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INTRODUCTION

Trade in exotic aquacultural fishes, shellfishes and
plants, including ornamental pool and aquarium
species, is a multi-million dollar industry with
extensive financial impacts on other support businesses
(pharmaceuticals, fertilizers, aquarium supplies, etc.).
Certainly, there is little argument that aquacultural
species can be used to supplement failing catches of
wild fishes and shellfishes, or that the aesthetic value of
a home aquarium can be highly desirable; however,
after many decades of international transfer of aquatic
organisms, many species have escaped captivity and
others have been deliberately released. In general, most
such displaced animals and plants have failed to have
major environmental impacts or to even survive.
Unfortunately, in some cases, released organisms have
caused environmental damage and even extinction of
native species. Typically, once an exotic is released
and becomes widely and firmly established, it cannot
be removed.

Common carp Cyprinus carpio were imported from
Europe in the mid-1800's by both the federal
government and private individuals. Federal authorities
distributed the species to state agencies and it was
widely stocked across the United States. However,
before the turn of the century, it had become apparent
to nearly all that the species was not only a failure as a
game or food fish, but it sometimes had negative
impacts on both native fish populations and the aquatic
environment. Sadly, the dye was cast and common
carp became part of the American fish fauna.

More recently, several species of tilapia Tilapia spp.
have become established in U.S. waters. In Texas
where they have taken advantage of heated power plant
reservoirs, some populations have become large enough
to occasionally reach densities of 2,000 pounds/acre
(1,786 kg/hectare).

Although young tilapia are eaten by large, predatory
fishes, they reproduce rapidly and can destroy aquatic
vegetation, compete with some native fishes, and even
inhibit spawning of game species like largemouth bass
Micropterus salmoides and channel catfish Ictalurus
punctatus.

Even seemingly insignificant species like the guppy
Poecilia reticulata or mosquitofish Gambusia affinis,
when introduced into non-native habitats, have
threatened native fishes and have even been implicated
in the extinction of others.

Certainly most aquaculturists or aquarists who release
exotic species, or from whom escapes have occurred,
rarely if ever intend specific harm to the environment
or to other species. Presumably most deliberate
releases are done with the best of intentions, but with
limited understanding of the potentially negative
impacts that might result. Recently, use of certain
exotic fishes for vegetation control or as bait has
resulted in deliberate use and release of exotic fishes
for specific purposes, but again, with little thought of
possible negative impacts. Aquatic ecosystems are
very complex in nature, and results of non-native
species introductions are difficult or impossible to
accurately predict, even for the most learned experts.

During the mid-1960's, perhaps as a function of
developing environmental awareness, Texas began to
develop a concern for the impact of non-native
introductions in state waters. In 1967 the 60th Texas
Legislature instructed the Texas Parks and Wildlife
Department (TPWD) to determine which fishes were
harmful or potentially harmful, and to list and regulate
these species. Such a list was ultimately established
and has evolved through the years to the present.

HISTORICAL OVERVIEW

Date Action

1967  The Texas Legislature instructed TPWD to
determine which fishes were harmful or
potentially harmful, and to list and regulate
them. Regional experts were consulted, and a
list of restricted fishes prepared that year.
[There is little documentation as to why
certain fishes were restricted and others not].

July Modifications were made to the original
1974  restricted list and some of the associated

Date Action

regulations. Arowana Osteoglossum
bicirrhosum was deleted from the list. Two
catfish genera, Tridens and Pygidium, were
deleted from the original listing under parasitic
catfishes since, although both genera were part
of that family, neither was in fact parasitic. A
then subgenus of tilapia, Oreochromis, was
added to the new list, but without comment (it
was subsequently deleted from later lists,
likewise without comment).



Date

Dec
1974

April
1975

1981

May
1982

1984

1988

Action

The Texas Parks and Wildlife Commission
(TPWC) requested a literature review
concerning grass carp Ctenopharyngodon
idella. Use of the species in other states for
vegetation control sparked both interest and
concern about possible importation into Texas.

An extensive literature review on grass carp
(Provine 1975) was presented to the TPWC.
TPWD ultimately did not favor use of grass
carp in Texas waters.

The Lake Conroe Association, which wanted
grass carp for vegetation control in Lake
Conroe, met many times with the TPWC.
Ultimately, a compromise was reached and
legislation passed to allow grass carp research
by Texas A&M University at Lake Conroe
(with other work at Lewis Creek Reservoir
and a commercial facility near Houston).

The restricted fish list and associated
regulations were again revised. Restricted
fishes were differentiated as to "totally
restricted" and "partially restricted" permitting
research on partially restricted species. Tilapia
were listed as partially restricted except for
Mozambique tilapia Tilapia mossambica and
blue tilapia T. aurea. Problems with tilapia
classification became a point of discussion.
The Executive Director of TPWD was given
the authority to up-date taxonomy (fish
classification) as needed.

Possession of eviscerated grass carp was
proposed and later adopted by the TPWC.
Grass carp and tilapia were ultimately
classified as rough fishes.

