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INTRODUCTION

Although nunindigenous (non-native ) nuisance specics have probably been
catering the U.S. through all ports and shorelines tor over 200 years, few people
considered this tactor important until recently. National and state government officials
around the world became concerned when some of these species actually changed the
natural balance of animals and plants in a lake or river and cthers disrupted major
industrial operations. Many of these species may never become nuisances ot foulanis,
but bad experiences in the past suggest that some will be nuisances in the future. In
response to gavernment concerns and directives, both the Intemational Maritime
Organization (TMO) and the U.S. Coust Guard have recommended actions by shippers
and ports as a significant method of preventing or reducing the possibility of future
invasions. This paper was written to help ports in the Gulf of Mexico region understand
and address this issue.

The potential for the introduction of nonindigenous nuisance species through ULS,
Gult of Mexico ports is not casy 1o deterimine, but must be addressed. The IMO and
Coast Guard recommendations are based on recent research. In it, ballast has been
identified nationally and internationally as a major conduit for the unintentional transfer
of aguatic nonindigenous urganisms because ballast water carrying animals and plants is
often jettisoned or taken aboard aicar shore or in port, It has been established that the
largest volume of baltast is discharged by bulk carriers {balkers), and several U.S. Gulf
of Mexico ports rank among the top 10) in the nation for bulker trade.

The probability that a specific port or region will be invaded by any or many
nonindigenous specics depends upon several related factors. This paper describes these
factors. When examined relatively, these can result in a broad qualitative invasion risk
assessment that witl help port officials identify points of vulnerability 1o nonindigenous
species. Ports may wse the resulting information to introduce policy or procedures 1o
reduce risk. To clarify the vulnerability of ports in the Gulf of Mexico region, there is a
definite need for a better scientific understanding of each port’s risk of serving as a
conduit for future invasions from nonindigenous species. Although several ports may
eventually develop similar nsk-reducing polictes or procedures, each port should be
encouraged to analyze and identify port-specific points of vulnerability.

THE GENERAL SITUATION

Cver the years, nonindigenous species have heen entexing U.S. waters and
recently, the ballast in transoceanic shipping has been identified as a major conduit.
Some of these non-native species huve become nuisances or foulants in their new
environments. Because most of these known naisances or fouling nonindigenous species
are freshwater dweilers, exchanging freshwater ballast with saltwater from the open
ocean has been identified as a deterrent. It establishes a negative environment — a place
where nonindigenous freshwater species cannof live — reducing the possibility that
vessels might unintentionally disperse these pest species in U5, waters.

A recent government-funded shipping study estimates that transoccanic cargo
vessels release over two million gallons of ballast water containing alien plants and
animals into U.S. waters every hour [Carlton, Reid, and Leeuwen. Shipping Study L.
1995]. Related studies confirm that plants, animals, and pathogens can live and grow
over a long period in ballast tanks and cargo holds [Smith, Wonham, McCann, Reid.
Carlton, Shipping Study [1. 1996}

The consequences of such successful nuisance species inoculations in the Great
Lakes have been documented in the media and in professional publications. In reaction
to the primarily economic impact from recent zebra mussel and ruffe invasions, the Great
Lakes have become the focus of extensive nonindigenous species research, which has, in
tumn, focused federal attention on the role played by ballast discharges. Research also
has been dene on the possibilities for unintentional nuisance species inoculations through
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In terms. of this issue,
what do ports in the
Gulf of Mexico region
have in common with
each other and with
ports in other regions of
the U.8.?

ports along the Adantic and Pacific coasts, particutarly in the Chesapedke and San
Francisco Bay areas, although these wreas have not reccutly experivived the serious
disruptions te business noted in the Great Lakes repion [Chesapeake Bay Comindssion
1995; Seith, Wonham, McCann, Reid. Cariton, Ruiz. Shipping Study {[. 1996 Cohen
and Carlton, Biolegical study: Nonindigenous Aquiic Species in San Francisco Bay,
1993]. However, little research has been dong on these topics for the coastline or ports of
the country’s southern marine boundary, the Gulf of Mexico. The exception is a still-
unpublished study of Florida by the US Geological Survey [McCuann, Arkin, Williams,
Nonindigenous Aquatic and Selected Terrestrial Species of Florida, 1996].

The World Ocean

Ships cross the World Ocean te enter ports located either directly on or adjacent
toit. The term “World Ocean™ is used because the world's oceans are not separate,
Together they form an interconnected body of sattwater occupying the depressions in the
earth’s surface. This body of saltwater does not directly contact all of the world's nutions
or ecosystems, but waters from all aations flow {nso it The waters in the comparatively
smif] hasin of the World Qcean knows as the Gult of Mexico wash several sovergign
nations such as Cuba, the United States, and Mexico. Within these nations” port waters
are only a few animals and plants that are common to the entire region and some that also
live in other parts of the World Ocean, Tn addition, the one ocean makes possible natural
movernent of animals and plants. For example, some pelagic deep water species living in
the Atlantic use Gulf of Mexico coastal waters as nurseries and others use more than one
depression in the World Ocean t feed. Even so, most species of aguatic animals and
plants are indigenous to a specific area of the World Ocean or land wdjacent to it. Many of
the species in Gulf waters are specific to the region or even a specific part of the Gulf
region. [Courtenay, Hensley, Taylor, McCann, 1986; Robinson, 1994].

Simnilarly, ships move freely through this continuous waterbody. Figure A shows
the relative size and location of the Gult of Mexico with other US coastal waterhodies

Figure A



Figure B. Inland navigable waterways of the U.S.

and the aquatic links with the Atlantic Ocean via the Florida Straits and with the
Caribbean Sea through the. Yucatan Channel. That channel is a trade-intensive link
between the Gulf of Mexico ports and those on the Caribbean Sea. Less visible than
these natural Hnks is the man-made link with the Pacific Ocean via the Panama Canal.

Since the gulfs and bays in the Atlantic and Pacific regions function similarly, one
might conclude that coutrols for dispersal of or invasion by nonindigenous species could
be generally developed for all U.S. ports. This conclusion has some value only once each
port has determined its vulnerabilities to nonindigenous species, because every port and
port region is unique,

The Gulf of Mexico region has both coastal ports like Miami, Tampa, or Galveston
and riverine ports like Mobile. Houston und those ports on the Mississippi in south
Lonisiana (incledes New Orleans). In addition, over half of the country’s freshwaters
flow into the Gult of Mexico along two of the nation's targest inland waterway syslems,
the Mississippi River Systemn and the Tennessee-Tombighee Waterwuy, and through a
couple of the ports. Most of the coastal and rivenne ports are linked by the Guif
Intracoastud Waterway. (See Figure B, infand waterways and the Gulf of Mexica).

in addition, the ports in the Gulf of Mexico region have in common a volume of
intecnational trade among the countries bordering the Gutf of Mexico and the Caribbean
Sea that is not common to other U.S. regions, This trade must be considered when
assessing possible vulnerabilities to invasion by or dispersal of nonindigenous species.

Ports Link One Ocean with Many Environments

Similar to foreign and domestic trade in all ports on the World Ocean, trade in Guif
of Mexico ports involves carge transfer, which, i turn. sometimes involves a change in
ballast. In the Gulf Region, this exchange of water and sediment can have far reaching
ctfccts.

This can be understood by looking a1 & worst case scenario using @ nonindigenous
species altcady known fo be 4 problem in the U.S. An unleaded dry bulk or chemical
carrier enters a Galf of Mexico port to take on a fuli load of cargo for teansshipment w
another country. This vessel discharges ballust while in transit to the docks or at the dock
during loading. Thai ballast contains several nonindigenous species that. unnoticed, take
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IMO guidelines and
regulations identify
ports as one of the
possible points for
contrelling invasion
and dispersal of
nonindigenous
species because
some ballasting and
dehallasting occurs
in ports.

up residence in port waters. One of these is the zebra musse). Eventually, some of this
new zebra mussel population is taken in by another bulker during ballasting and camied to
another Gulf of Mexico pon and the mussels seitle therein. Over a period of months or
years, these species multiply. The young zebra musscls. seeking their awn space 1o live
and reproduce, settle in the raw water intake of u municipat water plant on the river flowing
from the port. Eventually that new colony become lurge enough (o occlude the intake pipe
and reduce intake pressure to the detriment of the power plant and its customers. (A similar
event actally occurred with zebra mussels in the Great Lakes.) In addition, other young
zebra mussels might enter the sea chests and/or aitach to the external recesses of keel
coolers on towboals carrying cargo between this port and other destinations in as much as
half of the nation’s interior. Zebra mussels can detach at any time or they can live in the
towhoat, reproduce, form a colony and eventually be cleancd out of the towboat during
routine maintenance. I not killed. they will take up residence wherever they are dumped
and the possibility of entry into other raw water intakes continues. A different species
might have a different effect — it could compete with animals living in the area for food,
thus reducing or even eliminating a population that is commercially harvested or popular in
sport fishing. Thus. Gulf of Mexico ports can be hubs for the import and export of
nonindigenous species while they are serving as hubs for foreign and domestic goods.

Because they are the primary common denomtinator in trassoceinic trade, ships,
shippers, and ports huve been assigned a large responsibility for controlling this invasion.
The U.S. Coast Guard and the IMO have concluded that one effective method of reducing
accidental invasions is to reduce the potential for five plants and animals to be introduced
in port through release of ballast water. They are requesting that shippers exchange ballast
water in open ocean to kill freshwater species that may be living in ballast holds and tanks
and 1o record this action in order to evaluate the solution. But both acknowledge that open
ocean ballast exchange may jeopardize safety under certain sea conditions so it will not be
done 100% of the time. Specifically, the U.S. Coast Guard’s proposed mandatory and
voluntary ballast water regulations and the IMO’s ballast exchange guidclines both ask
vessel masters 1o take certain steps and complete certain documents before entering a
nation’s waters in order 1o trade in port. These requests are based upon the conclusion that
ballast exchange, generatly exercised to maintairn stabitity when cargo is offloaded or
onloaded. causes dispersal or inoculation with nonindigenous species.

By directive from Congress in the 1990 Nonindigenous Aquatic Nuisance Prevention
and Control Act (Public Law 101-646) and the 1996 National Invasive Species Act {Public
Luw 104-332), the Coust Guard is in the process of developing final regulations for open
ocean ballast exchange for ships entering US perts. In un original drafi, these guidelines
were mandatory for transoceanic ships entering Great Lakes ports and voluntary for those
entering all other US ports [Federul Register, 63FR17782, April [0, 1998]. Public response
to the original drafl. especially from shippers. emphasized the issue of safety during open
oceun ballast exchange and the need for some uniformity in regulations when entering all
US ports. The portion of the original draft that required masters of all vessels destined for
a U.S. port to voluntarily report their bailast exchanges to the Coast Guard was not the
subject of most responses, possibly because the Coast Guard stated that lack of voluntary
reponts could lead 10 mandatory reporting [IMO Marine Environmental Protection
Commitiee, 42nd Session. Aug.7. 1998.] Muny of the responses (o the original draft are
availabte onling at the Coast Guard world wide weh site (http:/www. useg mil/hg/g-m/
regyreghome.htm]]

The purpose of the Coast Guard regulations and guidelines is to reduce the
introduction of freshwater aquatic or bottom dwelling species from foreign into U.S.
{reshwater bodies or water bottoms. Report data will be reviewed by the Smithsonian
Institution to develop information on level of compliance, type of compliance, and
lacations of compliance. It will be coordinated with information on last port of call, next
portof call_ etc.. and may be used in the future to help ports and other areas continue 1o
assess risk [Miller. 1999]. These plans are described at the website http://www.serc.si.ed/
invastons/ballast.htm under the subheading National Ballast Water Information
Cleaninghounse,




The IMO has come 1o a similar conclusion about the role played by ballast water in
the introduction ot nonindigenous species throughout the world. This international body
recommends open ocean ballast exchange when possible, but it also is seeking ways that
ports might provide ships’ masters with intormation about locations in port where ballast
excharge can be safely conducted so that the vessel can avoid taking on ballasi water
contaminated with pathogens, known nuisance species, foulants, etc. It also recommends
that the ports establish receptacles or other mechanisms to safely sccept ballast water and
sludge from ballast holds in order to prevent contaminating port waters [Guidelines for

Hanmfui Aquatic Organisms and Pathogens. Resolution A.868{20), 1998].

