 90 feet of water on August 10, 1999.

Remarks. These 1.5-3.5 mm high medusae were found in the lab by Jeff Cordell in his plankton tow
material. The two smaller specimens clearly had 3 larger tentacles and either one small tentacle or on:
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bare bulb. The larger specimen had 4 tentacles. There is insufficient information to assign them to
Species.

Eutonina indicans
Distribution. Six Eutonina indicans medusae were collected in the Homer Marina, Katchemak Bay,
Cook Inlet on August 8, 1999.

Remarks. | am surprised that we did not find more of this species.

Gonionemus vertens
Distribution. More than 30 Gonionemus vertens medusae were seen in a dense eelgrass bed at low tide
in front of Tatitlek, near the small town marina, on August 12, 1999.

Remarks. These medusae emerged from within blades of eelgrassin the low intertidal as the tide came
in. They were abundant. The pigmentation was less colorful and more brownish that specimensin the
San Juan Islands. This species was previously not known north of Sitka (where it is mentioned by
Ricketts and Calvin, 1939), except that probably the same species (as G. agassizii) was collected early
this century by Trevor Kincaid in asalt lake on Unalaska Island, in the Aleutians (Murbach and
Shearer, 1903). The same or avery similar species also occurs in Japan and the Russian Far East.

Halitholus sp.

Distribution. Three Halitholus sp. medusae were collected at the Tatitlek commercial (ferry) dock on

August 11, 1999, in vertical plankton tows taken off the side of the Kristina with Jeff Cordell's 130 pm

mesh plankton net in about 50 feet of water. Two more of these medusae were seen using a flashlight
but not collected, later the same evening from the small Tatitlek town marina at about midnight.

Remarks. These 7-8 mm high specimens cannot be referred to any described spiatit®lo.
They are very similar to botHalitholus sp. | andHalitholus sp. Il of Arai and Brinckmann-Voss (1980,
pp. 48-52), which were previously known from British Columbia and Washington State.

Leuckartiara sp.

Distribution. Four_euckartiara sp. medusae were collected at the head of Sadie Cove,
Katchemak Bay, on August 8, 1999, by dipping from a small boat in about 8 feet of water. All
were below a layer of fresher water that occupied the upper 15" of the water column. Several
others were seen, but not collected.

Remarks. These approximately 15 mm-high specimens cannot be referred to any described
species ofeuckartiara. They bear some resemblancé éockartiara foersteri of Arai and
Brinckmann-Voss (1980, pp. 52-53), which is known from British Columbia and Washington
State. They had 8 large tentacles and 12 small tentacles, with no additional rudimentary marginal
bulbs.

Melicertum octocostatum
Distribution. About terMelicertum octocostatum medusae were found in the Homer Marina,
Katchemak Bay, Cook Inlet, Fairmount Bay and the Cordova Marina.
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Remarks. This speciesiswell known elsewherein Alaskaaswell asin the North Pacific and Atlantic; it
probably occurs throughout Prince William Sound. These specimens were relatively small, al being
under 12 mm in bell height.

Mitrocoma cellularia
Distribution. Homer Marina, Katchemak Bay, Cook Inlet on August 8, 1999.

Remarks. Only asingle small (15 mm diameter) specimen was collected. This specimen was only
provisionally identified as M. cellularia until it was compared with a comparable-sized living M.
cellularia in Friday Harbor. The small and large tentacles on the margin are the same, confirming the
species identification.

Obelia longissima (Pallas, 1766)
Distribution. Various sitesin Prince William Sound, summer 1998.

Remarks. John Chapman sent all of the hydroids he collected in 1998 to Claudia Mills, who passed
them on to Dr. Wim Vervoort of the Natural History Museum at Leiden, the Netherlands. Dr. Vervoort
identified all of the hydroids that he saw as Obelia longissima. John Chapman has both the hydroids and
their specific collection information.

Obelia? spp. hydroids
Distribution. These hydroids were collected at least at the Seward Marinaand at Lowell Point on
August 10 and 11, 1999.

Remarks. In my inexpert opinion, the blackened portions of some of the stems imply that these were
probably Obelia longissima. | originally guessed that they might be Garveia franciscana, but they are
not. They should be inspected by a hydroid specialist.

Proboscidactyla flavicirrata

Distribution. The hydroid of P. flavicirrata was found at the distal tips of several, 6 cm-long sabellid
worm tubes in the Homer Marina, Katchemak Bay, Cook Inlet on August 8, 1999. This hydroid was
actively producing medusa buds although no medusae were seen in this marina. Several P. flavicirrata
medusae were collected in Fairmount Bay, Tatitlek and the Cordova Marina.

Remarks. These medusae are very small; they probably occur throughout Prince William Sound.
Sarsia/Coryne sp. hydroids

Distribution. One or more clumps of hydroids that looked like Sarsia were collected by Jeff Goddard in
the Homer Marina, Katchemak Bay, Cook Inlet on August 8, 1999.

Remarks. | did not look carefully at this material. If it was reproductive and making medusa buds, it can
be assigned to Sarsia; if it was reproductive and bearing fixed gonophores, it could be assigned to
Coryne. Sarsia hydroids cannot usually be identified to species without their mature medusae.

Sarsia spp. medusae
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Distribution. About ten Sarsia medusae were collected from Sadie Cove and the Homer Marina,
(Katchemak Bay, Cook Inlet) and Fairmount Bay and Busby Island.

Remarks. Sarsiaisatypical north-boreal hydrozoan genus. Many conspecific Sarsias are known from
the Puget Sound / Strait of Georgia region and the entire life cycle - both hydroid and mature medusa- is
usually needed for identification to species. Most of the medusae collected had the apical canal above
the manubrium that is seen in Sarsia princeps and looked quite a bit like those pictured as S princeps by
Bigelow (1920), although they were rather small for that species. A second species seemed to also be
present.

Saurophora mertensii
Distribution. This species (5 medusae) was collected by Bigelow (1913) in Prince William Sound - no
further site description or date given.

Remarks. We did not find it in August 1999.

Tiaropsis multicirrata

Distribution. Several Tiaropsis multicirrata were collected at station PWS 98-21 on June 24, 1998. John
Chapman identified this site as Green Island, near Montague Island, on the south side of Prince William
Sound.

Remarks. Specimens sent to Claudia Mills for identification, summer 1998.
SCYPHOZOA

Aurelia labiata
Distribution. Only two Aurelia labiata were seen, in the Cordova Marina, on August 13, 1999.

Remarks. | would have expected to see this species or its northern congener Aurelia limbata (similar, but
with abrown rim and tentacles) in many more locations. Aurelia tends to occur in dense aggregations at
the surface - such "swarms" were described to me by resident kayakers as present in Sheep Bay near
Cordova and at Long Bay off Culross Passage near Whittier, but we did not see them. See Wrobel and
Mills (1998) for adiscussion of the differences between A. aurita and A. labiata. Purcell (1998) refers to
the Prince William Sound species as A. aurita, but probably without knowing about the recently
rediscovered A. labiata name.

Cyanea capillata

Distribution. Cyanea capillata was probably the most common medusa in Prince William Sound
in August 1999. We saw it in the Homer Marina and Sadie Cove in Cook Inlet, aswell as at the
Whittier Marina, en route at the south end of Esther Island and south of Eaglek Bay, in
Fairmount Bay, at Tatitlek and in the Cordova Marina. A.J. Paul told me that it iscommon in
Resurrection Bay, but further out than the town of Seward.

Remarks. In Prince William Sound this species comes in arange of colors, from red to pink or
lilac, to yellowish, to a colorless "white". The size ranged from a couple of cm to about 30-40 cm
in bell diameter. It was abundant in open water.
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Unidentified scyphozoan polyps
Distribution. Jeff Goddard observed scyphistomae on the docks at both Homer and Whittier.

Remarks. Most scyphistomae on docks on the west coast have proven to be those of Aurelia spp.
Other species of scyphozoan scyphistomae have not been observed in the field and | assume that
they select other types of habitats. If these were Auréelia, they may have been either Aurelia
labiata or perhaps Aurelia limbata, which islikely to also occur in the region.

CTENOPHORA

Bolinopsis infundibulum

Distribution. Only one Bolinopsis specimen was seen on the PWS 1999 trip. It was collected on
August 11, 1999, at the Tatitlek commercia (ferry) dock, in vertical plankton tows taken off the
side of the Kristina with Jeff Cordell's 130 pum mesh plankton net in about 50 feet of water.

Remarks. | do not hesitate to call this specif@eimnopsis infundibulum, which | have also
collected at Dutch Harbor.

Pleurobrachia bachei

Distribution. Only ondleurobrachia specimen was seen on the PWS 1999 trip. It was collected on
August 11, 1999, at the Tatitlek commercial (ferry) dock, in vertical plankton tows taken off the side of
theKristina with Jeff Cordell's 130 pum mesh plankton net in about 50 feet of water.

Remarks. Examination of this preserved ctenophore left some question about its species identity.
This animal was fairly contracted in its preserved state, at which point the funnel canal appeared
to be shorter than the pharynx, which is indicativ@lefirobrachia pileus (see Bigelow, 1912).

This species name should not be applied lightly, however, to a North Pacific specimen, since all
those collected from British Columbia to California have been identifi@ileasobrachia

bachei. Comparison with 3 livind. bachel of the same size (about 7 mm) from Friday Harbor,
revealed that the pharynx/canal ratios in that species to be similar to the preserved specimen
from PWS, so that name is applied here.

MOLLUSCA

?Clione limacina
Distribution. A young pteropod collected in the Homer Marina (Cook Inlet) on August 8, 1999 was
probablyClione limacina.

Remarks. The identification was not confirmed by careful microscopic examination. This species is
found in boreal and temperate regions worldwide.

Melibe leonina
Distribution. SeveraMelibe leonina was observed either swimming in the water column or
attached to kelp at each of: Fairmount Bay, Tatitlek and Cordova. In addition, Carmen Field
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informed me that this species is common in Jakalof Bay within Katchemak Bay, although we did
not confirm that location.

Remarks. This species was seen swimming well up in the water column at Fairmount Bay and over
eelgrass at Tatitlek. It was attached to laminarian kelp in the marina at Cordova.
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NONINDIGENOUS CNIDARIA, (MOST) ALREADY PRESENT IN SOME
WEST COAST ESTUARIES
that might be positioned to ultimately invade locations in Alaska.

CNIDARIA
HYDROZOA

Bougainvillia muscus (Allman, 1863). Hydroid known on the west coast only from Friday
Harbor, Washington (Mills, 1981, as B. ramosa); possibly the same species of Bougainvillia that
is a pest/contaminant in some aquariums in California. Temperature tolerances not known. This
may actually be a complex of cryptic species rather than one species (Calder, 1988).

Blackfordia virginica Mayer, 1910. Hydroids and medusae on the west coast known from north
San Francisco Bay and Coos Bay (J. T. Carlton, personal communication); has a wide salinity
and temperature tolerance. Also reported from the Chesapeake Bay and several European and
Asian harbors, and its apparent point of origin, the Black Sea. Full temperature tolerances not
known, but most of Alaskais north of its known distribution.

Cladonema radiatum Dujardin, 1843. Hydroids and tiny medusae abundant in eelgrass community
in Padilla Bay, Washington, not far from Anacortes and Cherry Point oil terminals. Temperature
tolerances not known, but this speciesis found in numerous locations worldwide, including northern
and Mediterranean Europe, its putative natural range.

Cordylophora caspia (Pallas, 1771). Hydroid known from the mouth of the Samish River in
Samish Bay, not far south of the Cherry Point oil terminals. Is also found in very low salinity
tributaries to north San Francisco Bay and el sewhere on the west coast. Requires very low
salinity, temperature tolerances not known; assumed to be of Ponto-Caspian origin.

Ectopleura crocea (L. Agassiz, 1862). This Atlantic hydroid is probably established in at least
Cdlifornia and British Columbia (see photo attributed to this speciesin Harbo (1999, p. 32).
Species of Tubularia/Ectopleura cannot be positively identified without examining the
reproductive medusoids, which is rarely done by non-specialists.

