
I.SU � T-98 � AA]L C2



Assessing the Potential

for Introduction of Nonindigenous Species

Through U.S. Gulf of Mexico Ports

By Marilyn Barrett-O' Leary

with research assistance front Chris Popov and Yvonne Allen

APR

4~1!t

Louisiana Sea Grant College Program
l.ouisiana State University

1998-99



LOUISIANA

This white paper was prepared for the ports serving transoceanic vessels in the Gulf
ol Mexico regi<in as part of a regional outreach projert to control the dispersal of
nonindigenous species. Thc project was funded hy thc National Sea Grant College
program. Prior to publication, the major points made herein werc presented on
Oct<ther 7. 199II at the annual meeting of the American Association of Port Authorities
in Houston, Texas. The author and researchers arc indebted to Paul Carangelo of the
Port of Corpus Chnsti and Michael Liffmann of the Louisiana Sea Grant College
Program for assistance and support through many drafts.

The I oui siana Sea Grant Cnllege Program is part of the National Sea Grant College
Program maintained by the National Oceanic and Atmospheric Administration  NOAA!
of  hc U.S. Dcpartment of Commcrce. Sea Grant, a unique partnership with pu"lic an"
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need~ of people in the coastal, ocean, and Great Lakes regions of the Lnited States.'I
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Although nonindigen<ius  non-natives nuisance species have probably been
entering the U.S. through all ports and shoreline» 1'or over 200 years, few people
considered this factor important until recently. Iv'ational and state government officials
around the world becatne concerned when some of these species actually changed the
natural balance of animals and plants in a lake or river and othen, disrupted major
indu»trial operations. Many of these species may never become nuisances or foulan«,
but bad experiences in ihe pastsuggest that some will be nuisances in the future. ln
response to government concerns and directive~, both the International Maritime
Organization  IMO! and the U.S, Coast Guard have recoinmended actions by shippers
and ports as a signilicant method of preventing or reducing the possibility of future
invasions. This paper was written to help port» in the Gulf of Mexico region understand
and address this issue.

The potential for the introducuon of nonindigenous nuisance specie» through U.S.
Gult' of Mexico ports is not easy to determine. 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 aquatic nonindigenous organisms because ballast water carrying animals and plants i»
ol'ten jettisoned or taken aboard near shore or in port, lt has been established that the
largest volume of ballast i» discharged by bulk carriers <bulkers!, and several Ui.S. Gulf
of Mexico ports rank among the top 10 in the nation for bulker trade.

Why are ba!last
exchange and
nouindigenous
nuisance species
port issues?

The probability that a specilic port or region v ill be invaded by any or many
nonindigenous species depends upon several related factors. This paper describes these
factors. When examined relatively, the~e can result in a broad qualitative invasion risk
assessment that will help port officials identify points oF vulnerability to nonindigenous
specie». Ports may u»e the resulting information to introduce policy or procedures to
reduce risk. To clarify the vulnerability of ports in the Gulf of Mexico region, there is a
definite need for a hetter scienrific 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 policie» or procedures, each port should be
encouraged to analyze and identify port-specific points of vulnerability.

THE GENERAL SITUATION

Over the years. nonindigenous species have been entering U,S. waters and
recently, the ballast in transoceanic shipping has been identified as a major conduit.
Some of these non-native species have become nui»ance» or foulant» in their new
environments. Because most of these known nuisances or fouling nonindigenou» species
are freshwater dwellers, exchanging freshwater ballast with saltwater froin the open
ocean has been identified a» a deterrent. It establishes a negative environment � a place
where nonindigenous freshwater species cannot live � reducing the possibil ity that
vessels might unintentionally disperse thcsc pest species in U.S. waters.

A recent government-funded shipping study estimates that transoceanic cargo
vessels release over two million gallons of ballast water comaining alien plants and
animals in o U.S. waters every hour [Carlton, Reid. and Leeuwen, Shipping Study I.
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 ll. 1996].

Is ballast water a

significant source
of these pests?

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, ihc Great
Lakes have become the focus of extensive nonindigenous species research, which has. in
turn, focused federal attention on the role played by balla»t discharges. Research also
has been done on the possibilities for unintentional nuisance species inoculation» through



ports aking the Atlantic and Pac>fic co;>st,. !xiiliciiiaif'ly in th; Cf>cs:>pi"ski iiul San
Francisco Hay areas, although theic aire>is hui e i.i  ic:ciiily cxpcricl>crit ihc sar>till>i
disruptions to business noted in the  iiciit!.akcs rcgior> [Ches;ipcake B iy Ciirnmission
1995; Smith, VVonham, McCann, Reid, Carlt<ir:, Ruix, Shiplxng Study 11. 1996, Ci>hen
and Carlton. Biologicai study: '%~nindigcnous Aquiinc Species in Sa» Fraiiciscii Bay,
1995> Ho " ! ! "~-], v'ever,!ittl~ research has bceri done iin thi.se topics for thc coastline or ports of
the coe country's southern marine boundary, thc Giilf iif Mexico. '1'hc exceptioii is;i stil1-
unpublished study of Florida by the US Geological Survey lMcCunn. Arkin, Williams,
Konindigenous Aquatic a>id Selectoil Terrestnal Species ot Floriihi, 1 9961

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.S.?

Ti»e World Oceatt

Figure A

Ships cross the World Ocean to enter ports located either directly on or adjacent
to it. The term "World Ocean" is used because tt>e w<>rtd's oceans are not separate.
Together they form an interconnected body o! .altwater occupying the depressions in the
earth's surface. This bixly of' saltv uter docs not directly contact all of the world's nations
or ecosystems. but water~ froin all nations flow into it. The v aters in the comparatively
sniaf1 basin of the WorM Ocean known as the Gull'ol' Mexici> wash several siwereign
nations such as Cuba, H>e R>nited States, and Mexico. Within these nations' port N atcrs
are only a few animals «nd plants thut are common to the entire region und some that also
live in iither parts of the World Ocean, !n add.ition, the one oce<in >n;ikes possible natural
movement. of animals and plants. For cxa>nple, some pelagic deep water species living in
the Atlant' C lfic use Gulf of Mexico ci>astul ss aters as nurseries and others use more than n
epression in the 9 "or!d Ocean to feed. fiven so, most species of' aquatic, anima!s and

plants are indigeni>us to a specific i>rea of the World Ocean or land adjacent to it. Many of
th,e species in Oui! waters are specific to the region or even a specific part of the G>ulf
regiim. [Courtenay, Hensley, Tayk>r, McCann, 1986; Robinson, 19941.

Similar1y, ships move freely thiough this continuous waterbody, Figurc A shows
the relative size and locuti<>n ot' the Gull of Mexico with other!!S coastal watcrb<x!ies



Figure B. 1nlantl navigable waterways of the U.S.

and the aquatic link~ with the Atlantic Oc«an via the Florida Straits and with the
Caribbean Sea through the Yucatan Channel. That channel is a trade-intensive link
between thc Gulf of Mexicti ports and those on the Caribbean Sca. Less visible than
these natural links is the man-made link xvith the Pacific Ocean via the Panama Canal,

Since the gulfs andbays in thc Atlantic and Pacific regiions function similarly, one
might «oncludc that controls for dispersal of or invasion by nonindigenous species could
bc gcncrally developed for all U.S. ports. This conclusion has some value only once each
port has determined its vulneaabili ies to nonindigenous species, because every port and
port region is unique,

The GuJf of Mexico region has both coastal ports like. Mianii, Tampa, or Galveston
and riverine ports like Miihile, Houston and those ports on the Mississippi in. south
L.ouisiana  includes New Orleans!. Iii addition, over half ot the country's freshwaters
flow into  he Gull'of Mexico along two of the nation's largest inland v.aterwav systems.
the Mississippi River System and the Tennessee-Tombigbee Waterway. and through a
couple of the ports. Mostof the coastal and riverine ports are Jink.ed by thc Gulf
lntracotastal Waterway.  See Figure 8, inland waterway s und the Gulf of 1VIexico!.

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

Ports l,ink One Ocean with 'Manv Frtvironanents

Similar to foreign and dornestii: trade in all ports on the World Ocean, trade in Gulf
ol' Mexico ports involves cargo transfer, which, in turn. sornctirnes involves a change in
lrallast. In thc Gulf Region, this exchange of water and sediment can have fai reaching
effects.