Note that these “rules and guidelines” from hoth the Coast Guard and the IMO
are based upon a common view that ballast exchange has been scientifically identified as
a vector for introducing foreign planis, animals, or pathogens into a new environrnent.
Both guidelines identify ships as dispersal vectors, carriers of nonindigenous species. In
additien. both link ships and ponts although these are separate businesses. Because of this
oversimplified description of the shipping trade process, the Coast Guard’s rules and
guidelines reflect the view of ports as gateways to the U.S, while the IMO's guidelines
reflect a view of ports as “hubs™™ — receivers and contributors of nonindigenous species.
These views increase the need for ports to scientifically identify their more specific
potential vulnerabilities for invasion or unintentional dispersal separate from ship
operations.

FACTORS GULF OF MEXICO PORTS SHOULD CONSIDER

Potential for introduction of nonindigenous species is considerable since the Gulf
of Mexico is home to eight of the ten largest ports (tanked by tonnage) in the country
according to the U.S. Army Corps of Engineers Water Resources Support Center.
Research in the ballast tanks and ballasting procedures suggests that bulk carriers
exchange a large volume of hallast and thus, may be more likely to introduce
nonindigenous species. In addition, the studies show that the number of bulkers alone
would not be as significant as the number of bulkers arriving without cargo to take on
shipments if these vessels have to jettison ballast in port during the cargo loading process.
Furthermore, container vessels are more likely to support tife of a transported species
because they make faster, more direct voyages, providing opportunities for plants and
animals to live in cargo holds or survive a short period in a saltwater environment
[NaBISS, Shipping Study 11, ADA 321543, 1996].

Studies also indicate that port location and vessel type. traffic or operations are not
the only variables that might aifect the likelihood of the introduction of a new species.
The survival of specific species also depends upon variations such as the location of
ballast exchange in the port relative to chemical or sewage outfalls, water quality of port
witer In contrast (o waler quality characteristics of the ballast water, the season relative 1o
species’ life cycles as well as the length of time the species lived in the ballast {Great
Lakes Shipping Swdy I-A, ADA 325351, 1997, and NaBISS, Shipping Study 1I, ADA
321543, 1996].

All of these factors suggest that the Gulf of Mexico ports should have experienced
invasion by many nonindigenous species, yet the reported number of invasions by
nonindigenous species in the Gulf of Mexico region is low in comparison to other U.S.
regions and waterways [Shipping Study I, 1995]. Carlton suggests that this may be due
to any or all of the basal variations or to the practices of researchers to assume a new
species is nalive and as yet undiscovered rather than alien, especially when it has no
negative effect on human life {NaBISS. Shipping Study I1, 1996]. To clarify the
vulnerability of ports in the region, there is an urgent need for a betier scientific
understanding of each port’s risk of serving as a conduit for future invasiens from
nonindigenous species.
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What factors should the
Gulf of Mexico region
ports use to assess risk?

s Factor 1: Tota!
tonnage qualified by
type of vessel, type
of cargo and total
export fonnage.

ASSESSING RISK, IDENTIFYING VULNERABILITY IN PORT

Each port shouold consider the following fuctors in relation to one another and to
ballasting:

total tonnage and total export tonnage

types and proportions of transport vessels and cargoes

trade partners

origin of ballast

natural envirenment and port water quality compared to water quality of

trade partners

location of known pests and foulants in port

Total Tonnage and Total Export Tonnage

On the basis of the tonnage handled in the Gulf of Mexico ports and the conclusions
of the shipping studies described above, it can be concluded that a targe proportion of the
cargo loading and unloading and potentiaily associated ballast exchange within U.S,
ports, occurs in the U.S. Gulf of Mexico region. Table 1 shows that two Gulf of Mexico
ports and one East Coast porn handle the most tonnage in the U.S., and that the three ports
handling the highest amount of export tonnage in the country are all focated aleng the
Gulf of Mexico — the Port of Sowth Louisiana, the Port of Houston, and the Port of New
Orleans.

The ranks change littde from year o year. For example, trade rank by tonnage in
1995 varied only slightly from 1996. South Louisiana, Houston, and New York-New
Jersey were also the top three ports on the 1995 list, and the balance of the ports, except
for one (Tampa), were the same although their descending order differed: Baton Rouge,
Valdez, New Orleans, Plaquernines, Corpus Christi. Long Beach, and Tampa, Florida
[US Armmy Corps of Engineers Water Resources Suppert Center. Similar information is

online at www,seaportsinfo.comfusguli/himl].

Table 1. Top Ten US Ports by Tonnage (1996)
Source: US Army Corps of Engineers Water Resources Support Center, Navigation Data Center. Alexandria, VA.

Rank Port Name Total Tons Domestic Foreign Imports Exports
I Port of South Louisiana 189,814,564 106,045,081 83,769.483 25,172,134 58,597,349
2 Houston, TX 148,182,876 61,124,588 87.058,288 58,041,465 2916823
3 NYNY&NI 131,601,244 75,115.630 56,485,614 48,472,360 8.013.254
4  New Orleans, LA 83,726,470 36,813,969 46,912,501 20,840,444 26072,057
5  Bawn Rouge, LA 81,009,253 45,222,690 35,786,563 24,803,274 10,983,289
6  Corpus Christi, TX 80,460,088 23,841,943 56.618,145 49,158,007 7.460,138
7 Valdez, AK 77,116,459 74962,144 2,154.315 28,006 2,126,309
8  Plaquemines, LA 66,910,237 46221107 20,689,130 6.394 967 14.294,163
9  Long Beach, CA 58.393.243 22,367,442 36.027,801 17,586,084 18,440,717
0 Texas City, TX 56,393,758 21.062.739 35331019 32,895,245 2435774




Table 2. Cargo in Gulf of Mexico Ports Listed in the Top 10 for Tonnage
Sources: Gulf of Mexico Program, AAPA Seaports, Plaquemnines Parish Master Plan

Port

Primary
Inbound/Import Products

Primary
QOutbound/Export Products

South Louisiana

Houston

New Orleans

Baton Rouge

Corpus Christi

Plaquemines

Texas City

Tampa

crude oil, aluminunt ores,
petroleum products

petroleum products, steel,
organic chemniculs

steel, crude and refined
petroleum products, rubber,
plywood, coffee, cotton,
machinery, and foodstuft

petroleum, molasses, rail,
steel coils, chemicals
petroleum & petroleum

products

petroleam & petroleum
products

petroleum & petroleum
products

petroleum, phosphate,
other dry bulk products

corn, animal feeds, oil seeds,
wheat

petroleum products, organic
chemicals, grain

forest products, steel, foodstuffs,
chemicals, cotton, rubber

grain, forest products,
chemicals, coke/coal, petroleum
products, pipe, and sugar

petroleum & petroleum
products

grain, grain products, petroleum
& petroleum products

petroleum & petroleum
products

phosphate and relaied products

Types and Proportions of Transport Vessels and Cargo

Reviewing the proportion of the tonnage by types of cargo and transport vessels
will provide added information for assessing the risk, Handling a high preportion of
tonnage does not represent the same risk to all Gulf of Mexico ports. For example,
Tabie 2 shows that primary import and export cargoes in these ports for both 1995 and
1996 include bulk products like petrolenm and petrolcum products, aluminum ores, com.
anirnal feeds, oil seeds. grain, and organic chemicals as well as other cargo like
machinery, foodstuffs, forest products, pipe, and steel coils.

It is important to determinc the proportion of types of vessels carrying these

cargoes because ballast exchange procedures differ according to the vessel type. Some
bulk cargo is transpoerled in tankers, others in bulkers. Remember, as noted previously,
dry bulkers entering port empty have been identified as the type of ransoceanic vessel
exchanging the fargest volume of batlast. In addition. containerized and general
containerized-carga carriers move from port to port more guickly ard directly than
bulkers or tankers. As a result, researchers suggest that nonindigenous species tiving in
the cargo holds or batlast tanks of these vessels are morc likely to survive transit or even
open-ocean ballast exchange [NaBISS Shipping Study 11, 321543, 1996].

Looking only at types of cargo in those V.S, Gulf of Mexico ports listed in Table 2,
the Ports of South Louisiana, Houston, Corpus Christi, Texas City, and Tampa handle
more types of cargo transported in bulk than New Orleans. Baton Rouge, Plaguemines
and Texas City. On the basis of tonnage and bulk cargo characteristics. this would

» Factor 2: Voolume
and proportion of
drv bulk and
containerized export.,



* Factor 3: Tonnage
and cargo in port-
specific facilities.

suggest that the first four ports might have greater risk than the latier four. However, the
ports of New Orleans and Baton Rouge have much trade on carriers thal might release
living organisms to settle in their waters.

Analysis should not be confined to those Gulf of Mexico ports ranked in the top 10
U S. ports for tonnage (Table 1). For example, Table 3 shows Mobite, ranking {1th, has
primary inbound/imports of petroleum, coal, and iron ore and primary outbound/exports
of forest products, coal, petrolean. Many of these are transported in bulk. Galveston
ranking 49th in tonnage, handles bulk sugar and grain as well as several containerized
cargoes. The cargo handled in Gulfport, ranking 115, is transported primarily by
specialized carriers (bananas, mahogany, and pineapples, containerized cargo and frozen
poultry). The approximate quantities or proportions of total trade volume of these cargoes
imported and exported in bulkers or containerized casriers will help to evaluate risk.

Table 3. Cargo in Other Gulf of Mexico Ports
Sources: Gulf of Mexico Program and AAPA personal communication

agricultural/heavy machinery

Port Primary Primary
Inbound/Import Products Outbound/Export Products
Mobile petroleum, coal, iren ore forest products, coal, petrolenm
Gulfport bananas, ilmenite ore containerized cargo and frozen
{FeTiO3), mahogany, poultry
pineapples
Galveston bulk sugar, bananas/fruit, bulk grain, machinery, sacked

goods, cotton

Batelle used such quantities in a formula to approximate the amount of ballast
water being released in the ports of Houston, the Lower Mississippi River, Gulfport,
Mobile and Tampa. Continuing the same example: with this formula, Batelle calculated
that bulkers carrying export cargo from the Port of Mobile in 1996 accounted for 24
percent of annual cargo which converts to approximately 1.1 million metric tons of
released ballast water [Batelle, 1998, pp. 1-4]. This mathematical formula is based upon
known ballast capacities and an estimate of the portion of ballast water that never leaves
the tank made by direct examination and measurement in a few vessels [NaBISS,
Shipping Study I1, ADA 321543, 1996]. This highly statistical approximation may be
unnecessary for ports to calculate. However, it is important for ports to recogmize, as
shown in this example, that many metric tons of ballast may be jettisoned in port even
when the amount of export trade carried by bulkers is a comparatively small portion of
its total trade, and to also recognize that a certain amount of ballast water remains in
every vessel, providing an existing ecosystem for all kinds of species that may ceproduce
and, at some point, be released.

Details about an individual port are equally important. For example, Mabile has

. the largest bulk coal facility in the Gulf Coast and the second largest in the U.5. The

bulk cargo area of that port is therefore a significant consideration when cvaluating the
potential of nonindigenous species transfer although the port is rot ranked in the top 10
U.S. pons for tonnage.  Thus, the quantity of tonnage and type of transport must be
qualified by quantity of export tonnage. type of cargo, and special details about the port.

Trade partoers

Tdentifying the location of a port’s trade partners is useful for assessing the risk,
Although the World Ocean is one unit and all trade partners are located somewhere on or




adjacent to 11, all saltwater species do not live in all areas of it. In addition, maosi
freshwater species that might be carried in ballast watcr are concentrated in specific arcas
of the world. Logically, trade between neighboring ports would be expected to be less
likely to result in the introduction of new or nonindigenous species than trade between
ports on opposite sides of the globe since neighboring areas may share environments and
species. However, this assumption is not entirely valid because sometimes species are
very different in neighboring countries. A good example of this is the Guif region of the
U.S. and its Mexican neighbor, In addition, neighboring ports with the same or simitar
climates, water quality characteristics, or other environmental factors may be the source
of invasion or dispersal when a butker jettisons some ballast in each of the successive
ports of call or when an inland carrier calls between coastal ports.

ldentifying trade partners’ locations as foreign or domestic is also useful. It can be
assumed that, generally, foreign trade has a greater potential for carrying in or taking
away nonindigenous species because foreign usnally implies far away or in a different
environment, For example, in all the major Gulf of Mexico ports (Table 4), note that
New Orleans has almost an equal amount of foreign and domestic trade, while Corpus
Christi’s foreign trade is twice its domestic trade. In this comparison, Corpus Christ
should make more etfort than New Orleans to identify trade partners since much of its
trade could be in places with aquatic species that are not native 10 Texas waters, However,
Corpus Chnisti officials can better qualify the need to identify trade partner locations by
looking at the types of vessels and types of cargo. If Corpus Christi’s foreign trade is
primarily in petroleum {tankers} in which ballast may be moved from one ballast bold to
another rather than jetti soned, identifying the trade partners may be less significant than if
that is bulker trade. The almost equal balance of foreign and domestic trade in the Port of

Table 4: Tonnage in Top Ten US Ports + larger Guif of Mexico Ports (1996)

+ Factor 4: Trade
parmers quatified
avcording 1o
proximity and
environment.

