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Transgenic Fish: A Boon 
or Threat? 

ERIK STOKSTAD'S ARTICLE "ENGINEERED FISH: 
friend or foe of the environment?" (News 
Focus, 13 Sept., p. 1797) entertains the 
premise that the culture of transgenic fish, 
which grow two to six times faster than 
conventional fish, "might alleviate pressure 
on wild stocks." Two key points not ad- 
dressed by Stokstad challenge this premise. 

First, the culture of carnivorous species, 
such as salmon and trout, already represents 
a net drain on wild fish populations. Over 
2 kg of wild fish are required to produce 1 
kg of aquacultured conventional carnivo- 
rous fish (1). In North America and Eu- 
rope, fish are usually reared in high densi- 
ties and therefore rely completely on man- 
ufactured feeds for sustenance. Manufac- 
tured feeds for carnivorous species are 
typically composed of 35 to 50% fish 
meal and up to 20% fish oil (1). The accel- 
erated growth rate of transgenic fish will 
necessitate an enormous increase in the 
usage of feeds and their constituent marine 
feedstuffs. Fish meal and fish oil are typi- 
cally made from menhaden and anchoveta 
harvested from the wild. As these species 
are already being exploit- 
ed near their maximum 
sustainable levels (2), us- 
ing more of them to create 
even more feed for trans- 
genic fish can hardly be 
considered an easing of 
pressure. 

Second, on the basis of 
the Law of Conservation 
of Matter, increased feed 
inputs will result in more 
outputs of waste in aqua- 
culture effluents [e.g., 
(3)]. Reclamation of aquaculture waste is 
already problematic. In net-pen culture, for 
example, untreated wastes are expelled di- 
rectly into the surrounding waters and 
commonly cause local eutrophication, 
buildup in sediments of feed-borne antibi- 

| otics, and benthic anoxia (4). Although the 
degree of these impacts depends on hus- 

| bandry practices and the hydrodynamics of 
the site, the potential for serious environ- 
mental damage will increase with the in- 
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creased feed usage required by transgenic 
fish culture. Add the potential effects of in- 
terbreeding between transgenic escapees 
and wild fish discussed by Stokstad, and 
transgenic fish culture appears more threat 
than boon to the wild fishery. 
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Dealing with the Risks 
of Transgenic Fish 

ERIK STOKSTAD'S ARTICLE "ENGINEERED FISH: 
friend or foe of the environment?" (News 
Focus, 13 Sept., p. 1797) correctly points 
out the risk to the environment associated 
with potential releases of genetically modi- 
fied aquatic animals. This risk is a function 
of the specific genes, specific species and 
strain, and environment, and is indepen- 
dent of whether the genes came from ge- 

netic engineering, con- 
ventional breeding, or 
inadvertent selection. 

The scientific research 
community must remain 
attentive to the details of 
how these very complex 
problems are being ad- 
dressed. Researchers can 
become "collateral dam- 
age" to groups with 
agendas ranging from re- 
al environmental con- 
cern, to antitechnology, 

anti-genetically modified organism ac- 
tivists, to crass commercial interests. 

In California, State Senator Byron Sher 
introduced legislation (1) SB 1525 that 
would have made it "unlawful to import, 
transport, possess... any live transgenic 
fish." When it was clear that this legislation 
would shut down many zebra fish re- 
searchers in California, it was amended to 
allow researchers to get a permit for non- 
commercial purposes only. This could still 
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affect researchers by impacting zebra fish 
suppliers like Scientific Hatcheries and Ex- 
elixis, along with the added burden of an- 
other layer of permits. This bill with its 
amended variations and reincarnations 
posed a real risk to scientific research in 
California, before it was finally stopped for 
this year. 

The proponents of a ban on transgenic 
fish (2) submitted a petition to the Califor- 
nia Fish and Game Commission to adopt a 
moratorium on "transgenic" fish and stat- 
ed that the moratorium would "specifically 
apply... [to] ornamental aquatic species, 
such as transgenic zebra fish." Senator 
Sher's letter of support (3) specified plans 
for "mass producing a transgenic form of 
these zebra fish" as "wrong." When the 
zebra fish research community heard 
about these plans and showed up at the 
Fish and Game Commission meeting on 
29 August 2002, the proposal was defeat- 
ed. Efforts are under way to find a solution 
to the real problem of unwanted gene 
movement in the environment, without im- 
pacting scientific research and other in- 
significant environmental risk situations. 
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ton Beach, CA 92649, USA. E-mail: deweaver@gte.net 
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Encouraging Academic 