This can be understood by looking at a worst case scenario using a nonindigenous
species a!r«ady known to bc a problem in the U.S. An unloaded dry bulk or «heiiiical
carvicr enters a Gulf of Mexico piirt io take on a full load of cargo for transshipmcnt to
another country. This vessel discharges ballast while in transit to the docks or at the do k
during loading. That ballast contains several nonindigenous spe«ies that. unnoticed. take

How are C~ulf of

Mexico region ports
different from

those in other I;.N.

regions?

%'hy were ports
identified as significant
to species transported
on world oceans?



~ 5eetause U.S. and
/AfO guidelines and
reguiarions identify
parts as one of the
possible points for
controlling invasion
and dispersal of
nanindigenou.s
species because
some ballasting and
deballasting occurs
in port.s.

up reSidenCe in pOrt waters. One of theW ih the zebra mussc!. Eventually, some <if this
new zebra mussel population is taken in by another hu!her during bal!asiirig and earned to
another Gulf of Mexico port and the musse!s sett!e therein. Over a period <if nionths or
years, these specie~ multiply, The young zebra mushcls. seeking their <iwn space to !ive
and reproduce, sett!e in the ra<x water intake <if a municipa! water plant on th» river flowing
from the port, Eventually that new co!ony become large en<iugh to occlude the intake pipe
and reduce intake pressure to the detriment of the power plant ai!d its custonaers,  A similar
event actually occurred with zebra rnussels in the Great Lakes.! ln addiiion, other young
zebra musse!s might enter the sea chests and/or attach  o the external recesses of keel
coolers on towboats carrying cargo between this port and other destinat iona in «s much as
halFof the nati<in's inlerior. Zebra mussels can detach at «ny tiine ur they can live in the
towboat, reproduce. form u colony and eventually be c!caned out of thc towboat during
routine maintenance. If not killed. they will take up residence wherever they are dumped
and the possibility of entry into other raw water intake s continues. A different species
might have a different effect � it could compete with anima!s !iving 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 dotnestic goods.

Because they «re the primary common denominator in transoceanic trade, ships,
shippers, and ports have been assigned a large responsibility for contro!!ing this invasion.
The U.S. Coast Guard and the IMO have concluded that one effective method of reducing
accidenta! invasions is to reduce the potential for live p!anus 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 ntay bc living in bal!ast holds and tanks
and to record this action in order to evaluate the ~olution. But both acknowledge that open
ocean ballast exchange may jeopardize safety under certain sea conditions so it wil! not be
done 100% ol' the tiine. Specifically, the U.S. Coast Guard's proposed mandatory and
voluntary ballast water regulations and the IMO's ballast exchange guidelines both ask
vessel masters to take certain steps and comp!ete certain docuinents before entering a
nation's waters in order to trade in port. These requests are based upon the conclusion that
ballast exchange, generally exercised to maintain stability when cargao is oftloaded or
onloadcd. causes dispersal or inoculation with nonindigenous species.

By directive fram Congress in the !990 Nonindigenous Aquatic Nuisance Prevention
and Control Act  Public Law 101-646! and the 1996 National Invasive Species Act  Public
Law 104-3:s2!,  he Coast Guard is in the process of developing final regulations for open
ocean ha!!ast exchange for ships entering L!S ports. In an origina! draft, these guidehnes
were mandu ory for transoceanic ships entering Great Lakes ports and voluntary for those
entering all other US ports [Federal Register, 63FR�782,Apri! 10, 1998]. Public response
to the original dralt, especially  'rom shippers. emphasized the issue of safety during open
ocean ballast exchange and the need for some uniformity in regulations when entering all
US ports. The portion of the original dralt that required masters of all vessels destined 1'or
a U.S. part t<»<i!un ari!y report their ballast exchange~ to the Coast Guard was not the
subject of most responseh, possibly because the Coast Guard stated that lack of vo!untaty
reports could lead to mandatory reporting [IMO Marine Environmental Protection
Committee, 42nd Session, Aug.7, !998.l Many of the responses to the original draft are
avai!able online at the Coast Guard world wide weh site Ihtt://www. usc mi / -mt

h ]

The purpose of the Coast Cruard regulationh and guidelines is to reduce the
introduction of freshwater «quatic or bottom dwelling species from foreign into U.S.
freshwater bodies or water bonoms. Report data will be reviewed by the Sinithsonian
lns itution to develop information on level of coinpliance, type of coinpliance, and
locations of compliance. It wil! he coordinated v'ith information on last port of ca	, next
port of call. etc.. and snav be used in the future to help ports and other areas continue to
as ess ri h iMiiier. trap't] Th se plans are described at the website h~twwwser si erst/
invasionstba!!ast.htLn under ihe subheading National Bal!ast Water Information
Cl carin ghou se.



The 1MO h«» come  o a»imilar conclu»ion about the role played by ballast water in
the introduc ion ot' nonindigenou»»pecies throughout the world. This international b xly
rccoinniend» open ocean baflast exchange v hen possible, hut it al»o i» seeking ways that
por s migh  provide ships' ma» cr» wi h inl'ormation about locations in port where ballast
exchange can bc safely conducted»u that the vessel can «void taking on ballast water
contarnina ed with pathogen», known nuisance specie», foulant». etc. It also recommends
that  he ports establish receptacles or other mechanisms to safe! y accept ballast water and
sludge from baflast holds in order  o prevent contarnina ing port waters [Quid~

r 1 h' ' Wt 'i fr f

I A tic r anis tho s, Reso u ion A.868�01, 1998].

Note  h«t these "rules and guidelines" from both the Coast Guard and the IMO
are based upon a co nmon view  hat ballast exchange has been scientific«lly identified as
a vector for introducing foreign plants, animals, or pathogens into a new environment.
Both guidelines identify ships as dispersal vecton, carriers of nonindigenous species. In
addition. both link ships and ports although these are separate businesses. Because of this
oversimplified description of the shipping trade process, the Coast Guard's rules and
guidelines reflect  he view of port~ as gateways to the U.S. while  he IMO's guideline~
reflec a view of ports as "hubs" � receivers and contributors of nonindigenous species.
These views increase the need for ports to scientifically identify their more specif c
potential vulncrabilities for invasion or unintentional dispersal separate from ship
operations.

~ Been tlse C xnst
Guard and lhfO
g tidelit e.s and
regttlarions link
ports with ships as if
they are integrated
busi ne.sses rather

Than separate
entities,

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  ranked 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 ballast 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 ol 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 life of a  ransported 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 II, ADA 321543, 1996],

S udics also indicate that port location and vessel type, traffic or operations are not
the only variables that might affect ihe likelihood of the introduction of a new species.
The survival of specific species also depends upon varia ions such «s the location of
ballast exchange in the port relative  o chemical or sewage outfalls, water quality of port
water in contrast  o water quality characteristics of the ballast water,  Iie season relative to
species' life cycles as well as the length of time the species lived in the ballas  [Great
Lakes Shipping Study I-A. ADA 32535 I, 1997. and NaBISS. Shipping Study II, ADA
321543, 1996].

All of these factors sugges  that the Gulf of JVIcxico ports should have experienced
invasion by many nonindigenous species, yet the reported nu nber of invasion~ 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 assu iie a nev,
speries is nalive and as yet undiscovered rather than alien, especially when it has no
negative effect on human life [NaBISS, Shipping Study II, 1996]. To clarify the
vulnerability of ports in the region, there is an urgent need for a be  er scientific
understanding of each port's risk of serving as a conduit for fu ure invasions from
nonindigenous species.



ASSESSING RISK, IDENTIFYINf' VUI,NERA 1111.1'I'Y IV I' !R'I

Each port should consider the following faclors <n 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

What factors should the

Gulf of Mexico region
ports use to assess risk?

natural environment and port water quality compared  o water quality ol'
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 large proportion of the
cargo loading and unloading and potentially 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 port handle the roost tonnage in the U.S., and that the three porLs
handling the highest amount of export tonnage in the country are all located along the
Gulf of Mexico � the Port of South Louisiana, the Port of Houston, and the Port of New
Orleans.

The ranks change little from year to 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  he 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, Corptts Christi. Long Beach, and Tampa, Florida
[US Army Corps of Engineers Water Resources Support Center. Similar information is
online at w s f ].

Table 1. Top Ten US Ports by Tonnage �996!
Source: US Army Corps of Engineers Water Resources Support Center. Navigation Data Center, Alexandria, VA.