» Factor 5: Trade
purtrers gualified
as domestic or
foreign.

Source: US Army Corps of Engineers Water Resources Suppont Center, Navigation Data Center, Alexandria, VA.

Rank Port Name Total Tons Domestic Foreign Imports Exports
I Port of South Louisiana 189,814,564 106,045,081 83,769,483 25,172,134 58,597,349
2 Houston, TX 148,182,876 61,124,588 87,058,288 58,041,465 29,016,823
3 NYNY&NJ 131,601,244 75,115,630 56,485,614 48,472,360 8013254
4  New Orleans, LA 83,726,470 36,813,969 46,912,501 20,840,444 26,072,057
5  Baton Rouge, LA £1,009,253 45,222,690 35,786,563 24,803,274 10,983,289
6  Corpus Christi, TX 80,460,088 23,841,943 56,618,145 49,158,007 7,460,138
7 Valdez, AK 77,116,459 74,962,144 2,154,315 28,006 2,126,309
8  Plaquemines, LA 66,910,237 46,221,107 20,689,130 6,394,967 14,294,163
9  Long Beach, CA 58,395,243 22,367,442 36,027,801 17,586,084 18,441,717
10 Texas City, TX 56,393,758 21,062,739 35.331,019 32,895,245 2,435,774
11 Mobile, AL 50,863,944 25.368.474 25,495,470 13,133,946 12,361,524
13 Tampa, FL 49,292,651 32,455,085 16,837,566 6.503,848 10,333.718
49 Galveston 11,640,754 3,980,977 7,659,777 2,726.346 1933431




-ig-

« Factor 6: Trade
pariners’
environments
and climates
relative to vessel
and cargo rypes.

What indicators
show the origin of
ballast water ?

+ Indicator 1:
Last Port of Call.

» Indicator 2:
The FAO region.

New Orleans makes identification of trade partner locations quite important. This
research will be easicr by identifying vessel und cargo types. Attention should be
directed first to the foreign bulker trade with neighboring countries along the Gulf of
Mexico and Caribbean with similar environments and significantly ditferent species.
Trade with areas of the world like northern Russia or the Scandinavian countries should
receive less research attention because the climate is so different that species armving
from those waters are more likely to die than settle und reproduce.

Domestic trade should nat he ignored however. For exampie. the Port of Valdez in
Ataska has a much larger volume of domestic than foreign trade (Table 4), primarily
petroleum and petroleum products destined for west coast states. While the concept of
domestic trade gives the impression that this port has comparatively few visits from
foreign ports, Alaska does trade with ports on the Pacific Coast in the lower 48 having
similar environmerits but species that are not found in Alaska so domestic trade does
present some risk. In the Gulf of Mexico region, inland trade along the GIWW as well
as coastwise trade between neighboring U.S. ports should be examined because there are
nuisafice species that are not common to all ports. Florida, for example, bas many
nuisance species not found in other Guif states. [Courtenay, Hensley, Taylor, McCann,
1986]

Origin of Batlast

Early en, some concluded the last port of call (LPOC) might e a better way to
evaluate risk from trade partners since vessels often call at scveral ports on a voyage.
and only a portion of the ballast may be exchanged during offloading and onloading.
Research has proved this assumption to be incorrect. and the need for considering
multiple factors when evaluating a port’s risk is clarified by it. (Sec Appendices A and B
for more on this topic.)

In the National Biological Invasions Shipping Study [NaBISS, Shipping Study I,
1996], researchers identified the number of vessels in ballast from foreign ports using
information published by the Bureau of Census in its Monthly Vessel Entrances (TM-
385} and Clearances (TM-785). In ballast means that the vessc! is traveling with no
cargo and therefore (more or less) fully ballasted. The data include all of the major types
of ships in ballast. Even so, only 77% of these ships could be classified us bulk carmier,
tanker, general cargo, or passenger vessels. But, among these data from this mixed
group of vessels, the LPOC listed by couniry was a poor indicator of the actual source of
ballast water found on buard. In the NaBISS sample set, there was no ballast on board
from the actual LPOC for over half (53%) of all vessels and 63% of those specifically
classified as container ships. LPOC data accurately identified the origin of ballast watcr
in ships with very direct voyages such as woodchip bulkers destined for Japan, but it was
a poor general indicator of the ballast water’s ongin.

However, when the LPOC data were expanded to FAO regions (standardized
ocean regions used by the United Nations Food and Agriculture Organization), a more
accurate indicator resuited. 1n the NuBISS sample set, 665 of all vessels amving in
ballast had &t least some or all of their ballast water from the FAQ rcgion corresponding
with their last port of call. Note that the indicators were not cquatly accurate for all
vessel types. The ballast in 84% of the container ships came from the FAO region of
their LPOCs while anly 33% of tankers had any baltast from the FAQ region of the
LPOC [Shipping Study IL 1996].

In Figure C. LPOC data on four Gulf of Mexico ports have been applied to FAO
regions. Two of the ports (New Orleans and Houston) rank in the top 10 U.S. ports for
tonnage and two are major ports although not ranked in the top 10 (Galveston and
Tampa). {NaBISS data adjusted for geographical inconsistencies and oversights. See
Appendix A for explanation and complete data.] Note that the fargest percentage of
trade entering these four ports come from LPOCs in FAO region G, the Western Central
Atlantic — ports in the Caribbean islands, orthern coast of South America, Mexico, as
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Indicator 3:
Climate and
ecosystems in the
FAO region, even
when it includes
Gulf waters.

Why are a port’s water
quality characteristics
important?

+ Reason 1: Each

species survives
under cerlain water
quality conditions.

Reason 2: Vessels
calling on more thant
one Gulf of Mexico
port could disperse
nonindigenous
species in several
places with similar
water guality
characteristcs,
increasing the
possibility of
settlement and
survival,

well as the coastal U.S. Some of these are foreign but neighboring ports. locuted
comparatively close by on the World Ocean. some with similar climates. environments,
or water quality characteristics. Because the plants and upimals living in these areas are
not all identical. some nisk of introduction, even from nearby trade partners mast be
considered. When these data are considered along with information on the lype of
cargo and type of transoceanic vessels coming from the LPQOCs. some tentative
conclusions can be made. Since coastwise trade is also prevalent in the Gulf of Mexice
region, it is also important that a port identify regular vessel origins from which
nonindigenous species might be accidentally introduced. It trunsoceanic vessels call at
more than one Gulf of Mexico region port before leaving U.S. waters, it is also
important that cach port consider the possibility that they might receive and support life
for a non-native nuisance species and then enintentionally serve as a conduit via
transoceanic ships in U.S. waters for the spread of nonindigenous nuisance species
among neighboring Gulf of Mexico ports, (Sec Appendix C for more information on
ballast.)

Natural Environment and Port Water Quality

The nature of environmental risk can be further refined by looking at the water
guality characteristics and the native species in the port. Water quality information is
available in databases at many of the state universities along the Gulf Coast and from
NOAA. The national estuary organizations in the Gulf Region also maintain such
databases. Some ports, like Corpus Christi, maintain some of their own data. Recently,
a database of native and nonindigenous Gulf Region plants and animals was established
by the Gulf of Mexico Program at the Guif Coast Research Laboratory in Biloxi, MS.

1t is available online at hgp;ﬂ_’www,jms.ugm‘cduf-muswcbfinva,gers.hlml‘

Although neighboring ports share climate and sometimes geological
characteristics, they do not always share water quality characteristics. Each port needs
a profile of water quality characteristics to evaluate risk. A comparison of a port’s
water quality profife with the same characteristics for its major trade partner-ports and
neighboring Gulf of Mcxico ports will quickly reveal those trade partners that are
extremely different and those that are extremely similar. Species thriving in ports with
extremely different water quality and climate characieristics are less likely @ survive if
transferred. and thus vessels carrving ballast from regions with different water quality
characteristics present less risk. The opposile is true for vessels in baflast coming from
ports that have extremely similar water quality and climate characteristics. This
process will help Gulf of Mexico ports evaluate the level of risk for invasion as well as
for serving as a conduit for nuisance species to neighboning ports.

Table §is an example of a comparison of five neighboring Gulf of Mexico ports
using data from several existing sources. (The port marked Mississippi River actually
includes the five decpwater ports on both sides of the river in south Louisiana trom
Baton Rouge to Plaguemines.} Note that the waters in the ports of Mobile and Houston
are similar in terms of temperature and salinity. Thus, those specics that thrive in one
would have a better chance of thriving in the other if (hese water quality factors were
identical and the only factors affecting survival. Note in this table that range of summer
waler temperatures in the port of Corpus Christi is almost identically to the port of
Houston's and thus, this Texas port might support the life of specics that are atso
supported in Houston's and Mobile's waters. However. the port of Corpus Christi’s
winter temperature range is quite different from Houston’s and similar only to 2 portion
of the winter water temperaiure range in the port of Mobiie. This demonstrates that
one water quality characteristic is not enough to cvaluate risk. Other water quality
factors such as turbidity. guantity of suspended solids. and salinity must ail be
considered. For example. the port of Corpus Christi’s salinity is much higher than the
salinity in the other Gulf region ports. reducing the potential for freshwater species to
survive if they were accidentally dispersed by jetusoned ballast.



Table 5. Water Quality Chracteristics of Selected Gulf of Mexico Ports.

Avg. Winter Temps Avg. Summer Temps Avg. Salinity (0/00)

Avg. Turbidity (NTU)

30 T

20 -

Mississippi
River

Mobile

* *

T — T
Houston Tampa Corpus
Galveston Christi
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150
160

50

Susp. Sediment (mg L ™) *



* Reason 3: Some
locarions in port
may present risk to
vessels exchanging
ballast while
onleading or
offloading because
they have nuisance
species or pathogens
tiving there.

The other factors discussed in this paper (tormage, vessel and cargo 1ype, rade
partners and otigin of ballast) should be considered rclative to water guality. la this
same example, cargo enters and departs from the port of Corpus Christi primarily on
tanker vessels which do not jettison ballast in port. Thus, the water quality data would
be useful in conjunction with other factors to evaluate risk from the comparatively
small volumne of bulker or carrier traffic. None of the three ports should ignore this
water quality data, however, because a port’s water guality conditions are useful to
identify possibility of invasion by a known nonindigenous nuisance species. In the
Gulf of Mexico region, all ports have some coastwise traffic involving both acean-
going and inland commercial transport that can carry live species in ballast, in the sea
chest, or on the surface from one port to the other. [See Appendix D for data on maost
ports in this table.]

In Table 5, the five deepwater ports labeled the Mississippi River stand alone in
terms of temperature, salinity, and high turbidity. in addition. it is known that they are
freshwater riverine ports with high flow rates, high turbidity, and they are part of the
inland waterway system. One could assume that vessels from Mobile, Tampa, Corpus
Christi and Houston, or vessels that had come from ports with a saline aquatic
environment in other parts of the world would present a low risk of dispersing
nonindigenous species that would live in these Mississippi River ports. [t would be
more accurate for port officials to conclude that bulkers or carriers coming into these
ports from FAD regions with riverine ports could have a large quantity of freshwater
ballast or be supporting live freshwater species, and those coming from foreign
riverine ports in similar climates could present a greater risk of bringing animals,
plants, or pathogens that might thrive. In addition, animals and plants living in this
fresh water environment, transported in ballast water taken aboard in the Mississippi
could be identified as nonindigenous in other parts of the world, and could become
nuisances.

The ports of Tampa and Corpus Christi differ from the other ports in Table 3.
Compared to other Gulf of Mexico ports, Tampa has higher average winter
temperatures and lower turbidity and it's water is influenced by the tide. Tampa’s high
winler temperature can also support species that cannot live in the lower winter water
temperatures of the other Gulf ports or ports in most of the U.S. This port's waters
could support saltwater rather than freshwater nonindigenous species from warm
climates. Like Tampa, the port of Corpus Christi is in a highly estuarine area with a
higher range of salinity than Tampa. Thus, it also might support some saltwater
nonindigenous species. Port officials will have to examine water quality information
with data about export tonnage, types of vessels and cargoes, trade partners, and FAD
regions in order to identify the points of vulnerability.

Location in Port of Known Foulants or Pests

After all of these factors have been weighed and the areas of vulnerability have
been identified, it is important to rernember that additional natural variables can affect
the likelihood of the introduction of a new species. These include the location of a
vessel when exchanging ballast relative to chemical or sewage outfalls in a port and/or
the season relative to invading species' life cycies as well as the length of time the
species lived in the ballast water [Great Lakes Shipping Study [-A, ADA 325351, 1997
and NaBISS, ADA 321543, 1996). Port officials should identify these locations.



