Characterizing Risk Associated with Vessel Fouling and Non-
indigenous Species in Prince William Sound

Jetfery Cordell and Elizabeth Sosik
School of Aquatic and Fishery Science; University of Washington

and

Maurya Faulkner and Chris Scianni
California State Lands Commission

Prepared for the Prince William Sound Regional Citizens' Advisory Council

October 30, 2009



Table of contents

TADIE OF CONTENTS. ...t 2
FIUIES ... 4
TADIES ...t 5
APPENAIX TADIES ..o 5
EXECUTIVE SUMIMATY ...t 6
INEFOAUCTION ... 12
SNIPPING DATA........oii s 14
IMIBENOMS ... Rttt 14
DALA CALEYOTIES ...ooveueeuiieiiaeieseeie sttt 88888 15
RESUITS ... 16
AlLPOITS COMDINEA. ..ottt 16

Y AT T 1Y U o) V=T | SRR 16
B0}V (0TI N7 L=l 0T SR 16
R0} (o L= 41151 (o] TSRS 17
0T AT T TN a0 o o S 19

0T o ST 20
Ship arrivals DY YEAr AN POIL. .....o ittt b bbbt b e bt bt bt et e be s besbesbe bt ere e e e be e 20

SIIP EYPES DY POIL.... ettt ettt bbbt b £ e b e e R e e s e e eb e be s b e e b e eb e e Rt eb e e e enbeebeebenbeebeebeeneeneennen 21
V(0}V (0TI N/ o T=El o)V« 1o o USSR 23
V(0}V (o Tl (TS (o TSR o)V oo SRS 23
Voyage hiStOries DY VESSEI TYPE ...ttt ettt eeen 24
NUMDBET OF GITIVAIS DY YOI ... eve i ettt e e et et et e s Reere e e e st e eeneenreaneeneeneensenes 24
NUmber of repeat VISItS DY VESSEI LY. ... .ot bbbt bbbt bbb 25
DUFAtioN OF TIME TN POttt b bbbt b bt bbbt b st bbbt bbbt s bttt ans 26
VOYAGE tYPES DY VESSEI YR ...ttt bbbttt b etk n btk b etk b e et e b e et eb e re s 28
Voyage NiStOrY DY VESSEI LY ... .o bbb bbbt b et se e b b e b e bt st e e ene e e bas 29
(@0 o4 [0S To ] o 1TSS 30
Risk based on visitation patterns (time in Port VS frEQUENCY) ..ccvovuiiiieiieieeieiesese et st 31

LTS o LT I T oo SR 33

HUIE IMRINTENANCE ... 35
HUI MaINTENANCE OVEIVIBW.....vviiiiiiicieicteisisee ettt bbbttt bbbt s st b s 35
HUI MaINTENANCE PTOCEAUIE ..ottt ettt ettt 37
ANTIEFOUIING SYSTEIMIS ...ttt bbbt b e e e bbb bbbt e b e et e s bbb bbb bt rens 37
HOT SPOTS ...t b bbbt 38
OTNEE RISK FACTOIS ...ttt b et e et s ettt s bbbt n st et e b et et st e 39
Example Hull Maintenance SCREAUIES............ccccciiiiiiii e 40
Hull fouling sampling methods and recommeNdations............c.cccveieeeieeeecese s 43



IMIBENOOS ...t 43
ViISUAI RANK ASSESSIMENT ...ttt sttt ettt sttt sttt e st et et e besbesb e bt eh e e s e e b e beseeeb e s bt ebeeb e e Rt eReene e b e nbeebenbeebeaneenentas 43

D Y T PSS 43

D) Y To T SRS 44

F N o A LYo [-To T o To] o[- SRS 44
L Y ST 45

g (03 0o I o] PR SSTTTTRT a7
{01 AT 47
REPIESENTALIVENESS ...ttt ettt ettt bt bbbt b et e s e e eh e b e b e b e e b e Rt e b £ e R e em b e ne e e b e e b e e b e eE £ e Rt em b e ne e b e nbeebe et e e neeneenn e b ee 47
Data TYPE AN QUATITY ..ottt et bbbt b e h e R e e b e b e sbe e b e s b e eb e e b e e e e nbesbeeb e et e e bt ere e e et nee 47
Assessment of ROV and DIVEr SAMPIING ......ccoiiiii s 49
L Y ST 49
Y= G TH T V=SSP 50
RECOMIMENUALIONS.........eeieieeee ettt E bbbttt a8 R e bbbt e st ettt 51
[T oL g ey AN (o o AT IR T [T PSSP 52
Level tW0—ROV aNd IVEE VIABO SUIVEYS .....ccueiuiiuieiieitiie sttt eee st sttt et se e e e besbesbesbeaseeseeseenbeseesbesbesbeebeaneannees 53
Level three—targeted biological Sampling DY QIVErS.........coo i e 53
RETEIEICES ...t 55



Figures

Figure 1. Total vessel arrivals per year to Alaska ports of interest 2005-2008. ............ccceeverviieervernenne. 16
Figure 2. Number of voyage types per year to Alaska ports of interest 2005-2008. . ..........ccccceeveerennee. 17
Figure 3. Voyage history of all arrivals per year to Alaska ports of interest 2005-2008. ...................... 18
Figure 4. Voyage histories of vessels entering Alaskan ports of interest from the Pacific northwest
United States and British Columbia 2005-2008. . ........ccccooiiriiiiiiiese e 18
Figure 5. Voyage histories of vessels entering Alaskan ports of interest from Asia 2005-2008............ 19
Figure 6. Duration in port of all vessel arrivals to Alaskan ports of interest, 2005-2008....................... 20
Figure 7. Total arrivals to each port of interest per year, 2005-2008. ..........ccccoriereriirriienenieneereeee e 21
Figure 8. Percent composition of vessel traffic to Alaskan ports of interest, 2005-2008....................... 22
Figure 9. Percent composition of voyage types for vessels entering Alaskan ports of interest, 2005-
2008, ettt e — et et et et et e Rt R e Rt e Rt et e teteeReaReeReeReeReent et e tenreenenreeneeneens 23
Figure 10. Percent composition of voyage histories for vessels entering Alaskan ports of interest, 2005-
2008, ettt ettt et bR e Rt Rt Rt e Rt e Rt e teEeeReaReeReeReeReent et e tenreerenreeneeneens 24
Figure 11. The total arrivals of each vessel type per year for vessels entering Alaskan ports of interest,
2005-2008. .....eeveieie ittt et e ARt et et e teabeaEeaReeReeReent et e tenreenenreereeneens 25
Figure 12. The number of arrivals of each vessel type staying in port more than 72 hours, for vessels
entering Alaskan ports of interest, 2005-2008. ............cooiririiiiiiene e 28
Figure 13. Percent composition of voyage types by vessel type, for vessels entering Alaskan ports of
INEErESt, 2005-2008. .....ooi ittt e et e e s et e e e e e bt e e e s s e e e e e s ebbteeesebb e e e e s aabeeeessabrbeeesebbeeeesaarees 29
Figure 14. Percent composition of voyage histories by vessel type, for vessels entering Alaskan ports of
INEErESt, 2005-2008. ....ooiiiiiiiiii ittt e e e et e e e e e bt e e s s s et e e e s ebb e e e e s ab b e e e e e e b ereesaabrteeeeeabaeeeeaarees 30



Tables

Table 1. Average number of each vessel type per year arriving to Alaskan ports of interest, 2005-2008.