Foreign Imports ExportsDomesticTotal TortsRank Port Name

20,840,444 26,072,05746,9I 2,50136,813,969

45,222,690 35,786,563 24,803,274 10,983,289

7,460,138

2.126,309

56,618,145 49,158,0071,943

28,0062,144 2,154,315

6.394,967 14.294,16320,689,1301, I 07

7,442 36,027,801 17,586.084 18,441,717

2.435,7742,739 35.331,019 32.895,245

~ Factor I: Total
tonnage qualified by
type of vessel, type
of cargo and total
export tonnage.

Port of South Louisiana

2 Houston, TX

3 NYNY & NJ

4 Ncw Orleans, LA

5 Baton Rouge, LA

189,814.564

148,182,876

! 31,601.244

83,726,470

81,009253

106,045,081 83,769.483 25,172,134 58,597,349

61, 124,588 87.058,288 58,041,465 29,016,823

75,115,630 56,485,614 48,472,360 8.0 I 3,254



Table 2. Cargo in Gulf of Mexico Ports Listed in the Top 10 for Tonnage

Sources". Gulf of Mexico Prugrunu AAPA Seaports. Plaquernines Parish lvlaster Plan

Prhnary
Outbound/Export Products

Primary
Inbound/Import ProductsPort

corn, animal feeds. oilseeds.

wheat
South Louisiana crude oil, aluminum ores.

petrole urn products

petroleum products, organic
chemicals, grain

Houston petrol curn products, steel,
organic chemicals

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

New Orleans steel, crude and refined

petroleum products, rubber.
plywood, coffee, cotton,
machinery, and foodstuff

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

petroleum, molasses, rail,
steel coils, chemicals

Baton Rouge

petroleum &. petroleum
products

Corpus Christi petroleum &. petrole urn
products

grain, grain products, petroleum
& petroleum products

Plaqueinines petroleum & petroleum
products

Texas City petroleum & petroleum
products

petroleum & petroleu~
products

phosphate and related productsTampa petroleum, phosphate,
other dry bulk products

Types attd Proportions of Transport Vessels and Cargo

Reviewing thc proportion of the tonnage by types of cargo and transport vessels
will provide added informatio~ for assessing the risk, Handling a high proportion of
tonnage does not represent the same risk to all Gulf of Mexico putts. For example,
Table 2 shows that primary import and export cargoes in these porb for both 1995 and
1996 include bulk products like pctroleurn and petroleum products, aluirunum ores, corn.
animal feeds, oil seeds. grain, and organic cheinicals as well as other cargo like
machinery, foodstuffs, forest products, pipe, and steel coils.

It is important to determine the proportion of types of vessels carrying these
cargoes because ballast exchange procedures differ according to thc vessel type. Soinc
bulk cargo is transported in tankers. others in bulkers. Remember, as noted previously,
dry bulkers entering port empty have been identi tied as the type of transoceanic vessel
exchanging the largest volume ol'ballast. In addition. containerized and general
containerized-cargo cariiers move from port to port more quickly and directly than
bulkers or tankers. As a result, researchers suggest that nonindigenous specie~ living in
thc cargo holds or ballast tanks of these vessels are morc likely to survive transit or even
open-ocean ballast exchange [NaBISS Shipping Study 11, 321543. 1996].

~ Factor Z: Vnh~me

ttnd propurrt'nrt nf
dn hulk and
cnn ain eri - ed e.rpn rr.

Looking only at types of cargo in those U.S, Gulf of Mexico ports listed in Tab!e 2,
the Ports of South Ixiuisiana, Houston, Corpus Christi, Texas City, and Tampa handle
more types of cargo transported in hulk than New Orleans, Baton Rouge, Plaquemines
and Texas City, On the basis of tonnage and bulk cargo characteristics. this would



suggest that the first four ports might have greater risk than the latter four. Hov ever, the
ports of New Orleans and Baton Rouge have much trade. on carriers that might reiease
living organisms to settle in their waters.

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

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 calcu]ated
that bulkers carrying export cargo from lhe Port of Mobile in 1996 accounted for 24
percent of annual cargo which converts to approx.imately 1. 1 million metric tons of
released ballast water [Batelle, 1998, pp.14], 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 II, ADA 321543. 1996]. This highly statistical approximation may be
unnecessary for ports to calculate. However, it is important for ports to recognize, 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 nf species that may reproduce
and, at some point, be released.

Details about an individual port are equally important, For example, Mobile has
the largest bulk coal facility in the Gulf Coast and the second largest in the U.S. Thc
bulk cargo area nf that port is therefore a significant consideration when evaluating the
potential of nonindigenous species transfer although the port is not ranked in the top 10
U,S. ports for tonnage. Thus, the quantity of tonnage and type of transport must be
qualifred by quantity of export tonnage, type of cargo, and special details about the port.

~ Factor 3: Tonnage
rznd cargo in port-
spectfic facilities.

Trade partners

Identifying 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

Analysis should not be confmed to those Gulf of Mexrco ports ranked in the top 10
U.S. ports for tonnage  Table 1!. For example, Table 3 shows Mobile, ranking 11th, has
primary inbound/imports of petroleum, coal, and iron ore and primary outbound/exports
of forest products, coal, petroleum. 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
speciahzed 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 carriers will help to evaluate risk.



adjaccn  io it, nll saltwater species do not li.ve in aII arercv of it. In addition, most
freshwater species that might be carried in ballast water are concentrated in specific ar
of the world. Logically, trade between neighboring ports would be expected tu be less
likely to resuh in the introduction of new or nonindigenous species rhan trade between
ports on opposite sides of the globe since neighboring areas may share environments and
species, However, this assuinption is not entirely valid because sometimes species aie
very different in neighboring countries. A good example of this is the Gulf region of the
U.S. and its Mexican neighbor, In addition, neighboring ports with the same or similar
cliniates, water quality characteristics. or other environmental factors may be the source
of invasion or dispersal when a bulker jettisons some ballast in each of the successive
ports of call or when an inland carrier calls between coastal ports.

~ Factor 4: 1rade

Irarrnr rs qrraftfied
ag'g' >rdr>t g n>
 rr»ri!nirv and
c rl i iA>ri>rr prtr

Identifying trade partners' locations as foreign or domestic is also useful. It can he
assumed that, generally, foreign trade has a greater potential for carrying in or taking
away nonindigenous species because foreign usually implies far away or in a different
environment, For example, in aII 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. !n this comparison, Corpus Christi
should make more eA'ort than New Orleans to identify trade partners since much of its
trade could be in places with aquatic species that are not native to Texas waters, However,
Corpus Chitsti oKcials 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 hold to
another rather than jetti sunni, identifying the trade partners may be less significant than if
that is bulker trade, The alinost equal balance of foreign and domestic trade in the Port of

~ Factor 5: Trade

parrners riuahfied
as dk>mest>e or

fnrei gn.

Table 4: Tonnage in Top Ten US Ports+ larger Gtslf of Mexico Ports �996!
Source: US Army Corps of Engineers Water Resources Support Center, Navigation Data Center, Alexandria, VA.

Imports ExportsDosnestic ForeignTotal TonsRank Port Name

25,172,134 58,597,349

58,041,465 29,016,823

83,769,483106,045,081

61,124,588 87,058,288

56,485,614

46,912,501

48,472,360

20,840,444

24,803,274

49.158,007

8,013,25475,115,630

36,813,969 26,072,057

10,983,28945,222,690 35,786,563

56,618,145

2,154,315

7,460,138

2,126,309

14,294.163

23,841,943

74,962,144 28,006

6,394,96746,221,107 20,689,130

36,027,801 17,S86,084 I 8,441,71722,367,442

32,895,24521,062,739 35,331,019

25.368,474 25,495,470

2,435,774

12,361,524

10,333,718

4 933,43!