TPWD developed and proposed new, more
restrictive regulations on tilapia in response to
the expanding distribution and possible impact
of tilapia throughout the state. Proposed
regulations were supported by some parties
but opposed by others. Ultimately a
compromise was reached and new regulations
passed in September, but with a delayed
effective date to allow aquaculturists to
complete the 1988 harvest. New regulations
did not allow use of non-eviscerated tilapia as
bait, required transport and culture permits for
tilapia, required genetic identification and
certification of all cultured tilapia stocks and
only permitted culture of Mozambique and
blue tilapia, and hybrids between the two. All

Date

Jan
1989

Mid-
1989

Nov
1989

Jan 1,
1990

Jan 25,
1990

Mar 22,
1990

Nov
1990

Jan
1991

May 20
1993

Aug 12
1993

Action

other tilapia species or hybrids were restricted.
Only Mozambique tilapia could be stocked as
a forage fish, and then only in private waters.
Only minor technical changes were added to
other species listed. Tilapia classification was
clarified. Comments were added to include
"fish, their hybrids, subspecies, or eggs". The
totally and partially restricted categories were
retained. The grass carp permit (and law) for
research at Lake Conroe expired in September.

The new tilapia restrictions went into effect.

The Texas Legislature passed the Fish
Farming Act of 1989 (SB 1507) requiring
TPWD to maintain a list of harmful and
potentially harmful fishes, shellfishes, and
aquatic plants, but regulation of fish farming
activity was moved to the Texas Department
of Agriculture (TDA).

TPWD developed a new restricted fish,
shellfish and aquatic plant list, and associated
regulations in response to the requirements of
SB 1507. New restricted fishes, shellfishes
and plants were added to the list, and other
previous listings were modified.

New TPWD restricted fish regulations went
into effect. In addition, previously required
tilapia transport permits became unnecessary.

New amendments and additions to the

November 1989 regulations were presented to
the TPWC, and passed.

The new amendments and additions went
into effect.

Additional amendments to further refine the
January 1990 regulations and addition and
deletion of several species were presented to
the TPWC, and passed.

The new amendments, additions and
deletions went into effect.

Nile tilapia 7. nilotica was added to the list
of tilapia which could be possessed by fish

farmers with permits.

Nile tilapia proposal goes into effect



Date Action

Dec First Exotic Species Task Force meeting
1994  held at TPWD headquarters.

Mar Egeria Egeria densa removed from prohibited

1995  plant list and wording which permitted hybrid
grass carp possession deleted. Wording on
public aquaria, shellfish health certification,
permit dates, and effluent screening
requirements included.

May  March 1995 regulations go into effect.
1995

Nov Regulations on Pacific white shrimp P.

1996  vannamei modified, triploid grass carp
legalized with permit, and pike cichlids,
banded knifefish, and Asian clams are deleted
from the prohibited list.

Jan First-time exotic species permit applicants
1997  must obtain authorization from the Texas

Date Action

Natural Resource Conservation Commission
for facility waste-water discharges.

Feb November 1996 and January 1997
1997  regulations go into effect.

Nov Swamp eels (Synbranchidae) and freshwater
1997  eels (Anguillidae) except Anguilla rostrata are
prohibited.

Dec November 1997 regulations go into effect.
1997

Apr  Japanese eel A. japonica is permitted only
1998  for a single fish farmer.

Jun 21 April 1998 regulation goes into effect.
1998

THE LACEY ACT

The Lacey Act, a federal regulation, has a number of
aspects that relate to imported fishes, state restricted
fish regulations, and certain fish diseases. Other than
walking catfishes (Family Clariidae) and uncertified
salmonids (Family Salmonidae), it does not otherwise
restrict exotic fishes, amphibians, or reptiles. Major
points include:

@ Importation, transportation and acquisition of
live walking catfishes or their viable eggs is
prohibited.

® Live or dead imported salmonids (salmon and

trout) or their eggs must be certified free from

whirling disease and viral hemorrhagic
septicemia.

® No live fish, mollusk, crustacean, or any
progeny thereof may be released into the wild
except by state fish and wildlife agencies or
persons with written permission from those
agencies.

[ Any violation of any state law regarding
possession or transportation of fish or wildlife
is considered a federal offense (1981
Amendment: Public Law 97-79).

THE TEXAS FISH FARMING ACT OF 1989 (SB 1507)

The Texas Fish Farming Act transferred much of the
fish farmer regulation and authority from TPWD to the
Texas Department of Agriculture (with input from
Texas A&M University). TPWD was still required to
maintain a list of restricted species, and retained the
authority to inspect fish farms. The act was designed to
address concerns of fish farmers; it did not directly
address the pet trade, and subsequently some

ambiguities exist in its wording. Although there are
many aspects of this bill, some important points are
given below:

® Private pond was defined to include any
structure capable of holding a cultured fish. In
effect then, an aquarium can be considered a
pond (previous TPWD regulations had similar



wording).

Exotic species was defined as any "non-
indigenous fish or shellfish species [i.e., to
Texas] that is not normally found in the water
of the state." Note that the wording indicates
"species" not "individual". This means that
although a guppy, for example, may have been
born in Texas, the species, none the less, is not
indigenous to the state.

The term "tropical" was deleted from the law.
The previous 1967 legislation specified
"harmful or potentially harmful tropical
fishes". This term had previously created a
problem with certain temperate-climate
exotics which were considered harmful.

Fish farming was defined as the business of
producing, propagating, transporting "and"
selling cultured fish ...excluding bait fishes.

The Act prohibited the placing of any fish,
shellfish or aquatic plant into state waters
without a permit from TPWD...except for
native nongame fishes. For example, rudd

Scardinius erythrophthalmus, which had been
imported from out-of-state for use as bait in
Texas, was now restricted. It also specified
that any escape from stocked private water
would be considered a violation (unless under
TPWD permit).

