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Publish or Perish—
A Powerful Engine Driving
Your Professional Society
Before becoming an AFS officer, I held
the erroneous belief that membership dues
constituted the bulk of our Society's income
stream when, in actuality, they represent
only about 17%. It turns out our publications (journals and books) are the real
breadwinners, regularly adding nearly 50%
to our coffers annually. Again, I was surprised it is not individual subscriptions and
book purchases, but rather library journal
subscriptions that bring in the lion's share of
the profits. AFS books also substantially contribute to the Society's positive cash flow. In
fact, AFS has been publishing about 8
books a year since 2000, and is aggressively
expanding in this arena. Thanks to our publications or, more appropriately, the authors
and everyone associated with the publication process (editors, peer reviewers,
managerial staff), AFS has been able to significantly expand services while holding the
line on dues or even significantly reducing
them for students, young professionals, and
professionals from developing nations. Of
course, outstanding stewardship by your
executive director and successive Governing
Boards, along with a dedicated professional
staff, also deserve credit for the Society's
financial strength. But this could all change
if a well intentioned and innoxiously sounding publication pricing movement called
"open access" were to replace our current
model.

OPEN ACCESS
The term "open access" in fisheries conjures some pretty scary scenarios among
professionals, fishers, and anyone else interested in sustainable management of our
aquatic resources. The term should also
send shudders to anyone interested in the
financial sustainability of professional societies. Simply stated, open access would shift
the current pricing model from "reader
pays" to "author pays." Under the open
access model, journal publishers would
charge authors a significant fee, say $1,500
per article, and then provide the article over
the Internet at no cost to readers. The impe108

tus for this model began in the biomedical
field where laypersons searching cyberspace
for the latest findings on cancer and other
ailments faced the burden of visiting a
research library or paying what many
deemed an unreasonable cost, particularly
considering the research is often funded by
taxpayer dollars. Many politicians in North
America and Europe have lent a sympathetic ear to the arguments favoring open
access. University libraries have also been
quick to jump on the open access bandwagon, as their budgets have not kept pace
with the rising costs of journals. After all,
both non-profit and for-profit publishers are
making big money by publishing publiclyfunded research findings. So what's wrong
with this picture? Plenty. As with most simplistic models, more information tends to
spiral into more intricate models with a multitude of interactions, some of which can
lead to unintended consequences.

NON-PROFIT VERSUS FORPROFIT PUBLISHERS
It is a fallacy to believe non-profit publishers are even remotely responsible for the
financial plight facing university and other
research libraries. In fact, according to
Theodore Bergstrom, an economist at the
University of California Santa Barbara,
libraries typically must pay 4 to 6 times as
much per page for journals owned by commercial publishers as for journals from
non-profit societies. Furthermore, his analysis shows that on average commercial
journals are cited less than non-profits, with
the average cost per citation being 5 to 15
times higher. So are libraries getting a good
deal on journals such as the suite offered by
AFS? You can bet your library card they are.

THE DARK SIDE OF
OPEN ACCESS
Should open access become the pricing
model for professional society journals, voluntarily or involuntarily, two major negative
ramifications would surface. First, the burFisheries •
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den of publication costs would fall on the
shoulders of the author(s). Researchers with
large grant funding or other sources of
funds could publish to the extent their budgets allow. Based on Darwinian principles,
the fittest shall prosper and while the weak
may inherit the earth, they won't get published. And can it be assumed the money
needed to publish articles will be forthcoming from research grants and the like? More
likely, these costs will be subtracted from
monies that might otherwise have supported the cost of doing research; ultimately
meaning less research will be conducted.
Not exactly a net benefit, is it?
So how would a professional society like
AFS be affected by an open access pricing
policy? For starters, forget about authors
paying beyond the level necessary to cover
the actual costs of their publication. The
journal publication income stream would
instantly evaporate. AFS could ratchet up its
book prices to be in line with its commercial
counterparts, but that unsavory action
would be but a single finger in a bullet-ridden dike. How about reducing services like
eliminating Fisheries with membership?
Ending reduced costs for books and journals? No job listings? Drop the website and
database management? You are probably
thinking—what would I be getting for my
membership dues? Not what you're getting
now, unless—that's right—dues were to
drastically rise.
So where is this all leading? I will venture
to guess we will see open access morph
into some hybrid model that allows the
public more freedom to access information
without destroying the ability of professionals to produce that which the public seeks.
The AFS InfoBase, where all our journals are
electronically archived and accessible via the
Internet, will allow AFS to readily make
whatever transition is required. Hopefully, a
pricing model will evolve that maximizes
benefits to all. One thing is clear. All our
authors, editors, peer reviewers, and publication staff deserve a pat on the back. No
knives or other sharp objects, please!
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FEATURE:
FISHERIES HISTORY

The Public Sector Role in the Establishment of
Grass Carp in the United States

INTRODUCTION
This article is the first in a series that
will delve into importation, spread, and
uses of Asian carp into the United
States. Data have been obtained from
published documents, annual reports,
and interviews. The purpose of this article is to establish the role of federal,
state, and university personnel in the
introduction, spawning, nationwide
stocking, promotion, and accidental
release into the environment of grass
carp (Ctenopharyngodon idella). Many
have considered commercial fish producers as having a primary role in the
introduction and spread of four of the
Asian carps (bighead Hypophthalmichthys
nobilis, silver H. molitrix, black

Mylopharyngodon piceus, and grass carps)
presently in the United States, but this is
clearly not the case with the grass carp.
In order to set rational policy concerning Asian carps, one must consider the
facts surrounding the introduction of the
grass carp. The historical knowledge also
will allow a better understanding of the
present impact, role, and appropriate
future for these fish. In addition to the
historical facts, it is essential to recognize the recent public sector support for
the use of the grass carp in the United
States. A complete knowledge of the
past and present public sector involvement will help lead to an understanding
of the future potential and need for these
fish in the United States.
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ERIC ENGBRETSON

Abstract: On 16 November 1963, the U. S. Fish and Wildlife Service Fish Farming
Experimental Station at Stuttgart, Arkansas, became the first institution to import grass carp
(Ctenopharyngodon idella) into the United States. This introduction was the result of at least
seven years of effort to find an effective biological control for problematic aquatic weeds. The
introduction was in keeping with a strong environmental and political mandate of that day to
replace the broad use of chemicals with biological controls. For about 10 years, federal and state
agencies and university systems strongly promoted introductions, spawning, and nationwide
stocking of the grass carp. In 1966, the USFWS laboratory at Stuttgart, Arkansas, was apparently responsible for the first accidental release of grass carp to the environment. By 1972, grass
carp were stocked in open water systems, documented in 16 states, and established in the
Mississippi River system. All this occurred before the first private-sector
commercial producers received and spawned the fish in 1972 and 1973,
respectively. From 1972 to 1985, public agencies were actively involved in
research to produce non-reproductive grass carp for stocking purposes and
in 1983, in conjunction with a private producer, these efforts led to the
development of triploid grass carp. In 1985, an official U.S. Fish and
Wildlife Service biological opinion was rendered that grass carp triploids
were an environmentally safe, weed-controlling fish. In the same year, the
U.S. Fish and Wildlife Service established a triploid grass carp ploidy
inspection program that opened the way to ship certified triploid grass carp
around the country. From 1985 to 2005, more than 7 million triploid grass
carp were shipped throughout the United States. With grass carp now officially recorded from 45 states it is important to be aware of (or remember) the facts
surrounding its introduction, early spread, present usage, and need. Understanding these will
in turn will allow for more rational decisions to be made concerning the future of these fish.

Andrew J. Mitchell
Anita M. Kelly

SOCIAL CLIMATE
The social climate present during
the 1960s played an important role in
importing an herbivorous fish such as
the grass carp (Blackburn and Sutton
1971). In the early 1960s, particularly
after the release of Rachel Carson's
book Silent Spring, the use of biological
controls instead of chemical controls
was a high priority. The intent was to
lower the use of expensive and environmentally-toxic weed killing chemicals
in the environment and to obtain weed
control where chemicals could not be
used or did not work. State, federal, and
university biologists understood this to
be an important mandate and the
importation of exotic biological control
113

agents fit into the framework of that
mandate.

takenly reported it as a 1962 meeting
(in a 2 March 2005 telephone call,
James H. Stevenson, former director of
the USFWS/FFES, recalled only one
meeting and the 7 October 1963 FFES
quarterly report clearly gives the dates
of the meeting).