13,133,946

I 6,503,84816,837,566

7,659,777

32,455,085

3.980,977 2,726,346

I Port of South Louisiana

2 Houston, TX

3 NY,NY & NJ

4 New Orleans, LA

5 Baton Rouge, LA

6 Corpus Christi, TX

7 Va!dez, AK

8 Plaquemines, LA

9 Long Beach, CA

10 Texas City, TX

11 Mobile, AL

13 Tampa, FL

49 Galveston

189,814,564

148,182,876

131,601,244

83,726,470

81,009,253

80,460,088

77,116,459

66,910,237

58,395,243

56,393,758

50,863,944

49,292.651

11,640,754



New Orleans makes identification of trade purincr 1<icuiiiins quite iriip»riant. This
research wiB be easier by identifying vessel and cargo types. Attention vh<iuld be
directed first to the foreign bulker trade with neighboring countries al<ing ihe Gull' of
Mexico and Caribbean with similar environments and significantly difterent species.
Trade with areas of the world like northern Russia or the Scandina»a<i countnes shou!d
receive less research attention because the cliinate is so different that species arriving
from those waters are more likely io die than settle «nd reproduce.

~ Factor 6t Trade
partrters
envi ronments
and climates
relative to vessel
and cargo rypes,

Domestic trade should not he ignored however. For exump!e. ihc Port of Valdez in
Alaska has a much larger volume uf domestic than foreign trade  Tab!e 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 fev visits from
foreign ports, Alaska does trade with ports on the Pacific Coast in the lower 48 having
similar environments but species that are not found in Alaska vo domestic trade does
present some risk, In the Gulf of Mexico region, inland trade along,  he GIWW as well
as coast<vise trade between neighboring U.S, ports should bc examined because there are
nuisance species that are not common to all ports, F!orida, for example, has many
nuisance species not found in other Gulf states. [Courtenay, Hens!ey, Taylor. McCann,
!986]

Origin Of BailaSt

Early on, some concluded the last port of call  LPOC! might be a hetter way to
evaluate risk from trade partners since vessels often call at several 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
mu!tip!e factors when evaluating a port's risk is clarified by it.  See Appendices A aud B
for more on this topic.!

What indicators
show the origin of
ballast water ".

~ Indicator I:
Last Port oI'Call.

~ Indicator 7.:
The FAO region,

!n Figure C, LPOC data on four Gulf of !vlexico ports have been applied io FAO
regions. Two of the ports  New Orleans and Houston! rank in the top 10 II.S. pons for
tonnage and two are major parts although not ranked in the top 10  Ga! veston and
Tampa!. [NaBISS data adjusted for geographical inconsistencies and oversights. See
Appendix A for explanation and complete data.] Note that the largest percentage of
trade entering these four puris come from LPOC» in FAO region G, the Western Central
Atlantic � ports in the Caribbean islands, northern coasi of South America. Mexico, as

In the Nationa! Bio!ogical invasions Shippmg Study [NaBISS, Shipping Study Ii,
f996], 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 vessel is traveling with no
cargo and therefore  more or less! ful!y ba!lasted. The data include all of the major types
of ships in balias . Even so, only 77% of these ships could be classified as bulk carrier,
tanker, general cargo, or passenger vesse!s. But, among these data from this mixed
group of vessels, the LPOC listed by country was a poor indicator of thc actual source of
ballast water found on board. In the NaBISS sample set, there was no ballast oa board
froin the actual LPOC for over half �3%! of all vessels and 63% of those specifically
classified as container ships. LPOC data accurately identified the origin of ballast water
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 origin.

However, when the LPOC data were expanded to FAO regions  standardized
oceatt regions used by the United Nations Food and Agriculture Organization!, a nore
accurate indicator resulted. In the NaBISS sample set, 66% of «I! vessels arriving in
ballast had at least some or all of their ballast water from the FAO region corresponding
with their last port of call, Note that the indicators were oot equally accurate for a!l
vessel types. The ballast in 84% of the container ships came from the FAO region of
their LPOCs while only 33% of tankers had any ballast from the FAO region of the
LPOC [Shipping Siudy II, 1996].
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~ Indicator 3:
Climate and
ecosystems in the
FAO region, even
when i t includes

Gulf waters.

well as the coastal U.S. Some of these are fiireign hut neighboring ports. liicated
comparatively close by on the World Ocean. srime with simiiar cliinatci. env ironments,
or water quality characteristics. Because lhe planti and animals living in iheie areas are
not all identica, some risk of introduction, even fro»»nearby trade partneri must be
considered. When these data are considered along with information on the type of
cargo and type of transoceailic vessels coming from lhe LPOCs. ioiilc tentative
conclusions can be made. Since coastwise trade ii also prevalent in the Gulf of Mexico
region, it is «iso important that a port identify regular veisel origini from which
nonindigenous species might be accidentally in roduccd. If transoceanic veciels call at
inore than one Gulf of Mexico region port before leaving U.S. wateri. it ii also
important that each port consider the possibility that they might receive and support life
for a non-native nuisance species and then umntentionally serve ac a conduit via
transoceanic ships in U.S. waters for the spread o  nonindigenoui nuisance species
among neighboring Gulf of Mexico ports,  Sec Appendix C for more information on
ballast,!

Why are a port's water
qtaality characteristics
inaportant?

~ Reason t: Each
species survi ves
under t ertain water

qualiry conditions.

~ Reason 2: Vessels

calling on more than
one Gulf of Mexico
port cotdd disperse
nonindigenous
species in several
place.s with similar
water quality
charac l'eristics,

increasing the
possibility of
settlement and
survi val.

Natural Environment and Port Water Quality

The nature of environmental risk can be further refined by looking at  he water
qualily 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 port~. like Corpus Chriiti, 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 Gulf Coast Research Laboratory in Biloxi, MS.
It is available online at www ' . m.edu/-muswcb/inv eri.html

Although neighboring ports share cliinate 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 profile with the same characteristics lor its major trade partner-ports «nd
neighboring Gulf of Mexico 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 characteristicc are less likely to survive if
transferred. and thus vessels carrying ballast from regions with different water quality
characteristics present less risk. The opposite is true for vessels in ballast coming from
ports that have extremely similar water quality and cliinate characteristics. This
proces~ will help Gulf of Mexico ports evaluate the level of risk for invasion as well as
for serving as a conduit for nuisrance species to neighboring ports.

Table 5 is an example of a comparison ot five neighboring Gulf of Mexico ports
using data from several existing sources.  Thc port marked Mississippi River actually
includes the five deepwater ports on both sides of the river in iouth Louisiana from
Baton Rouge to Plaquemines.! Note that the waters in the ports of Mobile and Houston
are similar in term~ of temperature and salinity. Thus, tho~e species that thrive in one
would have a hetter chance of thriving in the other if these water quality factor~ w ere
identical and the only factors affecting survival. Note in this table that range of suininer
water 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 species that are also
supported in Houiton'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 a portion
of the winter water temperature range in the port of Mobile. This demonstrates that
one water quality characteristic is not enough to evaluate risk. Other water quality
factors such as turbidity. quantity of suspended solid~. and salinity must all hc
considered. For exainple. the port of' Corpus Christi'i salinity is much higher than the
salinity in thc other Gulf region pons. reducing the potential for freshwater specie~ tu
survive if they were accidentally dispersed by jettisoned ballast.



Table 5. Water Quality Chracteristics of Selected Gulf of Mexico Ports. - J3-
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~ Reason 3: Some
locations in port
may present risk to
vessels exchanging
ballast while
onloading or
oQoading because
they ha ve nuisance
species or pathogens
living there.

The other factors discussed in this paper  iuimage, vessel and cargo type, trade
partners and origin of ballast! should be considered relative to water quality. ln this
same exainple, cargo enters and departs from the port of Corpus Christi primarily ou
tanker vessels which do not jettison ballast in port. Thus, the waicr quality da a would
be useful in conjunction with other factors to evaluate risk from the comparatively
sinai 1 volume of bulker or carrier traffic, None of the three port~ shou kl ignore this
water quality data, however, because a port's water quality conditions are useful to
identify possibility of invasion by a known noniudigenous nuisance species. In the
Gulf of Mexico region, all ports have soine coastwise traffic involving both ocean-
going and inland coinmercial 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 most
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 froin 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 FAO 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, animal~ and plants living in this
fresh water euvironmem, 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 5.
Coinpared to other Gulf of Mexico ports, Tampa has higher average winter
temperature~ and lower turbidity and it's water is influenced by the tide. Tainpa's high
winter teinperature 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
nonindigerious species. Port officials will have to examine water quality information
with data about export tonnage. types of vessels and cargoe~, trade partners, and FAO
regions in order to identify the points of vulnerability,

Location in Port of Known Fonlants or Pests

After all of the~e factors have been weighed and the areas of vu!iierabili y have
been identified, it is important to remember 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 cycles as well as the length of time the
species lived in the ballast water [Great Lakes Shipping Study I-A, ADA 325351, l997
and NaBISS, ADA 32 1 543, l 996]. Port officials should identify these locations.