The concept of harmful or potentially harmful
was retained. Therefore, a species can be
restricted if for no other reason than it might
be harmful... documented proof is not needed
for restriction. In the broadest sense, this
could be interpreted to mean literally any non-
native species.

The Act specified only "species" but does not
discuss hybrids or subspecies. Subsequent
TPWD regulations were written to cover
subspecies, hybrids, etc.

The Act did not differentiate between live or
dead.

The Act did not specify status of fish eggs
(presumably considered to be fish).

TPWD Regulations: November 2, 1989
(Effective January 1, 1990)

Passage of the Texas Fish Farmer Act required TPWD
to revise its own regulations on restricted fishes,
shellfishes and aquatic plants. Many TPWD restricted
fish regulations which went into effect in January 1989
needed to be deleted or revised with the transfer of
responsibility of over-seeing aquaculture to TDA.
Some points of interest include:

These regulations revised the list of restricted
fishes with deletions and additions, as well as
technical name changes; several crustaceans
(crayfishes and crabs) were added; restricted
plants were also listed.

The term "group" (e.g., piranha group) used in
previous restricted fish lists was deleted and
replaced with specific scientific classification.

Under fishes and crustaceans an effort was
made to list taxonomic units (families, genera,
etc.) of restricted fishes rather than attempting
to specifically list each restricted species. This
simplified identification for biologists, Law

Enforcement officers and the public alike. For
example, previous restrictions listed banded
knifefish Gymnotus carapo; however, because
the family includes three or four very similar
species, the new restriction covered the entire
family (all species). This simplified
identification only to recognizing a knifefish is
in the banded knifefish family (Family
Gymnotidae); exactly which of the banded
knifefishes one had at hand was no longer
relevant.

The new regulations listed species, subspecies,
hybrids, eggs, seeds and reproductive parts of
harmful or potentially harmful animals and
plants as restricted. Hybrids were listed as
"hybrid among [harmful or potentially
harmful] species"; this could be read to mean
that only hybrids where both parental species
are restricted would also be restricted.
However, the probable intent was to include
any hybrid involving any restricted species
(e.g., the hybrid between grass carp and
common carp would be restricted even though



common carp is not restricted). Subsequent
amendments in January 1990 redefined this as
"any hybrid of a [restricted] species."

TPWD may still inspect fish farms.

Tilapia certification and tilapia fish farmer
regulations have largely remained in place
from the earlier 1988 regulations (See
Appendix I).

Live or dead were not specified except that
anyone may possess harmful or potentially
harmful fish if the intestines have been
removed (previous regulations specified dead
grass carp and tilapia may be possessed if
eviscerated). An unwritten intent was that
restrictions should even apply to
formaldehyde-preserved or mounted

specimens if intestines were not removed, as
well as to live individuals.

Fish eggs have been listed, but unlike federal
regulations where only viable eggs are
restricted, TPWD does not specify egg status
(no distinction between viable and unviable
eggs). Therefore in an extreme example, if
eggs are considered to be fish (with
unspecified live-dead status), use of preserved
salmon Oncorhynchus spp. eggs as bait could
be interpreted to represent an illegal
introduction of an exotic species into state
waters.

Hybrid grass carp (grass carp x bighead carp
Aristichthys nobilis) remained unrestricted.

TPWD Regulations: January 25, 1990
Amendments and Modifications
(Effective March 25, 1990)

Exotic species was defined as a nonindigenous
species of fish, shellfish or aquatic plant which
is not normally found in public water. This is
similar to the definition given in SB 1507, but
(1) includes aquatic plants and (2) specifies
public water whereas SB 1507 did not include
aquatic plants and did not specify public
water. Note also that while the term exotic is
defined, neither nonindigenous, native or
commonly found are defined either in SB
1507 or in TPWD regulations.

The listing of the banded knifefish family was
changed back to previous wording where only
the banded knifefish Gymnotus carapo was
restricted and two or three other nearly
identical banded knifefishes in the same
family and genus were unrestricted (could be
imported, cultured and sold legally). Reasons
for the reversal were based on statements by
the pet trade and university biologists that
other gynmotid species were not as potentially
harmful as G. carapo; however, published
references are apparently lacking.

Hybrid grass carp (grass carp x bighead carp)
which has historically been unrestricted in
Texas was included as restricted. However,
documented specimens in possession prior to
January 25, 1990 may be legally retained (but

not replaced or supplemented) until January 1,
1995.

New regulations listed any species, hybrid of a
species, subspecies, eggs, seeds or any part of
a species defined as harmful or potentially
harmful. These modifications more clearly
indicated any hybrid (not just hybrids between
two restricted species), spores (in plants that
do not produce seeds) and more strongly
suggest that genetic variants of restricted
species are themselves restricted. It did not
however deal with the viable or nonviable
status of restricted organisms, their eggs or
their seeds (e.g., use of nonviable salmon eggs
as bait could still be viewed as a violation).

European pike perches Stizostedion spp., three
species of seatrouts Cynoscion spp., Nile
perches Lates and Luciolates, giant ramshorn
snail Marisa cornuarietis, Asiatic clams
Corbicula spp., and zebra mussels Dreissena
spp. were added to the restricted list.