grass carp (white amur) at the Research
Planning Conference on the Biological
Control of Aquatic Weeds with the
EVENTS LEADING TO
White Amur, held in Fort Lauderdale,
THE INTRODUCTION OF
Florida, on 29–30 October 1970, it is
GRASS CARP
recorded: “1964 intro from Taiwan.” In
a telephone call (2 March 2005) to
Several events led to the introducJames H. Stevenson he stated that
tion of grass carp into the United
the introduction at Auburn
States. In January 1957, Homer S.
occurred several months after the
Swingle, of the Agricultural
This species [the grass carp]
November
introduction
at
Experiment Station, Alabama
appears to be one of the most
Stuttgart.
On
1
September
1964,
Polytechnic Institute (later to
promising for biological control of
the first published date found
become Auburn University, at
associated with any mention of
rooted
aquatics
if
methods
to
induce
which Swingle became head of
grass carp at Auburn University, 4
reproduction under controlled condithe Department of Fisheries and
grass carp 41 cm in length were
Allied Aquaculture), recognized
tions can be devised.
stocked into a 0.1 acre experigrass carp as a potential weed con—Homer S. Swingle
mental pond containing aquatic
trol agent for use in the United
Agricultural Experiment Station
weeds (Auburn Fisheries annual
Alabama Polytechnic Institute
States at the 10th Annual
report for 1964). In a telephone
January 1957
Meeting of the Southern Weed
call with James Avault (22
Conference, in Augusta, Georgia
February 2005; a former graduate
(Swingle 1957). Swingle stated
student
at Auburn University who
that, “Extensive research with each INTRODUCTION OF
worked
with the initial group of
species [several fish were listed includ- GRASS CARP INTO THE
imported
grass carp), he stated the fish
ing grass carp] to determine rates of UNITED STATES
were
initially
stocked into outdoor plasstocking necessary for weed control and
In 1963, grass carp were first tic-lined pools covered with netting to
their effect upon established fish popuimported into the United States with prevent losses due to jumping (grass
lations are urgently needed to explore
the assistance of Ling; arrangements carp are notorious jumpers) and later
the possibilities for biological control of
were made by the USFWS/FFES to some were stocked into a 0.1-acre pond.
weeds in ponds.” He further stated,
secure a stock of the grass carp from the While grass carp were being seined in a
“This species [the grass carp] appears to
government of Malaysia (FFES Annual pond, they were observed to jump over
be one of the most promising for biologReport 1963). Guillory and Gasaway the seine and in one incidence hit
ical control of rooted aquatics if
(1978) mistakenly refer to him as Shu Swingle's son in the chest and knocked
methods to induce reproduction under
Yen (S. Y.) Lin, who was from Taiwan him down (James Avault, pers. comm.,
controlled conditions can be devised.”
and also had a strong interest in the 13 June 2005). Growth of the grass carp
In 1959, Shao-Wen (S. W.) Ling, a
propagation of grass carp. On 16
fisheries biologist from Malaysia with November 1963, 70 fingerling grass carp in the pond was approximately 0.45 kg
the Food and Agriculture Organization (average weight of 4 g) were received per month.
After completing this initial study
of the United Nations (FAO), recom- for experimental purposes (Mugmon
with
the grass carp, Swingle inquired,
mended that grass carp be introduced and Raisovich 1964; Stevenson 1965).
“How
are the fish?” Avault replied they
into the United States (Stevenson After being quarantined for 1 week of
were
doing
well and that they had not
1965). On 13 and 14 August 1963, a observation, the fish were stocked into
lost
one.
To
which Swingle replied,
two-day workshop covering fish hus- 4 large aquaria and a 0.1 acre (0.04
“No,
I
mean
how
do they taste?” Avault,
bandry and fish farming needs was held hectare) pond (FFES Annual Report
taken
aback,
indicated
that with so few
by officials of the U.S. Fish and Wildlife 1963). In 1 year, the fish achieved an
fish
on
hand
he
never
tried one.
Service (USFWS), Auburn University, average weight of 1.8 kg (Stevenson
Swingle
then
said,
“Go
ahead
and cook
FAO of the United Nations (S. W. Ling 1965; Mugmon and Raisovich 1965).
them,
I've
got
more
coming.”
Avault
was a special guest), and the Arkansas
A few months after the Stuttgart
Game and Fish Commission at the shipment (probably early to mid-1964), then fried up the grass carp and some
USFWS Fish Farming Experimental Auburn University received 12 or 13 other fish including catfish and had a
Station (FFES) Stuttgart, Arkansas, to grass carp courtesy of Y. A. Tang of “taste test.” Without knowing which
discuss the importation of the grass carp Taiwan (Avault 1965; Guillory and fish they were eating, all “taste-testers”
into the United States (FFES Quarterly Gasaway 1978; James W. Avault 2005 agreed that the grass carp was best but
Report, 7 October 1963; Stanley 1978; pers. comm.). Sills (1970) and Guillory had a lot of small bones. So ended the
Guillory and Gasaway 1978). This and Gasaway (1978) report a 1963 first grass carp shipment to Auburn, as
meeting resulted in the decision to introduction by Auburn University but all were consumed (James Avault, pers.
import grass carp into the United States with no reference. In handwritten notes comm.).
Information on the next grass carp
for research purposes. Stanley (1978) from a slide lecture given by John
and Guillory and Gasaway (1978) mis- Lawrence of Auburn University on the shipment to Auburn could not be found
114
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in the Auburn Fisheries annual reports
but in the 1965 report there is a record
of 41 grass carp being transferred from a
grass carp holding pond to a 1.3 acre
(0.5 hectare) pond on 17 May 1965.
Although the size of the fish moved to
the larger pond was not provided, they
were large enough to consume weeds
and may have served as a brood stock
source for the next year. Avault (1965)
from Auburn University and Stevenson
(1965) from the USFWS/FFES reported
on the first grass carp research results
(primarily weed consumption and
growth information) in October 1965.

EARLY SPAWNING OF
GRASS CARP IN THE
UNITED STATES
On 19 May 1966, the USFWS/FFES
successfully spawned a mature 3-year
old female grass carp weighing about 7.7
kg, which had been injected with common carp (Cyprinus carpio) pituitary
(Mugmon and Taylor 1967; Sills 1970).

Guillory and Gasaway (1978) citing
Bailey and Boyd (1972) reported that
only 1,700 fry were produced. Sills
(1970) reported that 2,000 fry, apparently from the Stuttgart spawn, were
stocked in the spring of 1967 indicating
a number greater than 1,700. According
to Mugmon and Taylor (1967; information from annual reports submitted by
the USFWS/FFES which are considered
more reliable), approximately 8,000 fingerlings were produced, with half
stocked into ponds at the USFWS/FFES
and 4,000 shipped to Joe Hogan State
Fish Hatchery in Lonoke, Arkansas.
Bailey and Boyd (1972) reported that
some of the fish were also delivered to
Auburn University.
Auburn University researchers
injected two female grass carp with
common carp pituitary on 16 and 17
June 1966 and successfully spawned
both fish, producing 1,400 fry that were
stocked in three stockings from 19 to 23
June 1966 (this and most of the follow-

ing information in this paragraph came
from the Auburn Fisheries annual
reports, 1964–1972). On 18 October
1966, 93 fish averaging 286 g were
recovered. From successful spawns in
May and June 1967, 5,134 fry and small
fingerlings (fish 0.5 to 8.0 g) were
stocked into ponds and plastic pools. In
1968, 7 female grass carp were successfully spawned and 100,300 fry were
stocked or given to “various persons” for
stocking. From these, approximately
34,000 were placed in rearing ponds at
Auburn and a total of 14,135 fingerlings
were produced. This leaves more than
66,000 fry that were not stocked in
Auburn University ponds (one might
conclude that they were in the “various
persons’” ponds). The number of brood
stock on hand that year was 95 fish.
There is no record of an Auburn spawn
in 1969 but they report that it had
become common practice to stock grass
carp into experimental ponds which are
annually infested with aquatic weeds.

The first grass carp shipment to the United States arrives at the U.S. Fish and Wildlife Service laboratory at Stuttgart, Arkansas on
16 November 1963. Photo from Mugmon and Raisovich (1964).
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From the records, a total of 26 of their reported); 2 more fish of the size taken the hatching jars in 1966 and went into
experimental ponds had been stocked near mouth of White River.” Below the the runoff water from the hatchery.
with grass carp from 1967 to 1969. Stuttgart station probably refers to Although it has been speculated that
Attempts to spawn in 1970 failed com- Bayou Lagrue or the Little Lagrue that some of the escaped grass carp came
pletely and the cause for failure was feeds into Bayou Lagrue.
from the 4,000 grass carp housed at Joe
attributed to the use of HCG rather
In the summer of 1971, 15 biologists Hogan State Fish Hatchery in Lonoke
than carp pituitary. Attempts in May from the AGFC applied 113.5 kg of (about 40 miles northwest of Stuttgart),
and June 1971 also failed and 500 grass rotenone, killing approximately 4,540 it is less likely as the state fish hatchery
carp fingerlings needed for research had kg of fish over a 5-mile stretch of the is about 40 miles farther than the FFES
to be obtained from USFWS/FFES in White River (letter from Bill Bailey, from Bayou Lagrue and the White River
Stuttgart. In 1972, Auburn
and has no direct connection to
University was successful in
these rivers. It is nearly impossible
spawning 1 female and produced
for any of the 93 surviving grass
...a number of fry escaped from
2,254 fingerlings (Shelton 1976).
carp from the 1966 Auburn
University spawn to have escaped
The Arkansas Game and Fish
the hatching jars in 1966 and
and found their way from the
Commission (AGFC) attempted
went into the runoff water from
Mobile Bay drainage to the
to spawn grass carp in 1969 but
the hatchery.
Mississippi and White rivers; there
failed (Bailey 1972a). In 1970, the
—Mayo Martin
are no tributaries near Auburn
USFWS lab
AGFC moved their operation to
Stuttgart
that directly lead into these rivers.
the USFWS/FFES in Stuttgart,
By 1974, grass carp from the
and jointly with the USFWS/FFES
1971 year class were frequently
successfully spawned grass carp
(presumably the third generation of AGFC, to Herbert Axelrod, 5 January captured in the Mississippi River system
and
Gasaway
1978).
grass carp in the United States). 1972). Among all the fish collected, (Guillory
only
1
grass
carp
was
recovered,
which
Although
it
is
likely
that
these
came
Between 250,000 and 270,000 fry were
was 5 years old and weighed 5.4 kg. The from the 1971 Arkansas spawns (some
produced in several spawning attempts
St. Louis Post Dispatch on 9 February were stocked in open waters), the 1971
from early May to late June 1970 and
1971 reported 3 grass carp weighing year class of grass carp could have been
reared to stocking size for vegetation
about 9 kg each were harvested from the offspring of original fish from the 1966
control studies (Bailey and Boyd 1971;
Mississippi River as far north as south- escapees. Other free ranging or escaped
Guillory and Gasaway 1978). The folern Illinois (Greenfield 1973). fish appeared in rivers in Alabama,
lowing year, 1971, the AGFC spawned
Apparently, all the fish were of approx- Florida, Georgia, and Mississippi; the
and hatched fry at their own facility in imately the same age and from the 1966 source of at least one of these came from
Lonoke, but was unsuccessful in raising age class (Bailey 1972b). This corre- a stocked lake (Deer Point Lake) in
any of the offspring (Bailey 1972a). The sponds to the 1966 hatching of grass Florida (Guillory and Gasaway 1978).
AGFC moved their operation back to carp at the USFWS/FFES. Small tributhe USFWS laboratory at Stuttgart and taries receiving wastewater from the GRASS CARP MOVEMENT
successfully produced about 1 million USFWS/FFES empty into Bayou THROUGH STOCKINGS
fry. In 1972, the AGFC stocked 3.1 mil- Lagrue, which at the closest point PRIOR TO 1973
lion fry from their May spawns into 10 passes within 3 miles east of the station.
As best we can tell, prior to the 1966
ponds (White Amur Spawning Project, Bayou Lagrue empties into the White spawns, grass carp were found only at
1972). Unfortunately, fry survival in the River approximately 30 miles southeast Auburn University in Alabama and at
ponds was not recorded.
of the station and the White River the USFWS/FFES in Arkansas. As
flows southeast about 15 to 20 miles stated previously, in 1966 approxiEARLY GRASS CARP
before draining into the Mississippi mately 4,000 grass carp fingerlings were
ESCAPEES TO THE WILD
River. Additionally, Bailey (1972b) provided to AGFC, and some grass carp
Free-ranging or escaped grass carp reported that in 1970 some newly- were later released to unspecified
were caught by commercial fishermen hatched grass carp fry were observed researchers in 1967 (Guillory and
in the White River and in Bayou passing through the saran screen on the Gasaway 1978). There is no record of
Lagrue, both in Arkansas, in 1970 rearing troughs at the USFWS/FFES. public or private lakes being stocked
(Bailey 1972b). A note made by R. M. This could very well have been the way with grass carp (experimental ponds
Burress, Warm Springs, Georgia (31 the original unintentional introduction excluded) before 1969. Lake Greenlee,
March 1971), from a telephone call to occurred in 1966 and it is highly likely a topographically isolated lake near
Kermit Sneed, director of the that the escapees came from the Brinkley, Arkansas, was first stocked
USFWS/FFES, regarding grass carp USFWS lab at Stuttgart. In a personal with 175 grass carp on 30 June 1969 and
taken in the wild stated, “Three fish conversation with Mayo Martin, a fish- in October 1969. An additional 1,500
weighing from 7 to 9 lbs. [3 to 4 kg] eries biologist that worked for the grass carp were stocked at the rate of
from below Stuttgart stations (probably USFWS/FFES from 1963 to 1989, he 7/acre (17/hectare) in the spring of
more than this caught but not stated that a number of fry escaped from 1970 (Bailey and Boyd 1971). In the
116
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summer of 1970, the U.S. Forest Service
stocked 20,000 grass carp obtained from
Auburn University into Davis Lake
south of Tupelo, Mississippi (record
made of telephone call from Kermit
Sneed to R. M. Burress, Warm Springs,
Georgia, 31 March 1971). By 30
October 1970 grass carp were apparently in the states of Alabama, Arizona,
Arkansas, Florida, Louisiana, and
Georgia (Guscio and Gangstad 1970).
It was not until 1971 that the AGFC
had enough grass carp (about
1,000,000) available for widespread
stocking and they began supplying outof-state researchers with grass carp that
same year (Guillory and Gasaway
1978). The first grass carp introduction
into an open system in this country
occurred when Lake Conway, Arkansas,
was stocked by the AGFC in December
1971 (Guillory and Gasaway 1978).
Through early 1972, grass carp had been
stocked into 15 lakes in Arkansas
(Bailey 1972a) and by December 1972,
AGFC had stocked 290,992 fish in 54
Arkansas ponds and lakes (AGFC summary of fish stockings in authors'
collection). In the same year, grass carp
had been stocked into 5 state lakes in
Alabama and a few in Florida with fish
from the Auburn University spawns. In
1972, Sneed noted that grass carp had
been shipped to at least 16 states
(Guillory and Gasaway 1978) and,
probably as speculation, he reported
that they were in 40 of the 50 states
(Pflieger 1978). There are records of
grass carp being sent to private companies in Louisiana, Oklahoma, Texas,
Maryland, and Arkansas (e.g., clubs and
communities with weedy ponds) by
1972 (Guillory and Gasaway 1978), but
there is no record or evidence that these
companies raised fish for production or
spawned them. Additionally, the earliest these companies probably received
fish would have been late 1971 (the
time when fish were available in sufficient number for stocking from the
1971 USFWS/FFES and AGFC spawn).
By 1972, research on grass carp was
being conducted in Alabama at the
National Fish Hatchery (USFWS) in
Marion, at the Alabama State
Conservation Department Hatchery in
Eastaboga, and at Auburn University in
Auburn; in Arizona at the Page Springs
Fish Cultural Station (Arizona Game
Fisheries •
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and Fish Department); in Arkansas at
USFWS/FFES in Stuttgart, and at Joe
Hogan State Fish Hatchery (AGFC) in
Lonoke; in Florida at the U.S.
Department of Agriculture/Agricultural
Research
Service
(USDA/ARS)
Plantation Field Laboratory in Ft.
Lauderdale, at a Florida Game and
Freshwater Fish Commission research
laboratory in Eustis, and at the
University of Florida in Gainesville; in
Georgia at the South East Fish Cultural
Laboratory (USFWS) at Warm Springs;
in Louisiana probably at Louisiana State
University, Baton Rouge; and in
Oregon at Oregon State University
(Hutt 1971; Sneed 1971; Bailey 1972b;
Greenfield 1973). The office of Chief
Engineers, Army Corps of Engineers,
although not directly conducting
research, was very interested in grass
carp and held at least one meeting
(Research Planning Conference on the
Biological Control of Aquatic Weeds)
on the white amur in 1970 (Guscio and
Gangstad 1970).