AVhat should ports do?

~ r Olrilrii   l!r!r -.s/!ei if  i' rrxk
er Yrtrur  I < !  I

~ Adj us  por  p>!!c edu cs and
1!i!licies  i! red  < e risk

+ WOrk Ivi h sir rpping In crests
 o imple rien  1MO guidelines

passenger vessels.

HOW CAN GULF OF MEXICO PORTS PREVENT THE SPREAD

OF NONINDlGFNOUS INVASIVE SPECIFS?

ln conclusion, it is suggested that each Gulf of Mexico port do the following:

~ Conduct a risk evaluation as outlined in this paper. If a specific and realistic
risk is idcntilied. a port may further choose to identify a location in the harbor
where ballast exchange is least likely to result in the survival of introduced
nonindigenous species.

Il' risk is identiTred, adjust port procedures or policies to reduce the possibility
of nonindigenous species surviving in port waters and, possibly, being further
dispersed hy ocean going carriers or coinmercial inland tov boats and

Work with shipping interests to norify ocean carriers of the IMO voluntary
guidelines for open ocean ballast exchange [IMO Resolution A.868 �0],

~ Support 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 nonmdigenous nuisance species and avoiding identified "hot
spots" whctc nuisance species or pathogens may be living.

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

~ Support full voluntary 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.

~ Suppor  edui u ion und
inirrea< h i!n pnoai  I'i'e ballaxr
sr a er i on rvl nreasures fi>r
vesseis

~ Work vci h Coasr Cuard o

suppor1 timeli finali:alii!n Of
regula ions and guidehnes

~ Supt!r!rr vi!lurr an
compliance Ii irir IMO and
Coast Guard g« deli res and
regu1vri ims

~ Work Ivi h retecrreherrand

gover  men  agencies  o s udy
feaSI 1! Ii! y V f ulrerna  i re
measures  v reduce dispersal
fran! 1!alfasr u a er
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APPENDIX A.I - DISCUSSION OF LAST PORT OF CALL LISTINGS

What do these tables representT

These tables oKer a more precise listing of tbe last port of call data irom the FAO
Region map. Here again, aH of the incoming vessels in this data set arrive in baHast,
directly from foreign ports of call. 'Ihe countrieslcoasts are ~ by FAO Region in
descending order of traffic volume. Countries with one uninterrupted coastline on a
single body of water are listed simply by country  e.g. Italy or Jamaica!. Countries with
multiple coastlines are listed by country and coastline  e.g. Pamuna. Caribbean or USSR,
Black Sea!.

Tbe "Rank" cohmn indicates the coastline's relative significance in terms of
traffic volume  tbe United Kingdom is the 11th largest some of in-Mlast ships coming
directly from foreign ports of caH!. The "Total vessels entering Gulf" column is du:
horizontal sum of the totals of the four selected ports for each coastline. 'Ihe "% of
total ff of entering vessels" is determmed by dividing number in the "Total vessels"
column by 2643, the total number of in-baffast vessels entering the Gulf from foreign
ports of caH.

Referring to the first table, the NonbaN Aoan tie is tbe second largest FAO Region
for tbe four selected Gulf ports in terms of ship traffic, 'Ihe Netherlands is the largest
source of ships for this FAO Region, but tbe 3nl largest source overall. The total number
of in-ballast ships entering these four ports from the Netherlands was 163, or 6.17% of
tbe total number of vessels entering in 1991.

How were these data ohtaINed?

Informatiort for these tables came from the 1995 National Biological Invasions
Shipping Study  NABISS!. %he reteaicbers identified tbe number of vessels in baHau
from foreign ports through information published by the Bureau of Census in its Monthly
&ssels Entrances  TM-385! and Cleitiances  IM-785!. This particular data set came
from the 1991 718-385 forms for tbe above mentioned Gulf ports.

'lhis data set included aH types of ships in baHasl Seventy-seven percent of the
ships fall under the classification of Bulk Carrier, shaker, Genera Cargo, or Passenger.
~axe different ship types make up tbe remaining 23% of the trafHc.

What do these data teil us about the origin
of the ballast water discharged in Gulf Irortsv

Tbe NAB ISS research showed that kiter port of call  LPOC!, listed by country, was
a poor indicator of the actual source of baHast water on boariL In tbe NABISS sample
set, there was no ballast on boarrl from tbe LPOC country for 53% of aH vessels. For the
specific category of container ships, this number reach% 63%. While LPOC data was
acctuure far ships with very reguhr direct voyages, it was generaHy spoor indicator of
the baHast water's origin.

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



-22- Notable changes to the NABISS data

Due to some inconsistencies and apparent oversights found in the NABISS FAO
groupings, the map  Figure C, page ll! reflects three minor differences in the regional
distributions.

l. For ships en route to New Orleans and Tampa, the NABIS S study grouped ships
with Brazilian last ports of call in Group L  Southeast Pacific!. The map groups
aII 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 Central Atlantic!. The map groups all ships
from Gibraltar in Group C  Mediterranean aud Black Sea!,

3. The NAB ISS 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 AtLmtic! and ships from Australia were included in Group H
 Indian Ocean!.

Figure C. Last Foreign Port of Call for Ships in Ballast Selected Gulf Ports, 1991  FAD Region!.



~ 25-Last Port of Call by Individual Country/Regions for Foreign Ships "irt Ballasts to
Selected Gulf Ports. Source; "Shipping Study," Carlton et al.
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Lest Port of Call by Individual CountryIReglons for Foreign Ships "in Sattaet" to the
Port af Galveston.

%%d of total 0 of
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Ecuador
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USSR, Baltic
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0.34'Yo

0.34%
0.34'/o

0.34%
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Source: Shtpping Study," Carttan et al.



Last Port of Call by Individual Country/Regions for Foreign Ships "in Bagast" to
the Port of Houston.
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Source: Shipping Study,' Cariion et al.



Last Port of Call by Individual CountrylReglons for Foreign Ships "In Ballast" to
the Port of New Orleans.
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Source: "Shipping Study, Gariton et al.



Last Port of Call by Individual Cotrntry/Regions for Foreign Ships "tn Ballast" to
the Port of Tampa.
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Source: Shipping Study,' Carlton et al.
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APPENDIX A.2 - DISCUSSION OF FAO REGIONS PIE CHARTS

What do these charts represent?

These charts show the percentage of vessels amving in bailasi' at four �!
selected Gulf ports from each of tbe 14 F40 Regions' of the world. All of the incoming
vessels in this data set come directly from foreign porrs of calV. The last ports of call
for the incoming ships are grouped by their respective FAO Regions to provide a
beuer representation of tbe actual origins ol' tbe ballast water on board ihe incoming
vessels. The lour selected Gulf ports are Galveston, Houston, New Orleans, and
Tampa

These charts represent the satne data set as the FAO Regions Map. 1be pie chart
groupings help illustrate tbe relative dominance of three FAO Regions in the Gulf trade
network. Vessels from the Western Central Atlanuc, the Northeast Atlantic, and thc
Mediterratieau aud Black Sea account for 80-95% of the foreign in ballast traffic to
each of the four selected pons.

How vrerv. these chta obtained?

lnfornuttion for these charts came from tbe 1995 National Biological invasions
Shipping Study  NABISS!. The re~ra identified the number of vessels in ballast
from foreign poris through information published by tbe Bureau of Census in its
Monthly Vessel Entrances  TM-385! and Clearances  TM-785!. This particular data set
came from tbe 1991 TM-385 forms for tbe above mentioned Gulf ports.

This data set included all types of ships in ballast. Seventy-seven percent of the
ships fall unda' the classification of Bulk Carrier. Tanker, General Cargo, or Passenger.
Twenty~ different ship types inake up the remaining 23% of the tragic. The raw
data follows the individual charts,

Notable Changes to the NABISS data

Due to some inconsistencies and apparent oversights found in tbe NAB ISS FAO
groupings, these charts reflect three minor differences in the regional distributions.

1. For ships en roule to New Orleans and Tampa. the NABISS study grouped
ships with Brazilian last ports of call in Group L  Southeast Pacific!. 1be
cbans group all Brazilian ships in Group M  Southwest Atlantic!.