HOW CAN GULF OF MEXICO PORTS PREVENT THE SPREAD -15-
OF NONINDIGENOUS INVASIVE SPECIES?

In conclusion, it is suggested that each Gulf of Mexico port do the following: What should ports da?

Conduct a risk evaluation as outlined in this paper. If & specific and realistic
risk is identified, a port may further choose to identify a lecation in the harboe
where ballast exchange is least likely to result in the survival of introduced
nonindigenous species.

If risk is identified, adjust port procedures or policies to reduce the possibility
of nonindigenous species surviving in pon waters and, possibly, being further
dispersed by ocean going carriers or commercial inland towboats and
passenger vessels.

Work with shipping interests to notify ocean carriers of the IMO voluntary
guidelines for apen ocean ballast exchange [IMO Resolution A 868 {20].

Suppon educational and outreach programs about proactive ballast water
control measures directed toward vessel operators and ocean carriers. These
include using open ocean ballast exchange and other practices to reduce uptake
and survival of nonindigenous nuisance species and avoiding identified “hot
spots™ where nuisance species or pathogens may be living.

Work closely with the U.S. Coast Guard 10 support timely finalization of
USCG guidelines.

Support full veluntary compliance with IMO and USCG regulations and
guidelines as long as these can be conducted safely.

Work closely with the research community, federal and state water quality
agencies to conduct studies that address the feasibility of other ballast water
treatment measures such as those using chemical, heat, or other measures to
remove nonindigenous species from ballast water.

= Conduct port-specific risk
evaluation

* Adjust port procedures and
policies to reduce risk

* Work with shipping interests
to implemenr IMO guidelines

* Suppaort educarion and
outreach on proactive batlass
water control measures for
vessels

» Work with Coast Guard 1o
support timely finalization of
regularions and guidelines

s Support volumtary
compliance with IMO and
Coast Guard guidelines and
regulations

* Work with resectrchers and
gavernment agencies 1o study
SJeasibility of alternative
medsures to reduce dispersal
from ballast water
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APPENDIX A.1 - DISCUSSION OF LAST PORT OF CALL LISTINGS

What do these tables represent?

These tables offer a more precise listing of the last port of call data from the FAO
Region map. Here again, all of the incoming vessels in this data set arive in ballast,
directly from foreign ports of call. The countries/coasts are grouped by FAO Region in
descending order of traffic volume., Countries with one uninternupted coastline on a
single body of water are listed simply by country (e.g. Ialy or Jamaica). Countries with
multipie coastlines are listed by country and coastline (e.g. Panama, Caribbean or USSR,
Black Sea).

The “Rank™ column indicates the coastline's relative significance in terms of
traffic volume (the United Kingdom is the 11th largest source of in-balast ships coming
directly from foreign ports of call). The “Total vessels entering Gulf” column is the
horizontal sim of the totals of the four selected ports for each coastline. The “% of
total # of entering vessels™ is determined by dividing number in the “Total vessels”
column by 2643, the tota! number of in-ballast vessels entering the Gulf from foreign
ports of call.

Referring 1o the first table, the Northeast Atlantic is the second largest FAO Region
for the four selected Gulf ports in terms of ship traffic, The Netherlands is the largest
source of ships for this FAO Region, but the 3rd largest source overall. The total number
of in-ballast ships entering these four ports from the Netherlands was 163, or 6.17% of
the total oumber of vessels entering in 1991,

How were these data obtained?

Information for these tables came from the 1995 National Biological Invasions
Shipping Study (NABISS). The researchers identified the number of vessels in ballast
from foreign ports through information published by the Burean of Census in its Monihly
Vessels Entrances (TM-385) and Clearances (TM-785). This particular data set came
from the 1991 TM-3835 forms for the above mentioned Gulf ports.

‘This data set inclwded all types of ships in ballast. Seventy-seven percent of the
ships fall under the classification of Bulk Carrier, Tanker, General Cargo, or Passenger.
Twenty-onc different ship types make up the remaining 23% of the traffic.

What do these data tell us about the origin
of the ballast water discharged in Gulf ports?

The NABISS research showed that last port of call (LPOC), listed by country, was
a poor indicator of the actual source of ballast waler on hoard, In the NABISS sample
set, there was no ballast on board from the LPOC country for 53% of all vessels. For the
specific category of container ships, this number reached 63%. While LPOC data was
accurate for ships with very regnlar direct voyages, it was generally a poor indicator of
the ballast water’s origin.

When the LPOC data was expanded to FAQ Regions, the relationship improved.
In the NABISS sample set, 66% of all vessels arriving in ballast had at least some or all
of their ballast from the FAQ Region of their LPOC. Here again, there was significant
variance among the vessel groupings. Container ships had the highest percentage, with
84% of the ships having some or all of their tallast come from the FAQ Region of their
LPOC, Tankers had the lowest percentage with only 33% of the vessels having any
walter from the FAO Region of their LPOC.

21-



-22- Notable changes to the NABISS data

Due to some inconsistencies and apparent oversights found in the NABISS FAQ
groupings, the map (Figure C, page 11) reflects three minor differences in the regional
distributions.

1. For ships en route 1o New Orleans and Tampa, the NABISS study grouped ships

with Brazilian last ports of call in Group L {Southeast Pacific). The map groups
all Brazilian ships in Group M (Southwest Atlantic).

2. For ships en route to Houston, the NABISS grouped ships with last ports of call
from Gibraltar in Group F (Eastern Ceniral Atlantic). The map groups all ships
from Gibraltar in Group C (Mediterrancan and Black Sea).

3. The NABISS formed two regions in addition to the fourteen FAO Regions.
For the purpose of the study, Carlton et. al created separate regions for Australia
and the Great Lakes. Due to the minimal amount of in ballast traffic from these
regions to the Gulf, and for the purpose of simplicity, these additional regions
were not used in this map. Ships from the Great Lakes were included in Group
A (Northwest Atlantic) and ships from Australia were included in Group H
(Indian Ocean).

n = New Orisans @ = Galveston
h = Houston t = Tampa

n=4.7%
h=1.7%

=@ I3
Hunn

UN Food and Agricviure Organization Regions

An Northwest Mbortic | E 2 Morthoaat Pacifc J = Eastern Cantval Pecific

B u Nortiwect Mbaic | F = Gosern Candral Mloniic | K = Southwe o Pacific

€ witbmiiiweransen G Waslern Contral Allamiic | & = Soulunt Paific
and Bladk Sea Ha Indian Caan M= Southwes? Aanfic

D'» Martrwst Pacihic | | = Western Contral Pacific | W= Southecst Alonfic

Seurces: “Shipping Sds” Corlaion at.el, and Lovidana Sea Grans

Figure C. Last Foreign Port of Call for Ships in Ballast Selected Gulf Ports, 1991 (FAO Region).



Last Port of Call by Individual Country/Regions for Foreign Ships “in Ballast” to

Selected Gulf Ports. Source: "Shipping Study,” Carlton et al.
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# of vessala | # of vensels | # of In | # of veassls | Totel vessels |% of total ¥ of
Rank Coast line Tampa New Drieans | Houston Galvaston | emtering Gull pntering vessels
Western Cantref Atlantic 1200 4B.81%
1 Mexico, Guif M 152 183 34 0 14.38%
2  High Seas & 10 1 164 184 6.85%
4  Jamaica 1" 81 25 8 108 397%
5 Venezuela 8 a7 43 4 102 386%
6 Colombla, Carbbean 16 19 43 78 2.95%
7  Dominican Republic 14 s 18 3 T4 2.80%
10 Cuba 12 20 2 5 80 2.27%
12 Hal 17 ;] 20 435 1.70%
18 Guatemaia, Caribbean 2 12 24 2 L 1.51%
2t Honduras, Caribbean 12 17 7 1 37 1.40%
24 Guf of Maxico 2 5 5 18 » 1.14%
A Panama, Carbbean 3 k| 2 2 1.06%
33 Caymans 20 1 1 22 0.83%
37 Anuba & Antilles 2 7 8 1 18 0.68%
3 Cosiz Rica, Caribbaan 1 5 11 1 13 0.68%
41 Bahamas 1 4 10 1 18 061%
48 Trinidad & Tobago 4 ] 4 14 0.53%
55 Balize 3 2 5 10 0.38%
57 Guyana 2 7 1 10 0.38%
68 Barbados 3 1 1 5 0.18%
85 Leeward & Windward Islands 2 2 1 s 0.19%
74  French W. Indles 1 3 4 0 15%
76 Turks & Caicos [slands 1 k) 4 0.15%
83 Franch Gulana 2 2 0.08%
1 Bermuda 1 1 0.04%
106  Suriname 1 7 0.04%
Northesst Atlantic 538 HU1%K
3 Nethodands T 114 17 5 183 6.17%
9 Beigium & Luxembourg 11 49 12 72 2.72%
11 Uwitad Kingdom 15 39 5 1 [ 2.27T%
12 France, Atlantic 7 41 7 3 58 219%
13  Germany, Atantic 14 32 5 3 54 2.04%
22 Spain, Atantic- N of Portgal 2 23 -] 2 33 1.25%
25 USSR, Baltic 1 20 7 2 0 1.14%
29 Spain, Atlanlic- S of Portugal 2 22 3 1 28 1.06%
43 Poland 4 10 2 16 0.61%
46 Denmark 1 1 2 14 0.53%
51 ireland 4 8 12 0.45%
81  Sweden 1 7 8 0.30%
65 Norway 1 4 i [ £.23%
82 Finland 2 2 0.08%
84 Germany, Baltic 1 1 2 £.08%
Mediterranean & Black Sea 400 15.13%
B laly a 48 13 5 4 2.80%
4 Algeria 10 22 14 1 a7 1.78%
16 USSR, Biack Sea 3 39 2 1 5 1.70%
17 Spain, Mediler. 4 32 5 1 4,2 1.59%
2 Greece a8 23 4 3 38 1.44%
26 Gibrallar 7 12 8 1 2 1.06%
32 Tukey 3 18 2 23 0.87%
35 Egypt, Medilerr. 4 14 3 21 0.7%%
3 France, Mediterr 1 12 7 2 0.76%
44 Romania 4 9 2 1 16 0.61%
53  igrel, Moditerr 6 5 1" 0.42%
59  Tuniela 1 8 2 ] 0.34%
64 Maita & Gozo 1 2 2 1 [] 0.23%
66 Yugosiavia 6 [ ] 0.23%
70 Moroooo, Medilerr 1 4 5 0.19%
73 Bulgaia 1 2 1 4 0.15%
78  Cyprus 1 2 3 011%
10 Syria 1 7 0.04%
100 Libya 1 1 0.04%




# of vasaels | # of vessels | # of vessels | # of vesssis | Tols/ vassels | % of tolai¥ of
Rank Coast line Tampa Neow Orisans Houston Galveston | entering Guif entering vessels
Eastern Central Pacific 119 4.50%
23 Parwma, West Comst 8 1 12 k1) 1.1T%
3 Meudon, West Coasl 5 8 8 b 23 0.87%
M Ecuador 2 5 1 4 22 0.83%
47 € Ssivador 2 5 7 " 0.53%
58 Colombia, Wesl Coast 5 4 1 10 0.38%
55 Cowia Rica, W Coast 1 5 3 P 0.34%
62 Gustemala West Coast 5 2 7 0.26%
80  Ncwagua, West Comt 2 1 3 0.11%
Northwest Pacific 25 2.5%
18 Japan 1 2 1 2 40 151%
42 China, North Cossl 4 ] 2 1 15 0.61%
45 5. Kores 4 T 4 1 18 0.61%
5¢ Tawan 2 5 4 11 0.42%
72 USSR, aciic 2 2 1 5 0.19%
7T USSR, Esstom Ragion 4 4 0.15%
88 Hong Kong 1 1 2 0.08%
101 N Korea 1 1 0.04%
Esstern Contral Atlantic 10 269%
27 Madoima Islands 4 20 2 2 28 1.06%
48 Morocco, Atlantic 5 8 13 0.49%
52 Canary hiands 4 8 1 11 0.42%
&7  Azores 1 4 -] 0.19%
78 ory Coasl 2 1 3 0.11%
81 Senegal 1 2 2 c11%
85 Ghena 2 2 0.08%
§2 Cameroon 1 1 0.04%
95 Gabon 1 1 0.04%
% Lbera 1 1 0.04%
102 Nigara 1 1 0.04%
108 Sierma Laone 1 1 0.04%
indian Ocesn 3 1.29%
¥ Egypt Red Sea 2 10 4 1 17 0.84%
71 Saud Arabla i 1 3 5 0.10%
89 Austrelle 1 1 0.04%
90 Bangladesh 1 4 0.04%
8 Ehiopm { f 0.04%
98  an 1 1 0.04%
97  Jordan 1 7 0.04%
88 Kenya 1 1 0.04%
103 Oman 1 1 0.04%
104 Paldstan 1 1 0.04%
107 Sd Lanka 1 1 0.04%
108 Sudan ] T 0.04%
111  Yoman t 1 0.04%
Northwast Atlantic 29 1.40%
30 Canade, AHantic 4 15 (] 25 0.95%
75 Monineal, Canada 3 1 4 0.15%
Southeast Paciffc 25 095%
40 Poru 3 6 8 17 0.B4%
80 Chile 7 1 [ ] 0.30%
Southwest Atlsntic 12 0AS%
50 Brazk 4 3 5 12 0.45%
Sountheast Atlantic [ 0.30%
83 South Africe 2 2 3 ? 0.26%
88 Angola 1 1 0.04%