The Tilapia Permit was changed to the Exotic
Species Permit and included bighead carp,
silver carp Hypophthalmichthys molitrix and
black carps Mylopharyngodon spp. as well as
blue tilapia, Mozambique tilapia and blue x
Mozambique tilapia hybrids. Possession,



propagation, transport and sale of bighead carp
under an Exotic Species Permit was allowed
until February 1, 1991.

Fish farming was defined, in agreement with
SB 1507, as the business of producing,
propagating, transporting, possessing, "and"
selling cultured fish raised in a private pond,
but does not include the business of producing,
propagating, transporting, possessing, and
selling fishes cultured for bait purposes.

A fish farm was defined as the property
including private ponds from which fish or
shellfish are produced, propagated, transported

"or" sold." This differs from SB 1507 in
using the word "or".

A statement was added to clarify that any
scientific reclassification or renaming should
not necessarily be considered a redefinition of
the species' harmful or potentially harmful
status.

Retail sale regulations that previously applied
to certain tilapia were broadened to include
bighead, silver and black carps as well.

Possession of Mozambique tilapia in a private
pond was still retained as legal.

TPWD Regulations: October 9, 1990
Amendments and Modifications
(Effective October 29, 1990)

Several wording changes were added to better
clarify regulation intentions.

Whale catfishes (Family Cetopsidae), airsac
catfishes (Family Heteropneustidae), ruffe and
its relatives Gymnocephalus spp., non-native
penaeid shrimps and water spinach [pomoea
aquatica were added to the restricted list.

Wording on seatrouts and corvinas Cynoscion
spp. was changed to prohibit all species except
three native seatrouts; restrictions on giant
ramshorn snails, Asiatic clams and zebra
mussels were changed to include all species in
their respective genera and restriction of
salvinia Salvinia rotundifolia was changed to
include all species of the genus.

Wording was added to clearly state that
common carp, goldfish, and Crucian carp
Carassius carassius can be legally used as
bait.

Water fern Azolla caroliniana was deleted
from the prohibited plant list.

Water hyacinth Eichhornia crassipes remained
prohibited, but can be used for water
purification in certain situations.

Wording was changed to include waste-water
processing operations as well as fish farms
relative to possession of water hyacinth,
bighead carp and silver carp (in use for water
purification).

Possession of restricted fish and shellfish
which previously included only specimens
with intestines removed was broadened to
included specimens with heads removed.
Similarly, licensed retailers and wholesalers
could deliver restricted fishes or shellfishes to
the final consumer if the intestines or head had
been removed, or the specimen was dead and
on ice.



TPWD Regulations: January 23, 1992
(Effective March 1, 1992)

® Triploid grass carp were legalized for sale and
possession under special permits and
conditions.

Pacific oyster was added to the restricted list.

Additional terms were defined (e.g., nauplii,

postlarvae).

B Regulations for health certification of exotic
shellfish were added.

TPWD Regulations: May 20, 1993
(Effective August 12, 1993 )

® Nile tilapia Tilapia (Oreochromis) nilotica
was added to the list of tilapia species which
could be possessed by fish farmers with
appropriate permits. Nile tilapia had originally
not been present in aquaculture or as feral
populations in Texas previously. Because they
are very similar to blue tilapia T. (O).

aurea, hybridize readily with blue tilapia, and existing
feral blue tilapia stocks had arisen from a very small
gene pool (limiting genetic variability), the absence of
Nile tilapia may have helped reduce potentially
undesirable genetic combinations among feral
populations.

TPWD Regulations:
Exotic Species Coordinator and Task Force

TPWD created the position of an exotic species/
aquaculture coordinator in September 1989 as per
requirements of the Fish Farming Act of 1989. On 8
December 1994, TPWD's Inland and Coastal Fisheries
Divisions held a public meeting attended by individuals
from the academic community, bait dealers and
producers, aquarium fish trade, aquaculture, ornamental
fish pond trade, and others including other TPWD
divisions. A wide array of issues was discussed and
opinions from different groups expressed. Ultimately

an Exotic Species Task Force (advisory board) was
selected with one or two individuals from most of the
major interest groups represented. This met on several
occasions over the subsequent months. However,
during a political climate nationwide at the time to
reduce restrictive regulations of all kinds in all areas of
government, the TPWC indicated a lack of inclination
to address any dramatic changes to existing TPWD
regulations. This task force is currently on a "meet by
need" status.

TPWD Regulations: March 23, 1995
(Effective May 8, 1995)

L Egeria Egeria densa was removed from the list
of prohibited plants. Because this species was
(1) already established in Texas, (2) abundant
only at sites in San Marcos and New
Braunfels, and (3) sold extensively through
biological supply catalogues for use in
classroom studies, continued restriction

appeared to provide little environmental
protection and confounded science education.

] TPWD was allowed use of exotic species in
department approved research activities and
by public aquaria.



@ A regulation which allowed possession of
grass carp x bighead carp hybrids was deleted.
This regulation had originally been written
years earlier and ultimately maintained for a
time until most existing stocks were lost. A
wide array of genetic types found in TPWD
research among this hybrid led to concerns
about its safety. This in conjunction with
permitting of triploid grass carp prompted the
elimination of legal possession of hybrid grass
carp.

& A health certification was required for all
exotic shell fishes in possession by
individuals conducting research or at public
aquaria.

@ Authority was provided for transportation of
harmful or potentially harmful fishes,
shellfishes, and aquatic plants by permit
holders doing research or displaying such

species at public aquaria.