2. For ships en route to Houston, the NABISS grouped ships with last ports of
call horn Gibraltar in Group F  Eastern Central Atlantic!. Tbe charts group
al ships from Gibraltar in Group C  Mediterranean and Black Sea!.

'In BaIIart � used bere to describe vessels that are traveling with no cargo and therefore
 more or less! are fully ballasied.

'Fh 0 Region � standardized ocean regions of tbe world as used by thc United Nationsf
Food and Agriculture Organization.

'Foreign Pons of Calt � any pon outside of the United States  including 1lawaii and
Alaska!. For instance, tbe map shows that 0.1% of all foreign ships in ballast to New
Orleans came from FAO Region E  tbe N~ Paciffc!. These vessels were exc!u-
sively from Canadian Pacific ports. No vessels frotn Alaskan ports are include in this
figure, as they would not qualify as foreign ports of call,



-37-3. The NAB ISS formed two regions in addition to tbc fourteen FAO Regions. For
the purpose of the study, Carlton et. al created separate regions for Australia and
tbe Great Lakes. Due to the minimal amount of in ballast traffic from these
regions to the Gulf, and for silnpticity, these additional regions were not used in
thcsc charts. Ships from tbe Great Lakes were included in Group A  Northwest
Atlantic! and ships from Australia were iwtuded in Group H  Indian Ocean!.

Monthly Arrlvala of Foreign Ships In Ballast �99
 frortt Census TM385Nessel Entrances!

Tampa New Orleans Houston Galveston
Month Arrival In Ballast Arrival In Ballast Arrival In Ballast Arrival In Ballast

293396 3899 1262 4226 696 734Total 1476

Source: "Shipping Study,' Carlton et al.
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42
57
48

101
83

49
43
71
74
73
40
53

12 9
17
49
32
31
12
44
42

32 5 8



LPOC by FAD Region for Ships ln Begsst from Foreign Ports, 1991
 from Census TM385/Vessel Entrances!

Port of Houston

Source: Shipping Study, Carlton ei al.

LPOC by FAO Region for Ships from Foreign Ports - Houston

Eastern Central Padti

Northeast
Attanttc - 9.48%

Mediterranean and

Black Sea - 10.92 Western Central
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LPGC by FAG Region for Ships ln Ballast from Foreign Ports, 1991
 from Certsus TM385h/essel Entrances!

Port ot Galveston

Source: Shipping Study, Carlton et al.

LPOC by FAO Region for Ships from Foreign Porte - Gahreston

Ea
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6.48%
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LPOC by FAO Region for Ships in Ballast from Foreign Ports, 1$91
 from Census TM385Nessel Entrances!

Port of New Orleans

Source: 'Shipping Study," Carlton et sl.

LPOC by FAO Region for Shl ps from Foragn Porta - New Orleans

Ncrttrwest

Mediterranean end

Neck See - 20.00% Western Central
Atlantic - 34.68%



LPOC by FAO Region for Ships In Ballast from Foreign Ports, 1991
 from Census TM385Nessel Entrances!

Port of Tampa

Source: 'Shipping Study, Carlton et el,

LPOC by FAO Region for Ships from Foreign Ports - Tampa

Southwest Attanttc t.02%

N~
6.35%i

Mediterranean andclack Sea - <4.4m Western Centre I
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APPENDIX B ~ DISCUSSION OF FAO REGION MAP

What does this snap represent?

3bis map shows the percentage of vessels arriving in bal asl' to four �! selected
Gulf porta from each of the 14 FAO Regions' of the world, All of thc incoming vessels in
this data set come directly from foreign ports of call'. 'The last ports of call for the

' g ships are grouped by their respective FAO Regions to provide a better represen-
tation of the 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 example, lbe map SbOwS that in FAO RegiOn B  the NOrtheaSt AtLmtic!, Tampa
 t! 22.8%. This figme states that in 1991, 22.8% of all ships traveling in ballast to the
Port of Tampa from a foreign last port of call came from the Northeast Atlantic,

How were these data obtained?

Information for this map came horn 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 Montldy
Vessels Entrances  TM-385! and Ctearances  TM-785!, This parncutar data set came
from the 1991 ITd-385 forms for tbe above mentioned Gulf ports.

'Ibis data set included 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~ tbffeient ship types make up the teinaining 23% of the traffic.

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

Tbe NABIS S resetuch showed that last port of caII |TABAC!, listed by counuy, was
a poor indicator of tbe actual source of ballast water on board, In the NABI$$ sample
set, there was no ballast on board from tbe LPOC country for 53% of aII vessels, For tbe
specific category of container ships, this number reached 63%. While LPOC data was
accurate for ships with very regular dinxt voyages  for example woodcbip bulkers from
Japan!, it was generally a poor mdicator of tbe ballast water's origin.

When the LPOC data was expanded to FAO Regions, tbe relationship improved. In
tbe NABISS sample set. 66% of aII vessels arriving in ballast had at least some or aR of
their ballast from the FAO 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 cr all of their ballast coine froin tbe FAO Region of their
LPOC. Tankers bad the lowest percentage with only 33% of tbe vessels having any water
from the FAO Region of their LRK,

'Jn aaflasr � used here to describe vessels that are traveling with no cargo and therefore
 more or less! are fuRy ballasted.

'FAO Region � saudardized ocean regions of tbe world as used by the United Nations'
Food and Agriculture Organization.

'Foreign Ports of Call � any port outside of tbe Ilnited States  including Hawaii and
Alaska!. For instance, the map shows that 0 l% of all foreign ships in ballast to New
Orleans awe from FAO Region E  the Northeast Pacific!. These vessels were exclu-
sively from ~n Pacific ports and Alasi~ ports,



Notable Changes to the NABISS data

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

l. For sfnps en rou te to New Orleans and Tampa, tbe NABIS S study grouped ships
with Brazilian last ports of caU in Group L  Southeast Pacific!, 'Ibis map groups
aQ Brazilian ships in Group h4  Southwest Atlantic!.

2. For sbips en route to Houston, the NABISS grouped ships with last ports of calf
from Gibraltar in Group F  Eastern Central AOantfc!. Tbe msp groups all ships
from Gibraltar in Group C  Media~ and Bbtck Sea!.

3- Tbe NAB ISS formed two regions in addition to tbe fotuteen FAO Regions, For
tbe purpose of the study, Carlton et. al created separate regions for Australia and
tbe Great Lakes, Due to the minimal amoum of in ballast traf5c from these
regions to the Gulf, and for the purpose of simplicity. these additional regions
were not included in this map. Ships from tbe Great Lakes were included in
Group A  Northwest Atlantic! and ships from Australia were included in Group
H  indian Ocean!.
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APPENDIX C.l - MSCUSSION OF UNACKNOWLEDGED
BALLAST GRAPHS

What do these graphs represent?

These graphs show the estimated tonnage of unacktmwledged ballast water arriving
at 6ve selected ports from in baHast vessels. This data set includes both in balbtst and in
cargo tratfic. The graphs are grouped by ship type. For tbe port of New Orleans, rwo
relevant aNnparisons between acknowledged and unadaewledged halibut are made, The
five selected ports are New Orleans, Tampa, Galveston, snd Houston.

This information is useful because it illustrates that a great deal of life-transporting
balbtst remains on board vessels even when they are in cargo. The sedunent and
unptunpsble baHast that remains on board is a virtual "biological island," transpNing a
wide array of nonindigeuous species around tbe globe.

How were these data obtained?

Infertnation for these graphs came from tbe 1995 National Biological Invasions
Shipping Study  NABISS!. The researchers identifted the number of vessels in ballast
Bom foreign ports through information published by tbe Bureau of Census iu its Monthly
Vessel Entrances  TM-385! and Clearance  TM-785!. This particular data set came trom
tbe 1991 TM-385 forms for tbe above mendoned Gulf ports.

A sub-sample of tbe first 48 ships trom every other month  beginning with january!
was taken for each of these ports  n=288 for each pxt! fram Vessel Entrances 1%I385
Celus data �991!, and included vessel name, flag, net registered tonnage  NRT!, last
port of call and baHast/cargo condition. Vessel name, flag and NRT infonrLation was used
to identify ship type in Lloyd's Register. BaHast/Cargo condition information indicated if
the ship amval was foreign or domestic and in ballast or in cargo,

For each of the ships in each of the ports, tbe proportion of ships that were from
foreign ports and in cargo was determined. This percentage was then tuuldplied by tbe
total number of vessels arriving from foreign ports in cargo, 'Ibis was then multiplied by
the average percentage thai BWARR  BaHast water carried on amval! represented of
BWC AP  BaHast water caparity> when in cargo in order lo esthnate tbe average
unacknowledged ballast entering a port. 'Ihe average ballast tonnages used in theses
calculations were derived frotn NABISS boarding data.