......................................................................................................................................................... 22
Table 2. Average and maximum number of visits to Alaskan ports of interest 2005-2008 by vessel type.
......................................................................................................................................................... 26
Table 3. Duration in port (hours) of arrivals to Alaskan ports of interest 2005-2008 by vessel type..... 27
Table 4. Average number of each voyage type by vessel type, for arrivals to Alaskan ports of interest
2005-2008.. ....eeieieiteee et e — et bt Rt Rt R et eEeaRe e Ee Rt Re e R e ent et e benteebenreereeneens 28
Table 5. Average numbers of each voyage history type for arrivals to Alaskan ports of interest 2005-
2008 DY VESSEI LYPE.. .ottt ettt et et et et a e beenaenre e reenaearaenre s 30
Table 6. Hull maintenance of tank ships operating in Alaskan ports of interest ............ccococvveviiennnn. 42
Table 7. Hull fouling studies and MethOdS ...........ccccviiieiioe e 46
Appendix Tables
Appendix Table 1. Voyage histories of vessels entering Alaskan ports of interest, 2005-2008. NW =
Pacific northwest of United States + British Columbia, SF = San Francisco Bay area, S. CA =
SOULNEIN CAlITOIMIAL .....eeeeee bbbttt bbb n e 60
Appendix Table 2. Number of arrivals to Alaskan ports of interest 2005-2008 by vessel type.............. 61
Appendix Table 3. Voyage types of arrivals by port, 2005-2008, for vessels entering Alaskan ports of
INEEreSt, 2005-2008. ......ccuiiiiiieiiieie ittt sttt e b e b e et e e st e be et e ere e be e beeneenreenbeenee e 62
Appendix Table 4. Voyage types of incoming arrivals by vessel type, 2005-2008, for vessels entering
Alaskan ports of interest, 2005-2008. ..........ccccoiiiiiieiiiie e 63
Appendix Table 5. Voyage history of incoming arrivals to Alaskan ports of interest 2005-2008 by
(VLIS I N oL PSSRSO 64
Appendix Table 6. Distribution of fouling organisms outside their native ranges. ..........cccccoeevervrvernen. 65
Appendix Table 7. Anti-fouling paints used and hull locations where applied............cccocoiiriniininnnns 68



Executive Summary
Little is known about the organisms associated with the hulls of ships entering the coastal waters of

Alaska, but fouling biota on ship’s hulls elsewhere have been shown to be diverse and contain species
that are not native to many of the regions visited by the ships. An initial step in assessing the potential
risk of invasions by non-indigenous species (NIS) associated with ship’s hulls is to characterize vessel
arrivals with regard to risk factors such as voyage history, time spent in port, vessel type, and the
distribution and nature of shipping intensity among ports. Another information-gathering step is to
summarize information about hull cleaning and maintenance practices of major vessel types that
comprise potential vectors for NIS. This information can be used to evaluate the scale of risk of
introductions by fouling organisms among vessel types, routes, and ports, and can help identify regions
likely to contribute NIS. This approach can help to focus subsequent efforts targeting specific risk
factors. Understanding hull fouling associated invasion risk ultimately requires measuring biota
associated with hulls. This type of analysis can range from low resolution data gathered from archived
hull maintenance video to comprehensive remote-operated vehicle or diver surveys (the latter can
include physical samples of fouling communities), but costs for these kinds of analyses increase as the
data quality and quantity increases. Thus, analyzing shipping patterns, hull maintenance practices, and
the pros and cons of various hull fouling sampling methods can help prioritize how to focus more
intensive and comprehensive sampling efforts. In this report, we examine these factors, with particular

regard to Prince William Sound, Alaska.

The overall goals of this project were as follows:

e Evaluate 2005-2008 vessel arrival data for ports in Prince William Sound and the Ports of
Kodiak and Seward (henceforth termed ports of interest).

e Conduct an initial assessment of tankers traveling to Prince William Sound, by evaluating
maintenance schedules and periodicity and location of hull cleaning.

e Summarize the literature on hull fouling studies and hull sampling techniques.

e Based on the results, evaluate and recommend sampling and analysis protocols that can be used
in studies of hull fouling in the region.

Shipping Patterns

In order to evaluate shipping patterns, we obtained vessel arrival data from the US Coast Guard’s
Shipping Arrival Notification System (SANS) for the years 2005-2008, for the ports of interest—Cape
Hinchinbrook, College Fjord, Cordova, Kodiak, Prince William Sound (No port given), Seward,



Tatitlek, Valdez, and Whittier. The data received included information on the port of arrival, date and
time of arrival, vessel name, date and time of departure, previous ports visited, and the time of arrival

to and departure from the previous ports.

In addition to examining patterns of all vessel arrivals combined, arrival data for individual vessel visits
were categorized by voyage type, vessel type, time spent in port, and voyage history. The main

findings from the vessel arrival data were as follows:

e Total vessel arrivals declined from 2005 to 2008, with the sharpest drop in 2006.

e Most arrivals were tank and passenger vessels originating from the west coast, followed by

domestic (within Alaska) and transpacific voyages.

e The most commonly visited way-points on voyages were in the Puget Sound area and British

Columbia, followed by the San Francisco Bay area and Southern California.

e The majority of arrivals stayed in port for less than 24 hours, but there was a small subset of
vessels that stayed in port more than 72 hours consisting mostly of tank ships (2005), passenger
vessels (2006) and fishing boats (2007 and 2008). In each year, there was at least one arrival

that stayed more than 72 hours for most of the vessel categories.

e Valdez had the majority of arrivals, followed by much lower arrival numbers, in decreasing
order at Whittier, Kodiak, Seward, Prince William Sound (No port given), Cordova, Cape
Hinchinbrook, College Fjord, and Tatitlek.

e Ports of interest with relatively high shipping activity had different patterns based on vessel
types visiting: Valdez was dominated by tank ships, Whittier by passenger and towing vessels,
Kodiak by fishing and freight vessels, and Seward by passenger vessels.

e Ports with high shipping activity also varied by voyage type of arriving vessels: those arriving
in Kodiak came mainly from within Alaska, while those arriving to Valdez, Whittier, and

Seward were mostly from elsewhere on the west coast of North America.

e Ports that had relatively high proportions of arrivals that had visited potential NIS “hot spots”
in their voyage histories included Valdez, Cape Hinchinbrook (San Francisco Bay), Seward and
Kodiak (Asia).

e Ship types that had relatively high proportions of arrivals that had visited potential NIS “hot



spots” in their voyage histories included tank ships (San Francisco Bay), passenger vessels and
freight ships (Asia).

The analysis identified two categories of vessels: those that have set routes and make numerous brief
return trips to the same port, and those that return to port infrequently but stay in port for long periods
of time. The first type presents a risk of repeat inoculations of NIS (potential high propagule
frequency), and the second represents risk based on less frequent inoculations with longer “incubation”
time for NIS to release propagules (potential high propagule volume). Tank ships and passenger vessels
represent the high frequency risk category, while freight and fishing vessels represent the high volume

risk category.

Several ports probably have relatively higher risk of NIS being introduced from hull fouling. Valdez
has the highest overall amount of vessel traffic, with relatively high numbers of vessels that had
previously visited potential NIS “hot spots™ in Puget Sound, San Francisco Bay, and Southern
California. Whittier and Seward may be at risk from the high volume of passenger vessel and towing
vessel traffic arriving from elsewhere on the Pacific coast of North America. Fouling organisms may
have better survival rates on these vessel types due to relatively short voyages in coastal waters
hospitable to the organisms. Towing vessels may also have higher survival rates because of slow
average voyage speeds. A relatively large proportion of passenger vessels had stops in Mexico and
Asia that may be sources of NIS, they operate in the summer months when propagule pressure may be

high, and the high return rate of the vessels allows for potential repeat inoculations.