Maeotias inexspectata Ostroumoff, 1896. Medusae on the west coast known from low
salinity tributaries to north San Francisco Bay, seemingly awaysin sainities less than 15 psu,
maybe to aslow as 1-2 psu (Mills and Sommer, 1995). Also known intermittently from the
Chesapeake Bay and severa European estuaries, and its apparent point of origin, the Black
Sea and Sea of Azov. Temperature tolerances not known, but most of Alaskais north of its
known distribution. This species was newly collected in the Baltic Seain Estoniain August
1999 (Risto Vainola, pers. comm.).

Moerisia spp. Several speciesin this genus have been described from a variety of widely
separated locations worldwide, including some rivers emptying into north San Francisco Bay
(J.T. Rees, personal communication), in which both polyps and medusae of this genus have been
found. Also known from the Chesapeake Bay. It is not clear how many species are involved
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worldwide. Some populations are known to be single-sexed, inplying a single introduction.
Temperature and salinity tolerances not known.

SCYPHOZOA

Aurelia aurita (Linnaeus, 1758). The most commonly-reported species of Aurelia worldwide. With
Its seemingly highly-transportable sessile polyp, there is some reason to assume that this species was
carried early to many additional locations, although its home range is so-far not defined - genetic
studies are currently underway by several researchers. All Aurelia that | have inspected carefully in
Alaska appear to be Aurelia labiata Chamisso and Eysenhardt, 1821 or Aurelia limbata Brandt, 1835
(the latter species known from the Aleutians and the Bering Sea). A. labiata was originally described
from central California, but seemsto range all the way up the North American Pacific coast. It
would not be too surprising to find A. aurita also living on the west coast. A report of a genetically-
different population of Aurelia (Greenberg et al., 1996) in San Francisco Bay islikely to be such.
Because it is more amenable to culture, most public aguariums on the west coast have Aurelia aurita
on display, providing a possible source of introduction. The name Aurelia aurita has been rather
indiscriminately applied in the literature, including on the west coast of North America, without
careful morphological inspection.

ANTHOZOA

Diadumene lineata Merrill, 1870. Cryptogenic sea anemone known from several locationsin
Washington and California, as well as worldwide. We searched in seemingly appropriate habitat for
this speciesin severa locations including the intertidal at Lowell Point, Seward, but none were found.
Temperature tolerances are not known and might be an issue in Alaska.

Nematostella vectensis Stephenson, 1935. Cryptogenic sea anemone known from quiet, low-
salinity lagoon habitats in most coastal American states, as well as numerous locations
worldwide. This species was not found during the 1999 Prince William Sound Expedition, but
we may not have encountered the right kind of habitat. Temperature tolerances are not known
and might be an issue in Alaska.

CTENOPHORA

Mnemiopsisleidyi A. Agassiz, 1865. Thisis apparently the only species of ctenophore known to have
invaded a marine habitat outside of its home range (the Black Sea). This genus, whose 3 putative
species are not entirely resolved taxonomically, is native to the eastern coast of North America,
extending from New England well into Argentina. It has not been found yet in the Pacific Ocean.

NOTE: Many ctenophores are assumed to have very broad global distributions, and it is not known at
thistime to what extent, if any, their ranges have been extended artificially by man.
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Chapter 9C3. Focal Taxonomic Collections: Polychaete Worms
Jerry Kudenov, Department of Biology, University of Alaska, Anchorage

Summary

Nearly al of the Prince William Sound samples of polychaetes collected during the 1998
Expedition have been examined. Certain taxa, such asthe Spirorbinae, have not yet been
identified. Excluding the latter subfamily, 61 species have been tentatively identified and
partially described. In essence, there appear to be no clearly defined species that could be listed
asaNIS. However, at least five species may be new to science (species of Eumida, Scoloplos,
Exogone, Nephtys and Glycera). At least three new range extensions may be noted for
Phyllodoce medipapillata, Chaetozone senticosa and Rhynchospio glutaea. Finally, six species
that have widespread distributions in the northern hemisphere are represented in the present
material, including: Pholoe minuta, Eteone longa, Barantolla americana, Harmothoe imbricata,
Capitella capitata and Amphitrite cirrata. The systematics of each of these speciesisterribly
confused and precise identifications are impossible to render presently. For example, Eteone
longa was originally described from Greenland (1780), and has since been reported from
numerous localitiesin the Arctic, Atlantic and Pacific Oceans where it appears to be
phenotypically “identical” wherever it occurs. Of course, this is likely not true since the
distributions of most species are restricted spatially and temporally. Resolving such dilemmas
falls outside the scope of this study, and these six species are therefore identified as above,
pending future revisions. Although all identifications are reasonably precise and non-indigenous
species are represented in these samples, all results are based on literature descriptions and are
preliminary; present materials must be more carefully compared to known reference specimens.
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Table9C3.1 POLYCHAETA, PRINCE WILLIAM SOUND, SUMMER 1998

SIGALIONIDAE
Pholoe minuta Fabricius, 1780

PHYLLODOCIDAE

Eteone longa (Fabricius, 1780)

Eulalia bilineata (Johnston, 1840)
Eumida species A (new species)
Phyllodoce medipapillata Moore, 1909
Phyllodoce species

NEREIDIDAE
Chelonereis cyclurus Harrington, 1897
Platynereis species (?bicanalicul ata)

CAPITELLIDAE
Barantolla ?americana Hartman, 1963

GONIADIAE
Glycinde picta Berkeley 1927

GLYCERIDAE
Glycinde ?armigera Moore, 1911
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ORBINIIDAE
Scoloplos species A New Species

POLYNOIDAE

Harmothoe imbricata (Linnaeus, 1767)
Harmothoe extenuata (Grube, 1840)
Harmothoinae

L epidonotinae

CHRY SOPELATIDAE
Chrysopetal um occidental e Johnson, 1897

SYLLIDAE

Exogone cf. dwisula Kudenov & Harris, 1995
Sohaerosyllis cf. californiensis Hartman, 1961
Trypanosyllis gemmipara Johnson, 1901
?Eudontosyllis species A

Tyosyllis alternata (Moore, 1908)

Typosyllis hyalina Grube 1863

Typosyllis pulchra Berkeley & Berkeley, 1938
Typosyllis stewarti Berkeley & Berkeley, 1942
Autoylus (Procerea) cornutus Agassiz, 1863

LUMBRINDERIDAE
Lumbrinerislatrielli Audouin & Milne-Edwards, 1834

ORBINIIDAE
Leitoscoloplos pugettensis (Pettibone, 1957)
Naineris dendritica (Kinberg, 1867)

SPIONIDAE
Siofilicornis (Muller, 1776)

OPHELIIDAE
Armandia brevis Hartman, 1938
Ophelia limacina (Rathke, 1843)

NEREIDIDAE
Nereididae (postmetamorphic juvenile)

SPIONIDAE
Prionospio steenstrupi Malmgren, 1867

5



CIRRATULIDAE
Cirratulus cingulatus Johnson, 1901
Chaetozone senticosa Blake, 1996

CAPITELLIDAE
Capitella capitata (Fabricius, 1780)

NEPHTYIDAE

Nephtys species A (N. ciliata)
Nephtys species A (juvenile)
Nephtys species B (juvenile)

ARENICOLIDAE
Abarenicola pacifica Healy & Wells 1959

OWENIIDAE
Owenia fusiformis della Chigje, 1841

GLYCERIDAE
Glycera cf. nana Johnson, 1901

SPIONIDAE

Rhynchospio glutaea (Ehlers, 1887)

?Prionospio sp.

Dipolydora cf. socialis (Schmarda, 1861)
Dipolydora sp. A (near bidentata?) Zachs, 1933
Dipolydora sp. B

Dipolydora sp. C (near giardi (Mesnil, 1896))
Polydora Aimicola Annenkova, 1934
Diplydora ?quadrilobata (Jacobi, 1883)
Polydora sp.

MALDANIDAE
Nicomache personata Johnson 1901

PECTINARIIDAE
Pectinaria granulata Johnson 1901

AMPHARETIDAE
Ampharete species A

TEREBELLIDAE
Amphitrite cirrata Maller. 1771
Polycirrus species Ill Hobson & Banse, 1981
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SABELLIDAE
Laonome cf. kroyeri (Mamgren, 1866)
Schizobranchia insignis Bush 1904

SERPULIDAE

Crucigera zygophora (Johnson, 1901)
Serpula vermicularis Linnaeus, 1767
Spirorbis species

Table 3. Polychaeta Collected in 1998 PW S Expedition
Note: Materials listed below as PWS NIS 1998 include Stations followed by the number of
specimens in parentheses.

Pholoe minuta Fabricius, 1780
PWS NIS 1998: Sta 1(1 specimen); Sta 5(1); 6 (fragments); Sta 7 (2); Sta (3); Sta 10(4); Sta
11(1); Sta 41(3).

Based on specimens, these are not Pholoe minuta sensu Fabricius. Original taxon described as

having papillae disbursed over entire ventral and parapodial surfaces. Specimens all have small,

close-set, short papillae over entire ventral surface; parapodiawith conspicuous digitiform

papillae. WhateverPholoe minuta” represents, it must be a polyphyletic species at the very

least. It has a recorded distribution in both the Arctic and south Atlantic Oceans. This species is
correctly identified to a single taxon. However its actual identity is questionable in view of its
widespread distribution.

Eteone longa (Fabricius, 1780)
PWS NIS 1998: Sta 3(1 specimen ); Sta 15(2); Sta 16(3); Sta 17(8); Sta 18(9); Sta 36(1); Sta

41(1).

Technically, theEteone longa/flava group is in severe disarray and is undoubtedly represents a
complex taxonomic assemblage of closely related species. Whatever taxon is represented by
PWS specimens oE: longa” must remain obscure until a definitive study is published.

Eulalia bilineata (Johnson, 1840)

PWS NIS 1998: Sta 21(1 specimen).

Keys out according to Blake (1996) and Pleijel (1991). Only one specimen, which is poorly
preserved used for this identification; therefore it is considered to be tentative.

Eumida species A (new species)

PWS NIS 1998: Sta 21(2 specimens).

Genus identification correct. Prostomium small, with 4 distal and one median unpaired antenna.
Dorsal cirri triangular, pointed, lanceolate. Ventral cirri subtriangular, subtly pointed. Segment
1 highly reduced, not fused to segment 2; in largest specimen it actually extends onto
prostomium (although this may be artifactual); tentacular cirri lateral to prostomium. Segment 2
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with two pairs of tentacular cirri, ventral pair shortest; lacking setae. Segment 3 with one pair
tentacular cirri, with fascicle of setae in neuropodium.

Parapodia all distally rounded, without hint of dorsal lobe; all about the same length throughout
the body. Ventral cirri asymmetrical, subquadrangular, longest anteriorly and gradually
decreasing in length, size posteriorly.

Pygidium lacking appendages (lost).

Phyllodoce medipapillata M oor e, 1909

PWS NIS 1998: Sta 21(1); 36(1).

Two beautiful specimens, complete, well preserved with proboscides everted. Key out according
to Blake (1994). Present record is arange extension, and potentially also an introduced species
to PWS, assuming there are no other records of it between here and central to southern California
(0-300 m) where it seemsto be restricted.

Phyllodoce species
PWS NIS 1998: Sta 15(2 specimens)
Juvenile individuals, one of which has proboscis everted. Both extremely small, unidentifiable.

Chelonereis cyclurus Harrington, 1897

PWS NIS 1998: Sta 3(3 specimens); Sta 5(4); Sta 6(3); Sta9(1); Sta10(1); Sta 11(32); Sta
12(33); Sta14(1); Sta 16(2); Sta 19(7); Sta 21(65); Sta 22(7); Sta 23(28); Sta 24(14); Sta 24N(2);
Sta 25(10); Sta 28(57); Sta 30(8); Sta 31(2); Sta 32(3); Sta 34(35); Sta 35(106); Sta 36(2); Sta
40(1); Sta41(2); Sta 44(2).

Characteristic species. Notosetae homogomph spinigers. Neurosetae heterogomph spinigers and
falcigers. Largest specimen lacks homogomph falcigers in neuropodia.

Platynereis species (?bicanaliculata (Baird, 1863))

PWS NIS 1998: Sta 12(1 specimen).

Juvenile lacking tentacular cirri. Thisidentification is highly tentative, based on asingle
specimen!

Nereididae (postmetamor phic juvenile)

PWS NIS 1998: Sta 6(1 specimen).

Identified as Platynereis?” but the specimen is a postmetamorphic juvenile that is not
identifiable to genus.