PROMOTION OF GRASS CARP
BY AGENCY OFFICIALS
PRIOR TO 1973
Guscio and Ganstad (1970) reported
that R. D. Blackburn (USDA/ARS,
Fort Lauderdale, Florida) stated, “The
grass carp is highly recommended as a
biological agent for obnoxious weed
control” and that Swingle concurred by
stating, “If there is a biological control
it is the amur.” Sneed (1971) gave the
following summary:
To summarize at the present,
the white amur seems to be the
best available biological control for
vegetation. It would be rash to call
it a miracle fish, or anything even
approaching that, but it is effective. There is no doubt that the
white amur will eat and control
vegetation within certain defined
stocking rates in keeping with the
type and abundance of vegetation
present. The numeric relationships
have not yet been fully defined, but
through the proposed research program at Stuttgart and other
experiments being done in other
parts of the country, it seems reasonable to predict that the white
amur will someday be fully
WWW. FISHERIES . ORG

accepted as a means of controlling
unwanted vegetation.
Bailey (1972a) acknowledged,
The Arkansas Game and Fish
Commission had decided to use the
white amur for its intended purpose, and has stocked them in
many lakes in all areas of the state.
While the grass carp controversy
rages, and thousands of tons of
unnecessary chemicals are dumped
into our waters, the white amur is
slowly doing its job in the public
waters of Arkansas. Nature has provided a valuable 'tool' to solve
another problem if only 'technical
man' is able to recognize it.
Bailey (1972b) strongly promoted the
stocking of grass carp in state lakes in
both his abstract and summary remarks.
The official policy concerning distribution and allocation of white amur was
approved by the AGFC, 20 and 21
March 1972. The policy stated:
(1) The primary utilization and production of white amur will be for
the control of aquatic vegetation
in Arkansas' public fishing
waters;
(2) white amur fry and/or fingerlings
will be furnished to state and federal governmental agencies and
to colleges and universities for
research purposes on a supply
available basis. Small numbers
will be furnished to these agencies at no charge or in trade for
other fishes. Before these fish are
transported into other states,
written approval must be given
by the game and fish agency from
the receiving state;
(3) priorities for distribution of white
amur will be:
(A) Arkansas' public waters with
greatest need for vegetation
control,
(B) state agencies, federal agencies, and universities,
(C) large club and community
lakes in Arkansas with need
for aquatic vegetation control,
(D) private lakes or ponds used by
the Arkansas Game and Fish
Commission for holding or
growing broodstock and
117

(E) any resident with a bona fide
fish farmer's permit...will
receive up to 2,000 fry, if the
receiving pond has been properly prepared by the owner
and approved by the district
fishery biologist and if the fish
are available.

Enforcement Division of USFWS
reported that the proposed regulations
would not affect the right of Arkansas
fish farmers to ship grass carp across
state lines (Anonymous 1974); this
removed inhibitions for the interstate
shipment of grass carp by commercial
fish producers. Prior to 1979, grass carp
were routinely recommended for stocking into private ponds in Virginia by the
Soil and Conservation Service
(Steinkoenig 1994); this allowed grass
carp, in large numbers, access to the

started by Johnson at Auburn
University (Shelton and Jensen 1979;
Jensen et al. 1983; Jensen and Shelton
1983).
Efforts to produce monosex grass
carp were largely replaced with research
on the production of triploid fish when
it was reported that the Hungarian
researchers Marian and Kraszani (1978)
The first record of private hatcheries
had produced triploids by crossing grass
in Arkansas (or anywhere) receiving
carp and bighead carp. Homer Buck of
grass carp occurred in 1972. In that
the Illinois Department of Natural
year, eight fish farms in Arkansas had
History, Champaign, related informareceived grass carp by July (list of
tion on the Hungarians' research
fish farms possessing white amur
to Arkansas grass carp producer
published by the AGFC). The
Jim Malone (FFES unpublished
Public and private demands for the
first attempt to spawn grass carp
Hybrid Carp Report, ca. 1982).
exotic weed-eating grass carp grew
by private producers was in 1973
Malone, with the help of Buck,
steadily; however, concerns about
(Anonymous 1976; Guillory and
Scott Henderson of AGFC, and
the continuing spread of this fish
Gassaway 1978). It is important to
Mayo Martin of the USFWS, sucnote that by 1972 the grass carp
and its long-term ecological effects
ceeded in producing three spawns
had been brought into the United
of the hybrids in substantial numin open systems were also growing.
States by federal (USFWS) and
bers in 1979 (Buck 1979; similar
university (Auburn) efforts; promethods and procedures were
moted by several university,
later published by Freeze and
federal, and state officials; extensively mid-Atlantic region of the United Henderson [1983] of the AGFC). Also
stocked by state (AGFC) efforts; and States.
in 1979, Melvin Beck and Charles
had escaped into a major river system of
Public and private demands for the Biggers at Memphis State University
the United States (most likely due to exotic weed-eating grass carp grew began to work in earnest on the characfaulty biosecurity measures at the steadily; however, concerns about the terization of these triploids, first
USFWS federal facility at Stuttgart). continuing spread of this fish and its publishing on the karyotype analysis of
All this happened before commercial long-term ecological effects in open sys- the hybrid (Beck et al. 1980). In the
fish producers received grass carp.
tems were also growing. The potential same year, staff at the USFWS Stuttgart
negative effects of grass carp on native laboratory sought methods to rapidly
PUBLIC SECTOR
aquatic plants and other native aquatic determine the ploidy of these grass carp
INVOLVEMENT IN THE
organisms led university and govern- hybrids and used microscopic evaluaSPREAD AND PROMOTION
ment researchers to attempt to develop tion of blood smears (measurements of
OF GRASS CARP IN THE
methods to produce non-reproducing erythrocyte nuclear size) to determine
UNITED STATES AFTER 1972
fish. Malcolm Johnson, Jr. (1972) at the ploidy of fish lots until about 1983.
State agencies continued to promote Auburn University and Jon Stanley In 1982, Standish Allen, working with
the use of the grass carp. From 1971 to (1972) at Stuttgart (USFWS) began Stanley at the University of Maine,
1977, the AGFC stocked at least 115 efforts to determine if the production of found that an accurate ploidy determilakes and numerous farm ponds with an non-reproducing populations of grass nation could be made on blood from the
active program for the distribution of carp was possible. This early work hybrids with a flow cytometer (Allen
the grass carp (Guillory and Gasaway involved the production of presumed and Stanley 1983). Although accurate,
1978). James Avault of Louisiana State monosex fish by artificial gynogenesis the method was very costly and time
University (formerly a student at (crossing of grass carp irradiated sper- consuming. Allen moved to the
Auburn Unversity) wrote, “In my opin- matozoa with eggs from goldfish University of Washington and continion, the grass carp is one of the best (Carassius auratus) and Israeli carp ued work on triploidy there.
species for aquaculture” (Avault 1974). (Cyprinus carpio) and by sex reversal
In 1983, Malone, with access to the
The USFWS enabled the interstate through the administration of a hor- work of Stanley, Allen, and others, proshipment of grass carp, when, in 1974, a mone (methyltestosterone) in the feed. duced triploid non-hybrid grass carp by
question developed as to the legality of Stanley produced several papers on shocking recently fertilized eggs
fish farmers shipping the grass carp monosex grass carp at Stuttgart and (Malone 1983). The shock, which conacross state lines. Representative to the continued his interest and research sisted of changes in incubation
U. S. Congress Wilbur D. Mills sought efforts after moving to the University of temperature or pressure immediately
clarification of proposed regulations Maine, Orono, about 1976 (Stanley after fertilization (details on the procegoverning the interstate shipment of 1976, 1979). William Shelton, Gary dures used by Malone were proprietary),
this fish. Marshall Stinnett of the Jensen, and others continued the effort caused the eggs to retain the second
118
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polar body and therefore, an extra set of chromosomes producing triploid instead of diploid cells in both male and
female grass carp. A method to produce triploid grass carp
(not necessarily the method used by Malone) was published
by Cassani and Caton (1985). The genetic alteration results
in non-functional or greatly reduced gonadal tissues that in
turn produce functionally sterile fish (Allen et al. 1986;
Doroshov 1986; Van Eenennaam et al. 1990). The Illinois
Natural History Survey issued a strong statement of promotion for the use of the non-reproductive grass carp. The
Aquatic Biology Technical Report 10 (1984) from the Illinois
Natural History Survey states in Recommendation 1, “The
hybrid carp and the triploid grass carp should be legalized in
Illinois for use as biological control agents against nuisance
aquatic macrophyte populations.” Recommendations by the
Florida Department of Natural Resources and the Florida Game
and Fresh Water Fish Commission stated, “Provided they are not
overstocked, triploid grass carp appear compatible for use in fisheries management areas” (Leslie et al. 1984).
In 1984, the USFWS initiated procedures to become the
agency that certified that triploid grass carp were indeed
triploid (letter from Bob Jantzen, former director of the
USFWS, in authors' collections). This was done in recognition of the states' need for the grass carp in their management
programs (California, Florida, and North Carolina were the
first three states to request certified triploid fish). Also in
1984, Bob Wattendorf developed a method for using the coulter counter as a rapid and less costly (compared to the flow
cytometer) method for determining ploidy in grass carp
(Wattendorf 1986). In September 1985, one of the authors
(AJM), took Wattendorf's method and incorporated it into
an inspection protocol and over the next several months
developed a standard operating procedure for USFWS inspections that were used to validate shipments of triploid grass
carp going to states that required all imported grass carp to be
triploid (Griffin 1991). The inspection procedure became the
accepted protocol used by the USFWS for at least 10 years,
and, to a large extent, is still being used today. The USFWS's
established inspection/certification process aided states that
wished to receive the triploid grass carp and helped to promote the sale and importation of the fish. Also in 1985,
Fisheries Chief Bob Stevens of USFWS gave a biological
opinion that the stocking of triploid grass carp will result in
no adverse impact on the environment (letter of opinion in
authors' collections). A 24 September 1985 letter from Carl
R. Sullivan, executive director of the American Fisheries
Society, to Robert Jantzen, director of USFWS, reads, “AFS
applauds your plans to begin certifying triploid grass carp. We
think it's an enlightened and progressive move that will perform a vitally important service. It will also allay fears of a
confused public by confirming that triploid sterility is for real.
Congratulations. We plan to publish news of your decision in
Fisheries” (letter in authors' collections).
In the early 1990s, an effort was made by the USFWS to
eliminate the triploid certification program because it had
grown so large and costly, with 30 states requesting some type
of service regarding the importation of grass carp.
Overwhelming support from state conservation and fish and
game agencies from several states caused the USFWS director
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to yield on the attempt to end the program (letters in authors' collections).
As a result of this strong state support,
the program was strengthened and
Congress passed the Triploid Grass Carp
Certification Act of 1995. This producer-supported act ensured the
continuation of the program and
allowed producers to monetarily support
all triploid grass carp inspections done
on fish from their facilities via a user
fee. Triploid grass carp sales grew to
more than 400,000 fish per year and
over the 20-year history of the program,
30 states received USFWS-certified
triploid grass carp (summary information for triploid grass carp inspection
from 1986 to 2004 in authors' collections). For the last 4 years (2002–2005),
more than 1.7 million triploid grass carp
with USFWS certification have been
sold to more than 20 states. This does
not count diploid fish sold to Hawaii,
Iowa, Kansas, Missouri, eastern
Colorado,
Oklahoma,
Arkansas,
Mississippi, and Alabama, where stocking of diploid grass carp is legal. Only
the states of Alaska, Oregon, Montana,
North Dakota, Minnesota, Wisconsin,
Michigan, Massachusetts, Vermont,
Maine, Maryland, and Rhode Island
prohibit both diploid and triploid grass
carp from entering their state (Nico and
Fuller 2005). The past and present pattern of state and federal agencies
approving the stocking of grass carp
continues to reinforce that these agencies recognize the grass carp as an
important environmental management
tool.