Domestic freight ships and fishing boats may present a risk to the port of Kodiak from secondary
invasion by already introduced NIS arriving from other Alaskan ports. Relatively long “residence time”

of fishing boats and freight ships may allow for the accumulation and/or release of fouling organisms.

Hull Maintenance

Currently, there is little federal regulation regarding hull husbandry practices: vessels are only required
to rinse anchors and anchor chains to remove organisms and remove fouling organisms from hull,
piping, and tanks on a regular basis. However, the main ship type traveling to Prince William Sound
waters, crude oil tankers engaged in coastwise trade, are exempt from these requirements. Tank ship

companies conduct voluntary high pressure washing of hulls, usually in conjunction with dry dock



inspections that are typically required every five years, but this cleaning is conducted for operational

reasons, and fouling that does not interfere with ship operations may be allowed to persist.

Several factors related to hull maintenance are important with regard to the risk of transporting fouling
NIS, including time since last cleaning and re-painting, use of anti-fouling treatment systems,
maintenance of “hot spots” such as sea chests, cleaning method, and where the ship has been since
being cleaned. In order to collect preliminary data on these factors, we evaluated maintenance
information from 18 of the 26 tank ships operating Prince William Sound from 2005 to 2008. This
information was acquired by the California Marine Invasives Program at the California State Lands
Commission (CSLC), from reporting forms submitted to the CSLC by ship operators. The data

collected includes:

1. Dates and location of last out of water maintenance.

2. Date of last full or partial coat of anti-fouling paint application, type of biocide used, and
locations of the hull where applied.

3. Whether Marine Growth Protection Systems have been installed in the sea-chests.

4. Dates of in water cleaning, if applicable.

5. Whether the vessel has, since the last cleaning: recently visited freshwater or tropical areas,

been through the Panama Canal, or stayed ten consecutive days in a single port.

Of the 18 vessels, the greatest duration of time since last maintenance or build was five years, and the
average time since last maintenance or build was two years. All of the shipping companies interviewed
reported conducting hull cleanings with a high pressure wash on dry dock at least once every five

years.

Hull Fouling Sampling Methods and Recommendations

Five techniques have been commonly used to sample biofouling on hulls: (1) evaluating archival video
footage of under water in lieu of Drydock (UWILD) inspections; (2) conducting above-water visual
rank assessment; (3) collecting specimens and photo quadrats immediately after a vessel has been
drydocked; (4) using divers to collect specimens and conduct underwater photo quadrats; and (5) using

remotely operated vehicles (ROVs) to conduct video transects.



Inspection of archived maintenance videos can yield broad patterns of fouling across numerous ships,
and is relatively inexpensive to process. On the down side, videos are usually taken near the end of a
ship’s maintenance cycle, and thus may be biased toward the most highly fouled conditions, and most
species cannot be identified in videos. Likewise, visual rank assessment, using a ranking of 0 to 5 for
intensity of fouling, can yield large amounts of data at low expense, but yields biased data in that only

small vessels and the parts of the hull visible from above the water can be assessed.

Collecting data during scheduled dry-docking events is also a relatively inexpensive option, and could
allow for collection of specimens for species-level identifications. However, because tank ships in the
northeast Pacific usually drydock in Asia, costs would include travel to Asian drydock facilities that
service the tank ships. As with videos, sampling drydocked vessels may also yield biased samples
because they are at the end of a maintenance cycle, and access to a hull in drydock could be non-
uniform: for example, if specimens could only be collected from areas accessible by ladder, the

majority of the hull would not be characterized.

The use of divers and ROVs are the most expensive options, but costs may be lowered if divers or an
ROV are available within the institution conducting the sampling. Diver and ROV surveys can be
conducted at any point in a vessel's maintenance schedule, and thus provide a more representative
sampling regime. They can also be done on predetermined transects and/or “hot spots” of interest.
ROVs can stay in the water indefinitely, while divers are time-limited. However, in addition to visual
surveys, divers can collect quantitative samples of biota for species level identification, including
focusing on observed “hot spots”.

We recommend a three-level sampling strategy for evaluating hull fouling. The first level would utilize
UWILD video footage from vessels arriving to Prince William Sound. If the videos contain enough
footage to sufficiently cover vessel types and underwater surfaces, a set number of quadrats from still
frames would be randomly examined on each hull, along with semi-random quadrats on non-hull “hot
spot” surfaces. Taxa richness and percentage cover data would then be analyzed. If enough adequate
footage is found, this level would yield information on the extent of biofouling across a large subset of
vessels arriving to Prince William Sound, but would not provide information on specific NIS. If the
data from archival footage supplies enough information to detect fouling patterns associated with
vessel types, voyage types, etc., then studies may proceed to a smaller more focused level three study.

If meaningful patterns cannot be detected due to limitations of the archived video, a level two study
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may be conducted.

In a level two study, ROV or diver video surveys would be conducted that offer more ability to target
ports, vessel types, or voyage types of interest, and specific areas on an individual hull. The control
afforded by this method allows vessels to be directly compared in a uniform manner. Divers or ROVs
would conduct several transects along the length of a vessel's hull, followed by special attention “hot
spots”. A real-time video feed may also be viewed by biologists who could identify areas to be
sampled. During post-processing of videos taken at this level, videos could be paused at both random
points and targeted focal points to obtain percent cover and presence/absence of organisms at broad
taxonomic levels. As with archived video, a level two study would not provide much species-level

identification of potential NIS.

Level three study would involve targeted biological sampling that could be conducted on vessels of
interest. This sampling could also be done in conjunction with level two sampling, if it is conducted by
divers. This method is the most costly and might best be conducted by strategically narrowing the
subset of vessels to be sampled to those that are hypothesized to be high risk vectors, as determined by
level one and two sampling. Divers would collect representative samples of fouling observed along
transects on vessel hulls, and video or visual assessment could also be conducted. Transects could be
saved as video files and analyzed extensively. Biological samples could be rapidly assessed while alive,
but most species identifications would be done from samples that are fixed and sent to taxonomic
experts. Level three sampling yields high resolution information on specific fouling organisms and
potential and known NIS found in hull samples. Percent cover can also be obtained, though due to
limitations in the time divers can spend in the water, this data may be limited to only portions of a

vessel.
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Introduction
Though little studied in comparison to ship’s ballast waters, fouling biota on ship’s hulls have been

shown to be diverse and in some cases comprised of numerous species that are not native to many of
the regions visited by the ships. For example, Drake and Lodge (2007) found that a single ship
entering the Great Lakes from Algeria had 74 marine and freshwater taxa, at least eight of which had
never been seen in the Great Lakes; hull fouling may be responsible for at least 75% of the ship-
mediated NIS in Port Philip Bay, Australia (Hewitt 2004); a recent sampling of biota scraped from hulls
of commercial vessels in Germany showed NIS on 96% of the 131 ships examined (Gollasch 2002); a
survey of 8 vessels in Hawaii found NIS on the hulls of a majority of the vessels, despite low levels of
fouling (Godwin 2003); and a single inspection of a relatively clean passenger vessel in Australia found
a number of NIS in protected areas of the ship, including the European green crab Carcinus maenus
(Coutts et al 2003). A series of rapid assessment surveys in Washington, Oregon and California
consistently found significant levels of invasive fouling organisms on docks, pilings and other intertidal
structures (Cohen et al. 1998, 2001, 2002, 2005a, 2005b). Other papers, such as Davidson et al. (2006a)
and Coutts and Taylor (2004), while not addressing specific NIS species assemblages, point out the
biosecurity risks posed by hull fouling.