Glycinde picta Berkeley 1927

PWS NIS 1998: Sta 4(1 specimen ); Sta 7(1); Sta 15(1); Sta 16(2); Sta 41(1).

All with ventral arc of micrognaths, characteristid@fcinde picta along Pacific coast of North
America.

Glycinde ?armigera Moore, 1911
PWS NIS 1998: Sta 13(1 specimen ); Sta 23(1).




Chapt 9C3. Polychaete Worms, page 9C3- 9

Identification tentative in light of a dissection performed previously and prior to the present
examination that damaged the critical region of macro- and micrognaths.

Harmothoe imbricata (Linnaeus, 1776)

PWS NIS 1998: Sta?5(2 juveniles); Sta?6(2 juveniles); Sta 10(3 specimens); Sta 11(10); Sta
14(2); Sta 19(2); Sta 21(8); Sta 23(4); Sta 24(3) Sta?24(1); Sta 28(7); Sta 30(2); Sta 34(7);
Sta 35(17); Sta 36(9).

Another widespread species that must be re-examined critically. Tentatively assigned to
Harmothoe imbricata.

Harmothoe extenuata (Grube, 1840)

PWS NIS 1998: Sta 35(3 specimens).

Seemsto key out well. Some of the specimensincluded as H. imbricata likely identical to this
taxon.

Harmothoinae
PWS NIS 1998: Sta 19(1 specimen); Sta 24N(2).
These are most likelyH. imbricata “ juveniles, and should be referred to above as “?”

L epidonotinae

PWS NIS 1998: Sta 23(1 specimen ); Sta 24N(1); 34(2).

Note that Station 34(2 specimens) contains the best specimens, which seem to key out to
Parhalosydna, which seems somewhat of a stretch. Most of the specimens are not well
preserved, nearly all lack elytra, and identification can not be made positively.

Chrysopetalum occidentale Johnson, 1897
PWS NIS 1998: Sta 23(1 specimen); 24(1).
Highly characteristic species.

Exogone cf. dwisula Kudenov & Harris, 1995

PWS NIS 1998: Sta 19(1 specimen); Sta 21(1); Sta 23(10); Sta 32(1).

This species is very closely alliedEodwisula, and also t@. gemmifera. Antennae closely set,
laterals about .67-.75x length of median. Pharynx extends through 1.5-2 segments, with anterior
unpaired middorsal tooth. Proventriculus extends through 2 segments, with 15 rows muscle
cells. Peristomial antennae small, inconspicuous, not visible in dorsal view. Setae number 4-5
per parapodium, of 3 kinds: a) falcigers with deeply incised blades, confined to anterior setigers;
b) stout awl-shaped spinigers, numbering 1-2 per anterior parapodium, 1 per median and
posterior parapodia; c¢) dorsal and ventral simple seta, the former present in all setigers, the latter
in the last few setigers. Aciculae numbering 1 per parapodium, all terminating in distally
enlarged heads (blunt or beaked??)

Sphaerosyllis cf. californiensis Hartman, 1961

PWS NIS 1998: Sta 10(1 specimen); Sta 19(1); Sta 19(11); Sta 21(2); Sta 21(2); Sta 23(65).

Sta 23(5).

One difference between these specimens and those examined by Kudenov & Harris (1995) is the
presence of an additional pair of conspicuous papillae on distal parapodial surfaces; one is
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anterior, the other posterior. A most unusual aspect to the setal morphology is the fact that the
cutting teeth on blades of compound falcigers are set in 2 rows, members of one row alternating
with those of the other row.

This has not been reported for S californiensis. Then again, | don’t believe anyone has ever
looked closely enough! These specimens will represent a new spe&tiealiiforniensis lacks
these alternating rows of teeth on blade cutting surfaces.

Trypanosyllis gemmipara Johnson, 1901

PWS NIS 1998: Sta 23(1 specimen).

One small specimen, 61 segments. Bidentate falcigers. Trepan with 10 teeth; middorsal tooth
absent.

?Eudontosyllis species A

PWS NIS 1998: Sta 19(1 specimen); 23(1).

Only 2 specimens, both anterior fragments. Specimen of Sta 19 in 2 pieces, with dorsal cirri; Sta
23 in 1 piece, lacking dorsal cirri. Specimens key out to Eudontosyllis Knox 1960, which
according to Fauchald (1977) is represented by a single species.

Essential descriptive elements include: Prostomium reduced, with 2 pairs of large lenticulate;
eyes Palps reduced, fused only basally. Paired occipital nuchal organs extending over setiger 1,
not fused to dorsum; Antennae very long, smooth basally, terminating in a few distal moniliform
elements, each long and cylindrical, Peristomial tentacles long, number 1 pair; Notoacicula
present, each conspicuous, with distally bent tips; Notosetae as multispinose capillaries in small
inconspicuous tufts. Neurosetal fascicles with bidentate compound falcigers.

The one specimen with notosetal fascicles may be epitokous (Sta 23). Need to check out the
specimen from Sta 19 for comparison.

Tyosyllis alternata (M oor e, 1908)
PWS NIS 1998: Sta 5(1 specimen); 9(1); Sta?10(1, juvenile).

Typosyllis hyalina Grube 1863
PWS NIS 1998: Sta 21(1 specimen).

Typosyllispulchra Berkeley & Berkeley, 1938
PWS NIS 1998: Sta 21(1 specimen); 24(1).

Typosyllis stewarti Berkeley & Berkeley, 1942

PWS NIS 1998: Sta 21(5 specimens); 21(1); 23(1).

Characteristic increase in thickness of falcigers in posterior segments. Many of these have lost
their blades.

Autoylus (Procerea) cornutus Agassiz, 1863
A.cornutus Okada, 1933:645-647, figs. 3,4; Pettibone, 1963:144, fig. 37e.
A.cornatus Hartman, 1944:338, pl. 13, fig. 5.
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A. (Regulatus) cornutus, Imajima, 1966:49-51, Text-fig. 13a-i.

PWS NIS 1998: Sta 19(1 specimen); Sta 20(2); Sta 25(1).

Only two specimens include in these samples. Specimen (Sta. 19) is small, lacking tentacular
and dorsal cirri. Dorsal cirri of setiger 1 longest; those from setiger 2 all shorter and about the
same size. Both asexual forms exhibiting stolons between segments 13-14. Trepan with 18
teeth: 9 larger and 9 smaller. Dorsal simple setae thick, distally truncate and serrated. Nuchal
organs restricted to posterolateral regions of prostomium; not extended to posterior margin of
setiger 1.

The species was originally reported from Atlantic habitats (L abrador to Chesapeake Bay;
Plymouth) and has a so been reported from Japan to British Columbia-Washington.

Specimens (Sta. 20) are sexual forms for which only the genusis a certain identification.
Swarming or sexually swimming stages have not been related to asexual phases, unfortunately,
along the Pacific coast of North America (or most other places, except see Gidholm 1965, 1966).

Nephtys species A (N. ciliata)

NIW NIS 1998: Sta 10(1 specimen); Sta?11(1); Sta 15(3); Sta 16(1); Sta 16(4); Sta 36(5).

This appears to be anew species. It does not key out to anything in Banse & Hobson (1974)
where, in the key, this species drops out of the key at couplet 6 (page 73). The couplet provides
achoice between large, postsetal notopodial 1obes without a middorsal proboscideal papilla
versus medium-sized postsetal notopodial lobes with out without a dorsal median proboscideal

papilla.

To couplet 9, the next choice isinterramal cirri, proboscis with unpaired dorsal papilla, which
leads to a choice between N. ciliata or N. caecoides.

Itisnot N. caecoides. Key leadsto N. ciliata which lacks adorsal pigment pattern. Notopodial
postsetal lobe partly covered by acicular lobe, which, in N. caecaislarge, but isrelatively small,
compared to the postsetal notopodial lobe. Proboscis proximally with small warts.

In al, this appearsto be N. ciliata. One principal difference appears to be the size of the
postsetal notopodial |obes.

Specimen 11(1) poorly preserved; assignment tentative.

Nephyts species A (juvenile)

NIW NIS 1998: Sta 15(7 specimens); Sta17(1); Sta17(1).

All specimens are postmetamorphic or young juveniles and are unidentifiable to species. Note
that all have conical acicular lobes and poorly defined postsetal lamellae. Specimen (17(1))
obviously a newly postmetamorphic juvenile; assigned to this taxon for convenience.

Nephyts species B (juvenile)
NIW NIS 1998: Sta 11(3 specimens).
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Interramal cirri short, almost straight except for distally curved tip, hanging almost straight
down. Interramal cirri beginning from setiger 5. Acicular lobes generally rounded athough
notopodial 1obe slightly bilobed; neuropodial 1obe more evenly rounded.

Glycera cf. nana Johnson, 1901

NIW NIS 1998: Sta 10(1 specimen); Sta 11(1); Sta 16(1); Sta 24(3); Sta 36(1).

These specimens are mighty peculiar! Postsetal |obes are rounded, with biramous parapodia as
per Glycera. Aileronswinged as per Glycera. Proboscis with 3 kinds of papillae including long,
slender and shorter tapering forms plus spherical papillae. Inferior presetal |obe pointed,
appearing rather different from that for Glycera nana.

Hilbig (1994) describes Glycera nana in terms that, compared to the present materials, intimates
that the PWS specimens are sufficiently different to represent a new species.

Lumbrinerislatrielli Audouin & Milne-Edwards, 1834

PWS NIS 1998: Sta 5(2 specimens); Sta 11(1).

Keys out according to both Banse & Hobson (1974) and also Ruff (1995), particularly in view of
the latter's comments. Specimen (Sta. 11) with dental formula: 1+1, 5+4, 2+2, 1+1. Yellow
aciculae. Compound falcigers in anterior segments. Posterior pre- and postsetal lobes not
elongate. No obvious pigmentation patterns in preserved specimens.

Scoloplos species A New Species

As Scoloplosarmiger PWS NIS 1998: Sta 4(2 specimens); Sta 10(4); Sta 15(2); Sta 36(1); Sta
41(22).

As Scoloplos species PWS NIS 1998: Sta 7(1 specimen); Sta 10(3).

As Orbiniidae PWS NIS 1998: Sta 10(4 specimens); Sta 41(1).

All of these individuals represent a new taxon. There are no subpodial lobes present whatsoever.
Number of thoracic segments numbering 14-15. Branchiae from posterior thoracic segments.
Thoracic neurosetae with distally smooth, transparent hoods. Abdominal neurosetae include
both capillaries and delicate spines. Neuropodial lobes in larger specimens digitiform; smaller
specimens notched. These lobes are clearly different from those & baothger andS

acmeceps.

L eitoscol oplos pugettensis (Pettibone, 1957)
PWS NIS 1998: Sta 5(1 specimen); Sta 15(2); Sta 17(14).
Specimens correctly identified to species. No abdominal subpodial lobes present.

Naineris dendritica (Kinberg, 1867)

PWS NIS 1998: Sta 17(36 specimens).

Agrees well with descriptions. Originally identified as N. quadricuspida on label, however, only
one record can be assigned to this species, and even then, Hartman (1961) noted distinct and
significant differences between her material compared to those described by Fabricius. In other
words, N. quaricuspida does not occur on this coast!
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Spio filicornis (Muller, 1776)
PWS NIS 1998: Sta 5(2 specimens); Sta10(1); Sta15(12); Sta 17(1).
Keys out according to Blake (1996).

Armandia brevis Hartman, 1938

PWS NIS 1998: Sta 5(3 specimens); Sta 7(3); Sta 10(5); Sta11(12); Sta 11(1*); Sta 15(4).

Everything keys out extremely well to this taxon following Hartman (1969). Need to check out

the validity of this genus based on Colin Herman’s comments a few years ago. Specimen (Sta.
11(1%)) is poorly preserved, has a pair of prostomial eyespots, and hints of lateral eyespots, and
is taken here to represeitmandia brevis.

Ophelialimacina (Rathke, 1843)

PWS NIS 1998: Sta 5(1 specimen).

This is a supposedly cosmopolitan species. It has 37 setigers compared to 39 originally
described. First 10 setigers abranchiate. Ventral groove present from around setiger 10-11.

Prionospio steenstrupi Malmgren, 1867

PWS NIS 1998: Sta 6(1 specimen); Sta 9(3); Sta 11(10).