This data set does not include aH rypes 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, Tbe
raw data fry these graphs precedes the graphs,





Acknowledged Ballast- Tankers
 from TM385 Census Data!

Acknowledged Ballast- Bulkers
 from TM385 Census Data!

Acknowledged Ballast- General Cargo
 from TM385 Census Data!



APPENDIX C.2- DISCUSSION OF UNACKNOWLEDGED
BALLASTGRAPHS

What do these graphs represent?

These graphs show the estimated tonnage of unacknowledged ballast water arriving
at five selected ports from in ballast vessels. 1%is data set includes both in ballast and in
cargo traNc. The graphs are grouped by ship type, For the port of New Orleans, two
relevant oxnparitons 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 m cargo, The sediment and
unpumpabie ballast that remains on board is a virtual "biological island," transporting a
wide array of nonindigenous species around tbe globe,

How were these data obtained?

Information for these graphs came from tbe 1995 National Biological Invasions
Sbippiug Study  NABISS!. Tbe researchers identified the number of vessels in ballast
from foreign ports through information published by the Bureau of Census in its Monthiy
Vessel Ea trances  TM-385! and Ciearances  TM-785!. This particular data set came from
the 1991 TM-385 forms for tbe above mentioned Gulf ports.

A sub-sample of tbe first 48 ships from every other month  beginning with January!
was taken for each of these ports  a=288 for each port! f'ruin Vessel Entrances TM385
Census data {1991!, and included vessel name, flag, net registered tonnage  NRT!, last
port of call and balhLstlcargo condition. Vessel name, flag and NRT information was used
to identify ship type in Lloyd's Register, Ballasl/Cargo condition information indicated if
the ship amval was foreign or domestic and in balhLst or in cargo.

For each of the ships in each of the ports, tbe proportion of ships that were from
foreign ports and in cargo was detertnined. This percentage was then multiplied by tbe
total ntunber of vessels arriving from foreign ports in cargo. This was then inultipged by
the average percentage that B WARR  Ballast water carried on arrival! represented of
B WCAP  Ballast water capacity! when in cargo in order to estimate the average
unacknowledged ballast entering a porL Tbe average ballast tonnages used in theses
calculations were derived from NABISS boarding data.

This data set does uot 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 tbe vessel traffic. The
raw data for these graphs ~s the graphs.
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w Orleans

Port of Ialthnore

Port of Norfolk

Port of Oakland

Port of San Francisco



APPENDIX D - WATER QUALITY DATA-52-

These water quality data were provided by the tnd!vidual port~.
They are tbc basta for Table 5, page 13.

ttttttter Quality Parameters for the Port of Galveston

Turbidity
SECCHI
meters

Salinity
ppth

Depth pM DO WeterTemp.
m su mg/L cent

Date
yymmdd

Site

1,247.9 5,9 28,4
7.9 5 1 28.9

7.9 9.8 16.2
7.8 9.6 1 7.9

81 94 153
6,0 8.5 14,5

0.9

0.64

1,0317.0
17.0
27.8
27.6
30.4
30,3

6.0 6.0
8,0 8.0
80 6.2
8 0 6.1
B.G 5.6
80 5,6

0,88

1.28

Source; Texas Natural Resource Conservation Commission, Water Quality Division,

13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372
13372

940823
940623
940920
940128
941101
941208
941 2DB
950105
950222
950222
950317
950406
950504
950601
95D710
950803
950915
951129
951129
950523
960523
960820
950820

0.3
3.1
0.6
0.8
0.8
0.3
3.1
0.6
0.3
3.1
0.6
0.6
0.6
0.6
0.6
0,6
0,6
0,3
3.1
0.3
3.1
0.3
3.1

25.1
28.6
20.5
11.1

6.4
16.8
21.7
23.1
21.9
25.5
11.6

7.3
24 3
10.9
21.0
22,4
21,0
24,8
25,5
24.9
24,9
31,3
31.7
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Water Quality Parametere for the Pok of New Orleane

Turbidity Turbidity
'F SECCHI

DO SalinityWater Temp,Date
rnmdd

Source: Louisiana Department of Environmental Quality.

306
306
306
306
306
306
306
306
306
306
306
306

320
320
320
320
320
320
320
320
320
320
320
320

970107
970218
970311
970415
970513
970610
970775
970812
970909
971014
971118
971209

970106
970217
970310
970414
970512
970809
970714
970811
970906
971D14
971117
971208

7,59
7.63
7.89
8,09
8.64
7,72
7.47
7,33
8.30
7,70
7.79
7.65

7.67
7. 65
7.74
7.89
7.46
7.99
7.72
8.20
8. 17
8,02
8. 14
8.22

14.08
11,90
18.59
15.82
22.83
26.90
29.93
30.01
28.22
24.29
1 3.70
1 3.68

8.70
6,02

11.17
1 5.43
18,07
22,83
29. 15
30.67
28.99
24.63
13,70
11,11

9,26
10,16

9.27
9. 09
9.16
5.61
3.58
2.93
7.94
7.28
9.56

12.02

9,97
10.91

8.67
7.95
7.43
6.73
5,37
6.41
7. 30
7.48
9.64

10.53

6.7
5.5
4.9
0.2
2.7
4,8

12,2
10,8

4,4
7.5
3.4

1.0
1.0
1.0
1,0
1.0
1.0
1.0
1.0
1.0

1.D
1,0

7.0
2.5
4.0

51.0
8.6
8.8
5.1
4.0
6.2

16,0
3,9
6.9

70.0
62.5

105.0
35,0
68.0
56.0
36.0

9.5
12.0
12,0
15.0
15,0

31
56
39

9
26
33
47
47
30
23
54
39

8 7 5
1D

6 7
15
33
30
20
20
30



Water Quality Paramatera for the Port of Mobile

Source: Alabama Department of Environmental Management.



Water Qualmy Pararnetere for the Port af Tampa -55-

Site

0.71
0.55
0.95
0.62
0.75
0.80
0.71
0.74
0.78

1.08
0.77
1.15
0.62
0,51
0.63
0.70
0.76
0.65
0.74
1.22
0.85
1.35
0.81
0.81

2

2 2 2 2
2 2 2

2 2 2 2 8 8 8 8 8 8 8
8 8 8 8 8

23
23
23
23
23
23
23
23

23
23
23
36
36
36
36
36
36
36
38
36
36
36
36

DATE

yyrnrndd

970114
97G211
970311
970408
970513
97061 G
970715
970812
970909
971007
971112
971203
97G114

a702«
970311
970406
970513
970610
970715
970812
970909
971007
971112
971203
970126
970225
970325
970422
970527
970624
970729
970826
970923
971021
971124
a71216
970107
970204
970304
9704G1
970506
970803
970708
970805
970902
971001
971104
971202

DEPTH
tt

3.5
3,5
4,0
4.5
4.8
4.3
6.0
4,8
5.8
6,0
4.5
3.0
3.0
1.5
2.3
2.0

2,3
2.0
2.5
1.8
2,0
1.3
3.0
1.5

14.5
14.5
15.0
15.0
15.0
15.5
14.5
14.0
14.G
14,0
13.5
13.8
8.0
8.0
8.0

10.0
8.5

10,0
11.5
8.5

12,0
8.5
6.3
8.0

TURB
NTU

2 2 3 7

3 3 4 5 3 2 5 1
3 5 5 7

4 8 4 5 5 4 5 3 1 1
3 1 1 1 1 1
3 1 1
3 2 5
2 3

4 2 3
3 3 8 3
4

PH
rniddle
units

7,7
7.9
7.6
7.8
7,8
/.6
7.8
7,6
7.8
7.3
7.7
7.3
8.0
8.3
8.0
7.9
7,9
7.8
8.1
7.7
8.3
7.8
8.1
7.8
8,0
8.0
8.1
8.0
8,0
8.0
8.1
8.1
8.0
8.0
8.0
7.9
8.0
8.1
8.0
8,1
8.0
7.9
8.2
8.1
8.1
8.1
8.0
7.9