Recent studies of ships as vectors of NIS in Alaska have focused on ballast water (Ruiz et al. 2000,
McGee et al. 2006). Very little is known about the organisms associated with the hulls of ships entering
the coastal waters of Alaska, though an examination by Ruiz et al. (2000) of the hulls of two tankers
entering Valdez, Alaska, found a diverse fouling assemblage including one NIS mussel species on the
vessel that had not been recently cleaned. An initial step in assessing the potential risk of invasions by
NIS associated with ship’s hulls is to characterize ship arrivals with regard to risk factors such as
voyage history, time spent in port, vessel type, and the distribution and nature of shipping intensity
among ports. Another information-gathering step is to summarize information about hull cleaning and
maintenance practices of major vessel types that comprise potential vectors for NIS. This information
can be used to evaluate the scale of risk of introductions by fouling organisms among various vessel
types, routes, and ports, and can help to identify the regions likely to contribute NIS. This approach
can help to focus subsequent efforts that target specific risk factors. Understanding hull fouling
associated invasion risk ultimately requires measuring biota associated with hulls. This type of analysis

can range from low resolution data gathered from archived hull maintenance video to comprehensive
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remote-operated vehicle or diver surveys (the latter can include physical samples of fouling
communities), but costs for these kinds of analyses increase greatly with increases in data quality and
quantity. Thus, initial analyses of shipping patterns, hull maintenance practices, and the pros and cons
of various hull fouling sampling methods can help prioritize how to focus more intensive and
comprehensive sampling efforts. In this report, we examine these factors, with particular regard to

Prince William Sound, Alaska.

The overall goals of this project were as follows:

e Evaluate 2005-2008 vessel arrival data for ports in Prince William Sound and the Ports of
Kodiak and Seward (henceforth termed ports of interest).

e Conduct an initial assessment of tankers traveling to Prince William Sound, by evaluating
maintenance schedules and periodicity and location of hull cleaning.

e Summarize the literature on hull fouling studies and hull sampling techniques, and related
topics such as remote assays of organisms for other purposes.

e Based on the results, evaluate and recommend sampling and analysis protocols that can be used

in studies of hull fouling in the region.
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Shipping Data
Methods

The Ship Arrival Notification System (SANS) is a database that provides advance notice of arrival and
departure information from vessels coming to port in the United States. Vessel Notice of Arrival
Reports (NOA) that are compiled by SANS record information received from a vessel’s owner,
operator, or agent relating to the arrival and departure of vessels. Data includes details about vessels,
reporting party, arrival and departure times, voyage information, crew, passenger and cargo manifest,
previous ports visited, and ship security and safety certifications. According to 33 CFR 160, certain
vessels are required to submit NOAs to the National Vessel Movement Center (NVMC), operated by
the US Coast Guard. All US and foreign vessels bound for or departing from ports or places the US
must submit NOAs; however there are numerous exemptions. Vessels that are not required to submit
NOAs include, but are not limited to: (1) US recreational vehicles; (2) passenger and supply vessels
engaged in the exploration for or removal of oil, gas, or mineral resources on the continental shelf; (3)
oil spill recovery vessels engaged in spill response operations or exercises; (4) vessels 300 gross tons or
less, unless carrying dangerous cargo; (5) vessels operating exclusively within a Captain of the Port
Zone, unless carrying dangerous cargo; (6) towing vessels and barges operating solely between ports or
places within the continental US, unless carrying dangerous cargo; and (7) public vessels. Due to these
exemptions, gaps in the data may exist and the SANS database should not be considered an exhaustive
record of all shipping traffic. The SANS database is, however, the most extensive database available.

Ship arrival data was obtained from the SANS for the years 2005-2008. We specifically requested data
for the ports of Cape Hinchinbrook, College Fjord, Cordova, Kodiak, Prince William Sound (No port
given), Seward, Tatitlek, Valdez and Whittier. These ports are henceforth referred to as the ports of

interest.

The raw data received included information on the port of arrival, date and time of arrival, vessel name,
date and time of departure, previous ports visited, and the time of arrival to and departure from the
previous ports. The data was processed to eliminate repeat entries, and to ensure that arrival and

departure times were in logical sequence.

Each entry was assigned one of the following voyage types: domestic, west coast, transpacific, other,

14



west coast-domestic, transpacific-domestic and transpacific-west coast-domestic. Domestic voyages
were those that had not reported visiting ports outside of Alaska. West coast voyages were those
confined to the east Pacific. Transpacific voyages were those that had crossed a significant portion of
the Pacific, including Asia, Australia, French Polynesia, and Hawaii. 'Other' voyages were those that
did not fit into the other main categories, and included Europe, the Gulf of Mexico, and Africa. The
multiple voyage type categories (west coast-domestic, transpacific domestic, and transpacific-west
coast-domestic) were of special note, as the hulls of vessels from these types of voyages might have

been exposed to a diverse array of potential fouling organisms.

Each entry was also assigned a vessel category which included fishing boat, tank ship, freight ship,
passenger vessel, towing vessel, and other. Freight ships included any type of cargo ship. The “other”
category was used for any vessel that did not fit into the other main categories, and included
recreational vessels, research vessels, and cable ships.

A second database was created in which all previous port entries were tagged with a keyword. The
keywords included Northwest (NW); British Columbia (BC); Puget Sound area (Puget); Oregon (OR);
San Francisco Bay area (San Francisco); Mexico; South America; Central America; Pacific Islands and
Australia (South Pacific); Asia; Japan; South Korea; Singapore; China; India; Russia; Malaysia; and

Vietnam.

Data Categories
The data was arranged in a the following ways to highlight potential trends :

o total number of vessel arrivals per year.

e total number of different voyage types for all arrivals per year.

e voyage history of all arrivals per year.

e duration of time in port for each arrival, per year.

e total number of vessel arrivals per year, by port.

e average number of each vessel type arriving to each port of interest.

e average number of different voyage types for each port of interest.

e average voyage history of all arrivals, by Port.

e total number of vessel arrivals per year, by vessel type.

e average number of repeat visits for each vessel type.

e duration of time in port for each arrival of each vessel type, per year.
15



e average number of different voyage types for each vessel type.

e average voyage history of all arrivals, by vessel type.

Results

All ports combined

Ship arrivals by year.
The number of total vessel arrivals declined from 2005 to 2008, with the sharpest drop in 2006 (Figure

1).
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Figure 1. Total vessel arrivals per year to Alaska ports of interest 2005-2008.

Voyage types by year
The majority of incoming arrivals originated from the west coast. Domestic voyages were the next

most common type of arrival, followed by transpacific voyages. Total west coast voyages (which
include west coast-domestic voyages) decreased in 2006, and then stabilized. Total domestic voyages
decreased in 2007 and stabilized in 2008. Total transpacific voyages (which include all multiple voyage
types that had a transpacific component) did not change through the study period (Figure 2).
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Figure 2. Number of voyage types per year to Alaska ports of interest 2005-2008. Domestic = voyages
within Alaska, Transp = transpacific voyages, WC = voyages from the west coast of North America,
excluding domestic voyages.