Permit applicants were required to provide the
department an emergency plan covering
harmful or potentially harmful exotics held
within an exotic species exclusion zone
(coastally to a line drawn from Laredo to San
Antonio to Bryan to Nacogdoches and
eastward to the Louisiana-Texas state line).

Date of expiration and renewal of exotic
species permits was defined as 31 December
1995,

New effluent screening requirements for
facilities which house permitted exotic species
were defined.

Criteria, fees, expiration, and permit
requirements for Exotic Species Interstate
Transport Permits were also defined.

TPWD Regulations: November 7, 1996
(Effective February 25, 1997)

As part of a periodic sunset process which requires
review and readoption of regulations, the TPWD
repealed existing regulations on harmful and potentially
harmful fishes, shellfishes, and aquatic plants and then
readopted these regulations with the following
modifications.

@ Licensed retailers or wholesalers could
purchase Mexican white shrimp Penaeus
vannamei without an exotic species permit if
their facilities were not located within the
Exotic Species Exclusion Zone and the shrimp
were dead and packed on ice or frozen.

o TPWD was authorized to stock triploid grass
carp.
® Pike cichlids Crenicichla and Batrachops,

banded knifefish Gymnotus carapo, and Asian
clam Corbicula spp. were deleted from the
prohibited list. Pike cichlids were removed
largely under pressure from the exotic fish

trade. Banded knifefish was included in the
first TPWD list in the 1960s, but without
explanation. Because it is one of several
nearly identical species (regulation was nearly
unenforceable), much less potentially
problematic than some other knifefishes, and
currently of little interest to the pet trade (other
species are preferred) but was of interest in
certain medical research. Therefore,

continued restriction was unnecessary. Asian
clams were deleted because they are already
distributed statewide, dispersal was largely due
to natural methods unimpacted by legal
restrictions, and academic research was being
confounded by the lengthy times required to
obtained exotic species permits necessary to
work with Asian clams.

Comments from the Texas Natural Resources
Conservation Commission (TNRCC) relating
to permits for planned discharges by new
facilities were sent to the Texas Register for
publication.



TPWD Regulations: January 23, 1997
(Effective February 25, 1997)

First-time exotic species permit applicants exemption from TNRCC for facility waste-water
must obtain appropriate authorization or discharges.

TPWD Regulations: November 6, 1997
(Effective December 29, 1997)

All species of swamp eels (Family disease-free shellfish stocks.
Synbranchidae) and freshwater eels
(Anguillidae, except Anguilla rostrata) are ® Applicants for renewal of exotic species
added to the prohibited list. permits must also obtain authorization or
exemption from TNRCC for facility waste-

Definitions for disease, disease-free, waste, water discharges.
and water are added to the regulations.

® A Memorandum of Understanding between
Quarantine of pathogen-infected exotic TPWD and TNRCC is developed concerning
shellfishes discussed along with notification of exotic species issues concerning permits and
the Department in the case of mortalities and emergencies at waste-water discharge sites.

clarified requirements for certification of

TPWD Regulations: April 16, 1998
(Effective June 21, 1998)

Status of Japanese eel Anguilla japonica had permit. New wording allows only a single
been changed on the list of Harmful and company currently in possession of stocks of
Potentially Harmful Exotic Fish Species so this fish to continue to culture it, but prohibits
that it could be possessed, propagated, any future individuals to do so.

transported, and sold with an appropriate

OTHER REGULATIONS AND LAWS

Both state and federal regulations also restrict general, these federally restricted exotics are not
possession and sale of threatened and endangered discussed here. Similarly, various state and federal
species. In Texas, threatened and endangered species health and agriculture department regulations may also
listed are all native to the state; however, federal lists restrict certain species which also are not described
also contain certain exotic as well as native species. In here.

National Invasive Species Act and 100th Meridian Initiative

The Nonindigenous Aquatic Nuisance Act of 1990 was reauthorization expanded the concerns of this Act to
reauthorized in 1997 as the National Invasive Species include funding for certain projects and establishment
Act (NISA). Though initially motivated by invasive of educational efforts. Also included was the "100
zebra mussels in the Great Lakes, the importance of this Meridian Initiative." This concept was aggressively
problem has become more widely recognized. The pushed by far-western states where zebra mussels have



not been introduced or established as yet. Its major
thrust focuses on states like Texas positioned along the
100th meridian (roughly the east side of the Texas
Panhandle) as a line across which no zebra mussel
incursions should be permitted. It encourages the U.S.

Fish and Wildlife Service to prompt states like Texas
which has no zebra mussel programs (i.e., no
monitoring, no educational efforts, etc.) to become
more functionally active in preventing zebra mussels
from expanding further west.

GENETIC CONSIDERATIONS

Many of our views about what a species actually is
have undergone certain changes in recent years. A
species is generally defined as a group of interbreeding
or potentially interbreeding populations of organisms
that are reproductively isolated from other groups.
Some definitions include certain characteristics in
common or the ability to produce fertile offspring.
Historically, an organism's physical appearance,
geographic range and even coloration were used to
define it as a unique species. However, the
development of biochemical genetic analysis, in
conjunction with domestic breeding and the
introduction of species outside their native ranges, has
resulted both in new insights and new problems in
defining species. For example, Mexican tetra Astyanax
mexicanus, a silvery fish native to some South Texas
streams, has been shown to be the same species as
Mexican blind cave tetra (previously Anoptichthys
jordani) which is a pigmentless pink and without eyes
(two fishes that appear very different are actually the
same species). Conversely, some cultured tilapia
species cannot definitely be identified solely on
appearance; detailed biochemical techniques in the
laboratory are needed to determine the identity (i.e.,
two species that appear nearly identical are actually
distinct). Because of problems like these, some
understanding of genetics and of genetic terms is
necessary, especially when considering cultured fishes.