Specimens poorly preserved, and trashed in most cases. Gills not well intact, and in a few
specimens (Sta. 11) they are of variable lengths. The neuropodial lamella of setiger 2 with the
characteristic ventral protuberance; those of setiger 3 squarish to ventrally pointed also.

Identification tentative pending additional specimens.

Cirratulus cingulatus Johnson, 1901

PWS NIS 1998: Sta 6(1 specimen); Sta 11(1); Sta 16(2); Sta 17(8) + Sta 17(3); Sta 24(3); Sta
24N(1).

Specimens agree fairly well with description provided by Blake (1996:350-351). Neurosetal
spines begin from setigers 23-26; notosetal spines from setigers 35-37. Specimen from Sta 24N
may be a juvenile, with neurosetal spines from setiger 9. and notosetal spines from setiger 16.
Eyes present in all specimens as line of 4-6 individual eyespots. The three specimens from Sta
17 are very large and show size-dependent morphology concerning transverse band of
tentacles/cirri.

Chaetozone senticosa Blake, 1996

PWS NIS 1998: Sta 15(9 specimens); Sta 17(57).

Keys out according to Blake (1996), although the final identification needs to be confirmed
based on methyl green. Specimens with around 60-70 setigers, hooks beginning from around
setiger 35-40. Prostomium short, triangular, with a single achaetous annulus.

Originally reported from Central and Northern California. This may be a range extension,
assuming the identification is valid.

Barantolla ?americana Hartman, 1963
PWS NIS 1998: Sta 3(1 specimen); Sta 4(1); Sta 9(2); Sta 15(3); Sta 19(1); Sta 41(2).
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Thisisadubioustaxon. Originally described has having capillary setae only in notosetiger 6
and neurosetiger 7; mixed capillaries in notosetiger 7 and neurosetiger 8; hooks only in
notosetigers 8-11 and neurosetigers 9-11. In contrast, Fauchald (1977) lists Barantolla as
having 6 setigers with capillaries followed by 1 mixed capillaries and hooks, and then 4 more
with hooks only.

The present specimens are at odds with the above descrepancies. Specimen 3(1) with mixed
notosetae on setiger 5; 7(2) with capillaries only in notosetigers 1-5 and neurosetigers 1-6,
mixed setae in notosetiger 6 and neurosetiger 7, and hooks only thereafter in notosetigers 7-11
and neurosetigers 8-11; specimen 41(1) with capillaries only in both noto- and neurosetigers 1-6,
and hooks only in both noto- and neurosetigers 7-11 (setiger with mixed setae apparently
absent).

Capitella capitata (Fabricius, 1780)

NIW NIS 1998: Sta 7(3 specimens); Sta 9(1); Sta 15(9); Sta41(17).

Whatever Capitella capitata is, these specimens can be assigned to the stem species. But thisis
one the “cosmopolitan” species that can be almost anything.

Abarenicola pacifica Healy & Wells 1959
NIW NIS 1998: Sta 7(1 specimen); Sta 17(3); Sta 18(9).
One large specimen (Sta. 7), intact; all others are juveniles. No question concerning identity.

Owenia fusiformis della Chiaje, 1841

NIW NIS 1998: Sta 7(1 specimen); Sta 41(1).

Only two specimens. Have a collar as Pemenia collaris. Setae appear to have configuration
found inOwenia fusiformis. Refer to recent paper on the family from IP4 (Paris).

Rhynchospio glutaea (Ehlers, 1887)
PWS NIS 1998: Sta0(1specimen); Sta0(1).
New record for Alaska. Not particularly surprising.

?Prionospio sp.

PWS NIS 1998: Sta 18(Ispecimens).

Recheck. One specimen appeared to have gills on middle body segments. These are not
polydorids as noted on label.

Dipolydora cf. socialis (Schmarda, 1861)

PWS NIS 1998: Sta 17@pecimen).

Tentative identification, but n@ipolydora socialis. Falcate spines of setiger 5 strongly falcate,
with hint of flange; bristle absent. Setiger 1 postsetal lamellae poorly developed. Gizzard-like
structure present around setigers 17-18, but not as portrayed by Blake (1996).

Dipolydora sp. A (near bidentata?) Zachs, 1933

PWS NIS 1998: Sta 17(18 specimens); Sta 19(1); Sta 23(2).

This taxon may be a shell borer. Spines of setiger 5 without distal bristles, with flange-tooth on
lateral surface (not on convex surface as fas as | can see). Caruncle to posterior setiger 4.
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Notosetae present on setiger 1. Prostomium deeply incised, bifurcate. Posterior notosetae
capillaries; spinous packets, modified setae absent. Neurosetae without manubrium, from setiger
7, bidentate to end of body.

Dipolydora. sp B

PWS NIS 1998: Sta17(1 specimen).

Prostomium incised, strongly bilobed. 4 pairs of eyes. Notosetae setiger 1 present, lobe reduced
to papillar lobe. Caruncle to posterior setiger 3. Setiger 5 strongly modified; heavy spines
distally falcate, heavy triangular tooth on concave surface, bristles present in notch between
tooth and tip of spine. Bidentate neurosetae without manubria, from setiger 7. Branchiae from
setiger 7.

Does not key out using Blake 1996...falls out at couplet 10 (10B where choice is presence of 2
accessory teeth) since this specimen has only 1 visible accessory tooth, and appears to lack a
cowling.

Dipolydora sp. C (near giardi (Mesnil, 1896))

PWS NIS 1998: Sta 21(>100 specimens); Sta?30(1).

Numerous specimens. Prostomium incised, bilobed. No eyes. Setiger 1 complete, notosetae
present, notopodium reduced to digitiform lobe. Caruncle to setiger posterior margin setiger 3.
Setiger 5 modified; spines with accessory tooth on concave surface, with partial cowling on
opposite side of concave surface extending to convex surface; bristles absent.

Branchiae from setiger 9. Neurosetal hooks without manubria, from setiger 7.

Dipolydora ?quadrilobata (Jacobi, 1883)
PWS NIS 1998: Sta 15@pecimen).
Incomplete specimen, and identification is tentative.

Polydora ?limicola Annenkova, 1934
PWS NIS 1998: Sta 10@pecimen); Sta 16(1); Sta 23(1).

Incomplete specimen, and identification is tentative.

Polydora sp.

PWS NIS 1998: Sta 17@pecimen).

This is a juvenile specimen. It is small and slender. Prostomium entire. Eyes numbering 8.
Setiger 5 is not modified. Pygidium 4-lobed. Probably not assignable to any known taxon.

Nicomache personata Johnson 1901

PWS NIS 1998: Sta 11dpecimen).

Identification certain to this species, although specimen is incomplete. Pigmentation pattern
characteristic of species.
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Pectinaria granulata Johnson 1901
PWS NIS 1998: Sta 11(5 specimens); Sta 16(3); Sta 17(1); Sta 36(22).
Correct identification.

Laonome cf. kroyeri (Malmgren, 1866)

PWS NIS 1998: Sta 17(14 specimens).

Avicular uncini with short bases; companion setae absent. Both capillary and spatul ate setae
present. Radioles lacking external stylodes; collar bilobed. Need to reconfirm identity.

Schizobranchia insignis Bush 1904

PWS NIS 1998: Sta 19(4 specimen); Sta 23(2) + Sta 23(>20).

Identification correct. Smallest specimen placed into shell via (Sta. 23) is perhaps ajuvenile,
with all the setal features consistent. Note that large vial (Sta. 23) mislabeled as Terebellidae
(instead of Sabellidae).

Amphitrite cirrata Maller, 1771

PWS NIS 1998: Sta 19(2 specimens); Sta 23(3); Sta 24(2); Sta?35(1); Sta 36(1).

This is another “cosmopolitan” species...at least in the northern hemisphere. A taxonomic black
hole similar to Phole minuta and Eteone longa!! Specimen (Sta. 35) is juvenile terebellid,
probablyAmphitrite cirrata; it is not Ampharetidae)!

Polycirrus species |11 Hobson & Banse, 1981

PWS NIS 1998: Sta 36(1 specimen).

This keys out as per Hobson & Banse (1981). However, as a general comment, the key is
extremely poor and relies on imprecise terminology that overlaps features used to describe
notosetae! In any case, it would seem appropriate to attach names instead of roman numerals.

Ampharete species A

PWS NIS 1998: Sta 41(1 specimen).

The generic identification is correct. Single specimen lacks a tail, and cannot be identified to
species. It is noAmpharete labrops, which has eyespots on upper buccal lip; present specimen
lacks eyespots in corresponding region.

Crucigera zygophora (Johnson, 1901)
PWS NIS 1998: Sta 19(6 specimens); Sta 23(>20); Sta 24(1).
Identification correct. Present specimens are textbook examples.

Serpula vermicularis Linnaeus, 1767
PWS NIS 1998: Sta 23(3 specimens).
Identification correct. Tentacles solid red or banded red and white, at least in preservative.

Spirorbis species

PWS NIS 1998: Sta 17(>50 specimens).

Dextrally spiraled tubes, 3 thoracic setigers. Species identifications pending examination of
remaining materials.
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Chapter 9C4. Focal Taxonomic Collections: Peracaridan Crustaceans

John W. Chapman, Department of Fisheries & Wildlife, Hatfield Marine Science Center, Oregon
Sate University

Summary

No clear peracaridan NIS were discovered among the scores of species collected in three
surveys of 72 sitesin 21 general areas of Prince William Sound and south central Alaska
between 1997 and 1999. No NISwere found in UAF samples from the area collected
previously. Two peracaridan species previously considered to be introduced are likely to be
misidentified. Five species of NIS gammaridean amphipods were found in ballast water of
tankers travelling to Prince William Sound, indicating that thisis an active mechanism of NIS
transport to Alaska, even though they do not appear to have invaded or become established there.
Invasions of Alaskan estuaries and marine waters by a broad diversity of peracaridan species
have not occurred. The diversities of peracaridan NIS invasions in the northern hemisphere vary
with climate, as do invasions by other taxa noted previously. Most marine and estuarine
peracaridan NIS thus appear to be incapable of invading Alaska from lower |atitudes due to the
extreme climate. Therisk of invasions by high diversities of NIS of pericaridans thus appears to
be extremely low.

These findings do not indicate whether afew NIS could be present at ecologically
catastrophic abundances, however. Eight peracaridans that are prominent members of either
fouling or benthic communities sampled in the survey, have unclear origins or cannot yet be
clearly distinguished from species that are nonindigenous to the northeast Pacific. They are
therefore classified as cryptogenic. These cryptogenic peracaridan species occur in the same
areas as the soft shell clam, Mya arenaria Linnaeus, 1758, which is one of the most clearly
documented NIS in south central Alaska. If proven to be NIS, these cryptogenic peracaridan
species, would be evidence that even afew NIS capable of invading Alaskan estuaries can
increase to ecologically catastrophic densities. They would indicate that surveys of peracaridan
NIS diversity, such as this one, are an insufficient basis for estimates of risk. Whether these
peracaridan crustaceans are, in fact, native to the region therefore should be tested by analyses of
morphological variation, molecular genetics and by crossbreeding viability tests with their
presumed original populations.

Introduction

A magjor objective of the south central Alaskan NIS survey was to determine whether
introductions of marine or estuarine species have already occurred. An ultimate objective of the
overall risk analysisisto predict whether Alaskan waters are vulnerable to NISinvasions. The
survey results and comparisons of climate effects on peracaridan NIS diversity over the northern
hemisphere provide abasis for this prediction.

Predicting which nonindigenous species (NI1S) can be introduced, where, and the factors
that control their survival are major objectives of invasion ecology. These predictions require
knowledge of the interactions between dispersal and processes that determine NIS survival. The
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mechanisms of NIS dispersal among estuaries are becoming well known (e.g., Cangelosi 1999,
Cohen 1998, Frey et a.1999, Draheim and Olson 1999, Miller and Chapman 2000, Moy 1999,
Ruiz et al. 1999, Thresher 1999), while the processes limiting NIS survival and production
among estuaries remain poorly known. The distributions of NIS reveal how survival varies as
dispersal occurs and thus indicate the interactions of dispersal, ecology, and survival.
Interpreting the geography NIS distributions is thus a necessary part of the search for factors
controlling NISinvasions.