SUMMARY
It is interesting to reflect on the controversy surrounding this fish. On the
one hand, it is viewed as an invasive
species with potential to change entire
ecosystems, destroying or limiting both
native aquatic plants and native aquatic
plant consumers. On the other hand, it
represents a scientific triumph; a biological control agent to replace chemical
usage in many of our waters that will
not reproduce to permanently change or
damage the environment. Grass carp
have now been officially recorded in 45
states (Nico and Fuller 2005). The use
and subsequent establishment of grass
carp throughout the United States was
accomplished
through
accidental
120

release, promotion, and research efforts
of several federal and state agencies as
well
as
some
universities.
Understanding the initial impetus for
importation and use of grass carp in the
United States will enable us hopefully
to make better, more informed decisions
in the future regarding exotic species.
Lastly, placing the primary responsibility for promotion and spread of this fish
in the hands of the private sector is a
misrepresentation of the facts that can
now be rectified with factual evidence
presented in this review.
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FEATURE:
FISH HEALTH
Zero Withdrawal Anesthetic for
All Finfish and Shellfish:
Need and Candidates
ABSTRACT: The critical need in the United States for a zero withdrawal time anesthetic
or sedative is widely recognized by fish culturists and fishery managers for both public and
private aquaculture and fisheries management. There has also been confusion concerning
whether such drugs as clove oil or eugenol are appropriate to use as anesthetics in aquaculture and fisheries. Recently, the American Fisheries Society was asked to help resolve this
confusion by establishing a dialogue among stakeholders. A consortium of stakeholders,
including a proactive pharmaceutical sponsor, has made a serious effort to gain a New
Animal Drug Application approval of a potential zero withdrawal anesthetic called AQUIS®. The present article is an attempt to address the circumstances related to an approval for
a zero withdrawal anesthetic to include (1) need, (2) stakeholder groups, (3) candidate
anesthetics, and (4) approval effort on candidate AQUI-S®.
INTRODUCTION
In May 2003, the executive director of
the American Fisheries Society (AFS)
requested that the Task Force on Fishery
Chemicals become involved in a dialogue

concerning the use of anesthetics needing
zero withdrawal times in fisheries management and aquaculture. The reason for this
request was the confusion by fishery managers, fish culturists, researchers, and other
stakeholders about what anesthetics may
be used when food-sized aquatic animals
need to be sedated or anesthetized. Of
great interest was the perceived but faulty
idea that clove oil and eugenol can be
used legally. The AFS executive director
also wanted information to be provided on
the efforts to gain approvals for any anesthetic that could become a zero
withdrawal anesthetic. This article is in
response to that request.

WHAT ARE THE
CHARACTERISTICS OF A
ZERO WITHDRAWAL
ANESTHETIC?

Spawning fish using AQUI-S®.
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Zero withdrawal time means the time
between the last treatment of an animal
with a drug like an anesthetic and potential human consumption of that animal
through immediate slaughter or through
release into the wild where the animal
could be harvested for human consumption. The establishment of this withdrawal
time requires extensive and expensive
mammalian toxicology and residue chemistry studies on the target aquatic animal
that must demonstrate what the safe concentration of the drug residue is; if the
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residue of the drug in the treated animal is
above that level, there can be no zero
withdrawal time (CVM 2005). The characteristics of an anesthetic that would
meet those human food safety needs were
recognized by Marking and Meyer (1985).
They surveyed federal, state, and private
hatchery workers and the most cited limitation to the only approved anesthetic was
the 21-day withdrawal time requirements.

WHY A NEED FOR A ZERO
WITHDRAWAL ANESTHETIC?
No legally approved anesthetic with a
zero withdrawal time is available for the
many aquaculture production or fishery
management procedures requiring an
anesthetic (Schnick 1999). The procedures requiring zero withdrawal time
include
(1) marking, tagging, measuring,
and sexing of both cultured and
captured finfish and shellfish
with immediate harvest or
release;
(2) artificial spawning with live
finfish that are released for
sport, commercial, or
subsistence fisheries, or with
carcasses allowed as fish meal
for feeds or food;
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(3) sorting brood finfish or grading
food-sized finfish by size for
immediate harvest or release;
(4) humane rested harvest of
cultured finfish to improve
product quality and extend
shelf life for direct human
consumption;
(5) facilitating vaccine
administration of food-sized
finfish;
(6) transporting of food-sized finfish
or shellfish for immediate
harvest or release; and
(7) surgery, research, and
veterinary procedures on foodsized finfish or shellfish.

the yield). Thus, such an anesthetic could
potentially increase yield and consistency,
prolong shelf life, and provide a product
with greater appeal to consumers.
Animal welfare requirements for handling animals mandate a legal anesthetic.
U.S. laws and policies require the humane
treatment of all animals for all uses (e.g.,
aquaculture, research, fisheries, etc.). A
major part of any animal welfare program
involves the use of an anesthetic that has
the potential for zero withdrawal time so
that the animals can be released for potential immediate consumption. No
anesthetic is presently available that
meets those requirements but a candidate
anesthetic has that potential (Schnick
2005).

Examples of the need for such an anesthetic is for stress reduction during
procedures in the selective breeding programs for channel catfish (Small and
Chatakondi 2005) and transport of freshwater prawns, Macrobrachium rosenbergii
(Coyle et al. 2005).

WHO NEEDS A ZERO
WITHDRAWAL ANESTHETIC?
Finfish or shellfish are produced for
direct consumption through commercial
aquaculture or through public and private
hatcheries for immediate release to rebuild
or enhance depressed commercial, recreational, or subsistence fisheries. All groups
involved with these aquatic species need
an anesthetic to safely and humanely handle the animals (Schnick 2005). These
groups include all private finfish and shellfish aquaculture industries and all
hatcheries operated by federal and state
agencies. Fishery managers, in particular,
need a zero withdrawal anesthetic to collect finfish for assessing the structure and
viability of wild populations, because they
place the captured finfish back into public
waters where these finfish could be caught
for food immediately after release.
Freshwater finfish production needs a
zero withdrawal anesthetic to spawn
adults for immediate release or for use of
carcasses for feed or food. The U.S. aquaculture industry also needs to be able to
use methods that will allow gentle and
humane (rested) harvest of animals so that
U.S. products can compete with aquatic
animal products cultured elsewhere.
Rested harvest using a zero withdrawal
anesthetic can potentially delay rigor mortis and consequently post-harvest spoilage
(i.e., finfish muscle becomes soft, reducing
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Artificially spawned eggs using AQUI-S®.