Voyage histories
The most commonly visited way-points on voyages were located in the Pacific Northwest region of the

United States and British Columbia (PNW), with an average of 469 visits (Figure 3, Appendix Table 1).
Within this region, the Puget Sound area was the most commonly visited with 253-390 visits per year,
followed by British Columbia with 153-195 visits per year, and Oregon with 13-39 visits per year
(Figure 4, Appendix Table 1). The San Francisco Bay area was the next most commonly visited region
with an average of 165 visits, followed by Southern California with an average of 100 visits. There was
little difference in the visit frequencies of the other four regions; Asia had an average of 34 visits,
Mexico an average of 24 visits, the South Pacific an average of 19 visits and ‘other’ locations had an
average of 13.5 visits (Figures 3, 5, Appendix Table 1). There was a general decline in waypoint visits
over the study period to the Pacific Northwest, San Francisco, Southern California, and Asia regions,
and a small increase in visits over the study period to the South Pacific, Mexico and ‘other’ regions
(Figure 3, Appendix Table 1).
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Figure 3. Voyage history of all arrivals per year to Alaska ports of interest 2005-2008. NW = Pacific
northwest of United States + British Columbia, SF = San Francisco Bay area, S. CA = southern
California.
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Figure 4. Voyage histories of vessels entering Alaskan ports of interest from the Pacific northwest
United States and British Columbia 2005-2008. OR = Oregon, Puget = Puget Sound, Washington, BC =
British Columbia.
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Figure 5. Voyage histories of vessels entering Alaskan ports of interest from Asia 2005-2008.

Duration of time in port
The majority of arrivals stayed in port for less than 24 hours (455-572 arrivals per year). The number of

vessels in port for 24-48 hours was much lower (44-131 arrivals per year) and the lowest number of
vessels were in port for 48-72 hours (9-25 arrivals). There was a small increase in the number of
arrivals staying in port for longer than 72 hours (30-39 arrivals). There was a general decrease over the
course of the study period in number of vessels staying in port for 0-24, 24-48, and 48-72 hours, while
the numbers of vessels in the >72 hour category was similar among years. The sharpest decreases
occurred in 2006 (Figure 6)
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Figure 6. Duration in port of all vessel arrivals to Alaskan ports of interest, 2005-2008.

By port

Ship arrivals by year and port.
Valdez had the majority of arrivals from 2005-2008 (299-414 arrivals, average = 335.75 per year),

followed by much lower arrival numbers at Whittier (87-122 arrivals, average = 103.5 per year),
Kodiak (75-138 arrivals, average = 97.5 per year), and Seward (64-81 arrivals, average = 72.75 per
year) (Figure 7). Ports of interest with the lowest arrival rates were: Prince William Sound (11-16
arrivals, average = 13.25 per year), Cordova (4-12 arrivals, average = 7.25 per year), Cape
Hinchinbrook (1-16 arrivals, average = 5.75 per year), College Fjord (0-16 arrivals, average = 4.25 per
year) and Tatilek (0-6 arrivals, average = 1.5 per year). There was a general decrease in arrivals over
the course of the study in the ports of Valdez, Kodiak and Whittier. The majority of this drop occurred

in 2006, with Valdez experiencing the largest decrease in arrivals (Appendix Table 2).
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Figure 7. Total arrivals to each port of interest per year, 2005-2008.

Ship types by port

Tank ships comprised the greatest proportion of arrivals on average in Valdez (94.7% of the total),

which represented 96.7% of total tank ship arrivals (Table 1, Figure 8). Whittier’s arrivals on average

were almost exclusively passenger vessels and towing vessels (63.0% and 35.0% of Whittier traffic,

respectively) which represented 45.0% of total passenger vessel arrivals and 65.9% of total towing

vessel arrivals. The largest proportion of arrivals to Kodiak were freight ships, followed by fishing
boats (53.6% and 27.4% of Kodiak traffic, respectively), which represented 79.5% of the total freight

ship arrivals and 63.3% of fishing boat arrivals. Seward’s traffic was mainly composed of passenger

vessels (77.3% of Seward traffic), which represented 38.8% of total passenger vessel arrivals. (See

Appendix Table 2 for yearly counts).
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Table 1. Average number of each vessel type per year arriving to Alaskan ports of interest, 2005-2008.

Ship Type Cape Hinchinbrook | College Fjord | Cordova | Kodiak | PWS | Seward | Valdez | Whittier | Tatilek | Total Result
Fishing 0.0 0.0 3.0 26.8 5.8 3.3 2.3 1.3 0.0 42.3
Freight 0.0 0.0 0.3 52.3 2.0 7.5 3.3 0.5 0.0 65.8
Passenger 0.0 4.3 2.0 10.3 0.5 56.3 5.0 65.3 15 145.0
Tank 5.8 0.0 0.0 0.0 4.8 0.3 | 318.0 0.3 0.0 329.0
Towing 0.0 0.0 1.8 6.0 0.0 3.8 7.3 36.3 0.0 55.0
Other 0.0 0.0 0.3 2.3 0.3 1.8 0.0 0.0 0.0 4.5
Grand Total 5.8 4.3 7.3 975 | 133 72.8 | 335.8 103.5 1.5 641.5
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Figure 8. Percent composition of vessel traffic to Alaskan ports of interest, 2005-2008.



Voyage types by port
Total west coast voyages (combining west coast and west coast-domestic voyages) accounted for the

majority of arrivals in Valdez, Whittier, Seward, Prince William Sound (No port given), College Fjord,
Cape Hinchinbrook and Tatilek. Cordova and Kodiak were the only two ports where domestic voyages
accounted for the majority of arrivals. Total transpacific voyages arrived mainly to (in order of
prevalence) the ports of Valdez, Seward, Whittier and Kodiak (Figure 9). (See Appendix Table 3 for

yearly counts).
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Figure 9. Percent composition of voyage types for vessels entering Alaskan ports of interest, 2005-
2008. Domestic = voyages within Alaska, Transp = transpacific voyages, WC = voyages from the west
coast of North America, excluding domestic voyages.

Voyage histories by port
On average, vessels that stopped in the PNW were the most frequent contributors to total arrivals at

every port of interest (Figure 10). Valdez received the large majority of these vessels, followed by
Whittier, Seward and Kodiak. Vessels that stopped in the San Francisco region were on average the
next most frequent contributors to total arrivals, and most of these entered Valdez (Figure 10). Vessels
that stopped in the Southern California region were the third most frequent contributor to total arrivals,

and also visited Valdez almost exclusively (Figure 10). Vessels that stopped in Asia, Mexico, and
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‘other’ areas contributed a small fraction to total arrivals. Vessels from Asia arrived mainly to Valdez,

Seward, Kodiak and Whittier; vessels from Mexico arrived mainly to Seward and Whittier; and vessels

from “other’ regions arrived mainly to Seward and Whittier (Figure 10).
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Figure 10. Percent composition of voyage histories for vessels entering Alaskan ports of interest, 2005-

2008. NW = Pacific northwest of United States + British Columbia, SF = San Francisco Bay area, S.

CA = southern California.

Voyage histories by vessel type

Number of arrivals by year

Tank ships were the largest contributors to total arrivals from 2005 to 2008, followed by passenger

vessels, freight ships, towing vessels, fishing boats, and “other’ types of vessels, respectively

(Appendix Table 2, Figure 11). There was a decline in 2006 in total arrivals of tank, passenger, freight

and towing vessels, while arrivals of fishing boats and ‘other’ vessels were similar throughout the study

period. Tank ship arrivals declined throughout the study period and had the greatest decrease

(Appendix Table 2, Figure 11).
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Figure 11. The total arrivals of each vessel type per year for vessels entering Alaskan ports of interest,
2005-2008.