NIS are particularly diverse and abundant in estuaries of the northeastern Pacific,
including San Francisco Bay, California (Carlton and Geller, 1993, Cohen and Carlton 1995,
1997, Ruiz et al. 19973, 1997b) and in Europe (L eppakoski, 1994, L eppakoski and Olenin, 1999,
Eno, et al. 1997). The majority of these NIS have origins from western ocean coasts (Cohen and
Carlton 1995, Leppakoski and Olenin, 1999) and progressively fewer NIS are known with
increasing latitudes (Carlton 1979, Cohen et al. 1998, Mills et al. 2000). These geographical
patterns do not appear to result entirely from the mechanisms of dispersal or patterns of endemic
species diversity. Other processes controlling NIS distributions warrant consideration.

Potential climate effects on east and west and north and south patterns of NIS diversity
among estuaries and coastal waters of the northern hemisphere are of paramount concern in any
NISrisk analysisfor Alaska. The cold temperate climate of Alaskais at the extreme northern
range of many northeast Pacific intertidal species (O’Clair 1977, O’Clair and O’Claire 1998).
Climate effects are therefore considered in this section. Salinity and temperature variations in
estuaries are dominant processes of climate that limit NIS survival. Most estuarine species
survive within narrow temperature and salinity ranges. Most chemical, biological, and
hydrological processes that also limit the abundances and distributions of estuarine organisms are
also controlled by, or closely correlated with, salinity and temperatugye Southward 1969,
Green 1971, Ebbesmeyer et al. 1991, Cohen and Carlton 1995 1999, Chapman 1998, Thompson
1998). NIS distributions are therefore influenced by salinity and temperature within local
estuaries. In turn, salinity and temperature are affected by climate (Ebbesmeyer et al. 1991,
Cayan 1993). Precipitation and air temperature variations (Ebbesmeyer et al. 1991, Cayan 1993)
can be interpreted to infer salinity and temperature variations in local estuaries even though
direct, long-term measures of these parameters are lacking in most cases.

Amphipods recovered from 34 ballast water samples taken from tankers during 1998
were examined to determine whether amphipods are transported by ballast water traffic from
west coast ports and harbors.

Methods
Rapid assessment survey

Prince William Sound, Seward and Homer, Alaskd @D - 6 00" N) survey results are
compared to results of NIS surveys of the native, cryptogenic and introduced peracaridans from
Puget Sound, Washington (410" - 49 00' N) and San Francisco Bay, California %(30' - 38
10" N) to resolve how peracaridan NIS invasions are distributed over a broad range of latitudes.
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Collections were made from three sitesin Port Valdez in early spring of 1997, 46 sites
throughout Prince William Sound in June 1998, and from 23 sites in Prince William Sound,
Seward and Homer in 1999 (Ruiz and Hines 1997, Hines and Ruiz 1998) (Figure 9C4.1).
Twenty six sites were surveyed in Puget Sound, Washington in September 1998 (Cohen et al.
1998). San Francisco Bay was surveyed in early fall, late spring or summer of 1993, 1994, 1996
and 1997 at 25 regular sites plus several irregular sites (Cohen 1998, Cohen and Carlton 1995,
1997, 1998). The three systems are excellent for comparison because they have all received and
have been interconnected by significant aquaculture and shipping activities that are vectors of
NIS dispersal in at least the last century.
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Figure 9C4.1. Prince William Sound, Alaska and south central Alaska rapid assessment sites with open boxes
indicating all 46 sampling sites of 1998, inset indicating the five port areas sampled in 1999 and the shaded boxes
indicating the eleven general sampling areas of the sound in 1999. (L atitudes longitudes and site descriptions arein
appendix table 9CA4.5).

Each area was surveyed by the author in the same fashion. Survey samples were
collected by hand, scrapings, cores, or dredge as necessary to remove biological communities or
substratum from floats, intertidal pilings rocks and intertidal or shallow subtidal mudflats
accessible at each collection site. These samples were washed on an 0.5 mm mesh sieve directly
or decanted onto an 0.5 mm mesh sieve and washed following vigorous sloshing in buckets of



Chapt 9C4. Peracaridan Crustaceans, page9C4- 4

seawater, to suspend organisms from the removed substratum. Harbor float, rock and piling
substratums were emphasized in all three survey areas but other available habitats were sampled
extensively as available. Organisms were picked directly from substratums during sample
collection or from the sieves after washing or from voucher samples of substratums and
examined under a stereomicroscope. All collected organisms were fixed in 10% formalin before
transfer to 70% ETOH for long-term preservation. All specimens were identified to lowest
possible taxonomic category.

Voucher specimens will be deposited in the Los Angeles County Museum, the California
Academy of Sciences and the Smithsonian National Museum of Natural History. The precise
locality records and notes for each collection site are available from the author. Temperature and
salinity was measured at each collection site. Surface salinties ranged between 0 and 33 %/, in
all three survey areas. Surface water temperatures ranged between 8 and 20° C in Prince William
Sound, between 10 and 21° C in Puget Sound and between 12 and 30° C in San Francisco Bay.
San Francisco Bay isawell mixed estuary. Low surface salinities and clear stratification occur
in both sounds in summer and were apparent during the surveys.

All species from the three surveys were collected and examined directly by the author
and thus are assumed to be a more standardized sample than would be likely from comparisons
of different surveys and sampling methods employed by different investigators. The indigenous
origins of species are inferred from previously published records or herein using the criteria of
Carlton (1979) and Chapman and Carlton (1991, 1994). The criteria used for cyptogenic species
(speciesthat are not clearly native or introduced) are adopted from Carlton (1996a). Only
populations of species that have been moved by human activities to new locations, that are
reproductive there, and that satisfy the criteria for nonindigenous species are considered here to
be NIS.

Alaskan Climate and Peracaridan NIS Invasion Risks

Sources of NIS to Alaskan estuaries are available from a global population. The
peracaridan Crustacea of the northern hemisphere considered here are as a sample of that
population. Crustacea comprise approximately 25% of the 250 NIS reported from San Francisco
Bay (Cohen and Carlton 1995, J. T. Carlton, personal communication), where they are the most
diverse NIStaxon. The majority of these crustacean NIS are peracaridans. The Peracarida
consist of relatively small, short-lived species that are primarily mysids, amphipods, isopods,
tanai daceans and cumaceans. The Peracarida are prominent in most North Pacific and North
Atlantic marine and estuarine NIS communities (Bowman et al. 1981, Chapman 1988, 1999,
Chapman and Carlton 1991, 1994, Mees and Fockedey 1993, L eppakoski 1994, Cohen and
Carlton 1995, 1997, Eno et al. 1997, Toft et al. 1999). Both native and nonindigenous
Peracarida are diverse, taxonomically well known, and ubiquitous in aquatic environments (e.g.,
Barnard and Barnard 1983, Barnard and Karaman 1991, Chapman 1988, Cohen and Carlton
1995, Chapman 2000). Peracarida develop directly, without larval dispersal stages or unique life
history traits that complicate identifications and interpretations of their geographical
distributions. Peracaridans may thus provide clear indications of the patterns of diversity within
and among broad geographical regions.
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The species selected for the east to west geographical analysis of northern hemisphere
peracaridan NIS are common or abundant where they occur and documented either in the
literature or by personal observations. Species that are poorly documented, not examined
directly, cryptogenic, or that are not introduced across the North Atlantic or North Pacific, were
not included. For instance, the amphipod Chelicorophium curvispinum (Sars, 1895), which
spread from the Black and Caspian Sea to northern Europe (Eno et. al. 1997), and the introduced
mysid Acanthomysis bowmani Modlin and Orsi, 1997 in San Francisco Bay, which has unknown
origins, and many northern NIS that are native to the southern hemisphere are not in the scope of
this study and are therefore excluded from the analysis.

Long-term climate conditions in the northeast Pacific, including San Francisco Bay,
Puget Sound and Prince William Sound are inferred from monthly average climate time series
data for the Pacific Ocean and western Americas (Cayan et a. 1991). These data extend over
approximately 100 years up to 1986. Global records of sea surface temperature and precipitation
minus evaporation (http://www.cdc.noaa.gov/ 1998) are used for comparisons of temperature
among ocean regions. The term “western ocean” is used in reference to the Pacific Ocean
bordering the east Asian coast and the Atlantic Ocean bordering the eastern North American
coast. The term “eastern ocean” refers to the ocean areas bordering the west coasts of Europe
and North Africa and the west coast of North America.

Amphipodsin Ballast Water

Ballast water samples were collected in vertical plankton tows from “dedicated” ballast
tanks, which are not contaminated by oil. Amphipods retained in the 0.25 mm mesh plankton
nets preserved in 5% formalin, subsequently transferred to 70% ethanol for final sorting and
identification. Samples were initially sorted under stereo microscopes at the Smithsonian
Environmental Research Center or at the field office in Port Valdez and final amphipod
identifications were performed at HMSC, Oregon State University.

The origins of the ballast water sampled (Table 9C4.3) were the Los Angeles-Long
Beach area, the San Francisco Bay area, Puget Sound (Anacortes) and the open ocean. One ship,
from the San Francisco Bay area, exchanged the ballast water at sea during transit. The potential
for dispersal of nonindigenous species is assessed from the presence of nonindigenous species in
samples.

Results
North - South Climate

The maximum, minimum, mean and range of monthly sea surface temperatures of the
eastern Pacific vary by’ & or less between 2&nd 52 N (Figure 9C4.2). The 11t0 1€
maximum average monthly temperatures of Seward, Kodiak and Sitka, Alaska (between 58 and
60° N) overlap the Neah Bay, Washington maximum surface temperaturéshanad are
similar to the 13C average sea surface temperatures adjacent to San FranciscN &Eig8ire
2). Nonindigenous species expected to reach south central Alaska might include those that can
reproduce within Puget Sound in summer or in average San Francisco temperatures (Figure
9C4.2).
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Figure 9C4.2. Sea surface temperature monthly average minimum, mean, maximum and range of northeast Pacific
coastal waters estimate over an approximately 100 years up to 1986 (Cayan 1991).

North - South Biodiversity

Of the 106 peracaridan crustacean species identified from the surveys of Prince William
Sound, Puget Sound and San Francisco Bay, 54 are native, 14 are cryptogenic and 38 are
introduced (Table 9C4.1). Seven peracaridan crustaceans that prominent members of benthic or
fouling communities that were recovered in the survey are cryptogenic (Table 9C4.1). They are
the tanaidacean Leptochelia dubia (Kroyer, 1842) a cosmopolitan species (Miller, 1975); the
cumacean Cumella vulgaris Hart, 1930 which occursin Asia (Lomakina 1958) as well asthe
eastern Pacific; the amphipod Monocorophium carlottensis Bousfield and Hoover, 1997 is not
clearly distinguished from the nonindigenous amphipods Monocor ophium acherusicum and
Monocorophium insidiosum (Ruiz and Hines 1997); the amphipod Hyale plumulosa (Stimpson,
1857) isreported also from the western Atlantic (Bousfield 1973); the amphipod Jassa staudel
Conlan 1990 is extemely similar to the cosmopolitan Jassa marmorata Holmes, 1903; the
amphipod Pontogeneia rostrata Gurjanova, 1938 is reported from the eastern and western
Pacific (Gurjanova 1938, 1951, Barnard 1962, 1964); the caprellid Caprella depranochir Mayer,
1880 is reported from the eastern and western Pacific (Arimoto 1976, Kozloff and Price1997).
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Table 9C4.1. The 106 peracaridan crustaceans identified as nonindigenous, cryptogenic or native, and the records

per species collected from San Francisco Bay, California, (w/o “*), south central Alaska and Prince William Sound
(with “*"), or Puget Sound, Washington (underline@norimosphaeroma lutea was collected from San Francisco

Bay and Prince William Sound only. No species were collected only in Puget Sound.