WHAT CANDIDATES ARE
POTENTIAL ZERO
WITHDRAWAL ANESTHETICS?
Anesthetics are considered to be drugs
by the U.S. Food and Drug
Administration’s (FDA) Center for
Veterinary Medicine (CVM) and, therefore, need to be proven safe and effective
for that use through a difficult approval
process. To gain CVM approval of any
drug, the drug must have a company sponsor that is willing to support at least part of
the approval effort and then be willing to
produce and market it for U.S. industries.
The stringent data categories (i.e.,
Technical Sections) required for a New
Animal Drug Application (NADA)
approval include:
(1) product chemistry which
includes chemistry,
manufacturing, and controls,
WWW. FISHERIES . ORG

and good manufacturing
practices (GMPs);
(2) environmental safety;
(3) human food safety including
toxicology and residue
chemistry;
(4) target animal safety;
(5) efficacy;
(6) labeling;
(7) Freedom of Information
summaries; and
(8) all other information related to
findings of adverse effects in
safety and efficacy studies.
This NADA approval process is costly
and lengthy and usually needs a commitment by a large group of agencies,
organizations, and companies to make a
NADA approval happen.
The only anesthetic currently
approved by CVM for use on finfish is tricaine methanesulfonate (i.e., MS-222). It
was initially approved in 1972 under the
trade name Finquel® and later another
approval was gained under the trade name
Tricaine®. However, MS-222 has a 21-day
withdrawal time that does not allow its use
for most of the aquaculture or fishery management procedures requiring anesthesia.
The 21-day withdrawal time is the result
of human food safety concerns by CVM
that can only be addressed by conducting
very expensive mammalian safety studies
(i.e., estimated at approximately $1 million) and by repeating earlier efficacy,
target animal safety, and environmental
safety studies that were completed before
1972 under different, less stringent FDA
guidelines from today. No sponsor or
research entity has expressed an interest in
funding or conducting such studies.
In the late 1980s and early 1990s, the
Upper Midwest Environmental Sciences
Center (UMESC) started efforts toward a
NADA approval of benzocaine, a compound chemically related to MS-222 and a
potential zero withdrawal anesthetic.
However, these efforts on benzocaine were
discontinued for a variety of reasons. No
company sponsor came forward to help
fund and generate data or to develop a formulation that would address its low water
solubility issue. CVM required that two
costly 90-day mammalian safety studies
would have to be conducted if benzocaine
were to gain approval and the funding was
not available. In addition, preliminary
residue chemistry studies indicated that
123

benzocaine might not achieve zero withdrawal status.
Other possibilities for legal use of
drugs that produce anesthesia are those
that are classified by CVM as “Low
Regulatory Priority” drugs to be used
under regulatory discretion (see:
www.fda.gov/cvm/index/aquaculture/
LRPDrugs.pdf). These unapproved drugs
include carbon dioxide gas and sodium
bicarbonate. These drugs are not suitable as
zero withdrawal anesthetics because they
are still unapproved drugs, produce inconsistent results because the concentration of
carbon dioxide is not easily controlled, are
difficult to use, are readily toxic to finfish,
have no company sponsors, and are potentially dangerous to the applicator.
Some individuals and groups involved
with using fishery anesthetics have the
misconception that clove oil or eugenol
(alone or as a major ingredient in clove
oil) are legal to use as anesthetics on finfish because these drugs are considered
“generally recognized as safe” (GRAS)
when used as direct human food or animal
feed additives. However, CVM has
declared that clove oil and eugenol are
unapproved drugs when used as anesthetics and, thus, are illegal to use as
anesthetics on finfish or shellfish (Bowser
2001; see also www.fda.gov/cvm/guidance/guide150.doc). For these drugs to be
legally used as anesthetics on finfish or
shellfish, they must be approved for that
purpose with the help of a sponsor (or
sponsors). However, no company sponsor
has stepped forward and no known drug
approval activities are currently underway
for either clove oil or eugenol. To gain any
NADA approvals, these drugs must meet
the same expensive and time-consuming
requirements as for any other drugs. Data
also would have to be generated under
investigational new animal drug (INAD)
exemptions that would require slaughter
authorizations, investigational withdrawal
times, and production of consistent formulations under GMPs. However, it may be
difficult to get these INAD authorizations
from CVM for either clove oil or eugenol
because eugenol is considered by FDA to
be an equivocal carcinogen (NTP 1983).
Because of this factor, it is probably impossible to establish a safe concentration for
any residue in finfish with no chance to
deplete either drug and thus, there would
be no chance to have a zero withdrawal
time established for either clove oil or
eugenol (CVM 2005). This whole process
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would dramatically increase the cost of
both drugs even if it were possible to gain
NADA approvals for clove oil or eugenol
as zero withdrawal anesthetics.
The major possibility for a zero withdrawal anesthetic is AQUI-S®. Its
formulation contains isoeugenol as its
active ingredient, an ingredient that is
found in minor amounts in clove oil but is
synthesized to produce a consistent formulation required for NADA approval.

State Aquaculture Drug Approval
Partnership Project, and Michigan State
University, through contributions to the
National
Aquaculture
NADA
Coordinator position from CVM,
Regional Aquaculture Centers, aquaculture organizations and associations, U.S.
Department of Agriculture, U.S.
Department of the Interior, and several
aquaculture growers.
The NADA approval of AQUI-S® as
a zero withdrawal anesthetic for short
exposure handling of all freshwater fish
and marine salmonids depends upon adequate and timely public or private funding
for the completion of the eight technical
sections needed for approval. The sponsor
is responsible for funding the residue
chemistry portion of human food safety,
target animal safety, efficacy, and Freedom
of Information (FOI) summaries for
marine salmonids and the public sector is
responsible for the same for all freshwater
finfish. The sponsor is also committed to
completing the technical sections for all
the label claims to include:
(1) chemistry, manufacturing, and
controls,

Handling lobster anesthetized with AQUI-S®.

(2) environmental safety,

WHY AQUI-S® AS
A CANDIDATE?
AQUI-S®, an efficacious broad-spectrum anesthetic, has the potential to cover
the need for a zero withdrawal anesthetic
in the culture and management of finfish
and shellfish. The sponsor of AQUI-S®
has already achieved approvals as a zero
withdrawal anesthetic in Australia, Chile,
Faeroe Islands, Korea, and New Zealand
and is pursuing NADA approvals in
United States, Canada, and Europe (see
www.aqui-s.com/). A consortium of interested private and government agencies in
the United States is providing some of the
funds needed to address the NADA
approval requirements for certain aquaculture and fishery management purposes.
These companies, organizations, and
agencies include AQUI-S New Zealand
LTD (sponsor of AQUI-S®), U.S.
Geological Survey’s UMESC, U.S. Fish
and Wildlife Service’s Aquatic Animal
Drug Approval Partnership Program
(AADAPP), International Association of
Fish and Wildlife Agencies (IAFWA)
through
Multi-State
Conservation
Grants, several state natural resources
agencies that contributed to the FederalFisheries •
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(3) the toxicology portion of the
human food safety technical
section in part through the
studies by the National
Toxicology Program (NTP),
(4) labeling, and
(5) all other information.
Data previously generated by the sponsor
demonstrates that AQUI-S® delays rigor
mortis in finfish and produces a firm flesh
for consumption. This factor allows producers in other countries to positively
market their products for the flesh quality
as a result of humane rested harvest of the
animals with AQUI-S®. Other preliminary data generated to date by the sponsor
(J. Holland, AQUI-S New Zealand, Ltd.,
pers. comm.), NTP, UMESC, and
AADAPP indicate that AQUI-S® is safe
to humans, finfish, and the environment
and is efficacious as an anesthetic on a
broad range of finfish species. Thus, a zero
withdrawal time is very achievable for
AQUI-S®.
Currently, funding has been secured
from a variety of sources to complete all
the known data requirements to include
portions of the Human Food Safety and
NO
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Target Animal Safety Technical Sections.
Some of the outstanding but now funded
technical section work includes: (1)
developing and validating a determinative
analytical method in coolwater and
warmwater finfish species, (2) conducting
marker residue depletion studies with the
AQUI-S® marker residue in coolwater
and warmwater finfish species, and (3)
conducting target animal safety studies on
representative coolwater and warmwater
finfish species. Also outstanding and critical to the success of overall efforts is
funding for the coordination and oversight of all NADA approval related
activities on AQUI S®. These funding
needs are being met by a Multi-State
Conservation Grant approved in
September 2005 and North Central
Regional Aquaculture Research Center
grant approved in December 2005.
The above efforts cover only shortexposure handling of all freshwater finfish
and marine salmonids; these funding and
research efforts currently do not cover
short-exposure handling of marine and
freshwater shellfish and all marine finfish
except salmonids and may not cover (1)
long-exposure handling (e.g., transport) of
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all finfish and shellfish or (2) surgery on
any freshwater or marine finfish.

ROUNDTABLE ON THE NEED
FOR A ZERO WITHDRAWAL
ANESTHETIC
A very successful roundtable on the critical need for a zero withdrawal anesthetic
centering on AQUI-S® was organized by
the Task Force on Fishery Chemicals and
held at the 2004 AFS Annual Meeting.
The purpose of the roundtable was to
update AFS members on the regulatory status of each candidate anesthetic and what
it would take to gain approval of a zero
withdrawal anesthetic. They learned the
reasons to support the NADA approval of
AQUI-S® were as follows:
• AQUI-S® is the only candidate
zero withdrawal time anesthetic
currently being pursued for NADA
approval by the public sector.
• Immediate funding is available to
federal research partners to generate
all the data needed for a label claim
for short-exposure handling on all
salmonids; most, but not all, of the
funding is available for short-term
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exposure handling for coolwater
and warmwater fish. Funding was
secured for all remaining data
requirements in 2005.
• An active drug company sponsor
is funding a major portion of the
data generation.
• The product formulation likely
has the potential to meet CVM
requirements for good manufacturing practices.
• Preliminary results from generated data indicate that the drug is
safe to fish, humans, and the
environment thus having the
potential to be a zero withdrawal
anesthetic.
• Effectiveness has been proven
through controlled clinical studies and acceptance by CVM.
The participants also were informed
that they could help gain broad NADA
approvals for AQUI-S® by:
• Encouraging all agencies, organizations, and universities to
generate additional supportive
efficacy and safety data under an
INAD under “field conditions”
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needed to support broad label
claims (e.g., “all coolwater fish”
and “all warmwater fish”).
• Encouraging all agencies, organizations, and universities to
support the NADA approval of
AQUI-S® and to use only those
drugs currently allowed under
“Regulatory Discretion,” INAD
exemption (i.e., AQUI-S®) or
approval (i.e., MS-222).
• Supporting immediate funding
of AQUI-S® to generate the
data needed for label claims for
short-exposure handling on all
coolwater and warmwater fish.
Through the support of stakeholders, funding was obtained for
the remaining data requirements
in 2005.