TEMP,WAT
rniddle

'c

19.2
19.5
23.9
23,9

27.8
31.3
31.0
29.9
29.1
22.2
20.0
17.7
18.6
26.2
24.3
26.4
27.3

30.1
30,4
29.1
27.1
21,8
20.4
17.0
20.4
23,4
21.9
28.4
29.9
30.7
30,4
29.2
23.9
20.1
16.8
20.7
18.8
24.6
23.3
24.7
27.4
30.7
29.5

29.6
28.5
22.7
19.7

DO
middle

rng/I

5.8
5,8
6.1
6.0
5.7
3,9
3.5
1.3
3,8
1.1
4.5
5.6
7.3
8.6
7.7
6.7
70
5.3
4.3
3.0
86
4.7
7.6
6.5
7.6
7.0
6.9
6.8
6.2
6,0
5.2
5.3
5.4
6.3
7.3
7.8
7.0
73
6.2
7.4
67

5.8
7.7
5.9
5.7
6.3
84
7.7

SAL
rniddle

27.6
27.1
26.8
26,3
27.0
27.8
26,9
24.3
26.5
22.6
20.3
12.6
28.6
28.6
26.9
27,6
26,6
28.4
26.8
16.0
24,3
16,0
20.5
21.7

32,4
33.2
33.4
33.8
32.3
33.9
32.3
31.6
30,8
26.9
26.5
22.9
26.7
29.2
26.9
29,1
28.8

28.9
29.0
27.6
27,0
23,8
22.5
22,6

P. TOTAL

~ ngll

0,11
0.09
0.23
0.22
0,27
0.18
0.28
0.31
0.26
0,30
0.27
0.29
0.26
0.16
0.37
0.43
G.35
0.30
0.39
1.G1
0.38
0.68
0.36
0. 37
0.05
0.01
0. 14

0,12
0.02
0.11
0.16
0.15
0.18
0.25
0.21
0.37
0.07
0.10
0.18
0.22
0.17
0.17
0.17
0.19

G.28
0.26
0,29
0.21

N. TOTAL

mg/I



Site
¹

DATE
yyrnmdd

DEPTH
ft

TURB
NTU

PH
middle
unite

TEMP.WAT
middle

dc

DO
middle

rng/I

SAL P. TOTAL N. TOTAL
middle mg/I mg/I

ppt

51
51
51
51
51
51
51
51
51
51
51
51
52
52
52
52
52
52
52
52
52
52
52
52

55
55
55
55
55
55
ss
55
ss
55
55
68
68
68
68
68
68
68
68
68
68
68
68

970107
970204
970304
970401
970506
970603
970708
970805
970902
971001
971104
971202
970114
970211

970311
970408
970513
97oefo
970715
970812
970909
971007
971112
971203
97011 4
970211
970311
9704oe
970513
970610
970715
970812
970909
971007
971112
971203
970107
970204
970304
970401
970506
970603
970708
970B05
970902
971001
971104
971202

5.8
8.0
8.0
7.5
8,5
9.0

10.6
8.5
7.s
9.3
e.s
6.0
6.5
B.G
7.3
6.5
7.3

13.O
7,0
B.e
7.0
6,5
e.o
7.0
7.5
8.0
B.B
8.0
8.8
8.5
e.e
8,0
8.5
7.e
9.0
7.5
8.3
e,s
9.0
6.5

10.0
8.5
6.8

10.0
6.0
9.8

10.0
6.0

1

4 2

4 4 2 2
4 2 3 5 3
2 4 5 6
4 8
24 4 2 5 3 3 8
9

4 8
2 3

2 4 4 2 3
2 3 5 3
4 3

11

4 5

B.o
8.1
B.O
7.9
7,9
7,9
e,f
S.1
8.0
8.0
7.8
7,8
8.0
B.2
B.1
e.f
7,9
7.8
e.f
7.9
8.0
S.1
8.1
7.8
8,0
S.2
8,0
8,0
7.9
7.B
8.2
8.0
8,0
7.9
8.1
7.7
8,0
B.f
S.O
8.0
8,0
79
8,2
S,1
B.f
8.0
B.G
7,9

20.8
18,2
24.3
23.2
24.6
27,3
30.0
29.3
29.2
28,0
22.3
18.9
18.1
20,6
25,5
24.2
26.6
27.3
31,2
32.3
29.1
28,1
22.2
20.3
17,2
19.2
23.9
23,8
25.8
27.1
29,5
30.5
2e.o
27.2
21,2
19.6
20.6
1 8.7
24.6
23.4
25.0
27.6
30.6
29.6
29.7
28.7
22 1
19.1

6.9
7,1
6.2
6,3
s,e
5.9
6.1
5,5
4.8
6.5
6.6
6,7
7.8
7,3
7.8
8.6
5,9
5.5
4,9
4.3
4.7
6.6
7.6
7.0
7.6
7.2
6.4
7.5
6,4
5.6
7.1
3.6
4.9
5.6
7.0
6.4
6.7
7.5
6.6
6.8
6.5
5.9
7.1
s.e
5.7
6.5
7.3
7,1

27.5
28,3
28,6
29.0
27.4
28.4
28.4
27.1
26.6
22.4
22.7
22.0
28.5
28.6
28.3
28.7
27.5
28.5
27,5
25.8
27. f
22,6
21.1
23.1
28,1
28.4
28.4
29.1
27.3
28.3
26,9
25.9
26.4
21.5
21,1
22.8
28.6
29,2
29.0
29.3
28.9
29.0
28.5
27.6
26.9
24,5
21.6
21.7

0.03
0.15
0.16
0.21
0.18
0.15
0,16
0,19
0.26
0,23
0.27
0.20
0.14
G.fe
0.24
0.24
0.26
0.24
0.29
0.31
0.30
0.36
0,39
G,29
0.12
0.22
0,32
0,25
0.25
0.32
0,32
0,34
0.36
0.38
G,30
0.31
0.07
0,17
0.14
0.20
0.19
0,20
0.23
0.23
0.29
0.30
0.24
0.20

0.46
0.52
0.75
0.59
0,70
0.61
0.67
0.76
0,74
1.10
0.73
0,72



P. TOTAL N. TOTAL
mg/l mg/I

Site
¹

SAL
middle

ppt

PH TEMP.WAT
rniddle middle
units C

DO
middle
mg/t

DATE
yymrndd

TURB
NTU

DEPTH
ft

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

80
80
80
80
80
80
80
80
80
80
80
80
82
82
82
82
82
82
82
82
82
82
82
82

970114
970211
970311
970408
970513
970610
970715
970812
970909
971007
971112
971203
970128
970225
970325
970422
970527
970624
970729
970826
970923
971021
971124
97'1216

3.8
3.8
4.8
4,5
5.0
5.5
4.5
4.0
4,5
4.5
5.5
5.5
6,0
6.0
6,5
6.5
6.3
6.5
6.0
5,5
6.0
5.5
5.5
5.5

4 4 7 7 3 5 4 2 3 2 3 2 2 3
10 1 1

2 2 3 5 2 2 3

8.0
8.2
8.0
8.1
7.9
7,9
8.1
8,2
8.1
8.0
8.0
7.8
8.0
8.0
8.1
8.1
8.0
8,0
8,1
8.2
8,0
8.0
8.0
7,8

1 7.6
1 9.5
24.0
23.4
25.8
27.5
30.4
31.4
28,1
27.0
21,6
19,6
17,7
21,1
23,9
22.7
28,5
30,4
30,5
30.4
29,9
24.6
19.6
17.0

7.7
7,4
6,5
7,2
6.5
61
58
6.7
7.0
57
6,9
6,8
7.6
7,2
7.2
7.3
6,5
6.7
6.3
6.3
6.0
6.7
7.6
7.8

28.7
28.8
29.1
29.6
28. 0
29.3
28.5
25.1
27. 1
22.5
22.6
23.5
29. 8
29.9
30.2
32. 2
29.4
31.1
28,7
27.3
28,1
24.4
23.0
22.0

0.13
0. 23
0.28
0.27
0.20
0.24
0. 31
0.35
0.32
0. 36
0.38
0.28
0. 21
0.09
0.22
0.11
G.02
0.16
0.23
0.22
G.22
0.26
0.25
G. 40