Nonindigenous Cryptogenic Native
Records Records Records
Mysidacea Tanaidacea Mysidacea
Accanthomysis aspera 1  eptocheliadubia 3 Mysislittoralis* 1
Tanaidacea Cumacea Isopoda
Tanais stanfordi 2  Cumellawvulgaris 3 Dynamenella glabra* 2
Isopoda Gammaridea Gnorimosphaeroma lutea 2
Asellus sp. 1  Ampithoe lacertosa 3 Gnorimosphaeroma oregonense 3
Dynoi des dentisinus 1 Dulichiasp. 1 laniropsiskincaidi* 2
Euylana arcuata 1 Hyaleplumulosa 3  Idotea montereyensis 3
laniropsis serricadus 1  Ischyrocerus sp. 2 ldotea obscura* 1
Limnoria quadripunctata 1  Jassastaudei 3 Idotea resecata 2
Limnoria tripunctata 2 Monocorophiumcarlottensist 2 |dotea wosnsenskii 3
Munna ubiquita 1 Pontogeneiarostrata 3 Ligiapallas* 1
Paranthura sp. 1 Caprellidea Limnoria lignorum 2
Spohaeroma quoyanum 1  Caprella depranochir* 2 Cumacea
Synidotea laevidorsalis 1 Caprellalaeviuscula 3 Diastylis alaskensis* 1
Cumacea Caprella penantus 1 Diastylissp.* 1
Nippoleucon hinumensis 2  Caprellaverrucosa 2  Lamprops beringi* 1
Gammaridea Tritella sp. 1 Lamprops quadriplicata* 2
Ampelisca abdita 1 Gammaridea
Ampithoe valida 2 Allorchestes angusta 3
Crangonyx sp. 1 Americorophium brevis* 2
Eochelidium sp. 2 Americor ophium salmonis* 2
Gammarus daiberi 1 Americorophium spinicorne 2
Grandidierella japonica 2 Ampithoe dalli* 2
Hyalella azteca 1 Ampithoe kussakini* 1
Jassa marmorata 2 Ampithoe sectimanus* 1
Lati corophium baconi 2 Ampithoe simulans* 2
Leucothoe alata 1 Anisogammar us pugettensis 3
Melita nitida 2 Aoroides columbiae 3
Mélita sp. 1 Aoroides inter medius* 2
Monocorophium 2 Calliopius carinatus* 2
acherusicum
Monocorophiuminsidiosum 2 Calliopius pacificus* 2
Monocorophium 1 Eogammar us confervicolus 3
oaklandense
Monocor ophium uenoi 1 Eogammarus oclairi* 1
Trasorchestia enigmatica 1 Gammaridae n. gen. n. sp.* 1
Paradexamine sp. 1 Gnathopleustes pugettensis 2
Parapleustes der zhavini 1 Hyale frequens 3
Senothoe valida 2 Lagunogammar us setosus* 2
Snocorophium 1 Locustogammar us locustoides* 1
heter oceratum
Caprellidea Megamoera subtener* 2
Caprella acanthogaster 2 Microdeutopus schmitti 1
Caprella bidentata 1 Najna n. sp.* 1
Caprella californica 2 Paracalliopiella pratti* 2
Caprella equilibra 2 Parallorchestes ochotensis 3

Table 9C4.1. Continued
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Paramoer a bousfieldi*
Paramoera mohri*
Parampithoe humeralis.*
Parampithoe mea*
Photis brevis
Pontogeneia inermis
Pontogeneia ivanovi*
Pontopor eia femorata*
Spinulogammar us subcarinatus*
Trasorchestia traskiana
Caprellidea
Caprella alaskana*
Caprella gracilior*
Capréllairregularis*
Metacaprella kennerlyi*

WEFEP NP WNENEDN

NN PP -

Total Species 38 14
Records/Species 14 21

% &

The diversity of species collected is nearly nearly constant among sites (66 to 60 and 59,
respectively, between San Francisco, Puget Sound and Prince William Sound). Of the 54 native
species collected in Alaska, 52 (96%) were collected also in San Francisco Bay or Puget Sound
(Table 9C4.1). The common pool of native species and the similar species diversities collected
among the three areas both indicate that the habitat selection, collection and sample processing
methods of the rapid assessment surveys were consistent among the three areas. Little variation
in NIS diversity among these three sampl e sets was therefore likely to result from sample biases.

From San Francisco Bay north to Puget Sound and Prince William Sound, introduced
peracaridan species declined from 38 to 15to 0 (Figure 9C4.3, X?> 27.01; p < 0.0001; df = 2),
while the frequencies of cryptogenic peracaridan species were nearly constant at 11, 10 and 8,
respectively (X?=2.0; p>0.73; df =2). In contrast, the frequencies of native species increased
to the north from 17 to 35 and 52 (Figure 9C4.3, X* > 27.01; p < 0.0001; df = 2). All
peracaridan NIS and all but two of the cryptogenic peracaridan species at any site also occurred
in San Francisco Bay while only 17 of the 54 native species were recovered from San Francisco
Bay (Table 9C4.1, Figure 9C4.3). The peracaridan NIS that managed to invade northeast Pacific
estuaries thus have adaptations to lower latitude climates than do the native species. The
affinities of peracaridan NIS for low latitude climates closely corresponds to a pattern that would
be expected if the peracaridan NIS are poorly adapted to cold water conditions or other factors of
climate that vary with latitude.
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Figure 9C4.3. Native, cryptogenic, nonindigenous and total species in samples from San Francisco Bay, California,
Puget Sound, Washington and Prince William Sound, Alaska (SFB, PS and PWS, respectively).

Some NIS may be among the 8 cryptogenic peracaridan species of Prince William Sound
(Figure 9C4.3). Six of these cryptogenic Alaskan peracaridan species have broad thermal
tolerance ranges and occur also in Puget Sound and San Francisco Bay (Table 9C4.1). The
nearly complete faunal peracaridan overlap between Alaska and the two more southern sites
indicate that the low diversity of Alaskan NIS peracaridans are not likely to result from unique
types of NIS peracaridans that were not collected in the survey. The nearly uniform pool of
native peracaridan species and uniform pool of NIS peracaridans among the areas require few
qualifications or assumptions to arrive at conclusions of the patterns of diversity. The possibility
of overlooking populations of nonindigenous peracaridan crustaceans in Alaskathat occur at
similar diversities and abundances as in Puget sound or San Francisco Bay, by these rapid
assessment methods, isremote. The presence of peracaridan NIS that are not among the
cryptogenic species of peracardans in Alaskan estuaries and marine watersis not significantly
different from zero.

These results are not surprising. The extreme climate of Alaska was previously assumed
to limit the survival of nearly al NIS peracaridans. However, these datainclude only asingle
coast and three mgjor areas of reference. NIS pericarican diversity was therefore compared
between other geographical regions with climates that vary similarly to the variation that occurs
between San Francisco and south central Alaska as afurther test of the climate pattern.

East -West Climate

Sea surface temperatures are relatively constant between latitudes of 25° and 50° N in
eastern oceans compared to western ocean areas (Figures 9C4.4 and 9C4.5). Eastern ocean
species from 32° to 50° N evolved in temperature ranges that span only latitudes 40to 42° N in
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western oceans (Figure 9C4.6). Eastern ocean species thus have not evolved in conditions that
would create broad temperature tolerance ranges. In contrast, most western ocean organisms
survive temperature ranges exceeding the total temperature range of broad eastern ocean areas.
Eastern oceans below 50° N, are thus broad thermal targets for western ocean species over space
and time while western ocean coasts are narrow thermal targets for eastern ocean species.

N.W. Pacific N.E. Pacific

SST (Deg. C)
SST (Deg. C)

JF MA
Mo g o P LaN

Months Months

N.W. Pacific N.E. Pacific

Precip. (mm /day)
Precip.(mm /day)

Lat. N Lat. N

Months Months

Figure 9C4.4. Northwest and northeast Pacific sea surface temperature in degrees Celsius and bimonthly
precipitation minus evaporation in mm™ at ten degree |atitude intervals for the bimonthly periods of Jan-Feb, Mar-
Apr, May-Jun, Jul-Aug, Sep-Oct and Nov-Dec. (Note: axes of latitude are reversed between graphs of temperature
and
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Figure 9C4.5. Northwest and northeast Atlantic sea surface temperature in degrees Celsius and bimonthly
precipitation minus evaporation in mm™ at ten degree |atitude intervals for the bimonthly periods of Jan-Feb, Mar-
Apr, May-Jun, Jul-Aug, Sep-Oct and Nov-Dec. (Note: axes of latitude are reversed between graphs of temperature
and precipitation.)
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Figure 9C4.6. Maximum and minimum monthly sea surface temperature in degrees Celsius (A) and monthly
precipitation minus evaporation in mm d* (B) at ten degree latitude intervals for the northwest (dashed lines) and
northeast (solid lines) Atlantic (thin lines) and Pacific (thick lines). Northeast Pacific, northwest Pacific, northeast
Atlantic and northwest Atlantic are NEP, NWP, NEA and NWA, respectively.

Precipitation, and thus salinity in estuaries, also vary from east to west in patterns that
resembl e the south to north pattern from San Francisco to Alaska. The broadest ranges of
precipitation occur in the eastern Pacific north of 35° N. Lat. (Figure 9C4.4). The narrowest
ranges of precipitation and negative net precipitation (desert conditions) occur in the eastern
Pacific and Atlantic south of 35° N. Lat. (Figure 9C4.4). Desert conditions do not occur at low
|latitudes in the northwest Pacific and occur in the northwest Atlantic only below 30° N (Figure
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9C4.4). The latitudinal range and areal extent of low salinity estuariesistherefore lessin eastern
oceans than in western oceans and the climates are more uniform.

The seasonal patterns of precipitation (Figures 9C4.4 and 9C4.5) also differ consistently
between eastern and western oceans. More precipitation occurs in western oceans during
summer when temperatures are maximum while most precipitation occursin eastern oceansin
winter when temperature are low (Figures 9C4.4 and 9C4.5). Where snow-melt is not important,
and in the absence of major water impoundments, the salinity-temperature pattens of eastern and
western ocean estuaries are out of synchrony. In high latitude regions, such as Alaska, runoff
varies most with snow-melt and salinity islower in warm seasons in correspondence with
western ocean climates.

East and West Biodiversity

Peracaridan NIS diversity varied among the four northern hemisphere ocean coasts ( X2 =
17.27, p = 0.001 df = 3), with five times as many introductions to eastern ocean coasts (Table
9C4.2; X*=16.05, p=0.001 df = 1). Except for the gammaridean amphipods Orchestia
gammarella (Pallas, 1766) and Corophium volutator (Pallas, 1766) in the tidal mudflats and
marshes of the Bay of Fundy, peracaridan NIS abundance and diversity in western Atlantic
estuaries appeared to be low. Similarly, of the 28 peracaridan speciesincluded in the east to
west analysis, only 2 - 3 NIS were in the northwest Pacific, compared to 20-23 in the
northeastern Pacific and 10-12 in the northeast Atlantic (Table 9C4.2). None of the common
northeast Pacific peracaridans were introduced to other areas of the world. Only 2 of the
northeast Atlantic species were clearly introduced to other regions compared to13 from the
northwest Pacific and 14 from the northwest Atlantic (Table 9C4.2). Remarkably, 5 - 9 of the 28
NIS (Table 9C4.2) have been reported on two coasts and 4 of these species have been discovered
on 3 coasts.

Climate and NI S Diversity

The ranks of climates from least to most similar based on overall temperature variation
and seasonal precipitation (Figures 9C4.2, 9C4.3 and 9C4.4) were, northeast Pacific, northeast
Atlantic, northwest Pacific and northwest Atlantic (NEP, NEA, NWP and NWA, respectively).
Theranks of NIS invaders of these regions (Imports, Table 1) were from highest to lowest: NEP,
NEA, NWP and NWA. The ranks of native species that have been introduced to other regions
(Exports, Table 1) were from lowest to highest: NEP, NEA, and NWP and NWA. The east and
west variations in NIS imports and exports were thus correlated with climate variation (Kendall
coefficient of concordance W = 1.0; X* = 8.2; p < 0.02; df = 2) (Siegal 1956) in asimilar pattern
to the south to north pattern of NIS between San Francisco Bay and Prince William Sound.
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Table 9C4.2. The east and west destinations and sources of common introduced peracaridan crustaceans of the
Northwest Pacific Northeast Pacific, Northwest Atlantic and Northeast Atlantic (NWP, NEP NWA and NEA,
respectively), their native, introduced, or probable introduced status (N, I, and 1?, respectively) and the numbered
reference sources.