Basic Genetic Concepts

Genetics is the branch of biology concerned with
heredity and variation in inherited characters. Genes
are the basic units of inheritance, and are arranged
within each cell in long chains called chromosomes.
Most cells in most organisms contain two pairs of
chromosomes and are referred to as 2N. Sperm and
unfertilized egg cells contain half of each chromosome
pair or 1N. At fertilization, the chromosomes (hence
the genes) from the sperm are combined with the
chromosomes from the egg to produce a cell that is 2N
again (1N + IN = 2N). Typically then, half the genes
the newly fertilized egg receives come from the father
and half from the mother. The two genes in each pair
may be alike (called homozygous) or may be different
(called heterozygous). For example, wild-type guppies
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typically have a gene for basic coloration (actually a
pair of the same genes); however, another gene for gold
exists but only produces gold- or yellow-colored fish
when two gold genes are present. Guppies with a pair
of wild-type genes (homozygous) or with one wild-type
gene and one gold gene (heterozygous) appear normal
and cannot be visually differentiated.

Ploidy

Typical 2N organisms are called diploid, or are said to
have a diploid number of chromosomes. The 1N
number of chromosomes in their sperm or unfertilized
eggs is called haploid, or the haploid number. Some
organisms, common carp and goldfish Carassius
auratus for example, normally contain four sets of
chromosomes and are said to be tetraploid (4N). When
three sets of chromosomes are present, the individual is
called triploid (3N).

Advances in genetic manipulation of cells in the
laboratory have enabled fisheries scientists to
deliberately produce abnormal triploid specimens. In
general, triploids tend to be and sometimes grow larger
and faster than normal diploid individuals. The triploid
grass carp is an example of a laboratory-produced
animal that is believed to be incapable of reproduction.

The TPWD position is that specimens of all ploidys are
considered the same species. For example, because
grass carp are restricted, both normal diploid and
triploid grass carp are still the same species and are also
restricted. One minor problem to be aware of relates to
a Biological Opinion on triploid grass carp issued
several years ago by R. E. Stevens and J. G. Stanley of
the U.S. Fish and Wildlife Service which stated "such a
sterile animal [a triploid] technically is not a species
because it is incapable of reproduction, hence
regulations against exotic species may not be legally
binding to triploid animals." This statement is far more
philosophical than scientific and few professional
scientists are likely to take it seriously; none the less, it
may open the door for legal challenges of some
restricted fish regulations that specify "species" without
clearly addressing the status of genetic variants.



Hybrids

The definition of "hybrid" used here in terms of
classification is the result of a cross between two
different species. Such individuals are heterozygous
for many characteristics. Also, in basic genetic terms,
hybrid may simply mean the heterozygous condition
for any characteristic. For example, a gold-colored
goldfish crossed with an olive-colored goldfish could
produce some offspring which would be considered
hybrid for color. However, use of the term here refers
to the hybrid between species.

Domestic Strains

Most American fisheries scientists have been trained to
deal with native fishes. Most have limited experience
with a broad number of exotic species, and fewer still
have had extensive exposure to the large number of

domestic strains seen in some cultured species. These
domestic variants may differ dramatically in color or
form from the original wild-types. Goldfish is a prime
example where strains may vary in color, number of
tails, presence or absence of dorsal fins, length of fins,
normal or bulging eyes, presence or absence of scales,
scale patterns and many other characters. Channel
catfish has both albino (white) and melanistic (black)
strains. Several species of tilapia being cultured may
be red, gold, white, pink and spotted as well as in their
normal wild-type colors. Some normally elongated
tilapia have been bred to be extremely deep bodied.

Unfortunately these domestic variants can confuse
accurate identification. However, most of the restricted
species described here do not differ substantially from
normal wild-types. Where domestic variants or wild
mutations are known, comments are provided under
each species account.

AQUACULTURE AND THE PET TRADE

The majority of species of exotic fishes introduced in
the U.S. has probably come from pet trade sources
including deliberate and accidental releases from
tropical fish farmers in the southern states and from
aquarists around the country. In general, most aquarists
are unaware of legal and environmental implications of
releasing aquarium fishes. While many could probably
understand potential problems with releasing piranhas,
fewer understand that even seemingly insignificant
species like guppies or swordtails Xiphophorus spp. can
threaten certain native fishes under some conditions.
Because public acceptance of restricted fish regulations
is to a large part voluntary compliance, educating
aquarists about both regulations and potential release-
related problems is essential.