=25
# of vessels | # of vassels | # of vesssls | ¥ of vesssis | Tofaiv J % of total # of

Rank Coast lins Tampa Naw Orteans Houston Galveston | entering Guif pntering vassels
Western Cantral Pacific ) 0.11%
87 Singapore 2 2 0.08%
105 Phillppines 1 L 0.04%
Northeast Pacific 1 a.0e%
Pacific _ 1 _ 1 0.04%
Totals 394 1260 ané 203 2643 100.00%
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Last Port of Cal by Individual Country/Reglons for Forslgn Ships “in Ballast” to the

Port of Galveston.
# of vessels % of totai # of
Rank Coast lina Galveston entering vessels
Western Central Atlantic 243 82.54%
1 High Seas 164 55.97%
2 Mexico, Guif 34 11.60%
3  Guif of Mexico 18 5.14%
4 Jamaica 8 2.73%
7  Cuba 5 1.71%
8 Venezusla 4 1.37%
1¢ Dominicen Republic 3 1.02%
14 Guatemala, Caribbean 2 0.68%
25 Honduras, Caribbean 1 0.34%
28 Arudba & Antllles 1 0.34%
28 Costs Rica, Caribbean 1 0.34%
31 Bahamas 1 0.34%
38 Barbados 1 0.34%
Northeast Atlantic 19 6.48%
5  Netherlands 5 1.71%
11 France, Atlantic 3 1.02%
12 Germany, Atlantic 3 1.02%
16  Spain, Atlantic- N of Portugal 2 0.68%
17 USSR, Baltic 2 0.68%
20 Denmark 2 0.68%
21 United Kingdom 1 0.34%
27  Spain, Atlantic- S of Portugal 1 0.34%
Mediterranean & Black Sea 15 812%
6 Italy 5 1.71%
13 Greece 3 1.02%
22 Algeria 1 0.24%
23 USSR, Black Sea 1 0.34%
24 Spain, Meditar, 1 0.34%
26 Gibraltar 1 0.34%
33 Romania 1 0.34%
37 Maita & Gozo 1 0.34%
40 Libya 1 0.34%
Eastern Central Pacific 7 239%
9 Ecuador 4 1.37%
18 Mexico, West Coast 2 0.628%
35 Colombia, West Coast 1 0.34%
Northwast Pacific 4 1.37%
15 Japan 2 0.68%
32 China, North Coast 1 0.34%
34 S Korea 1 0.34%




# of vessals % of total & of

Rank Coast line Galveston entering vessels
Eastern Ceniral Atiantic 2 0.68%
18 Madeira Islands 2 0.68%
Southeast Atiantic 1 0.24%
39 Angola 1 (.34%
Southeast Pacific 1 0.34%
36 Chile 1 0.34%
indian Ocean 1 0.34%
30 Egypt, Red Sea 1 0.34%
Totals 293 100.00%

Source: “Shipping Study," Carlton et al.
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Last Port of Call by Individual Country/Regions for Foreign Ships “in Balast” to

the Port of Houston.
# of vessels % of total # of
Rank Coast line Houston entering vessels

Waestern Central Atantic 439 63.07%
1  Mexlco, Guif 163 23.42%
2 Venszuela 43 6.18%
3 Colombia, Caribbean 43 6.18%
4 Jamaica 25 3.59%
5 Guatemaia, Caribbean 24 3.45%
6 Cuba 23 3.30%
7 Panama, Caribbean 22 3.16%
8 Haiti 20 2.87%
9 Dominican Republic 18 2.59%
16 Costa Rica, Caribbean 11 1.58%
17 Bahamas 10 1.44%
20 Aruba & Antllles e 1.15%
33  Gulf of Mexico 5 0.72%
36 Belize 5 0.72%
40 Trnidad & Tobago 4 0.57%
23 Honduras, Caribbaan 7 1.01%
61 French Guinana 2 0.25%
62 High Seas 1 0.14%
64 Caymans 1 0.14%
67 Guyana 1 0.14%
69 Barbados 1 0.14%
70 Leeward & Windward Islands 1 0.14%
77 Bermuda ] 0.14%

Mediterranean & Black Sea 76 10.92%
11 Algeria 14 2.01%
12  [taly 13 1.87%
18 Gibraitar 8 1.15%
25 France, Mediterr 7 1.01%
32 Spain, Mediter. 5 0.72%
35 Israel, Medilarr 5 0.72%
37 Greece 4 0.57%
44 Morocco, Mediterr 4 0.57%
46 Egypt, Mediterr. 3 0.43%
50 USSR, Black Sea 2 0.29%
52 Turkey 2 0.29%
55 Romania 2 0.29%
56 Tunisia 2 0.29%
58 Malta & Gozo 2 0.29%
59 Cyprus 2 0.29%
72 Bulgaria 1 0.14%

Northeast Atlantic 66 9.48%
10 Netherlands 7 2.44%
13 Belgium & Luxembourg 12 1.72%
22 France, Atlantic 7 1.01%




# of vessels

% of total # of

Rank Coast line Houston entering vesseis
24 USSR, Baltic 7 1.01%
28 Spain, Atiantic- N of Portugal 51 0.B6%
30 Unitad Kingdom 5 0.72%
31 Germany, Atlantic 5 0.72%
45 Spain, Atlantic- S of Portugal 3 0.43%
54 Poland 2 0.29%
65 Denmark 1 0.14%
68 Norway 1 0.14%

Fastarn Central Pacific 48 6.90%
14 Panarna, West Coast 12 1.72%
15 Ecuador 11 1.58%
19 Mexico, West Coast a8 1.15%
26 El Salvador 7 1.01%
42 Colombia, Wast Coast 4 0.57%
47 Costa Rica, W Coast 3 0.43%
57 Guatemals, West Coast 2 0.29%
75 Nicaragua, West Coast 1 0.14%

Southeast Paciflc 15 2.16%
21 Peoru 8 1.15%
27 Chile 7 1.01%

indian Ocean 13 1.87%
38 Egypt, Red Sea 4 0.57T%
49 Saudi Arabia 3 0.43%
76 Australia 1 0.14%
78 firan 1 0.14%
79 Jordan 1 0.14%
80 Kenya 1 0.14%
83 Sudan 1 0.14%
84 Yeamen 1 0.14%

Northwest Pacific 12 1.72%
39 8. Korea 4 0.57%
53 China, North Coast 2 0.29%
41 Taiwan 4 0.57%
63 Japan 1 0.14%
71 USSR, Arctic 1 0.14%

Eastern Central Atlantic 11 1.58%
43 Azomes 4 0.57%
5t Madeira Islands 2 0.29%
60 Senegal 2 0.29%
66 Canary Islands 1 0.14%
74  Ivory Coast 1 0.14%
B2 Sierra Leone 1 0.14%

Northwest Atlantic 7 1.01%
29 Canada, Allantic 8 0.86%
73 Maontreal, Canada 1 0.14%

Southwaest Atiantic 5 0.72%
34 Brazil 5 0.72%




# of vessels

% of total # of

Rank Coast line Houston entering vessels
Southeast Atisntic 3 0.43%

48 South Africa 3 0.43%
Wastern Central Pacific 1 0.14%

81 Philippines 1 0.14%
Totals (111 100.00%

Source. "Shipping Study,” Carlton et al.




Last Port of Call by Individual Country/Reglons for Foreign Ships “in Ballast” to
the Port of New Orlaans.

# of vessels % of totai ¥ of
Rank Coast line New Orleans entering vessels

Western Central Atlantic 437 34.68%
1 Maxico, Gulf 152 12.06%
3 Jamaica 61 4 .84%
& Vanazusla 47 3.73%
8 Dominican Republic a9 3.10%
18 Cuba 20 1.59%
21 Colombia, Caribbean 19 1.51%
23 Honduras, Caribbean 17 1.35%
28 Gualemala, Caribbean 12 0.95%
31 High Seas 10 0.79%
36 Haiti 8 0.63%
40 Aruba & Antilles 7 0.56%
42 Guyana 7 0.56%
45 Trinidad & Tobago 6 0.48%
50 Gulf of Mexico 5 0.40%
§2 Costa Rica, Caribbean 5 0.40%
58 Bahamas 4 0.32%
61 Panama, Caribbean 3 0.24%
63 Barbados 3 0.24%
64 French W. Indies 3 0.24%
86 Turks & Caicos Islands 3 0.24%
67 Belize 2 0.16%
70 {eeward & Windward [slands 2 0.16%
77 Caymans 1 0.08%
891 Suriname 1 0.08%

Northeas! Atiantic 333 30.40%
2 Neiherands 114 9.05%
4 PBelgium & Luxembourg 49 389%
7  France, Aflantic 41 3.25%
9 United Kingdom 39 3.10%
11  Germany, Atlantic 32 2.54%
15 Spain, Atlantic- N of Portugal 23 1.83%
17 Spain, Atlantic- S of Portugal 22 1.75%
19 USSR, Baltic 20 1.58%
30 Denmark 11 0.87%
33 Poland 10 0.79%
39 Ireland 8 0.63%
43 Sweden T 0.56%
59 Norway 4 0.32%
74 Finland 2 0.16%
80 Germany, Ballic 1 0.08%

Mediterranean & Black Sea 252 20.00%
5 ltaly 48 3.81%
10 USSR, Biack Sea 39 3.10%
12 Spain, Meditar. 32 2.54%
14 Graece 23 1.83%
16 Algaria 22 1.75%
22 Turkey 18 1.43%
25 Egypt. Mediterr. 14 1.11%




# of vessels

% of total # of

Rank Coast line New Orleans entering vessels
27 Gibraitar 12 0.95%
28 France, Meditarr 12 0.95%
a5 Romania 9 0.71%
47 israel, Medilerr +] 0.48%
48  Tunisia 6 0.48%
49 Yugoslavia ] 0.48%
89 Malta & Gozo 2 0.16%
72 Bulgaria 2 0.16%
92 Syria t 0.08%

Northwest Pacific 54 4.20%
13 Japan 26 2.06%
34 China, North Coast 9 0.71%
41 S Korea 7 0.56%
54 Taiwan 5 0.40%
80 USSR, Eastarn Region 4 0.32%
71 USSR, Arctic 2 0.16%
81 Hong Kong 1 0.08%
Eastern Central Pacific 46 3.65%
29 Panama, Wast Coast 1 0.87%
37 Mexico, West Coasl B 0.63%
51 Ecuador 5 0.40%
53 E! Salvador 5 0.40%
55 Colombia, West Coast 5 0.40%
56 Costa Rica, W Coast 5 0.40%
57 Guatemala, Wast Coast 5 0.40%
73 Nicaragua, Wasl Coast 2 0.16%
Eastern Central Atlantic 40 3.17%
20 Madeira islands 20 1.59%
3B Morocco, Atlantic 8 0.63%
48 Canary Islands 6 0.48%
75 Ghana 2 0.16%
79 Sanagal 1 0.08%
85 Gabon 1 0.08%
86 Liberia 1 0.08%
B7 Nigeria 1 0.08%
indian Ocean 18 1.27%
32 Egypt, Red Sea 10 0.79%
78 Saudi Arabia 1 0.08%
82 Bangladesh 1 0.08%
B4 Ethiopia 1 0.08%
88 Oman 1 0.08%
B9 Pakistan 1 0.08%
90 Sri Lanka 1 0.08%
Northwest Atlantic 18 143%
24 (Canada, Atantic 15 1.19%
65 Monireal, Canada 3 0.24%
Southeast Pacific & 048%
44 Peru 6 0.48%