Common Introduced Nonindigenous Estuarine Peracaridan
Crustaceans of the Northern Hemisphere
NWP NEP NWA NEA Sour ces

Mysidacea
Acanthomysis aspera N I 1,2

Cumacea
Nippoleucon hinumensis N I 13

I sopoda
Asellus communis [? N I 4
Caecidotea racovitzai I N 7
Dynoides dentisinus N I 1
laniropsis serricatus N I 18
Paranthura sp. N I 1
Synidotea laevidorsalis N I I I 15

Amphipoda
Ampelisca abdita I N 1,6,10
Ampithoe valida I N 1,9,10
Apocorophium lacustre N I 13,14
Caprella acanthogaster N I I 1,10,11
Corophium sp. N [? 15,16
Corophium volutator I N 13,14,17
Crangonyx floridanus I N 7
Crangonyx pseudogracilis N I 18
Gammarus daiberi I N 17
Gammarustigrinus N I 13,14,18,19
Grandidierella japonica N I I 10,20,21
Jassa marmorata I I N I 10,22,23
Leucothoe alata N I 1,24
Melita nitida [? I N 1,6,10
Microdeutopus gryllotal pa I N I 13,25
Moncorophium uenoi N I 9,10
Monocorophium acherusicum I I N I 1,9,10
Monocorophium insidiosum I I N I 1,910
Orchestia gammarella [? N 13,14,19
Parapleustes derzhavini N I 1,6,10
Sinocorophium heteroceratum N I 1,12

Total Natives (Exports) 13 0 14 2
Total NIS (Imports) 1-3 21-23 2-3 10-12

N = native; | = introduced; ? = distribution not completely resolved but probable

1) Cohen and Carlton 1995; 2) Modlin and Orsi 1997; 3) Watling 1991; 4) Williams 1972; 5) Chapman and Carlton 1991, 1994; 6)
Chapman 1988; 7) Toft et al. 1999; 8) Kussakin 1988; 9) Barnard 1975; 10) Carlton 1979; 11) Platvoet et al. 1995; 10) Carlton 1979;
12) Chapman and Cole In Prep.; 13) Bousfield 1973; 14) Lincoln 1979; 15) Hirayama 1984, 1986; 16) Janta 1995; 17) Chapman and
Smith In prep.; 18) Costello 1993; 19) Watling 1979; 20) Chapman and Dorman 1975; 21) Smith et al. 1999; 22) Conlan 1990; 23)
Millset al. 1999; 24) Nagata 1965a-d; 25) Chapman and Miller In Prep.
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Port Valdez 6 34 TN-6-1 3/12/98 Alyeska Benth-4 2
Port Valdez 7 30 CN-4-2 3/11/99 Dock side 1
Benicia/Ocean 19 33 130 1-1 8/27/98 S/R Northslope 12
IAnacortes 6 29 037-1-1 1/23/98 SR Benicia
IAnacortes 7 30 177-1-2 12/22/98 S/R Baytown 1
IAnacortes 8 32 82-1-1 5/10/98 S/R Benicia 12
lAnacortes 8 32 82-1-1 5/10/98 S/R Benicia 1
Anacortes 9 32 086-1-1 5/21/98 Sea River 5
lAnacortes 12 30 103-1-2 6/25/98 Sea Rr, San Franscisco 3
lAnacortes 13 30 116-1-2 7/25/98 S/R/ Baton Rouge 1
lAnacortes 13 31 137-1-2 8/18/98 7?7 2
lAnacortes 14 30 _1331-2 9/10/98 Baytown 5
[Martinez 7 0 073-1-1 4/15/98 Sea River 3
Benicia 9 4 083-1-1 5/16/98 Sea River, Baton Rouge 1
Benicia 9 5 077-11 4/26/98 Sea River/North Slope 1
Benicia 9 5 75-1-1 4/19/98 Sea River, Long Beach 5
SF Bay 10 23 081-1-1 5/7/98 Sea River 4
Benicia 13 2 101-1-2 6/22/98 S/R Benicia 3
Benicia 13 2 097-1-1 6/11/98 S/R Long Beach 1
Benicia 13 3 0881-1 5/23/98 ?7? 3
Richmond 13 20 104-1-2 7/1/98 Denali 1
Richmond 15 22 113-1-2 7/17/98 Denali 1 1
Richomod 16 24 126 1-2 8/19/98 BT Alaska 1 1
Santa Monica 7 25 070-1-2 8/4/98 Prince William Sound 1
El Segundo 8 35 170-1-1 12/10/98 Columbia 1 3
Long Beach 8 35 176-1-2 12/19/98 Arco Spirit 2
Long Beach 9 35 173-1-1 12/12/98 Arco Independence 1 1
Long Beach 10 35 169-1-2 12/1/98 Arco Spirit 1
Long Beach 10 35 076-1-2 4/22/98 Arco Independence 1 1 5 5
Long Beach 10 35 169-1-2 12/1/98 Arco Spirit 3 1
Long Beach 10 35 169-1-2 12/1/98 Arco Spirit 3
Long Beach 10 35 164-1-2 11/24/98 Arco Independence 2
Long Beach 11 32 026-1-1 12/28/97 Arco Independence 1
Long Beach 14 35 162-1-1 11/15/98 Arco Spirit 2 1
Long Beach 14 35 148-1-1 10/12/98 Arco Spirit 3

Table 9C4.3. Ballast and Port Valdez amphipos zooplankton samples subdivided into major source areas (Port
Valdez, Beniciawater exchanged at sea, San Francisco Bay area and southern California, respectively).
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Amphipodsin Ballast Water

The 125 specimens recovered include one hyperiid species and fourteen species and ten
families of gammaridean amphipods. Five of the gammaridean amphipods are NISin the
northeast Pacific and were present in ballast tanks discharged into waters of Port Valdez. These
preliminary dataindicate that ballast water traffic is a potential mechanism for transporting
amphipods among harbors and coastal U. S. waters. The amphipod diversity in these samples
(Table 9C4.4) is high given the small number of specimens involved. Except for the Ocean
exchanged water and the water from Anacortes, Puget Sound, the heterogeneity among
zooplankton sources is almost complete with a significant difference among the four species
represented by more than 8 specimens (O ; p < 0.001, df = 12). Only Ampelisca abdita and
Gammarus daiberi occurred in more than one zooplankton source. Descriptions of the
amphipods in these records are given in Appendix Table 94C. 8. The occurrence of amphipod
species as a function of temperature and salinity of ballast water is shown in Figures 9C4.7 and
9CA4.8, respectively.

Water Source

Port Open Puget San Southern
Francisco
Valdez Ocean Sound Bay California
Temperature 6.5 19.0 10.0 11.5 10.5
Salinity 32.0 33.0 30.7 10.0 34.0 Total
Samples 2 1 9 11 13 36
Species Origin

Pontogeneia rostrata C 1 1
Ampelisca abdita 1 2 2 4
Monocorophium acherusicum I 1 1

Sinocorophium heteroceratum 1 1 1
Gammarus daiberi 1 17 3 20
Grandidierella japonica I 1 1
Argissa hamatipes N 2 2
Cyphocharis challengeri N 2 2
FEogammarus confervicous N 5 5
Gibberosus longimerus N 5 5
Hartimanodes hartmannae N 31 31
Hyperia cf. medusarum N 12 31 43
Melphisana bola N 8 8
Tiron sp. N 1 1
Westwoodilla caecula N 1 1
Cryptogenic (C) 0 0 1 0 0 1
Introduced (I) 0 0 0 21 6 27
Native (N) 3 12 31 S 47 98
Total 3 12 32 26 53 126

Table 9C4.4. The average salinities, teperatures, subtotals, cryptogenic, introduced and native origins and total
numbers of amphipod Crustacea collected in Port Valdez waters and from dedicated ballast tanks containing water
exchanged at sea, or entrained from Puget Sound, San Francisco Bay or southern California.

Discussion

Most estuarine peracaridan NIS of the northeast Pacific are from the western sides of the
Pacific or the Atlantic oceans. Peracaridan crustacean NIS diversity coincided with particular
climates between 25 and 60° N. Lat. Annual sea surface temperatures at latitudes below 50° N
vary less along northeast Pacific and Atlantic coasts than along western ocean coasts and, also in
contrast to western ocean coasts, low salinity conditions occur in winter months rather than the
summer months.
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Figure 9C4.7. Native, introduced and cryptogenic amphipod numbers with temperature from 34 ballast water
samples.
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Figure 9C4.8. Native, introduced and cryptogenic amphipod numbers with salinity from 34 ballast water samples.

The great diversity of invading speciesin northeast Pacific estuaries may thus result, in
part, from the great diversity of climates that invading species are adapted to relative to the
narrow range of climatesin theregion. The low diversity of native northeast Pacific species that
invade other areas may also result, in part, from the relatively broad range of climate variations
they must endure to survive elsewhere. The decline of northeast Pacific NIS diversity from
south to north coincides with fewer introductions occurring where greater annual variationsin
temperature occur and where low salinity conditions occur during warm water periods.

All of the peracaridan NIS known from Puget Sound occurred also in San Francisco Bay.
The absence of cold water NIS in Southern Alaska is consistent with a pattern of introductions
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occurring lessin continental climates of high temperature variations and low summer salinities.
The overall pattern of NIS peracaridan diversity in the northern hemisphere strongly suggests
that northeast Pacific estuarine peracaridan NIS of San Francisco Bay and north are
predominantly from lower latitudes. Few of the presently known recognized northeast Pacific
NIS peracaridans are thus likely to become established in southern Alaskan waters, even though
Alaskan wesather variations resemble western ocean climates from where most NIS originate.

Aquatic species with nearly any life history and from nearly any taxon can be introduced
(e.g. Carlton 1985, Cohen and Carlton 1995, Eno et al. 1997, Smith et al. 1999, Hewitt et al.
1999). The many vectors, directions, distributions, routes of introduction (e.g., Carlton 1979,
1985, 1987, 1999, Carlton and Geller 1993, Ruiz et al. 1997) and taxa available for introductions
over the last 500 years (e.g. Carlton 1992, Carlton and Hodder 1995, Ruiz et a. 1997) have
moved broad diversities of speciesto many suitable and unsuitable areas. The present
distributions of NIS are a mosaic of surviving populations composed of a broad diversity of taxa
and life histories. These surviving nonindigenous populations are surrounded by unsuitable
areas in which they were also introduced but failed to survive. The patterns of transport
mechanisms superimposed on this mosaic reveal where introductionsfail. Resolution of this
global pattern can reveal sources, destinations, targets and vectors of NIS and which ecosystems
are most vulnerable.

The probability of particular species introductions from one region to another cannot be
determined from these data. NIS invasionsin northern hemisphere estuaries, even confined to
peracaridan crustaceans, are more complex than Tables 9C4.1 and 9C4.2 indicate. Additionally
many evolutionary and ecological processesthat are likely to contribute to the patterns of NIS
invasions are not addressed. Western ocean estuaries may be older, with more diverse biotas and
could be lessintensely atered by human activities, for instance, than eastern ocean estuaries.
When and how climates control NIS distributions are complicated by other processes including
human and natural disturbances, and the timing, geography and magnitude of transport vectors.
Also, the complexity of climate variations are drastically simplified in Figure 9C4.2, and
Figures 9C4.4 - 9C4.6 on the assumption that large populations distributed over broad
geographic areas are more likely to reflect average conditions over extended periods. However,
other time intervals for integration could be better than the one and two month averages selected
here for climate analyses. These simplifications may reduce the fit between biogeographical
boundaries and climate and thus obscure interactions between NIS distributions and climate.

These correlations between west ocean to east ocean NIS peracaridan invasions and
climate neverthel ess deserve close inspection. Source and destination climates for peracaridan
NIS may be easier to identify than particular species that are likely to be introduced by particular
dispersal vectors. Moreover, peracaridans appear to be a sufficient taxon to sample NIS
biogeography. Similar east to west patterns of other NIS taxa have also been noted (Cohen and
Carlton 1995, Leppakoski and Olin 2000, Miller and Chapman 2000). Moreover, the patterns of
NIS invasions must correspond to climate patterns if climate is an important ecological and
evolutionary mechanism controlling the geography species.
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The correlations between marine and estuarine peracaridan NIS invasions with
temperature and salinity conditions may reveal where, and perhaps how, climates control NIS
distributions. NIS peracaridans are unlikely to be as suited to local climates as native species
that have had more evolutionary time to adapt. From a maximum possible of 3, the average
occurrence of NIS between San Francisco Bay, Puget Sound and Prince William Sound is 1.4
compared to 1.8 records per native species (Table 9C4.2). Thisrestriction of NIS peracaridan
distributions in the northeast Pacific relative to native peracaridan species may result from their
different adaptationsto climate. NIS peracaridan dispersal vectors are sufficient to move NIS
peracaridans to Prince William Sound. Port Valdez isthe third largest ballast water port in the
U.S. and the associated nonindigenous ballast water speciesthat it receives are diverse and
abundant (Hines et al. 1999) but none of these peracaridan species have been discovered in
Prince William Sound. At the same time, the same nonindigenous ballast water species are
invading San Francisco Bay at an accelerating rate (Cohen and Carlton 1998). The greater
diversity of NISin San Francisco Bay (Figure 9C4.1), the complete overlap between Puget
Sound NIS and San Francisco Bay NIS and the absence of NIS in the Prince William Sound
collections (Table 9C4.1), indicate that peracaridans have warm water origins and survive poorly
in the cold-water areas of the northeast Pacific.