It should also be noted that over an estimated 2,000
species of freshwater and marine fishes may be
imported annually for sale in the pet trade (but not to be
interpreted as 2,000 new species). E.A. Lachner, C.R.
Robins and W.R. Courtenay indicated in a 1970 paper
that in excess of 6,000 species of tropical freshwater
fishes have been recognized (not to mention marine
species and those more recently described). Often
imported species are not well known to either aquarists
or scientists. For example, one African rift-lake cichlid
was imported and spawned commercially for several
years as Pseudotropheus "kennyi" before it was
formally described as a species (P. lombardoi).
Similarly, some species are entirely new forms and
unknown to ichthyologists. Violations of restricted fish
regulations may occur unintentionally.
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Frequently when fish are shipped either from their
native ranges or from large domestic wholesalers,
shipments may include unordered fish species, often
under invented common names. One Ohio tropical fish
store once received a shipment of Central American
poison arrow frogs Dendrobates sp. invoiced as "clown
frogs." The shipper had failed to mention to the
retailer, who had ordered fish, that while the frogs were
attractive, they were also quite toxic. In another
instance, a shipment to a Delaware retailer contained
unordered fishes labeled "butterfly cod." These fish
were actually poisonous Australian scorpionfishes
Notesthes robusta. Even conscientious wholesalers,
retailers and aquarists may be confused as to the
identity and subsequently the legality of some species.

Aquaculturists (fish farmers, as opposed to aquarists)
may rear non-native fishes for stocking as game fish or
forage, use as bait, aquatic vegetation control, human
consumption and even ornamental purposes, in a few
cases. Although most of the species listed as restricted
in Texas are more likely to be encountered in the
aquarium trade, restricted aquacultural fishes such as
tilapia and Chinese carps may account for fewer species
but may involve far more individual specimens and
overall biomass than do pet trade fishes. Aquacultural
species like Chinese carps and rudd often originate in
temperate regions and may have a better chance of
long-term survival in Texas waters than do most
tropical aquarium fishes. Further, the possibility of
accidental releases or escapes is often far greater for



fishes held in ponds and outdoor tanks than for
aquarium specimens.

Over time, representatives of the pet industry have
approached the Department with suggested reasons to
modify existing restrictive regulations on exotic
species. Among some of the more-recent suggests was
a request to allow dealers to import for display

purposes virtually any prohibited species under the
claim that such display specimens would enhance sales
of other species. Another such concept was that
prohibited species which were generally considered
"freshwater fishes" would not be prohibited if
maintained in salt water. Thus far the Department has
rejected both concepts.

USING THIS GUIDE

This revised guide updates the species restricted in
Texas, and includes additional information not in the
previous guide (Howells, R.G. 1985. A Preliminary
Guide to Fishes Restricted in Texas, TPWD). A
substantial amount of technical information has not
been included in an effort to make this material more
readable and more useable to the non-fisheries scientist.
In some cases, technical details which may be of use
have been included (often in Technical Notes at the end
of the species account).

The guide provides an illustration and description of
the species and discussion of its biology, as well as
similar species which may cause confusion. It provides
an indication of whether restricted species are of
interest to either aquaculturists or to the pet trade.
Discussion is also provided as to reasons for restricted
status.

While fishes are largely listed in taxonomic order,
several similar groups have been combined for
simplicity of identification. Several complex groups
are described in more detail where brief descriptions
could lead to misidentification. Note that while most
accounts discuss the prohibited species or group,

several discuss a small number of exemptions rather
than the larger number of prohibited species (e.g., "all
except..."). Major topics in species accounts include:

® Other Names

@ Specifics (relative to classification)

@ Range (including introductions, if any)

@ Description (including appearance and size)

@® Biology

@ Commercial Importance (to U.S.
aquaculture or pet trade)

@® Reasons For Restriction

@ Similar Species

@® Technical Notes

Note that illustrations herein are diagrammatic. Do Not
attempt to obtain spine, ray or scale counts from these
drawings. Consult text descriptions for details.

A list of references has been added at the end; however,
most in-text cites typical of scientific publications have
been excluded. Use of point by point citations would
have made the text cumbersome for quick reference
use.

SPECIES ACCOUNTS: PROHIBITED FISHES

Definitions

Note: Types of measurements and counting
methods were indicated where possible and where
necessary; however, because information was
compiled from both recent and dated as well as
American and foreign references, a wide variety of
data types and notation was encountered. Some
sources failed to define the basis for their counts and
measurements. Figures which correspond to the
following definitions are presented on pages 18
through 20.

Body depth - measured as the greatest vertical distance
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from the top (dorsal) to the bottom (ventral) surfaces
(excluding fins and their associated supporting
structures), wherever it occurs.

Fork length (FL) - measured from the most forward
(anterior) point on the head (tip of the snout or lower
jaw) to the rear-most (posterior) tip of the central tail
fin (caudal fin) rays; note that this applies to fishes with
rounded or diamond-shaped tails as well as to fork-
tailed species.

Gill rakers - typically counted on the first gill arch and



may be given as the count for the total arch, the count
for the lower arch only or as the lower number plus the
upper number; if only the count for the lower arch is
given, it should be so designated, but some authors
have failed to do so; gill rakers that fall at the angle of
the gill arch are included in the count for the lower
arch; generally only the outer-most major gill rakers
(anterior) are counted (an inner or posterior row is
sometime present), unless otherwise stated.

Lateral line scale count - typically includes all scales
along the lateral line with pores, but may represent the
lateral series of scales whether pored or not; pored
versus unpored counts may be very similar or may
differ dramatically in some species; American counts
terminate at the base of the caudal fin, but Europeans
often count additional scales that extend onto the caudal
fin itself.

Pharyngeal teeth - rows of projections on the modified
fifth gill arch that are counted as they occur in vertical
rows from left to right (e.g., 1,2,3-3,2,1 or three rows
on each side with 1, 2, and 3 teeth in each row,
respectively). Pharyngeal teeth are sometimes
illustrated in reverse order (i.e., the left gill arch and
teeth appear on the right side of the illustration with the
right arch and teeth on the left side of the figure, the
opposite of the numerical designation).