ANTICIPATED USERS AND
IMPACT FROM AN AQUI-S®
NADA APPROVAL
The initial NADA approval of
AQUI-S® will benefit all the anticipated
users including producers, managers, and
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researchers associated with public and
commercial finfish production, stock
enhancement, restoration, and recreational efforts. For the first time, all these
entities will be able to use a legal, safe, and
effective anesthetic that allows immediate
consumption of all treated freshwater finfish and marine salmonids.
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ESSAY:
FISHERIES MANAGEMENT

Why “Separating Science and Management”
Confuses the Debate over Management
Reform in U.S. Fisheries
Widespread concerns about overfishing
and ecosystem effects of fishing have
sparked an ongoing debate over amending
the Magnuson-Stevens Fishery
Conservation and Management Act
(MSA) to strengthen the role of science
in the eight U.S. regional fisheries management councils. Unfortunately, the
reform proposals are often identified by
phrases that confuse and mislead the discussion rather than focus it on the
essential objectives. This essay argues that
the terms "separating science and management" and "separating conservation and
management" should be abandoned
because they are confusing and misleading. We do not evaluate the wisdom of
the management reform proposals or management principles themselves. That is an
important ongoing conversation, but one
that is outside the scope of our essay.
Rather, we seek to reduce unnecessary
confusion and improve discussion and
communication on this issue by clarifying
the terms of debate.
Under the current system, the councils
have three major responsibilities: deciding
how many fish can be harvested, allocating this catch among the various sectors
of the fishing industry, and addressing the
effects of fishing on habitat. Each council
receives scientific information on fish
stock abundance, sustainable yields, and
ecosystem effects of fishing from Fishery
Management Plan Teams, from a
Scientific and Statistical Committee
(SSC) that provides in-house peer review,
from federal and state agency personnel
that must review and approve the proposed management actions, and from
fishery stakeholders, environmental organizations, and the public. This
information supports the assessment of
allowable biological catch (ABC), estimation of total allowable catch (TAC), and
the framing of fishing regulations. While
the SSC acts as a peer reviewer of the science information and approves or

modifies recommendations to the councils
from the plan teams, the councils are not
obligated to follow the SSC's advice.
Because higher TACs make more fish
available for competing interests in the
fishery, councils sometimes face strong
political pressure to increase TAC above
the levels recommended by their SSCs to
address social and economic criteria as
required for achieving optimal yield. This
may ultimately be detrimental to longterm sustainable fishery conservation.
This dilemma has led to numerous
calls for reform (U.S. Commission on
Ocean Policy 2004; Pew Oceans
Commission 2003; Eagle et al. 2003). The
details of these proposals vary; some suggest that the harvest decisions should be
made by the SSCs as part of their review
of the plan team results, while others
advocate moving these decisions to
NOAA Fisheries or even to a new federal
ocean management decision-making body.
These proposals share the same basic idea:
if political pressure has eclipsed the proper
role of science in the fishery management
process, then it is necessary to curtail the
councils' discretionary authority to set
harvest limits by introducing some degree
of institutional separation between the
scientific assessment and TAC-setting
decisions, and
the highly politicized harvest allocation
decisions. An assortment of short,
catchy phrases have arisen to streamline
discussion of this complex issue. For
example, the recent Proceedings from
Managing Our Nation's Fisheries II
(Witherall 2005) reflects the language in
the reform proposals, e.g., "separating science and management," "integrating
science into management," "separating
conservation and management," and "separating conservation and allocation."
We argue that the terms "separating
science and management" and "separating
conservation and management" should be
abandoned because they are confusing and
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misleading for reasons both semantic and
substantive. Consider the following statement: "Further integrating science into
the management decision-making process
and providing a rationale on how scientific information is weighed and used
would help ease the continued debate
over separation of science and management (conservation vs. allocation)"
(Geubtner and Read 2005). This is
semantically perplexing. Are we talking
about separating or integrating science
here? Are we to understand that science is
analogous to conservation, and allocation
to management? Or that science and
management are somehow mutually exclusive? We point to this example not to
criticize the authors of this statement but
to illustrate how confusing statements
percolate down from the original reform
proposals unless the terminology is clarified.
As we understand it, the ultimate goal
of fishery management council reform is to
place greater emphasis on conserving biological resources by creating an
institutional separation between the TACsetting decision and the allocation
decisions. For example, by giving the SSCs
greater influence over TACs, the councils
would face the narrower tasks of structuring regulations, allocating TACs among
competing groups, and dealing with fishing
effects. "Separating science from management" is a misleading way of phrasing this
proposal because it implies that setting
TACs is purely scientific and that TAC
allocation and incorporation of fishing
127
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effects on habitat are done with no scientific input. But TAC-setting is not a
purely scientific enterprise, free of policy
choices or value judgments. TAC-setting
by logic and by law requires consideration
of social, economic, and other concerns.
All fishery management plans must comply with the 10 national standards of the
MSA, which mandate, among other
things, consideration of impacts on fishing communities, efficiency, and safety at
sea. In MSA terminology, the optimum
yield for a fishery is based on the maximum sustainable yield modified by
economic, social, or ecological factors.
Thus, the decision of how many fish to
catch in a given year is a science-based
management decision, but not a purely
scientific one.
We suspect that most reform proponents understand that fish harvest limits
involve value-laden management decisions, but this is all the more reason to
openly acknowledge that the term "separating science and management" is
misleading and should be abandoned. Our
view reflects Hume's "is-ought" dichotomy
which has occupied the attention of many
environmental ethicists (e.g., Callicott
1984). Science is crucial to the decisionmaking process because it seeks to
understand what "are" the possible consequences of alternative decisions. But
science alone cannot tell decision makers
which policy option "ought" to be chosen.
If maximizing the annual harvest or maximizing an ecosystem's biodiversity were
accepted as the sole objective, then scientific evidence could be the sole basis for
selecting TACs. But who is to decide that
maximum annual yield is the objective?
The "ought" side of the process comes
from ethics, economics, politics, law, and
culture. And the values embedded in current law, regulation, and practice may
differ from those of the fishery scientists.
Furthermore, scientific uncertainty
cannot be eliminated in complex marine
ecosystems. Fish are a mobile and invisible
resource, and even the best fish stock
assessments have wide confidence limits
(Cole 1995). Thus, science recognizes and
considers uncertainty, but policy judgments are required to make choices in the
face of this knowledge gap. How much
128

precaution should be exercised to avoid
depleting fish stocks or degrading the
ecosystems of which they are a part? Is it
reasonable to impose economically and
socially devastating restrictions on fisheries in the absence of hard evidence that
overfishing or habitat damage would continue? Such policy questions cannot be
answered solely by science. That is why
we have fishery management councils.
The decision of how many fish to
catch inherently involves a decision
about how to deal with risk. The risk of
catching too many fish is that the fishery
will not produce a long-term sustained
yield and, in the worst case, collapse. The
risk of catching too few fish is that fishers
and their communities will suffer needless
economic harm and consumers may pay a
higher price for seafood. Here it is crucial
to distinguish between "risk assessment"
and "risk management." Risk assessment
describes the possibilities, and it is based
primarily on scientific information, supplemented with scientifically informed
best guesses about how to bridge the gaps
left by scientific uncertainty. Risk management is a decision-making process that
incorporates and considers scientific,
social, and economic information to compare alternatives and select a policy
response. It takes into account the reasonableness of costs and benefits of
various actions, and therefore requires
value judgments (Coglianese and
Marchant 2004). The decision of how
many fish to catch and what methods to
use in harvesting is a science-based risk
management decision, not a decision
based purely on scientific evidence.
Current legal standards provide guidance on these important questions, but
are subject to widely varying interpretations. One way of dealing with this
situation would be for Congress to craft
laws containing precisely—defined policy
goals, thus minimizing the burden on scientists to rely on value judgments to fill
the gap inevitably left by scientific uncertainty. However, Congress has a marked
tendency to write laws that place excessive faith in the ability of scientific
information to address science-policy
issues, thereby leaving agencies to wrestle
with tough policy questions (Wagner
Fisheries •
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1999). Given the absence of perfect information and the margins of administrative
discretion, it is impossible for any decision-making body, even one composed
solely of scientists, to choose a TAC level
without considering broader policy concerns. This was explicitly recognized
when Congress composed the councils of
private and public members, and required
them to use a stakeholder advisory panel
and an SSC.
The reform proposals described above
advocate a decision process that places a
greater weight on reducing the risk of
overfishing and stock collapse by passing
the quota-setting decision to a group of
technical experts who are presumably
more likely to favor precautionary measures that will foster long-term
conservation of fish stocks. While such
reforms might indeed accomplish that
goal, this is not because they separate science from management. To the contrary,
they sequester the scientific assessment
and the value-laden components of the
quota-setting decision within one decision-making body, thus merging the
sciences with the decision-making functions. If this reform is implemented,
political pressures now applied to regional
councils are likely to shift to this new science-focused decision body. Perhaps such
a body would be more able to resist political pressure to set quotas. However, if this
ultimately leads to increased fish stocks,
it's not because science has been separated from management, but rather
because the scientists in charge of making
TAC decisions are more precautionary
and more likely to favor strict conservation as a policy goal. Again, we do not
question the validity of this goal, only the
logical inconsistency of referring to it as
"separating science from management."
There can be no doubt that good scientific information is absolutely crucial to
the fishery management process. Yet, as in
all science-intensive policy disputes, science is a necessary but not sufficient
condition for successful management.
Failing to acknowledge this can have substantial consequences. Allowing ourselves
to believe that decisions made by scientists have no policy elements can lead to
a phenomenon known as the "science
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charade," whereby policymakers intentionally or unintentionally exaggerate the
contributions made by science in order to
avoid accountability for the underlying
policy decisions (Wagner 1995). Similarly,
when policy-laden scientific information
is passed off as policy-neutral, the result is
"stealth policy advocacy" (Lackey 2004).
Such problems can be minimized or
avoided by ensuring that scientists clearly
announce when they are stepping into a
policy role, rather than pretending that
management decisions by scientists are
value-free "scientific" decisions.
Fishery scientists involved in TAC-setting decisions are also subject to political
pressure (Eagle and Thompson 2003), but
they and their supporters may be tempted
to rely on perceived objectivity and credibility of science to defend their resource

management advice when the going gets
tough. Of course, the opposing side will do
the same, leading to attacks on the credibility of individual scientists and
accusations that "our science is sound and
your science is junk" (McGarity 2004).
Such an unconstructive debate over science could be avoided by choosing clear
terms in describing the objectives and
structure of the proposed reforms.
It is important to acknowledge that
scientists who determine what should happen (e.g., setting TACs), not just what
could happen, are performing as fishery
decision makers, not acting as scientists.
The notion that science advisers often act
as policymakers is not new in the environmental regulatory arena (Jasanoff 1990),
but there has been relatively little attention paid to this concept in the fisheries
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context. In our ongoing debates on fishery
management reform, we should distinguish
between the participation of scientists in
making decisions and the objective role of
science in informing decisions. Clearly,
scientists can both inform decisions with
solid, objective information and participate in decision-making processes. But
placing TAC-setting decisions in the
hands of scientists does not "separate science from management" or "separate
conservation from management"—it gives
scientists a decision-making role in the
management process. Many would agree
that this is a laudable goal, but it is not
inherently "scientific." Our debates will be
more effective and fruitful if we acknowledge this fundamental principle and craft
our terms accordingly.

Witherall, D. (editor). 2005. Managing our nation's fisheries II:
focus on the future. Proceedings of a conference on fisheries
management in the United States held in Washington, D.C.
March 24-26, 2005. NOAA Fisheries, Washington, D.C.
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Partnerships for a Common Purpose:
Cooperative Fisheries Research
and Management
AFS/SEA GRANT
SYMPOSIUM SERIES
The AFS/Sea Grant sponsored symposium
entitled "Partnerships for a Common
Purpose: Cooperative Fisheries Research and
Management" took place during the 135th
AFS Annual Meeting in September 2005 in
Anchorage, Alaska. This is the fourth in a
biennial series of special symposia that has
grown to include many sponsors over the
years, becoming a landmark component of
AFS meetings. Symposium topics are meant
to be broad and interdisciplinary in nature,
with the goal of participants leaving with a
set of action items to direct future research.
The series has been a great success over the
years, with "Fish Habitat: Essential Fish
Habitat and Rehabilitation" (1998, Hartford,
Connecticut), "Fisheries in a Changing
Climate" (2001, Phoenix, Arizona), and
"Aquatic Protected Areas as Fisheries
Management Tools" (2003, Quebec,
Canada) all published as special symposia
proceedings. The symposium is coordinated
and organized by an AFS/Sea Grant fellow
who works closely with a steering committee
to design the program. The announcement
for a new fellow to organize the symposium
for 2007 will be out in May 2006.