The introductions of Corophium volutator and Orchestia gammarellus (Table 9C4.2)
from Europe to eastern North America are exceptions to the western ocean to eastern ocean
pattern of introductions listed here. Corophium volutator is confined in North Americato the
Bay of Fundy. Orchestia gammarellusis confined in North Americato the Bay of Fundy and
the outer coasts north to Newfoundland (Bousfield 1973, Watling 1979). The climates of these
areas areisolated from the Gulf Current and have narrower temperature ranges than areas either
to the north or south (Bousfield 1973). The successes of these two species, and other European
species such as the green crab Carcinus maenus and the European littorine snail Littorina littorea
in this region, and the Bay of Fundy in particular, may result from the closer match between the
climate of this region and the climate of northern Europe.

The occurrence of 5 NIS species of amphipods in segregated ballast water of tankers
discharging into Port Valdez indicates that this is an active mechanism of transport introduding
NIS arriving to Prince William Sound, even though none of these species appears to have
become established yet.

Conclusions

These results reveal that climate and evolution interact to prevent estuarine peracaridan
NIS from invading south central Alaska. Western ocean introductions of peracaridansto eastern
ocean estuaries are common while few eastern ocean peracaridan species spread in the opposite
direction. Unless Arctic Ocean passages of ballast water from the north Atlantic become
possible, or global climate changes significantly, or massive shipping from high latitudes of the
southern hemisphere occurs, ballast water sources NIS peracaridans from climates similar to
south central Alaska are too remote to pose a significant risk.
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Like alock and key, the adaptations of successful invaders must be sufficient to survive
in climates and types of disturbances that occur in the new invaded areas. Thermal adaptations
of western ocean species may thusfit eastern ocean climates while the thermal adaptations of
most eastern ocean species may be insufficient for western ocean climates. By the same
mechanism, seasonal salinity disturbances may confine western ocean NIS peracaridansin
eastern ocean estuaries to areas where the most stable salinity conditions occur and control which
taxonomic groups of NIS peracaridans predominate in particular estuaries. This pattern of
Invasion appears to be consistent among many taxa even though the particular interacting
mechanisms of climate and adaptation creating the pattern remain unresolved and the particul ar
species that invade remain unpredictable. However, predicting where species can survive
provides a means to identify, particular mechanisms of introduction, source regions for NIS of
greatest concern, the likely secondary dispersal routes of newly introduced species and the
possible role of climate changes on further invasions.

Seasonal temperature variations are difficult for shallow water organismsto avoid. The
extreme high and low temperature ranges of western ocean climates (Figures 9C4.4 and 9C4.5)
create adaptations that span most eastern ocean temperature ranges. Thereverseislesslikely
and must prevent survival of many western ocean introductions of eastern ocean species. The
entire sea surface temperature range of the northeast Pacific between 35 and 50° N is overlapped
by the temperature ranges of the western ocean coasts between 37 and 42° N (Figure 9C4.6).

Thermal limits for the NIS peracaridans at 60° N (Prince William Sound) are apparent
also for the Pacific oyster, Crassostrea gigas (Thunberg, 1795), native to the western Pacific and
cultured commercialy in Asiaas far north as Hokkaido, Japan (Quayle, 1969) at about 44° N.
Crassostrea grows but does not spawn in the low temperatures of Prince William Sound or south
central Alaska (Foster 1991, Hines and Ruiz 1997). The minimum monthly temperatures of
Prince William Sound match western Atlantic and western Pacific minimum temperatures as far
south as 44° N (Figure 9C4.6). Thus, lethal low temperatures might not be encountered in the
sound by western ocean NIS peracaridans from 44° N or even slightly farther south. However,
maximum northeast Pacific sea surface temperatures at 60° N match western Atlantic and
western Pacific maximums only as far south as 48° N (Figure 9C4.6) the inability of C. gigasto
spawn in Alaskais therefore not surprising.

The poor match of seasonal precipitation across oceans (Figures 9C4.4 and 9C4.5) may
also affect the patterns of introduction. The range of coinciding temperature and salinity
tolerances that peracaridan species require to survive and reproduced in south central Alaska
may prohibit NIS peracaridans that also survive in Long Beach, San Francisco or Puget Sound.
The low summer salinitiesin Prince William Sound (Hines and Ruiz 1997) due to snow melt,
more closely matches awestern ocean climate (Figures 9C4.4 and 9C4.5). Only the largest
eastern ocean estuaries or estuaries with impounded freshwater sources, such as San Francisco
Bay, arelikely to have stable haloclines in summer that match those of western ocean estuaries.

The high diversity and predominance of benthic peracaridan NIS in the northeast Pacific
(Table 9C4.1) may result in part from their superior adaptive responses to large salinity ranges
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(Figure 9C4.6). All peracaridan life stages are highly mobile, and their short reproductive cycles
allow dispersal away from unsuitable conditions and rapid recruitment when conditions improve
(e.g., Watkin 1941). Peracaridans can avoid rapid changesin salinity (Figures 9C4.4 and 9C4.5)
by migrating short vertical distances or by swimming into water masses in which transport them

to higher or lower salinity areas.

San Francisco Bay may be particularly suited to NIS peracaridans that cannot avoid or
quickly adapt to changing salinities. The particular predominance and high diversity of large,
long-lived, suspension feeding NIS in San Francisco Bay (Carlton 1979, Nichols et al. 1990,
Thompson 1998) may result from human water impoundments that limit major freshwater runoff
events. San Francisco Bay isthe largest estuary of the eastern Pacific. Massive water diversions
and impoundments in the San Francisco Bay watershed, aided by its large size, create a stable
salinity structure more typical of western ocean estuaries. Sedentary, long-lived species,
including molluscs (Nicholls et al. 1990), burrowing decapods (Posey et al. 1991, Grosholz and
Ruiz 1995, Cohen and Carlton 1997) and sedentariate polychaetes (Pearson and Rosenberg
1978) predominate in benthic communities in the absence of major salinity disturbances. These
taxa can control the trophic dynamicsin estuaries (Nichols et al. 1986, Kimmerer et al. 1994,
Barber 1997, Thayer et al. 1997, Thompson 1998) but are slow to repopul ate areas following
disturbances.

The vulnerability of estuaries to invasion and the potentials of particular taxaand life
history types to become invasive may be increasing globally and increase the risk of NIS
invasions of Alaskan watersin the future. Water diversions and impoundments and land use
practices on western coasts combined with global temperature increases are reducing the
differences between climates of eastern and western ocean estuaries. The convergence of
climates will increase the potential for biological exchanges.

The predominantly western ocean to eastern ocean direction of peracaridan invasions and
south to north gradient in peracaridan invasions support alock and key hypothesisin which
peracaridan NIS cannot be introduced outside of their tolerance ranges. Obvious predictions of
this hypothesis that should be tested are: 1) sources of eastern ocean invaders are from a narrow
range of western ocean latitudes; 2) eastern ocean invaders of western oceans have restricted
geographical ranges; 3) specific physiological tolerances and life history adaptations of most NIS
exceed the stresses experienced in the climates invaded; 4) southern hemisphere NIS invasions
superimpose on and are superimposed upon by northern hemisphere NIS when their origins are
from similar climates; 5) climates affect the life histories and taxonomic composition of invaders
and; 6) invaders of western to western or eastern to eastern oceans have broader ecological and
geographical ranges than mixed climate invaders.

The analysis of climates and the geography of introductions must include more species
and taxa in more detail than is possible here. However, failure to determine the origins of the
cryptogenic peracaridan species (Table 9C4.1) are amore critical short-coming of thisrisk
analysis. The eight cryptogenic peracaridans are abundant over broad ecological distributions
within the south central Alaska. Even though none of the cryptogenic peracaridan species
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appear to be associated with ballast water as a means of introduction, these species are abundant
and wide spread. If introduced, they are proof that even afew NIS invaders of Alaskan estuaries
can increase to ecologically catastrophic densities. Moreover surveys of NIS diversity, such as
thisone, are an insufficient for estimating ecological risks if these species are introduced. Dueto
the potential for a single species to produce massive impacts, conclusions of risk from global
patterns of diversity of diversity and climate therefore could conflict with conclusions of risk
based on presence of even asingle NISin asystem. The occurrence of 5 NIS species of
amphipods in segregated ballast water of tankers discharging into Port VValdez indicates that this
is an active mechanism of transport introduding NIS arriving to Prince William Sound, even
though none of these species appears to have become established yet.
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TEMP SAL
DATE AREA SITE LOCATION LAT/LON °C) (0/00) DESCRIPTION
Aug 8 Homer 1 Homer 61°05’ 12”N 10 27 Cement floats
Boat Harbor Floats 146° 23’ 30"W
Aug 8 Homer 2 Homer, harbor benthos grab 61°05’ 10”N 10 27 Dense plant debris, anoxic
146° 22’ 28”°W
Aug 8 Homer 3 Homer 61°05’ 10”N 10 27 Rock/cobble intertidal wash
Mudflats 146° 21’ 55”°W
Aug 9 Seward 4 Seward 61°04° 54”N 11 7 Cement floats and silt benthos
Floats and benthic grab 146°19° 00”"W
Aug 9 Seward 5 Seward 60° 52'55"N 11 11 Rock/cobble intertidal.
Lowell Point 146° 46" 29"W
. Aug 10 1 6 Whittier Harbor 60° 46’ 37"'N 11 23 Floats and benthic grab
148°41'24"W
Aug 10 2 7 Shotgun Cove 60°47' 26"N 12 9 Fouling on oil-barge mooring buoy
Fouling 148°32' 30"'W
Aug 11 3 8 Fairmont Bay 60° 53' 40N 14 25 Fouling on oyster float, nets and line
Oyster floats 146°26' 03"W
Aug 11 4 9 Duckflat & Port Valdez Harbor 61°07' 28'N 10 5 Mudflat of sparse Zostera, shallow pools,
146° 18 00"W and small meandering intertidal stream
Aug 12 5 10 Cloudman Bay, Busby Is 61°03 23"N 13 14 Mudflat of dense Zostera, split by
Mudflats and Zostera 146° 47 25"W glacial-fed stream
Aug 12 6 11 Busby Reef 60° 57 36"N 15 19 Rock and cobble wash
High rocky intertidal 146°45' 36"'W
Aug 13 7 12 Cordova Harbor 1 & 2 60° 52" 12"N 13 24 Low intertidal mudflats with shell & rock
146°43' 48"'W Highly polluted
Aug 13 7 13 Cordova Harbor #4 60°41'47"N 20 0 Compacted silt above creek drainage
145° 57" 22"'W

(SITE ITINERARY AND DESCRIPTION CONTINUED)
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DATE AREA SITE LOCATION LAT/LON (°C) (0/00y  DESCRIPTION
Aug 13 7 14 Cordova #5 60°40'21'N 20 11 Mud / silt bank next to drainage channel
145° 57 06"W
Aug 13 7 15 Cordova #6 60° 32' 30"N 15 0 Creek bed cobble upper edge mudflat
145°46'28"'W
Aug 13 7 16 Cordova Harbor 60° 32" 28"N 11 20 Benthic grabs, anoxic sediments
145°46'28'W
Aug 13 7 17 Cordova Harbor 60° 32'48"N 12 28 Anoxic mud
Benthic grab 145°46' 27"'W
Aug 13 7 18 Cordova Harbor 60°32'27"'N 16 5 Rocky intertidal
Floats 145°46' 26"W
Aug 13 8 19 Green Buoy "12" 60° 32" 40"N 11 22 Fouling
Cordova Harbor entrance 145° 45 59"W
Aug 13 9 20 Windy Bay, Hawkins Is. 60° 33' 54"N 14 28 Fouling on oyster float, nets and line
145