Number of repeat visits by vessel type.
Tank ships had the highest rate of repeat visits for 2005 to 2008 (average = 13.46 — 17.6 visits per year

per vessel, maximum = 24 — 30 visits per year—Table 2). Passenger vessels had the next highest rate of
repeat visits (average = 6.2 — 7.4 visits per year per vessel, maximum = 10 — 25 visits per year). Towing
and freight vessels had similar rates of repeat visits (Towing: average = 3.7 — 5.1 visits per year per
vessel, maximum = 21 — 31 visits per year; freight: average = 3.1 — 5.1 visits per year per vessel,

maximum = 31 — 34 visits per year; Table 2.
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Table 2. Average and maximum number of visits to Alaskan ports of interest 2005-2008 by vessel type.

Average Fishing Freight Passenger Tank Towing
2005  1.47 5.09 7.41 15.92 5.07
2006  2.00 3.23 6.63 13.46 4.33
2007  1.26 3.56 6.20 16.11 3.71
2008  2.00 3.11 6.23 17.63 4.08

Maximum Fishing Freight Passenger Tank Towing
2005 8 34 25 30 25
2006 5 31 11 26 21
2007 3 33 10 28 31
2008 6 33 23 24 22

Duration of time in port
The majority of tank ships left port in less than 24 hours (61%-86%). The number of arrivals staying in

port 24-48 hours decreased to 10-31% of the arrivals (Table 3). The number of tank ship arrivals
staying in port continued to decrease as time increased. There was a dramatic drop in total tank ship

arrivals in 2006, mostly in the 24-48 hours category (Table 3).

Almost all passenger vessels over the course of the study left port in less than 24 hours (89%-99%)
(Table 3).

The majority of freight ships left port in less than 24 hours (69%-84%) (Table 3). The number of freight
vessels remaining in port was relatively low for the other time categories, but increased slightly in the
>72 hour category (12%-20%).

The majority of towing vessels left port in less than 24 hours (74%-90%) (Table 3).

In 2005 and 2006, the majority of fishing boats left port in less than 24 hours, but the number dropped
sharply in 2007 and 2008 (76%-30%) (Table 3). The number of fishing boats remaining in port was
relatively low for the other time categories, except in 2007 and 2008, when a large portion of fishing

boats stayed in port longer than 72 hours (Table 3).

\essels staying in port more than 72 hours were comprised mainly of tank ships in 2005 (Table 3,
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Figure 12). In 2006, this category was made up of mostly passenger vessels. In 2007 and 2008, fishing

vessels had the greatest number of arrivals staying more than 72 hours. Freight ships had the most

consistent among-year numbers of arrivals staying more than 72 hours.

Table 3. Duration in port (hours) of arrivals to Alaskan ports of interest 2005-2008 by vessel type.

2005 | Fishing | Freight | Passenger | Other | Tank Towing | Total Result
0-24 25 78 177 0 239 53 572
24-48 2 1 3 0 121 4 131
48-72 2 3 1 0 19 0 25
>72 5 11 3 1 14 2 36

2006 | Fishing | Freight | Passenger | Other | Tank Towing | Total Result
0-24 28 40 116 0 264 39 487
24-48 3 4 1 1 33 6 48
48-72 1 1 1 0 7 1 11
>72 5 6 12 4 3 0 30

2007 | Fishing | Freight | Passenger | Other | Tank Towing | Total Result
0-24 15 43 116 1 243 37 455
24-48 3 0 2 1 41 6 53
48-72 0 4 0 1 11 1 17
>72 12 9 1 0 5 4 31

2008 | Fishing | Freight | Passenger | Other | Tank Towing | Total Result
0-24 7 40 136 0 239 34 456
24-48 5 0 1 1 29 8 44
48-72 1 2 0 1 3 2 9
>72 16 12 0 4 6 1 39
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Figure 12. The number of arrivals of each vessel type staying in port more than 72 hours, for vessels
entering Alaskan ports of interest, 2005-2008.

Voyage types by vessel type
Total west coast voyages (combining west coast and west coast-domestic voyages) accounted for the

majority of tank, passenger, and towing vessel arrivals (Table 4, Figure 13). Domestic voyages
accounted for the majority of freight and fishing vessel arrivals. Total transpacific voyages accounted
for the majority of “other’ types of vessels, although most of the transpacific voyages occurred in

passenger, tank and freight vessels. (See Appendix Table 4 for yearly counts).

Table 4. Average number of each voyage type by vessel type, for arrivals to Alaskan ports of interest
2005-2008. Transp = transpacific voyages, WC = voyages from the west coast of North America,
excluding domestic voyages.

Other Fishing  Freight  Passenger Tank Ship  Towing | Total
Domestic 0 24.75 39.75 16.25 15.25 7.5 103.5
Other 0.5 0 0.25 15 0.25 0.75 3.25
Total Transp 2.75 0.25 11.5 16.75 14 15 46.75
Total WC 1.25 16.25 11.25 110.5 292 45.25 476.5
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Figure 13. Percent composition of voyage types by vessel type, for vessels entering Alaskan ports of
interest, 2005-2008.

Voyage history by vessel type
Vessels that had stopped in the PNW accounted for the greatest portion of arrivals in all vessel types.

The next highest contributors to total arrivals were vessels that had stopped in the San Francisco Bay
area, and these vessels were almost exclusively tank ships. Vessels stopping in the Southern California
region were the third highest contributors to total arrivals, and these also occurred almost exclusively in
tank ships. Vessels stopping in Asia, Mexico and “other’ regions contributed only a small fraction to
total arrivals. Vessels from Asia were mostly freight, passenger and tank vessels and those from Mexico
were mostly passenger vessels. Vessels from “other’ regions were mostly passenger and freight vessels
(Table 5, Figure 14). (See Appendix Table 5 for yearly counts).
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Table 5. Average numbers of each voyage history type for arrivals to Alaskan ports of interest 2005-
2008 by vessel type. NW = Pacific northwest of United States + British Columbia, SF = San Francisco
Bay area, S. CA = southern California.

Fishing | Freight | Passenger | Tank Towing | Other Total
Asia 0.25 11.5 11.25 9 0.5 1.5 34
NW 12.5 13.5 125.75 269 47 1.75 469.5
SF 0.25 0 1.25 163 0.5 0 165
S.CA 0 0.5 15 98.25 0 0.5| 100.75
South Pacific 0.25 1.5 7.25 6.5 1.25 2.25 19
Other 0.25 2.75 6.75 0.25 2 1.5 13.5
Mexico 0 0.75 21 0.25 0.75 1.25 24
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Figure 14. Percent composition of voyage histories by vessel type, for vessels entering Alaskan ports of
interest, 2005-2008. NW = Pacific northwest of United States + British Columbia, SF = San Francisco
Bay area, S. CA = southern California.

Conclusions
The most striking observation of this study is the large drop in all types of vessel arrivals to all ports of

interest in 2006, except for fishing boats and the port of Prince William Sound (No port given). These
two categories of arrivals remained at similar levels through the study period. The only total arrival
category showing increase in arrivals from 2005-2008 was the port of Seward, and the increase was
small. The ports of Cape Hinchinbrook, College Fjord, Cordova, Kodiak, Valdez and Tatilek all
experienced decreasing arrivals from 2005-2008, as have the ship categories of freight, passenger, tank

and towing vessels. The largest decreases were in tank ship arrivals to the port of Valdez.
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The largest drop in tank ship arrivals occurred in 2006, which was accompanied by a decrease in tank
ship repeat visits. It is possible that in 2006 there was the same number of tank ships as in 2005, but
making fewer visits. In 2007, it appears that the tank ships returned to a normal visitation schedule,
though arrival numbers continued to shrink. This continued shrinking may be due to a decline in the
number of different tank ships operating within the area. A similar story may account for the case of

freight ships as well.