Competition in Europe 
THERE HAS BEEN CONSIDERABLE DEBATE ON 
what are seen to be unfair academic re- 
cruitment practices in European countries 
such as Italy and Spain ("Academic re- 
cruitment in Spain and Italy," D. Gui et al., 
Letters, 2 Aug., p. 770; "Reforms spark 
more jobs-and protests," X. Bosch, News 
of the Week, 1 Feb., p. 781). A substantial 
problem lies in the fact that there is a lack 
of direct competition for funding among 
the universities of a specific country based 
on indicators of scientific performance. 
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Citation analysis, using the Institute for 
Scientific Information (ISI) database, 
could foster such competition. As a task 
force of the Italian Rectors' Conference 
(CRUI), we analyzed the subset of the ISI 
database encompassing the scientific pro- 
duction of authors affiliated with Italian 
institutions (1). We ranked Italian universi- 
ties according to the number of published 
papers in 1995-99, their citations, and the 
number of citations received per paper 
published (impact). We then devised a pro- 
ductivity index (the number of papers per 
university researcher) and a visibility in- 
dex (the number of citations per university 
researcher). We observed that, when data 
were adjusted for the number of academic 
researchers actually working in an institu- 
tion, there were differences in rankings 
compared with unadjusted data (e.g., 
smaller universities could become higher 
in ranking compared with larger universi- 
ties). This suggests that for comparison of 
scientific performance of different univer- 
sities, one should also take into account 
the human resources available (productivi- 
ty and visibility indexes). We believe that 
citation analysis, if endorsed at both na- 
tional and local levels, may provide good 
opportunities for stimulating the growth of 
science in academic systems that are will- 
ing to increase the value of merit and gen- 
uine scientific interest. 
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Species Biology and 
Conservation Funding 

IN HIS POLICY FORUM "CONSERVATION 
priorities for Russian mammals" (16 Aug., 
p. 1123), L. V Polishchuk notes that limit- 
ed government financial resources are of- 
ten devoted to the conservation of only a 
few, high-profile flagship species. He sug- 
gests that conservation resources should 
be divided between species on the basis of 
extinction risk and proposes a mathemati- 
cal model using the chance of inclusion on 
the IUCN Red List of Threatened Species, 
as predicted by annual fecundity, to pro- 
vide a more uniform allocation. 
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The implication that the amount of The implication that the amount of 

funding required to conserve a species is 
directly related to its annual fecundity may 
be an oversimplification. For example, dif- 
ferent species face different threats, from 
habitat loss, to overexploitation, to conflict 
with, and persecution by, humanity. Miti- 
gating these different threats will incur 
widely differing costs (1). Moreover, some 
threatened species will gen- 
erate resources for their own 
conservation, either through 
sustainable utilization such 
as tourism or hunting, or 
through their public image 
and marketability by 
fundraising nongovernmen- 
tal organizations (2, 3). This 
should relieve pressure on 
limited government funding 
sources for use on species 
with lower commercial po- 
tential. Finally, conservation 
resources are often allocated 
to protecting areas that con- Russian man 
serve a range of species, 
rather than to individual species per se, 
which may be a more efficient tool for 
biodiversity conservation (4). Prioritiza- 
tion for funding of individual species 
should therefore take into account the rela- 
tive costs of their conservation, the exis- 
tence of alternative funding sources, and 
the extent to which extinction risk is avert- 
ed by funding multispecies protected area 
networks. 

The search for unifying theories and 
models in conservation biology to direct 
policy is intensifying (5). The model pro- 
posed by Polishchuk may be a useful tool 
where species face similar environmental 
and human pressures or where other rele- 
vant data are lacking. However, such mod- 
els mask the complexity inherent in con- 
servation, which may limit their real- 
world applicability (6). 
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Response 
I AGREE WITH WALPOLE, SMITH, AND LEAD- 
er-Williams that species biology is by no 
means the only criterion for allocation of 
conservation resources among species. It 
is equally true that allocation decisions 
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where species face similar environmental 
and human pressures or where other rele- 
vant data are lacking. However, such mod- 
els mask the complexity inherent in con- 
servation, which may limit their real- 
world applicability (6). 
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Response 
I AGREE WITH WALPOLE, SMITH, AND LEAD- 
er-Williams that species biology is by no 
means the only criterion for allocation of 
conservation resources among species. It 
is equally true that allocation decisions 
should not ignore the species' biology and 
conservation status. The golden mean be- 
should not ignore the species' biology and 
conservation status. The golden mean be- 

tween underrating and overrating biology 
in conservation policy is yet to be devel- 
oped, however. 

An applied aspect of my study is that 
conservation resources could be divided 
among species in proportion to their prob- 
ability of extinction. Because this quantity 
is known for only a handful of species, I 
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suggest, as a first approximation, allocat- 
ing resources in accordance with species' 
chance of being on the IUCN Red List of 
Threatened Species, which is determined 
on the basis of annual fecundity. 

In fact, the points discussed by Walpole 
et al. do not undermine this proposal. It is 
true that "different species face different 
threats," and, to make the situation even 
worse, those having similar fecundity may 
well differ in other biological traits. The 
fact, however, is that despite these effects, 
which tend to blur the relationship be- 
tween fecundity and chance of listing, the 
latter holds up well and would probably be 
even stronger if confounding factors were 
equalized. Hence, this relationship ought 
to be taken into account when working out 
a conservation strategy. 

Furthermore, it's true that "some threat- 
ened species will generate resources for 
their own conservation." But the point is 
that, regardless of the source of money, be 
it a visitor to a national park or the state 
budget, it is the sum total that is allocated 
according to chance of listing. I realize 
that fundraising nongovernmental organi- 
zations cannot often follow this strategy, 
because the marketability of the Siberian 
tiger does not compare with that of the 
Russian desman, but a governmental agen- 
cy can. Finally, it's true that "conservation 
resources are often allocated to protecting 
areas that conserve a range of species." 
But the question is how to divide resources 
among species within a protected area. 
Species having a higher chance of listing _ 

would require, for example, a higher fre- 
quency of monitoring, making it possible g 
to catch the first signs of trouble. Account- u 
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