Rank Coast line

# of vessels
New Orleans

% of total # of
entering vessels

Southwast Atlantic
62 Brazi

Southeast Allantic
68 Soulh Africa

Western Central Paclfic
76 Singapore

Northeast Paclfic
83 Canada, Pacific

Totals

3
3
2
2
2
2
1
1

1260

0.24%
0.24%

0.16%
0.16%

0.16%
0.16%

0.08%
0.08%

100.00%

Source: "Shipping Study,” Carlton et al.
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Last Port of Call by Individual Country/Regions for Foreign Ships “in Ballast” to

the Port of Tampa.
# of vessels % of total # of
Rank Coast line Tampa entering vessels

Western Central Atlantic 171 43.40%

1 Mexico, Gulf 3 7.87%
3 Caymans 20 5.08%
4 Haiti 17 4.31%
8 Colombia, Caribbean 16 4.06%
7  Dominican Republic 14 3.55%
9 Cuba 12 3.05%
10  Honduras, Caribbean 12 3.05%
11 Jamaica 1 2.79%
15 Venezuela 8 2.03%
21 High Seas 6 1.52%
32 Trinidad & Tobago 4 1.02%
37 Panama, Caribbean 3 0.76%
40 Belize 3 0.76%
41 Guatemala, Caribbean 2 0.51%
43 Guif of Mexiceo 2 0.51%
46 Aruba & Antillas 2 0.51%
52 Leeward & Windward Islands 2 0.51%
50 Guyana 2 0.51%
57 Costa Rica, Caribbean 1 0.25%
S8 Bahamas 1 0.25%
68 French W. indies 1 0.25%
89 Turks & Caicos Islands 1 0.25%

Northeast Atlantic 90 22.84%
2 Netherlands 27 8.85%
€ United Kingdom 15 3.81%
8 Germany, Atlantic 14 3.55%
12 Belgium & Luxembourg 1" 2.79%
19 France, Atlantic 7 1.78%
29 Poland 4 1.02%
34 Ireland 4 1.02%
42 Spain, Atlantic- N of Partugal 2 0.51%
44  Spain, Atlantic- S of Portugal 2 0.51%
55 USSR, Baltic 1 0.25%
61 Sweden 1 0.25%
63 Norway 1 0.25%
71 Germany, Baltic 1 0.25%

Mediterranean & Black Sea 57 14.47%

14 Algeria 10 2.54%
16  ltaly 8 2.03%
17  Greece 8 2.03%
20 Gibraltar T 1.78%
24  Spain, Mediter. 4 1.02%
27 Egypt. Mediterr, 4 1.02%
30 Romania 4 1.02%
36 USSR, Black Sea 3 D.76%
38 Turkey 3 D.76%




¥ of vessels

% of total # of

Rank Coast line Tampa entering vessels
56 France, Mediterr 1 0.25%
60 Tunisia 1 0.25%
62 Maita & Gozo 1 0.25%
65 Morocco, Mediterr 1 0.25%
67 Buigaria 1 0.25%
70 Cyprus 1 0.25%

Northwest Pacific 25 6.35%
13 Japan 1 2.79%
28 China, North Coast 4 1.02%
31 8. Korea 4 1.02%
49 Taiwan 2 0.51%
53 USSR, Arctic 2 0.51%
72 Hong Kong 1 0.25%
74 N Korea 1 0.25%
Eastern Central Pacific 18 4.57%
18 Panama, West Coast 8 2.03%
22 Mexico, West Coast 5 1.27%
45 Ecuador 2 0.51%
48 E| Salvador 2 0.51%
59 Costa Rica, W Coast 1 0.25%
Eastern Central Atiantic 17 431%
23 Moroceco, Atllantic 5 1.27%
25 Madeira Islands 4 1.02%
35 Canary Islands 4 1.02%
54  Ivory Coast 2 0.51%
73 Cameroon 1 0.25%
64 Azores 1 0.25%
Southwest Atlantic 4 1.02%
33 Brazil 4 1.02%
Northwest Atlantic 4 1.02%
26 Canada, Atlantic 4 1.02%
Southeast Pacific 3 0.76%
39 Peru 3 0.76%
indian Ocean 3 0.76%
47 Egypt, Red Sea 2 0.51%
66 Saudi Arabia t 0.25%
Southeast Atiantic 2 0.51%
51 South Africa 2 0.51%
Totals 394 100.00%

Source: "Shipping Study,” Carlton et al,
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APPENDIX A.2 - DISCUSSION OF FAO REGIONS PIE CHARTS

What do these charis represent?

These charts show the percentage of vessels arriving in ballasy' at four (4)
selected Gulf ports from each of the 14 FAQ Regions? of the world. All of the incoming
vessels im this data set come directly from foreign ports of cali’. The last ports of call
for the incoming ships are grouped by their respective FAQ Regions 10 provide a
better representation of the actual origins of the baltast water on board the incoming
vessels. The four selected Gulf ports are Galveston, Houston, New Orleans, and
Tampa.

These charts represent the same data set as the FAO Regions Map. The pie chart
groupings help illustrate the relative dominance of three FAO Regions in the Gulf trade
network. Vessels from the Western Central Atlantic, the Northeast Atlantic, and the
Mediterranean and Black Sea account for §0-95% of the foreign in ballast traffic to
each of the four selected ports.

How were these data obtained?

Information for these charts came from the 1995 National Biological Invasions
Shipping Study (NABISS). The researchers identified the number of vessels in ballast
from foreign ports through information published by the Burean of Census in its
Monthly Vessel Entrances (TM-385) and Clearances (TM-785). This particular data set
came from the 1991 TM-385 forms for the above mentioned Gulf poris.

This data set included all types of ships in baliast. Seventy-seven percent of the
ships fall under the classification of Bulk Carrier, Tanker, General Cargo, or Passenger.
Twenty-one different ship types make vp the remaining 23% of the traffic. The raw
daia follows the individual charts,

Notable Changes to the NABISS data

Due to some inconsistencies and apparent oversights found in the NABISS FAQ
groupings, these charts reflect three minor differences in the regional distributions.

1. For ships en roule to New Osfeans and Tampa, the NABISS study grouped
ships with Brazilian last ports of call in Group L (Southeast Pacific). The
charts group all Brazilian ships in Group M (Southwest Atlantic).

2. Forships en route to Houston, the NABISS grouped ships with last ports of
call rom Gibrattar in Group F (Eastern Central Atlantic). The charts group
all ships from Gibraltar in Group C (Mediterranean and Black Sea).

n Ballast—used bere to describe vessels that are traveling with no cargo and therefore
{more or less) are fully ballasted.

1FAQ Region—standardized ocean regions of the world as used by the United Nationsi
Food and Agriculture Organization.

YFpreign Ports of Call—any port outside of the United States (including Hawaii and
Alaska). Forinstance, the map shows that 0.1% of all foreign ships in ballast to New
Onleans came from FAQ Region E (the Noetheast Pacific). These vessels were exclu-
sively from Canadian Pacific ports. No vessels from Alaskan ports are included in this
figure. as they would not qualify as foreign ports of call.



3. The NABISS formed two regions in addition to the fourteen FAO Regions. For
the purpose of the study, Cariton et. al created separate regions for Australia and
the Great Lakes. Due to the minimal amount of in ballast traffic from these
regions to the Gulf, and for simplicity, these additiona! regions were not used in
these charts, Ships from the Greal Lakes were included in Group A (Northwest
Atlantic) and ships from Australia were included in Grovp H (Indian Ocean).

Monthiy Arrivals of Foreign Ships In Ballast (199
(from Census TM385Nessel Entrances)

Tampa New Orleans Houston Galveston
Manth |Arrival In Ballast |Arrival In Ballast |Arrival In Ballast |Arrival In Ballast
Jan 156 41 337 100 343 55 42 12
Feb 123 40| 342 116] 35B 72 &7 9
Mar 138 35| 352 140] 351 62 48 17
Apr 118 34| 288 85] 360 50 101 49
May 136 35] 314 89] 374 53 a3 32
Jun 110 30| 288 81 366 56 49 31
Jul 110 29| 355 137 361 54 43 12
Aug 106 25 333 112] 354 58 71 44
Sep 112 28| 277 73| 342 58 74 42
Oct 113 29 333 107] 349 59 73 32
Nov 128 37| 314 ap] 321 51 40 5
Dec 126 33! 366 132] 349 68 53 8
[Total | 1476 396 3899 1262] 4226 696| 734 293

Source: “Shipping Study,” Carlion et al.

-37-



LPOC by FAO Region for Ships In Baliast from Foreign Ports, 1991
{from Cansus TM385/\/essel Entrances)

Port of Houston

% of total
foreign ships

FAOQ region FREG ] in ballast
Weasatern Central Atlantic 439 63.07%
Mediterranean and Black Sea 76 10.92%
Northeast Atlantic 66 9.48%
Eastarn Central Pacific 48 6.80%
Southeast Pacific 15 2.16%
Indian Qcean 13 1.87%
Northwest Pacific 12 1.72%
Eastern Central Atlantic 11 1.58%
Norlhwest Adantic 7 1.01%
Southwest Atantic 5 0.72%
Southeast Atlantic 3 0.43%
Weslarn Central Pacific 1 0.14%
Total 696 100.00%

Source: “Shipping Study,” Cariton et al.

LPOC by FAO Region for Ships from Foreign Ports - Houston

Northwaest Atlantic - 1.01%
Southwest Allantic - 0.72%
Southaast Atlantic - 0.43%
— Wastem Central Pacific - 0.14%

Eastom Central Atantic - 1.58%
Norhwest Pacific - 1.72%

indlan Ocean - 1.87%
Southeast Padfic - 2.16%

Easten Ceniral Pacific - 5.90%

Northeast
Atantic - 9.48%

Meditermnean and
Black Sea - 1082%

Western Ceniral
Atiantic 63.07%



LPOC by FAQ Region for Ships In Ballast from Foreign Ports, 1991
{from Census TM385/Vessel Entrances)

Port of Galveston

forelgn ships

FAQ region FREQ| in ballast

Westarn Central Atlantic 243 B2.94%
Northeast Atlantic 19 6.48%
Mediterranean and Black Sea 15 5.12%
Eastern Central Pacific 7 2.39%
Northwest Pacific 4 1.37%
Eastarn Central Aflantic 2 0.68%
Southeast Pacific 1 0.34%
Indlan Ocean 1 0.34%
Southeast Atlantic 4 0.34%
Total 283 100.00%

Scurce: "Shipping Study,” Carlton et al.

LPOC by FAQ Raglan for Ships from Foreign Ports - Galveston

— Southeast Pacific - 0.34%
— Indian Ocean - 0.34%

Eastern Cantrai Atlantic - 0.68%
Northwest PacHic - 1.37%
Eastern Conkral Pacific - 2.38%

— Southeasi Atlantic - 0.34%

Meditaranaan and
Black Sea - 5.12%

Northeast Aflantic -
£.48%

Wasiarn Centra
Allantic - 82.94%




LPOC by FAO Region for Ships in Ballast from Foreign Ports, 1991
(from Cansus TM385/Vessel Entrances)

Port of New Orleans

foreign ships
FAO reglon FREQ in ballast
Westem Central Adantic 437 34.68%
Northaast Atantic 383 30.40%
Maditerranean and Black Sea 252 20.00%
Northwest Pacific 54 4.29%
Eastern Central Paclfic 46 A.65%
Eastem Central Adantic 40 3.17%
Northwest Atiantic 18 1.43%
Indian Ccean 16 1.27%
Southeast Pacific 6 0.48%
Southwast Atlantic 3 0.24%
Wastem Central Pacliic 2 0.16%
Southeast Atlantic 2 0.16%
Northeast Pacific 1 0.08%
Totai 1260 100.00%

Source: "Shipping Study,” Cariton et al.

LPOC by FAD Region for Ships from Forelgn Ports - New Orleans

Eastern Cantral Alantic - 3.17%

Easiem Contral Pacific - 3.65%

Northwest Pacific - 4.28%

Mediterranaan and
Black Sea - 20.00%

Northeasi Alaniic -
3040%

— Northwest Atlantic - 1.43%
Indian Ocean - 1.27%
Southeast Pacific - 0.48%
Southwest Atlantic - 0.24%

Wastern Central Pacific - 0.16%
Southeast Atlantic - 0.16%

Northwest Pacific - 0.08%

Wastem Ceniral
Atlantic - 34.66%



LPOC by FAO Region for Ships In Ballast from Foreign Ports, 1991
(from Census TM385/Vessel Entrances)

Port of Tampa

foreign ships
FAQ region FREQ | in ballast
Wasten Central Atlantic 171 43.40%
Northeast Atlantic 90 22.84%

Mediterranean and Black Sea 57 14.47%
Northwest Pacific 25 8.35%
Eastern Central Pacific 18 4.57%
Eastern Central Atlantic 17 4.31%
Southwast Atlantic 4 1.02%
Northwast Atlantic 4 1.02%
Southeast Pacific 3 0.76%
Indian Ocean 3 0.76%
Southeast Atlantic 2 0.51%

Total 394 100.00%

Sourca: "Shipping Study,” Carlton et al.