OVERVIEW
The two-day symposium was filled with
rich discussion and presentation topics. The
focus was to review and build upon the current understanding of cooperative fisheries
research and management programs by discussing lessons learned, characteristics of
successful programs, and future opportunities for integration. The discussions pushed
forward our understanding of the critical
issues facing cooperative fisheries research
and management today. There are many
examples of successful implementation of
cooperative programs, and cases where
working cooperatively in sustainable natural
resource management can be extremely
effective. The symposium explored and evaluated what difference cooperative research
130

and management makes in terms of scientific impacts as well as social, cultural, and
economic impacts. The symposium incorporated a diverse set of panel discussions; each
panel consisted of an industry representative, a manager, a scientist, and a
community participant. This format offered
a broad range of perspectives, with panelists
and keynote speakers selected for their
many years of expertise and first-hand experience in this field.

WHAT DO THE TERMS MEAN?
In recent years, there has been a growing interest in greater stakeholder
involvement in the fisheries research and
management process. Direct multiple stakeholder involvement in these processes is
generally referred to as cooperative research
and cooperative management. But these
terms hold different meanings for different
stakeholder groups, depending on what
region of the country you are from and
what size project you are talking about.
Clarence Pautzke, executive director of the
North Pacific Research Board, noted this
when he said:
Cooperative management and
research roll right off the tongue,
but the terms conjure up very
different images for me. When I
think of the phrase 'cooperative
research' I have positive images
of sweetness and light: fishermen and scientists happily
working together and maybe
even whistling while they work,
having a beer together when the
day is done, puffy white clouds,
blue skies, and calm weather,
that sort of thing. In contrast,
when I think of cooperative
management, I think of tension
and fighting, turbulence, gray
clouds, low pressure systems,
people hunkering down as they
hammer out management
regimes worth millions of dollars
to various sectors of the fishery.
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The symposium explored what causes
these perceptions. Slowly but surely negative misconceptions and mistrust
between opposing parties are shifting to
understanding and respect, leading to
strengthened relationships between
cooperative partners. As communication
between the managers and the managed
increases, scientific jargon is being
replaced with more transparent language
and the lines between stakeholder
groups are being blurred. We are seeing
cooperative efforts touted as successful
models for researching and managing our
fisheries resources. Bonny Ponwith, acting
director of science and technology, NOAA
Fisheries, noted:
We should eventually be able
to drop the word 'cooperative'
in our cooperative research
programs and it will become
implicit because it has been fully
integrated into the system.

PANEL DISCUSSIONS
The program was divided into three
parts, each with two sessions. Panelists
shared many experiences and ideas; it
became evident that regardless of the
scale or geographic region where cooperative efforts take place, recurring themes
emerge. Table 1 highlights a few of the
many themes that were discussed
throughout the symposium and also lists
the keynote speakers and the panelists
who participated. Many more topics were
discussed; please refer to the proceedings
which will be published by AFS this spring.
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CONCLUSION
More work still needs to be done before
cooperative research and cooperative management are accepted as a default
paradigm in fisheries. The benefits realized
by successful cooperative programs are
undeniable in terms of leveraging resources
by maximizing while not duplicating efforts,
all while accomplishing the common goal
of maintaining sustainable fisheries
resources. Whether your job is to catch fish
for revenue, to estimate stock population
size, or to set the regulations and quotas on
how many fish can be caught,you will get
more bang for your buck by opening lines
of communication and working together.

Many organizations provided invaluable support,
both monetary and in-kind,
which made the symposium possible:
AFS Marine Fisheries Section
www.nefsc.noaa.gov/mfs
Alaska Longline Fishermen's Association
403 Lincoln Street, Suite 237 Sitka, AK 99835 907/747-3400
Alaska Marine Conservation Council
www.akmarine.org/
American Fisheries Society
www.fisheries.org
Bristol Bay Science and Research Institute
www.bbedc.com/bbsri/index.php

LOOK FOR THE PROCEEDINGS
IN LAKE PLACID!
The proceedings from the Sea Grant
Symposium Series are traditionally solidified
in a publication. The book will be hot off
the presses and available by September
2006 for the 136th AFS Annual Meeting in
Lake Placid, New York! The book promises
to be extremely valuable to the entire spectrum of scientists, managers, and
participants in the fisheries profession, providing a platform from which to initiate
implementation of cooperative fisheries
research and management programs. For
more information, contact me or see
www.fisheries.org/apa_symposium05/
program.htm

Bristol Bay Native Association
www.bbna.com
Centre for Community Based Management, St. Francis Xavier University
www.stfx.ca/institutes/ccbm/explorer/ie_index.html
Columbia River Inter-Tribal Fish Commission
www.critfc.org
Centre for Coastal Studies, Simon Fraser University
www.sfu.ca/coastalstudies
Great Lakes Fishery Commission
www.glfc.org
Gulf of Maine Research Institute
octopus.gma.org
Maine Department of Marine Resources
www.maine.gov/dmr
Manomet Center for Conservation Sciences
www.manomet.org
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Marine Conservation Alliance
www.marineconservationalliance.org
NOAA National Marine Fisheries Service
www.nmfs.noaa.gov
NOAA National Ocean Service
www.nos.noaa.gov
NOAA National Sea Grant Office
www.seagrant.noaa.gov
North Pacific Research Board
www.nprb.org
Northeast Consortium
www.northeastconsortium.org
Northwest Power and Conservation Council
www.nwcouncil.org/Default.htm
Oak Ridge National Library
www.ornl.gov/info/library/library-home.shtml
Sea Grant Fisheries Theme Team
www.seagrant.wisc.edu/communications/national/theme_teams.html
USGS Biological Resources Discipline
biology.usgs.gov
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Table 1. Themes discussed at the cooperative research and management symposium.

I. IMPACTS: Making a Difference from Working Cooperatively
Keynotes: Jim Balsiger, Pat White, Panelists: Mike Armstrong, John Brajcich, Benny Gallaway, John Williamson, Vincent Balzano,
Linda Behnken, Andrew Day, Teresa Johnson, Bonnie McCay, Lynn Palensky
Management and Scientific Impacts
• We need to develop one quality science rather than two independent sciences: the science output from cooperative research and the
output from research not done cooperatively.
• All science needs to be held to the same standard, peer reviewed, and produced with the same amount of scientific rigor.
• Cooperative research reduces duplication of effort, allowing for more efficient use of resources, in terms of both time and money.
• Broader, more interdisciplinary questions are being asked with cooperative research projects because of wide ranging stakeholder
participation in the research development process.
• It may be easier to address ecosystem-based management priorities with cooperative research because of the diverse skills of the many
individuals involved and the varied perspectives provided by the many stakeholders included in the process.
Social, Cultural, and Economic Impacts
• Working cooperatively builds a common language among scientists, fishermen, and managers.
• Working cooperatively promotes more visionary thinking that considers long-term health of communities and ecosystems.
• Working cooperatively fosters appreciation and understanding between partners and builds greater trust.
II. LESSONS LEARNED: Making Cooperative Research and Management Work
Keynote: Ray Hilborn, Panelists: Gordon Curry, Mike Matyelwich, Tom Rudolph, Elizabeth Clark, Ted Hoskins, Tom Iverson,
William Mattes, Roy Stein
Making Cooperative Research Work
• Research priorities developed by group participant consensus, with agreed upon goals, will be less difficult to achieve
• Open and honest communication is essential; this will build trust
• When developing cooperative research projects, it is helpful to keep end goals in mind but to have a flexible action plan with plenty of
room for input from the proposal stage to completion of the project.
• Involving social scientists in cooperative projects is helpful because managing relationships between partners is a large factor in success.
Making Cooperative Management Work
• Commitment to goals and buy-in from all participating partners is necessary for successful management ventures.
• Partners need to be able to put in the time, money, and effort to accomplish projects.
• A formal agreement (ex. treaty) can help supplement trust between partnerships and also ensure consistency when there is turnover
among participants.
• When results from cooperative research initiatives are used to inform management, it aids in streamlining management decisions.
III. OPPORTUNITIES: Linking Cooperative Research and Management
Keynote: Clarence Pautzke, Panelists: Christopher Glass, Gary Graham, Chuck Krueger, Sean Martin, Peter Kendall, Bonnie Ponwith,
Robert Pomeroy, Jason Schratwieser, Steve Waste
Partner's Needs and Interests
• Everyone involved in the cooperative effort needs to understand and agree on a set of clear, concise goals and objectives
• All partners need to feel invested and respected, trust is very important.
• Information needs to be shared with all partners involved in a timely manner, through communication and outreach programs.
• When partners feel ownership in the project, results have a greater chance of being valued and accepted.
Integrating Cooperative Research and Management
• Management decisions that come from collaborative research are more likely to be supported by industry.
• When research priorities are developed from the ground up, buy-in increases and participants feel empowered through ownership of
the results.
• Managers need to be provided with unbiased ecological and scientific objectives, as well as the uncertainty associated with scientific
research, in order to make informed decisions.

The symposium incorporated a diverse set of panel discussions; each panel consisted of an industry
representative, a manager, a scientist, and a community participant.
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PUBLICATIONS:
ERRATA
Corrections to Common and Scientific
Names of Fishes from the United States,
Canada, and Mexico, Sixth Edition
Joseph S. Nelson
Héctor Espinosa-Pérez
Lloyd T. Findley
Carter R. Gilbert
Robert N. Lea
Nicholas E. Mandrak
James D. Williams

Nelson is professor emeritus at the University of Alberta, Canada.
Espinosa-Pérez is at the Instituto de Biología, Universidad Nacional Autónoma de México.
Findley is at the Centro de Investigación en Alimentación y Desarrollo, Guaymas, México.
Gilbert is curator emeritus at the Florida Museum of Natural History, University of Florida.
Lea is retired from the California Department of Fish and Game and is a research associate at the
California Academy of Sciences.
Mandrak is at the Great Lakes Laboratory for Fisheries and Aquatic Sciences, Fisheries and Oceans Canada.
Williams is retired from the U.S. Geological Survey.