It should also be noted that the number of fishing vessel arrivals may be artificially low, due to the
absence of SANS data for vessels weighing less than 300 gross tons. Small vessels may play an
important role as vectors of hull fouling, but poor documentation makes their relative importance
difficult to quantify. Some fishing vessel arrival information may be obtained from catch reports and by
requesting documents from individual harbormasters, but this would be difficult and labor-intensive.
Similarly undocumented in the SANS data are privately owned recreational vessels weighing less than
300 gross tons. Floerl (2002) noted the high potential for recreational vehicles to act as fouling vectors,
since such vessels typically have long harbor residency times, and because there is less financial
incentive to regularly clean underwater surfaces and maintain the anti-fouling paint. Out of 70 private
vessels surveyed in the 2002 study, 38% had over 75% of their hulls fouled (Floerl 2002). While it is
known that many fishing and private vessels travel to Alaska from other US west coast ports, further

study is needed to assess the potential risks posed by these vessels.

Risk based on visitation patterns (time in port vs frequency)
There appears to be an inverse relationship between the amount of time spent in port by a vessel, and

the frequency of that vessel’s return. This is indicative of two categories of vessels: those that have set
routes and make numerous brief return trips to the same port, and those that return to port infrequently
but stay in port for long periods of time. The first type presents a risk of repeat inoculations of NIS
(potential high propagule frequency), and the second represents risk based on less frequent potential
inoculations with longer “incubation” time for NIS to release numerous propagules (potential high

propagule volume).

Tank ships and passenger vessels represent the high frequency risk category. Tank ships had by far the
highest average return frequencies, but also had very low times spent in-port (up to 96% of all tank

ships left port in less than 48 hours and up to 86% left port in under 24 hours). Passenger vessels had
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high average return frequencies and low times spent in port (up to 99% of all passenger vessels leave
port in less than 24 hours). Thus, these two vessel types represent relatively high risk based on potential
frequency of inoculation and relatively low risk based on potential per-vessel volume of inoculation.
Another risk factor for these two vessel types is that they are most often from west coast/west coast-
domestic voyages. These types of voyages are shorter than transpacific voyages, with shorter exposure
to oligotrophic, open ocean water that may be detrimental to coastal fouling organisms. Most tank ship
arrivals have originated or stopped in Southern California, the San Francisco Bay area, or Puget
Sound—which are among the most heavily NIS-invaded regions on the west coast of the United States
(Cohen and Carlton 1995, Wonham and Carlton 2005, Cohen et al. 2005). Many passenger vessels
arriving in Alaska had stops in Mexico and Asia, as well as the South Pacific and ‘other’ regions—
Asia, in particular has been the source of most of the aquatic invasive species in the northeast Pacific
(Wonham and Carlton 2005). While passenger vessels and tank ships generally maintain their hulls in
such a fashion as to minimize fouling, the sheer numbers of these vessels repeatedly arriving to the

Prince William Sound region greatly increases the possibility of accidental introduction.

Freight and fishing vessels represent the high propagule volume risk category, in having relatively
irregular but long visits to Alaskan ports. Fishing boats had the lowest average return frequency, and
over the course of the study their time spent in port changed dramatically. In 2005 and 2006 the
majority (76% in 2006) of fishing boat arrivals stayed in port for less than 24 hours, but by 2007 this
had dropped to only 50%. 2008 saw the majority of fishing boat arrivals staying in port for longer than
72 hours (74% in 2008). Freight ships also had a low average return frequency (though the average is
skewed upward by one ship, which returned to Kodiak over 30 times per year). While total freight
vessel arrivals decreased over time, the number of vessels staying over 72 hours did not change. For
vessels that stayed in port longer than 72 hours, freight ships had the consistently highest numbers, and
fishing boats had the most rapidly growing numbers. Arrivals from these types of vessels were most
often from domestic voyages, and represent a relatively low risk of introducing new NIS. However, in
the future they may act as vectors for secondary introductions by transporting previously introduced
species from one Alaskan port to another. Also, many freight ships previously stopped in Asian ports

before coming to Alaska and could represent a source of NIS from that region.

Towing vessels generally did not fall into either risk category. On one hand, towing vessels did not
have a high average return frequency, though the average was skewed upward by one vessel that visited

over 20 times per year. On the other hand, up to 97% of all towing vessels leave port in under 48 hours
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(up to 90% in under 24 hours). Towing vessel arrivals are most often from west coast/west coast-
domestic voyages, which as previously stated, may experience higher organism survival rates. Also
many towing vessels stopped in the Southern California and San Francisco regions that have extensive
invasive fouling communities. Another factor that should be considered is that towing vessels usually
travel at slower speeds than other vessel types, which may reduce the mortality of fouling organisms
while underway. They may also haul barges that contain a high density of fouling organisms, though

there is no data available as to what percentage of towing vessels are hauling barges.

Risk based on port
The threat of invasion is not uniform for all ports due to the varying composition of arrivals to each

port of interest, and the different risks posed by each vessel type as discussed above. Of the nine ports
of interest, Valdez, Whittier, Seward and Kodiak have the highest potential risk for NIS being

introduced from hull fouling.

The risk posed to Valdez comes from the large volume of traffic from San Francisco Bay, Southern
California, and the Puget Sound. Valdez traffic is composed almost exclusively of tank ships, which
have an accumulated risk associated with them from repeat inoculations. While tank ship operators
maintain clean hulls to reduce drag and cut fuel costs, 'functionally clean' may not translate into
ecologically clean. Small communities of fouling organisms may persist in sea-chests, around
propellers and other complex areas of the hull. Furthermore, the repeat inoculations may occur across
an array of weather conditions and seasons, thus increasing the likelihood of an introduction in “ideal’

conditions.

Whittier is at risk from the high volume of passenger vessel and towing vessel traffic from the PNW.
Vessels arriving from the PNW may experience higher fouling survival rates due to shorter voyage
durations, and fewer changes in the physical environment. Towing vessels may also have higher
survival rates from because of slow average voyage speeds and from hauling possibly contaminated
barges. A relatively large proportion of passenger vessel arrivals have also stopped in Mexico and a
variety of transpacific locations that may be sources of NIS; they occur in the summer months when
propagule pressure is generally highest; and the high return rate of the vessels allows for potential

repeat inoculations across a variety of conditions.
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Seward, like Whittier, is at risk from passenger vessels arriving from west coast and transpacific
voyages. The majority of passenger vessels arriving to Seward come via the PNW and a large
proportion of these vessels have also stopped in Asia and/or Mexico. Passenger vessels from these

regions, as discussed above are a risk for primary introductions from repeat inoculations.

Domestic freight ships and fishing boats may present a risk to the port of Kodiak from secondary
invasion by already introduced NIS arriving from other Alaskan ports. Wasson et al (2001) found that
regional traffic was a significant vector for secondary invasions to non-commercial harbors. It was
concluded that resident fishing boats and pleasure crafts act as ‘stepping stones’ for exotic species to
spread out of San Francisco Bay into nearby regions. In Kodiak, the long “residence time” of fishing
boats and freight ships may allow for the accumulation of extensive fouling communities, or allow pre-
existing fouling to release large numbers of propagules into the surrounding port waters. Additionally,
freight ship arrivals from transpacific and west coast voyages to Kodiak may also present some risk of

primary NIS introductions.
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Hull Maintenance

Hull Maintenance Overview
Currently, there is little regulation regarding hull husbandry practices. Section 2.2.23 of the EPA’s

Vessel General Permit includes the most specific requirements:

“Vessel owner/operators must minimize the transport of attached living organisms
when they travel into U.S. waters from outside the U.S. economic zone or when

traveling between COTP zones.