LPOC by FAD Region for Ships from Foreign Ports - Tampa

Southwast Atlantic 1.02%
Northwost Alantic - 1.02%

Southeast Pacific - 0.76%

Eastarn Cantral
Atantic - 4.31% ingian Ocean - 0.76%

Easiem Centrat Southeast Atlantic - 0.51%
Padific - 4 57%

Northwest Pacific
6.35%

Maditerranean and
Black Sea - 14.47%

Western Central
Atlante - 43 40%

Norhaast Aflantic
22 84%
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APPENDIX B - DISCUSSION OF FAO REGION MAP

What does this map represent?

This map shows the percentage of vessels armiving i ballas!* to four (4) selected
Gulf ports from each of the 14 FAD Regions® of the world, All of the incoming vessels in
this data set come direcily from foreign ports of call®. The last ports of calt for the
incoming ships are grouped by their respective FAO Regions to provide a better represen-
tation of Lhe actual origins of the ballast water on board the incoming vessels. The four
selected Gulf of Mexico ports are Galveston, Houston, New Orleans, and Tampa.

For exampie, the map shows that in FAQ Region B (the Northeast Atlantic), Tampa
(= 22.8%. This figure states that in 1991, 22.8% of all ships traveling in bailast (o the
Port of Tampa from a foreign last port of call came from the Northeast Adtlantic,

How were these data obtained?

Information for this map came from the 1995 National Biological Invasions
Shipping Study (NABISS). The researchers identified the number of vessels in ballast
from foreign pons through information published by the Bureau of Censns in its Monthly
Vessels Entrances (TM-385) and Ciearances (TM-785). This panicular data set came
from the 1991 TM-385 forms for the above mentioned Gulf ports.

This data set included all types of ships in ballast. Seventy-seven percent of the
ships fall under the classification of Bulk Carier, Tanker, General Cargo, or Passenger.
Twenty-one different ship types make up the remaining 23% of the traffic.

What do these data tell us about the origin
of the ballast water discharged in Gulf ports?

The NABISS rescarch showed that last port of cal! (LPOC), listed by coantry, was
a poor indicator of the actual source of ballast water on bhoard. In the NABISS sample
set, there was no ballast on board from the LPOC country for 53% of all vessels. For the
specific category of container ships, this number reached 63%. While LPOC data was
accurate for ships with very regular direct voyages (for example woodchip bulkers from
Japan), it was generatly a poor indicator of the ballast water's origin.

When the LPOC data was expanded to FAO Regions, the relationship improved. In
the NABISS sample set, 66% of all vessels arriving in ballast had at least some or all of
their ballast from the FAQ Region of their LPOC. Here again, there was significant
variance among the vessel groupings. Container ships had the highest percentage, with
84% of the ships having some or all of their ballast come from the FAO Region of their
LPOC. Tankers had the lowest percentage with only 33% of the vessels having any water
from the FAO Region of their LPOC.,

\n Ballast—used here to describe vessels that are traveling with no cargo and therefore
(more or less) are fully ballasted,

FAQ Regipn—standardized ocean regions of the world as used by the United Nations’
Food and Agriculture Organization.

3Foreign Ports of Call—any port outside of the United States (including Hawait and
Alaska). For instance, the map shows that 0.1% of all foreign ships in ballast io New
Orleans came from FAO Region E (the Northeast Pacific). These vessels were exclu-
sively from Canadian Pacific ports and Alaskan ports.



Notable Changes to the NABISS data

Due to some inconsistencies and apparent oversights found in the NABISS FAO
groupings, this map reflects three minor differences in the regional distributions.

1. For ships en route to New Orleans and Tampa, the NABISS study grouped ships
with Brazilian last ports of call in Group L (Soutbeast Pacific). This map groups
alt Brazilian ships in Group M (Southwest Atlantic).

2. For ships en route to Houston, the NABISS grooped ships with last ports of call
from Gibraltar in Group F (Easiern Central Atantic). The map groups all ships
from Gibraltar in Group C (Meditcrranean and Black Sea).

3. The NABISS formed two regions in addition to the fourteen FAQ Regions. For
the purpose of the study, Carlion et. al created separate regions for Australia and
the Great Lakes. Due to the minimal amount of in ballast traffic from these
regions to the Gulf, and for the purpose of simplicity, these additional regions
were not included in this map. Ships from ihe Great Lakes were included in
Group A (Nocthwest Atlantic) and ships from Australia wese included in Group
H (Indian Ocean).
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APPENDIX C.1 - DISCUSSION OF UNACKNOWLEDGED
BALLAST GRAPHS

What do these graphs represent?

These graphs show the estimated tonnage of unacknowledged ballast water armiving
at Bve selected ports from in ballast vessels. This data set includes both in ballast ang in
cargo traffic. The graphs are grouped by ship type. For the port of New Orleans, two
relevant comparisons between acknowledged and unacknowledged ballast are made. The
five selected ports are New Orleans, Tampa, Gatveston, and Houston.

This information is useful becanse it illusirates that a great deal of life-transposting
ballast remains on board vessels even when they are in cargo. The sediment and
unpunpable balkast that remains on board is a virtaal “biological island,” transporting a
wide array of nonindigenous species around the globe.

How were these data obtained?

Information for these graphs came from the 1995 National Biological Invasions
Shipping Study (NABISS). The researchers identified the number of vessels in ballast
from foreign ports through information published by the Bureau of Census in its Monthly
Vessel Entrances (TM-385) and Clearances (TM-785). This particular data set came from
the 1991 TM-385 forms for the above mentioned Gulf ports.

A sub-sample of the first 48 ships from every other month (beginning with Janvary)
was taken for each of these ports (n=288 for each port) from Vessel Entrances TM 385
Census data (1991), and included vessel name, flag, net registered tonnage (NRT), 1ast
port of call and ballast/cargo condition. Vessel name, flag and NRT information was used
to identify ship type in Lloyd's Register. Batlast/Cargo condition information indicated if
the ship arrival was foreign or domestic and in ballast or in cargo.

For each of the ships in each of the ports, the proportion of ships that were from
foreign ports and in cargo was determined. This percentage was then multiplied by the
total number of vessels arriving from foreign ports in cargo. This was then multiplied by
the average percentage that BWARR (Ballast water camried on arrival) represented of
BWC AP (Ballast water capacity) when in cargo in order 10 estimate the average
unacknowledged ballast entering a port. The average ballast tonnages used in theses
calculations were derived from NABISS boarding data.

This data set does not include all types of ships in ballast. The data set considers
only the three largest ship the classifications: Bulk Carmier, Tanker, and Container ships.
These three ships were chosen since they represented a majority of the vessel traffic, The
raw data for these graphs precedes the graphs,
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Acknowledged Ballast- Tankers
{from TM385 Census Data)

Vessels | Maan Ballast | Tolal Ballast Estimated
Port In Ballast Capacity Capacity Ballast Arrival
Tampa 33 4 217 139,161 106,667
New Orleans 63 19,952 1,256,976 963,472
Galveston 34 6,655 226,270 173,438
Houston 128 7.573 969,344 743,002
TOTAL 258 2,591,751 1,986,577
Acknowledged Ballast- Bulkers
(from TM385 Census Data)
Vesseis | Mean Ballast | Total Ballast Estimated
Port In Ballast Capacity Capacity Ballast Arrival |
Tampa 184 11,099 2,041,106 1,454,492
New Orleans 882 19,538 17,232,516 12,279,831
Galveston 49 11,253 549 484 391,662
Houston 180 13,604 2,382,756 1,697,952
TOTAL 1275 22,205 B62 15 823,897
Acknowledged Bailast- General Cargo
(from TM385 Census Data)
Vessels | Mean Ballast | Total Ballast Estimated
Port In Ballast Capacity Capacity Ballast Arrival
Tampa ag 1,955 193,545 137,301
New Orleans 168 2,017 338,856 240,384
Galveston 20 2,802 56,040 39,755
Houston 209 1.303 272,327 193,189
TOTAL 496 B60,768 610,629
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APPENDIX C.2 - DISCUSSION OF UNACKNOWLEDGED
BALLAST GRAPHS

What do these praphs represent?

These graphs show the estimated tonnage of vnacknowledged ballast water arriving
at five selected ports from in ballast vessels. This data set includes both in ballast and in
cargo traffic. The graphs are grouped by ship type. For the port of New Orleans, two
relevant comparisons between acknowledged and unacknowledged ballast are made. The
five selected ports are New Orleans, Tampa, Galveston, and Houston.

This information is useful because it illustrates that a great deal of life-transporting
ballast remains on board vessels even when they are in cargo. The sediment and
unpumpable baliast that remains on board is a virtual “biological island,” transporting a
wide array of nonindigenous species around the globe,

How were these data obtained?

Information for these graphs came from the 1995 National Biological Invasions
Shipping Study (NABISS). The researchers identified the number of vesseks in ballast
from forcign ports through information published by the Bureaw of Census in its Monthly
Vessel Entrances (TM-385) and Clearances (TM-785). This particular data set came from
the 1991 TM-38S forms for the above mentioned Guif ports.

A sub-sample of the first 48 ships from every other month (beginning with January)
was taken for each of these ports (n=288 for each port) from Vesse! Entrances TM385
Census data (1991), and included vessel name, flag, net registered tonnage (NRT), last
port of call and ballast/cargo condition. Vessel name, flag and NRT information was used
to identify ship type in Lloyd’s Register. Ballast/Cargo condition information indicated if
the ship arrival was foreign or domestic and in ballast or in cargo.

For each of the ships in each of the ports, the proportion of ships that were from
foreign ports and in cargo was determined. This percentage was then muliiplied by the
total number of vessels arriving from foreign posts in cargo. This was then multiplied by
the average percentage that BWARR (Ballast water carried on arrival) represented of
BWCAP (Ballast water capacity) when in cargo in order to estimate the average
unacknowkedged ballast entering a port. The average ballast tonnages used in theses
calculations were derived from NABISS boarding data,

This data set does not include all types of ships in ballast. The data set considers
only the three largest ship the classifications: Bulk Carrier, Tanker, and Container ships.
These three ships were chosen since they represented a majority of the vessel traffic. The
raw data for these graphs precedes the graphs.
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Port of New Orleans

Average
% Foreign { Estimated { Average | Unaknowledged
Source | in Cargo | Arrival Ballast Ballast |
Bulkers 5.56 217| 6,326.6 1,372,872
Containars 1.04 41| 5,227.9 214,344
Tankers __868 338 24203 818,061 |
Totai 596| Tota 2,405 277
Port of Baltimore
Average
% Foreign | Estimated | Average | Unaknowledged
Source | in Cargo | Arrival Ballast Ballast
Bulkers 8.03 184| 6.,326.6 1,164,094
Containers 0.35 7| 5.227.9 36,595
Tankers 3.47 71| 2,420.3 171,841
Total 262] Total 1,372,530
Port of Norfolk
Average
% Foreign | Estimated | Average | Unaknowledged
Source | In Cargo | Arrival Ballast Ballast
Bulkers 6.25 147| 6.326.6 930,010
Containers 3.82 90| 5.227.8 470,511
Tankers __1.04 _ 24| 24203 58,087
Total ___261] Total 1,458,808
Port of Oakland
Average
% Foreign | Estimated | Average | Unaknowledged
Source | In Cargo | Arrival Ballast Ballast
Bulkers 2.43 31| 6,326.6 196,125
Containers 13.54 174 5,227.9 909,655
Tankers 0 0} 24203 -
Total 205] Total 1,105,780
Port of San Francisco
Average
% Foreign | Estimated | Average | Unaknowledged
Source | In Cargo | Arrival Ballast Ballast
Bulkers 1.04 8| 6,326.6 50,613
Containers 3.47 25| 5,227.9 130,697
Tankers 2.08 15| 2.420.3 36,305
Total 48| Total 217,615
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APPENDIX D - WATER QUALITY DATA

These water quality dats were provided by the individual ports.
They are the basls for Table §, page 13.