All are members of the Committee on Names of Fishes, a joint committee of the American Fisheries Society and the American Society of
Ichthyologists and Herpetologists. Nelson can be contacted at joe.nelson@ualberta.ca.
Errors that have come to our attention in
Nelson et al. (2004) are listed below. Some
of these were caught in page proof but not
changed in the final publication. Corrections
in scientific names follow those given in
Eschmeyer (1998 or online). Some minor
typographical errors that should not cause
confusion are not listed in the table to the
right. For example, we place a comma
between the name of the author and the
date as given in examples in the
International Code of Zoological
Nomenclature, 4th Edition (e.g., Article
Table 1. List and explanation of corrections
for the main list and Appendix 1.
Changes are coded as follows:
A = authority;
C = common name;
CS = change in symbol;
D = date of name publication;
F = family;
O = country of occurrence;
PA = parentheses added;
PD= parentheses deleted;
S = spelling of specific or genus name;
+ comment in Appendix 1.
Corrected entry listings given here,
except for special notes in brackets
([ ]), are how we propose to list these
taxa in the next (7th) edition, planned
for publication in 2010 (page numbers
here refer to the 6th edition). The
changes in common names, however,
are deemed to be effective now.
138

PAGE

CORRECTED ENTRY

50
63
66
68
76
81
83
83
92
102
102
106
108
108
108
109
112
113
120
120
125
136
138
148
150
151
151
162
166
166
168
169
172
174
179
180
182
184
185

* Euprotomicrus bispinatus
*Ophichthus frontalis Garman, 1899
*Anchoa exigua (Jordan & Gilbert, 1882)
*Chanos chanos (Forsskål, 1775)
+Oregonichthys crameri
*Noturus baileyi; Smoky madtom
*Sciadeops troschelii
*Sciades hymenorrhinos
*Ogilbia ventralis (Gill, 1863)
*Fundulus jenkinsi; A-F:U
*Fundulus pulvereus; A-F:U
*Allotoca zacapuensis Meyer, Radda & Domínguez, 2001
*Cyprinodon ceciliae; La Presita pupfish; cachorrito de La Presita
*Cyprinodon inmemoriam; La Trinidad pupfish; cachorrito de La Trinidad
*Cyprinodon longidorsalis; Charco Palma pupfish; cachorrito de Charco Palma
*Cyprinodon veronicae; Charco Azul pupfish; cachorrito de Charco Azul
*Syngnathus euchrous Fritzsche, 1980
*Synbranchidae; Sp-anguilas de lodo
*Gymnocanthus galeatus Bean, 1881
*Hemilepidotus spinosus Ayres, 1854
*Liparis micraspidophorus (Gilbert & Burke, 1912)
*Etheostoma uniporum; Current darter
*Apogon dovii Günther, 1862
*Odontoscion xanthops
*Kyphosus sectatrix (Linnaeus, 1758)
+Elassoma okefenokee
*Cichlasoma breidohri (Werner & Stawikowski, 1987)
*Dactyloscopus pectoralis
*Protemblemaria bicirrus
*Stathmonotus hemphillii
*Tomicodon eos (Jordan & Gilbert, 1882)
*Barbulifer mexicanus Hoese & Larson, 1985
*Gymneleotris seminuda
+Acanthurus bahianus
*Monolene maculipinna Garman, 1899
*Cyclopsetta querna (Jordan & Bollman, 1890)
*Trinectes paulistanus (Miranda-Ribeiro, 1915)
*Acanthostracion polygonius
*Chilomycterus reticulatus (Linnaeus, 1758)
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PD
PA
A
+
C
S
S
PA
O
O
A
C
C
C
C
A
C
PD
PD
A
C
A,D
S
PA
+
PA
S
S
S
A
A
S
CS
A
PA
PA
S
PA
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22A.2, a recommendation concerning
method of citation); however, there is the
occasional omission of the comma in the
list, e.g., "Narcine bancroftii (Griffith &
Smith 1834)" and "Psenes sio Haedrich
1970." Other minor errors are the omission
of a space between items in "Squalus mitsukurii Jordan & Snyder,1903," extra space
between items in "Cichlasoma deppii
(Heckel, 1840 )," and omission of comma
between items, e.g., "Atherinidae-En-Old
World silversides, Sp-tinícalos Fr-athérines."
In the Index, page 283, carpio is listed in
error as in Cyprinella, rather than Cyprinus.
Apart from the errors corrected here,
changes found subsequent to finalizing
the 2004 list will be published later. This
will include many range extensions of
species found in our area, taxonomic
changes (e.g., modifications in generic
and family limits as well as species status), and new species and higher taxa
described since the publication of the
sixth edition, along with other
changes. Other comments or purported errors came forth from users
that resulted from not reading the
notes in Appendix 1. Except for the
entry "Elassoma okefenokee," we do
not give comments here from publications, either those we missed or that
appeared subsequent to the sixth edition, that either strengthen decisions
made for the 2004 list or that present
elaboration of comments. These may
be presented in future articles or in the
next edition, planned for 2010.
Users should note that active taxonomic work often results in differences
of opinion on the generic placement of
many species (many such differences,
when timely communicated for the
2004 list, were mentioned in Appendix
1). Generic allocations of several
species are not necessarily changed in
the main list to follow the latest taxonomic suggestions when there is
reason to believe that these actions are
likely to soon change (this often has
been done with the advice of specialists of the particular group). The
scientific name is intended as a recommendation or guide for the
non-taxonomist until more comprehensive revisionary works are completed.
We plan to issue regular updates on
new species to our area and have website access for these updates.
Fisheries •

VOL

31

NO

3 •

MARCH

2006 •

EXPLANATION OF
CORRECTIONS
Page 189. Euprotomicrus bispinatus.
Correction of family placement
to Dalatiidae from
Etmopteridae.
Page 195. Ophichthus frontalis.
Parentheses are removed from
the author's name.
Page 196. Anchoa exigua. Parentheses
were inadvertently omitted
from the author's name; this
species was described in
Stolephorus.
Page 197. Chanos chanos. Change in
diacritic mark in spelling of
author (Forsskål versus
Forsskäl).
Page 201. Oregonichthys crameri.
Formerly recognized as
including O. kalawatseti. See O.
kalawatseti.
Page 206. Noturus baileyi. Common
name capitalized as it referred
to the Smoky Mountains, from
which area the species was
described as noted in the 1970
edition. We assume the listing
as "smoky madtom" in the
1980 and 1991 editions was
an inadvertent error.
Page 206. Sciadeops troschelii. Correction
of spelling of specific name
(from troschellii).
Page 206. Sciades hymenorrhinos.
Correction of spelling of
specific name (from
hymenorrhinus).
Page 213. Ogilbia ventralis. Parentheses
were inadvertently omitted
from the author's name; this
species was described in
Brosmophycis.
Page 217. Fundulus jenkinsi. Change in
area of occurrence; there are
apparently no verified records
that this species occurs in
Mexico. The Spanish name is
thus deleted.
Page 217. Fundulus pulvereus. Change in
area of occurrence; there are
apparently no verified records
that this species occurs in
Mexico. The Spanish name is
thus deleted.
Page 218. Allotoca zacapuensis.
Correction of spelling of one of
WWW. FISHERIES . ORG

the authors (Radda versus
Rada).
Page 219. Cyprinodon ceciliae. Change in
common name in English and
in Spanish from those
erroneously given in the 2004
list to accurately reflect area of
occurrence.
Page 219. Cyprinodon inmemoriam.
Change in common name in
English and in Spanish from
those erroneously given in the
2004 list to accurately reflect
area of occurrence.
Page 219. Cyprinodon longidorsalis.
Change in common name in
English and in Spanish from
those erroneously given in the
2004 list to accurately reflect
area of occurrence.
Page 219. Cyprinodon veronicae. Change
in common name in English
and in Spanish from those
erroneously given in the 2004
list to accurately reflect area of
occurrence.
Page 220. Syngnathus euchrous.
Correction of spelling of author
(Fritzsche versus Fritzche) [also
incorrect in the 1991 list].
Page 221. Synbranchidae. Correction in
spelling of family common
name in Spanish to anguilas de
lodo.
Page 223. Gymnocanthus galeatus.
Parentheses are removed from
the author's name (speciesgroup name was originally
combined with an incorrect
subsequent spelling,
Gymnacanthus, and
parentheses are not
appropriate).
Page 223. Hemilepidotus spinosus.
Parentheses are removed from
the author's name.
Page 226. Liparis micraspidophorus.
Correction of author (from
Burke, 1912).
Page 233. Etheostoma uniporum.
Common name capitalized as it
referred to the Current River.
Page 234. Apogon dovii. Diacritic mark
inadvertently omitted in
spelling of author's name and
correction of date of
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publication (Günther, 1862
versus Gunther, 1861).
Page 239. Odontoscion xanthops. Generic
name inadvertently misspelled
Odontosion [species listed in
correct alphabetical order with
other congener and misspelled
generic name not in index].
Page 239. Kyphosus sectatrix. Terminal
parenthesis was omitted from
the author's name. As an aside,
the orthography "sectatrix,"
used in the 2004 and earlier
editions is considered correct,
versus the occasionally used
"sectator" (Smith-Vaniz et al.,
1999; W. N. Eschmeyer,
personal communication,
December 2005).
Page 240. Elassoma okefenokee.
Although Elassoma evergladei
orlandicum Lönnberg, 1894 is
a senior synonym of Elassoma
okefenokee Böhlke, 1956, it
has not been used as the
species name for the
Okefenokee pygmy sunfish
since before 1900, and thus is
unavailable under the
provisions of Article 23.9.1.1 of
the International Code. In
conjunction with this, Elassoma
okefenokee has been cited in
the literature during the past
50 years on at least 25
occasions by 10 or more
different authors, and thus is
available according to the
provisions of Article 23.9.1.2 of
the International Code (C. R.
Gilbert, 2004. Family
Elassomatidae. Cal. Acad. Sci.
Annotated Checklists of Fishes,
No. 33. 5 pp.).
Page 240. Cichlasoma breidohri.
Parentheses were inadvertently
omitted from the authors'
names; this species was
described in Paratheraps.
Page 243. Dactyloscopus pectoralis.
Generic name inadvertently
misspelled Dacyloscopus [but
140

species listed in correct
alphabetical order with other
congeners and misspelled
generic name not in index].
Page 244. Protemblemaria bicirrus.
Correction of spelling of
specific name (P. bicirris
apparently an incorrect
emendation).
Page 244. Stathmonotus hemphillii.
Original spelling ends with -ii.
Page 245. Tomicodon eos. Correction to
authorship. The ampersand
between the author's names
was inadvertently omitted.
Page 246. Barbulifer mexicanus.
Correction of spelling of one of
the authors (Larson versus
Larsen).
Page 246. Gymneleotris seminuda.
Correction of spelling of
specific name from seminudus.
Page 247 Acanthurus bahianus. The
–248. “*” should have been a “+”.
Acanthurus randalli, included in
previous editions, is a junior
synonym of A. bahianus and
was deleted.
Page 250. Monolene maculipinna.
Correction of author (from
Norman, 1933).

Page 252. Trinectes paulistanus.
Parentheses were inadvertently
omitted from the author's
name; this species was
described in Achirus.
Page 252. Acanthostracion polygonius.
Correction of spelling of
specific name from polygonia.
Page 253. Chilomycterus reticulatus.
Parentheses were inadvertently
omitted from the author's
name; Linnaeus described this
species in Diodon.
VOL
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Further changes in the spelling of some
author names will result from the following
actions. Apart from items that we consider
errors, there is an ongoing attempt to have
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each author (authority of species), with
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also continue to use hyphens, when appropriate, in author's surnames in Spanish (and
other Romance Languages) as was generally done in the 2004 edition—for living
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2010 edition's Introduction. These decisions, to be taken in cooperation with
discussions with William N. Eschmeyer and
Mysi Hoang, hopefully will result in greater
stability and uniformity in treatment of
author names.
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