Whenever possible, rigorous hull-cleaning activities should take place in drydock, or
another land-based facility where the removal of fouling organisms or spent
antifouling coatings paint can be contained. If water-pressure based systems are used
to clean the hull and remove old paint, use facilities which treat the wash water prior
to discharge to remove the antifouling compound(s) and fouling growth from the wash

water.

Vessel owner/operators who remove fouling organisms from hulls while the vessel is
waterborne must employ methods that minimize the discharge of fouling organisms

and antifouling hull coatings...”

Any non-compliance with the requirements of the VGP constitutes a violation of the Clean Water Act.
For discharges incidental to normal operations (i.e. discharges that are not ballast), the Vessel General
Permit (VGP) applies to non-recreational vessels 79 feet or longer, with the exemption of commercial
fishing vessels. The exemption of fishing vessels in ship husbandry requirements may pose a
significant risk to the ports of Alaska, where commercial fishing is prevalent and economically
important. Numerous domestic and west coast fishing vessels arrive to and from Alaskan ports each

year, though due to poor documentation it is difficult to quantify the potential risk.

The issue of hull fouling is also addressed briefly in Title 33 of the Code of Federal Regulations, Part
151, which concerns vessels carrying oil, noxious liquid substances, garbage, municipal or commercial
waste, and ballast water. Two lines that are in sub-section 2035, concerning required ballast water

management practices, cover a commercial ship’s responsibility regarding hull fouling:
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(5) Rinse anchors and anchor chains when you retrieve the anchor to remove

organisms and sediments at their place of origin.

(6) Remove fouling organisms from hull, piping, and tanks on a regular basis and
dispose of any removed substances in accordance with local, State and Federal

regulations.

According to 33 CFR 151.2007, any violation of this sub-part is subject to a civil penalty of up to
$27,500 per day of continuing violation, and any person who knowingly violates this sub-part is guilty
of a class C felony (Showalter and Savarese 2004). However, the regulations go on in 33 CFR 151.2010

to exempt certain vessels from the required ballast water practices:

Two types of vessels are exempt from the requirements in §8151.2035, 151.2040,
and 151.2045:

(1) A crude oil tanker engaged in the coastwise trade.

(2) A Department of Defense or Coast Guard vessel subject to the requirements
of section 1103 of the Act, or any vessel of the Armed Forces, as defined in the
Federal Water Pollution Control Act (33 U.S.C. 1322(a)) that is subject to the
“Uniform National Discharge Standards for Vessels of the Armed Forces™ (33
U.S.C. 1322(n)).

This exemption covers the majority of tank ships that travel to and from Alaska. However, tank ship
companies conduct voluntary hull maintenance operations, generally in conjunction with regular dry
dock inspections mandated by Merchant Class Societies such as the International Association of
Classification Societies, Ltd (IACS), and the US Coast Guard. These two entities typically require at
least one dry dock inspection of a ship's hull every five years (Takata et al 2006). Depending on the
classification and age of the ship, dry dock inspections sometimes occur twice every five years (IACS
REC 076, 088, 096). While these inspections are largely only for structural and safety purposes, vessel
operators generally use the opportunity to clean the hull and re-apply anti-fouling paint as needed.
Because extensive fouling may reduce the fuel efficiency of a vessel, operators may also sometimes opt
to conduct interim in-water cleanings between required five year dry dock inspections (Takata et al

2006). It should be noted that the vessel operators clean hulls based on functional necessity rather than
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environmental reasons; as such, a level of fouling that does not interfere with ship operations may be
allowed to persist. Tank ships that operate in Prince William Sound are generally cleaned by high water
pressure washing on dry dock at least once every five years (Takata et al 2006, Personal

Communication).

Hull Maintenance Procedure
Hull maintenance operations in a dry dock facility are usually conducted in a similar manner. For large

vessels such as tank ships, the ship is maneuvered through gates into an enclosed dock. The dock gates
are then shut, and the water slowly drained. In smaller vessels, the ship may be physically lifted from
the water to the work area. In either case, blocks are placed on either side of the hull to support the
vessel while it is out of the water. The vessel is then blasted with a high pressure wash (3000-8000 psi)
to remove fouling organisms, before being assessed for damage and paint wear. Often, the operators
opt for a full or partial reapplication of the anti-fouling paint. It is important to note that the areas that
are covered by the hull supports cannot be painted, creating the possibility that certain areas of the hull
go up to ten years without a fresh application of paint, which may decrease the anti-fouling properties
of those areas (Davidson et al 2006¢, Takata et al 2006).

In-water cleanings are performed by divers either manually scraping and suctioning fouling off the
hull, or by using mechanical brush systems such as the Submerged Cleaning and Maintenance Platform
(SCAMP). While the SCAMP and other systems provide prevention against detritus falling to the sea-
floor, the effectiveness of containment is variable. In addition, many in-water cleanings on smaller
vessels provide no containment at all, allowing fouling organisms to escape to the surrounding water or
sink to the bottom. Floerl et al (2005) found that while in-water cleanings may minimize fouling in the
short term, it poses a large biosecurity risk, and may actually encourage the spread of fouling

organisms if the effluent is not properly contained.

Anti-Fouling Systems
Until recently, and for the last 30 years, the most commonly applied anti-fouling paints contained

tributyl tin (TBT), a highly effective biocidal agent. However, findings that linked TBT leaching from
ship hulls to a number of negative ecological consequences led to a ban of TBT use in the United States
in 1988, followed by a global phase-out and world wide ban in January 2008 by the International

Maritime Organization (Takata et al 2006, Davidson et al 2006¢, Showalter & Savarese 2004, Savarese
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2005). Other kinds of anti-fouling paints have since been introduced as replacements, though they are
generally considered less effective. The paints are divided into two main categories: TBT-free biocidal
paints that utilize zinc or copper, and silicon based non-biocidal paints that are extremely smooth. In
the first category, the paints simply replace TBT with copper or zinc as the active ingredient. In the
latter category, the slippery silicon based paints make it difficult for organisms to adhere to the surface,

especially while underway (Takata et al 2006).

Vessels also often have specialized Marine Growth Protection Systems (MGPS) installed in their sea-
chests. The primary purpose of a MGPS is to eliminate biofouling in seawater circulation systems.
Through the use of strategically placed anodes and cathodes, in-coming seawater is electrolyzed with
either copper or hypochlorite ions, depending on the manufacturer (ClearFlo System Operation, Wilson
Walton; Sanilec, Severn Trent De Nora). The resulting solutions provide an inhospitable environment
for fouling organisms. MGPS may be essential treatments for NIS, because sea chests can host
aggregations of fouling organisms: within a single sea-chest Coutts et al (2003) found not only typical
fouling organisms, but also such surprising finds as the introduced European clam (Corbula gibba),
and three introduced Green crabs (Carcinus maenas), two of which were ovigerous females capable of
releasing viable propagules. The same paper also mentions that the unique habitat provided by a sea-
chest has yielded an invasive sea-star, Asterias amurensis, and several species of small fish. In a later
paper, Coutts & Dodgshun (2007) found that while MGPS systems significantly reduce fouling by
sessile and sedentary organisms, the systems have little influence on the occurrence of mobile species
within sea-chests; therefore, MGPS may reduce, but not eliminate entirely, the risk of sea-chests as

vectors for introductions.

Hot Spots
Because a vessel's hull is not uniform, hull fouling does