Water Quality Parameters for the Port of Galvaston

Site Date Dapth pH DO WaterTemp. Sallnity Turbidity

¥ yymmdd m su  mglL cent ppth SECCHI
matars
13372 840823 0.3 7.9 59 28 .4 25.1 1.24
13372 940823 31 7.9 51 28.9 28.6
13372 940920 0.6 20.5
13372 940128 0.8 11.1
13372 941101 0.6 6.4
13372 941208 0.3 78 6.8 18.2 18.8 0.9
13372 941208 3.1 7.8 9.6 17.9 21.7

13372 950106 C.6 23.1

13372 950222 0.3 81 9.4 16.3 21.9 0.64
13372 950222 3.1 80 8.5 14.5 25.5
13372 950317 0.6 11.8
13372 950406 0.6 7.3
13372 950504 0.8 243
13372 950601 0.6 16.9
13372 950710 0.6 21.0
13372 950803 0.6 22.4
13372 950915 0.6 21.0
13372 951129 0.3 B0 8.0 17.0 248 1.03
13372 9511289 3.1 80 80 17.0 25.5
13372 950523 0.3 80 B2 278 249 0.88
13372 960523 31 80 €61 27.8 24.9
13372 960820 0.3 80 5.6 30.4 31.3 1.28
13372 950820 31 80 56 30.3 31.7

Source: Texas Natural Resource Conservation Commission, Water Quality Division.




Water Quality Paramaeters for the Port of New Orleans

Site Date pH  Water Temp. DO Salinity  Turbidity Turbidity
# yymmdd 7 SECCH!
306 970107 7.59 14.08 9.26 a.7 T.0 3
306 970218 7.63 11.90 10.16 5.5 2.5 56
306 970311 7.89 18.59 9.27 4.9 4.0 39
06 970415 8.09 15.82 9.09 0.2 §1.0 )
3086 970513 8.84 22.83 9.16 27 8.6 26
306 970610 7.72 26.90 5.61 48 as 33
306 a7or7s 7.47 29,93 3.58 12.2 5.1 47
3086 970812 7.33 30.01 2.93 108 4.0 47
306 570908 8.30 28.22 7.94 - 8.2 30
306 B71014 7.70 24.29 7.28 4.4 18.0 23
306 971118 7.79 13.70 9.56 7.5 3.9 54
306 971209 7.65 13.68 12.02 34 6.8 39
320 970106 7.67 870 997 1.0 70.0 8
320 970217 7.65 6.02 10.91 1.0 82.5 7
320 970310 T.74 11.17 B.G67 1.0 105.0 5
320 870414 7.89 15.43 7.95 1.0 35.0 10
320 970512 7.46 18.07 T7.43 1.0 68.0 3]
320 870609 7.99 22.83 6.73 1.0 56.0 7
320 970714 7.72 29.15 5.37 1.0 36.0 15
320 g70811 8.20 30.67 6.41 1.0 g5 i3
320 870908 8.17 28.99 7.30 1.0 12.0 K1Y
320 871014 8.02 24.63 7.48 1.0 12.0 20
320 Q71117 8.14 13.70 9.64 1.0 15.0 20
320 971208 B8.22 11.1 10.53 1.0 15.0 30

Source: Louisiana Department of Environmental Quality.
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Water Quality Paramaters for the Port of Mobile

Date pH Water Tomp DO Salinity Turbidity
yymmdd  su c mgil ppt NTU
aro12r 7.2 9.0 11.3 0.3 33.0
970205 7.1 11.0 88 0.4 68.0
970310 7.4 18.0 7.1 0.1 59.0
970402 7.3 200 1.7 2.4 13.5
270529 6.9 250 6.4 0.8 39.0
970626 6.8 26.0 54 0.2 38.0
970805 6.9 29.0 5.8 28 18.0
970930 7.4 29.0 4.4 8.1 13.4
971120 7.9 16.0 83 4.1 11.1
971209 &6 14.0 8.7 0.8 17.0
980128 74 85 B8 0.1 49.0

Source: Alabama Department of Environmental Management.




Water Quality Parameters for the Port of Tampa

.55.

Site DATE DEPTH TURB PH TEMPWAT DO SAL PTOTAL N.TOTAL

# yymmdd ft NTU middle  middle middle middle mg/ mg/l
units *C mg/1 ppt

2 970114 35 2 17 19.2 58 2786 0.1t 0.m
2 970211 35 2 79 195 5.8 271 0.09 0.55
2 970311 4.0 3 76 239 6.1 26.8 0.23 0.95
2 570408 4.5 7 748 239 6.0 28.3 0.22 0.62
2 970513 4.8 3 78 26.1 5.7 27.0 0.27 0.75
2 970610 4.3 3 16 2r8 38 27.8 0.18 0.80
2 970715 6.0 4 7.8 313 35 269 Q.28 o7
2 970812 48 5 76 31.0 1.3 243 [URCE 0.74
2 970909 5.8 3 78 299 KE.} 265 0.26 0.78
2 971007 6.0 2 7.3 291 1.1 226 0.30 1.08
2 971112 45 5 7.7 222 4.5 20.3 0.27 077
2 971203 3.0 1 7.3 20,0 5.6 12.6 0.29 1.15
8 970114 30 3 B.0 17.7 7.3 286 0.26 0.62
8 970211 1.5 5 8.3 18.6 8.6 286 0.16 0.51
8 970311 23 5 8.0 26.2 1.7 269 0.37 063
8 970408 2.0 7 79 243 6.7 276 0.43 0.70
8 970513 2.3 4 79 284 7.0 26.6 0.35 0.76
8 970610 2.0 8 7.8 273 5.3 284 0.30 0.65
8 970715 25 4 8.1 301 4.3 26.8 0.39 0.74
8 970812 1.8 5 7.7 304 30 16.0 1.01 1.22
8 970909 2.0 5 83 291 8.6 243 0.38 0.85
8 971007 1.3 4 7.8 271 4.7 16.0 0.68 1.35
8 971112 3.0 5 8.1 218 786 205 0.36 0.81
8 971203 15 3 7.8 204 6.5 217 0.37 0.81

23 970128 14.5 1 8.0 17.0 7.6 324 0.05

23 970225 145 1 8.0 204 7.0 332 0.01

23 970325 15.0 3 8.1 234 6.9 334 0.14

23 970422 15.0 1 8.0 21.9 6.8 338 0.12

23 970527 15.0 1 B.O 284 8.2 323 0.02

23 970624 15.5 1 8.0 299 8.0 339 0.#1

23 870729 14.5 1 8.1 07 5.2 323 0.16

23 970826 14.0 1 8.1 304 583 3186 0.15

23 970923 14.0 3 8.0 292 5.4 308 0.18

23 971021 14.0 1 8.0 239 6.3 269 0.25

23 a71124 13.5 1 8.0 201 7.3 265 0.21

23 971216 13.8 3 7.9 16.8 7.8 229 0.37

36 970107 8.0 2 80 20.7 7.0 8.7 0.07

36 970204 8.0 5 8.1 i8.8 7.3 292 0.10

36 970304 8.0 2 8.0 246 6.2 28.9 0.18

36 970401 10.0 3 8.1 23.3 7.4 291 0.22

a6 970506 8.5 4 8.0 24.7 8.7 2BB 0.17

36 970803 10.0 2 7.9 27.4 58 289 017

36 970708 11.5 3 8.2 307 7.7 290 0.17

38 970805 8.5 3 8.1 29.5 5.9 2786 0.19

36 970802 120 3 8.1 296 5.7 27.0 0.28

36 971001 8.5 8 8.1 28.5 6.3 238 0.26

36 971104 6.3 3 8.0 27 84 225 0.29

36 971202 8.0 4 7.9 18.7 7.7 22,6 0.21




Site OATE  DEPTH TURB PH  TEMPWAT DO SAL PTOTAL N.TOTAL

# yymmdd ft NTU middle  middle middle middle mgA mg/l
units °C mg/l ppt
51 970107 5.8 1 80 208 6.9 27.5 0.03
51 970204 8.0 4 B 18.2 71 29.3 0.15
51 970304 8.0 2 8.0 243 6.2 286 0.16
51 970401 7.5 4 79 232 6.3 29.0 0.21
51 970506 85 4 79 2486 58 27.4 0.18
51 8970603 9.0 2 7.9 27.3 59 284 0.15
51 970708 10.6 2 B.1 300 6.1 28.4 0.16
51 970805 8.5 4 8.1 293 55 271 0.19
51 970902 7.5 2 8.0 292 48 26.6 0.26
51 971001 9.3 3 8.0 28.0 8.5 224 0.23
51 971104 8.5 5 78 223 6.6 227 0.27
51 971202 6.0 3 7.8 188 6.7 220 020
52 a70114 6.5 2 B.O 18.1 7.6 285 0.14 0.46
52 97021 80 4 8.2 208 73 28.6 0.18 0.52
52 97031 7.3 5 8.1 255 78 283 0.24 075
52 g70408 8.5 6 8.1 24.2 8.6 28.7 0.24 0.59
52 qarns13 7.3 4 7.9 266 59 27.5 0.26 0.70
52 970610 13.0 B 7.8 273 55 285 0.24 0.61
52 970715 7.0 2 8.1 31.2 4.9 275 0.29 a.67
52 970812 6.8 4 7.9 323 43 25.8 0.31 0.76
52 970909 1.0 4 8.0 29.1 4.7 27.1 0.30 0.74
52 971007 6.5 2 8.1 28.1 6.6 226 0.36 1.10
52 971112 B.O 5 8.1 222 78 211 0.39 0.73
52 971203 7.0 3 7.8 203 7.0 23.1 0.29 0.72
55 970114 7.5 K| 8.0 17.2 7.6 28.1 0.12
55 970211 a0 5 8.2 19.2 7.2 284 0.22
55 970311 8.8 B8 8.0 239 64 284 0.32
55 870408 8.0 9 8.0 238 7.5 291 0.25
55 970513 88 4 749 258 6.4 273 0.25
55 970610 BS5 8 7.8 27.1 5.6 283 0.32
55 970715 8.8 2 8.2 295 71 26.9 0.32
55 970812 8.0 3 8.0 30.5 36 2589 0.34
55 970909 8.5 7 8.0 28.0 49 264 0.36
55 971007 7.8 2 79 272 58 215 0.38
55 871112 9.0 4 81 21.2 7.0 211 0.30
55 971203 7.5 4 7.7 19.6 64 228 0.3t
68 970107 83 2 8.0 206 6.7 286 0.07
€8 970204 B.5 3 8.1 18.7 7.5 29.2 017
ca 970304 9.0 2 8.0 246 6.6 290 0.14
68 970401 6.5 3 80 234 6.8 293 0.20
&8 970506 10.0 5 8.0 250 6.5 289 0.19
68 970603 85 3 79 276 5.9 29.0 0.20
68 970708 6.8 4 82 30.6 7.1 285 0.23
68 970805 10.0 4 8.1 296 58 276 0.23
68 970802 6.0 3 8.1 29.7 5.7 269 0.29
68 $71001 98 11 8.0 287 6.5 245 0.30
&8 971104 10.0 4 8.0 22 1 7.3 216 0.24
68 971202 6.0 5 79 18.1 7.1 21.7 0.20




Sile DATE  DEPTH TURB PH TEMPWAT DO SAL PTOTAL NTOTAL

#  yymmdd ft NTU middie middle  middle  middle mg/t mg/l
units °C mg/l ppt
B8O 970114 3.8 4 8.0 176 77 28.7 0.13
80 970211 38 4 8.2 195 7.4 288 0.23
80 970311 48 7 8.0 24.0 6.5 29.1 0.28
80 970408 45 7 8.1 234 7.2 296 0.27
80 970513 5.0 3 7.9 258 6.5 28.0 0.20
BO 970610 55 5 7.9 27.5 6.1 293 0.24
80 970715 45 4 8.1 304 5.8 285 0.31
B8O 970812 4.0 2 8.2 314 6.7 25.1 0.35
BO 970909 45 3 8.1 28.1 7.0 27.1 0.32
80 971007 45 2 8.0 270 5.7 225 036
B8O 971112 5.5 3 8.0 2186 6.9 226 0.38
80 971203 55 2 7.8 19.6 6.8 235 0.28
82 970128 6.0 2 8.0 17.7 7.6 29.8 0.21
B2 970225 6.0 3 8.0 21.1 7.2 299 0.09
82 970325 6.5 10 8.1 239 7.2 30.2 0.22
82 970422 6.5 1 8.1 22.7 7.3 32.2 0.11
82 970527 6.3 1 8.0 285 6.5 29.4 0.02
82 970624 6.5 2 8.0 304 6.7 31.1 0.16
82 970729 6.0 2 6.1 305 6.3 287 0.23
82 970826 5.5 3 8.2 30.4 6.3 273 0.22
82 870923 6.0 5 8.0 29.9 6.0 28,1 0.22
82 871021 5.5 2 8.0 246 6.7 24.4 0.26
82 971124 55 2 8.0 1986 7.6 23.0 0.25
B2 971216 55 3 7.8 17.0 7.8 22.0 0.40

Source: Environmental Protection Commission of HillsboroughCounty, Water Management Division.