Rays (in fins) - soft (occasionally hardened or
ossified), segmented and branched or unbranched; note
that American scientists typically count only the last
unbranched ray plus all the branched rays to produce a
total ray count, but Europeans often count all
unbranched rays; also note that some count hardened,
spine-like rays as spines; the last ray of the dorsal and
anal fins is often branched both at the tip and at the
base but is still usually counted as a single ray;
although there are many different types of notation to
designate rays, lower case letters are used here to
indicated unbranched rays and Arabic numerals to
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indicate branched rays (e.g., iii, 7-9 indicates three
unbranched and seven to nine branched rays); the term
"rays" can also be used more broadly to mean all spines
and rays collectively.

Scale rows above the lateral line - number of
horizontal rows of scales counted from the front of the
first dorsal fin diagonally (or following the natural row)
down to but not including the lateral line. Some
literature may indicate the first scale counted as 0.5
(half a scale) if it straddles the center of the back.

Scale rows below the lateral line - number of
horizontal rows of scales counted upward in a natural
row from the beginning of the anal fin to but not
including the lateral line.

Spines (in fins) - hardened, unsegmented and
unbranched; may or may not be toothed (with
denticles); note that some authors considered hardened
unbranched fin rays (segmented, and sometimes arising
from branching) to be spines; often indicated by Roman
numerals (e.g.., XII) or stated in Arabic and English
(e.g., twelve spines in the first dorsal fin; three spines
and 12 rays).

Standard length (SL) - measured in a straight line (not
along the body curve) from the most anterior point on
the head (tip of the snout or lower jaw) to the end of the
vertebral column (base of the caudal fin). This is
sometimes called body length or body length without
the caudal fin.

Total length (TL) - measured from the most anterior
point on the head (tip of the snout or lower jaw) to the
tip of the caudal fin when the fin is compressed (the
longest lobe in fork-tailed species) as Maximum Total
Length; measurement is straight line and not along the
curve of the body; note that some authors take this
measurement with the fin in a relaxed position as
Natural Total Length.
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SPINE AND RAY COUNTS

iii, 6

TOTAL COUNT IS “9" IF ALL
UNBRANCHED RAYS ARE COUNTED,
OR "7" IF RUDIMENTARY RAYS
ARE OMITTED

GILL ARCHES

GILL ARCHES (1-4)

PHARYNGEAL TEETH
(SthGILL ARCH)

PHARYNGEAL TEETH NS

COUNTS: 4-4

GILL RAKERS

GILL
RAKERS — < GILL
FILAMENTS
LONG—
SHORT —— —

COUNTS: 8 ON LOWER ARCH 7 ON LOWER ARCH
Il TOTAL 10 TOTAL

15



SCALE TYPES

Cycloid Scale Ctenoid Scale Ganoid Scale




LAMPREYS

Family: Petromyzontidae
All Species Except
Chestnut Lamprey Ichthyomyzon castaneus and
Southern Brook Lamprey 1. gagei
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Chestnut Lamprey
Ichthyomyzon castaneus

PR, ;»

A
‘l’( I’u l:'

Southern Brook Lamprey
Ichthyomyzon gagei

Other Names:
Lamprey-eel, lamper eel, river lamprey, lamper, blood
sucker, seven-eyed cat.

Specifics:

All lampreys (about 30-35 total species) are restricted
except two species native to Texas. Family has also
been spelled Petromyzonidae.

Note: Chestnut and southern brook lampreys are
unrestricted; all other lampreys are restricted (most
other species accounts in this guide describe those
species that are restricted).

Range:

Lampreys are found in North America, Chile,
Argentina, northern Europe and Asia, southeastern
Australia, Tasmania and New Zealand. Chestnut
lamprey ranges up the Mississippi Valley into Canada,
including extreme East Texas river systems. Southern
brook lamprey is found from East Texas (Neches and
Sabine rivers) and Oklahoma, east to Florida and
Georgia, and north to Missouri and Tennessee.

Description:

Lampreys are eel-like, but with no jaws, a sucker-like
mouth, no paired fins, no true bone, no true teeth
(although horny spines in the mouth are called teeth),
seven gill openings on each side and small but well
developed eyes in adults.

Chestnut lamprey: Adults are 4-13 inches (102-330
mm) in length (larvae to 6 inches/152 mm); coloration
is yellowish-tan to brown, more olive on belly; the
mouth when expanded is wider than head; disc teeth are
well developed, with the inner-most (circumoral) teeth
with two points; muscle bands between last gill opening

and vent are 49-56 (usually 52-54); the dorsal fin is
shallowly notched but not divided. It is parasitic.

Southern brook lamprey: Adults are 4.5-7 inches (102-
145 mm) in length (larvae to 7 inches/145 mm);
coloration is olive-brown above, yellowish below; the
mouth is less wide than the head; disc teeth are
moderately well developed except posteriorly, inner-
most (circumoral) teeth have two points; muscle bands
between last gill opening and vent number 52-54; the
dorsal fin is shallowly notched but not divided. It is
nonparasitic.

Larvae: Larval lampreys, called ammocoetes, are
similar to adults in shape, often pale in color, and have
poorly developed eyes covered by skin. The mouth is a
horses