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Foreword

Owing largely to the prominent progress in modern sciences, we are currently enjoying a
prosperity that has not been experienced before in human history. It should not be ignored,
however, that this excessive prosperity has led to drastic changes in, or, rather, degradation of
the global environment. Environmental crises, such as global warming, depletion of
stratospheric ozone, deposition of acidic and oxidative substances, marine pollution,
destruction of tropical forests, desertification, and loss of biodiversity, have become
increasingly evident and threatening our very existence.

Although international thought and concern over environmental problems continue to
increase, consensus on countermeasures tends to be impeded, as sufficient scientific
knowledge is lacking. Tt is essential that strengthening global observation, monitoring, and
research provide a basis for furthering the scientific understanding of human impacts on the
global environment. Japan has already solved several environmental crises with its
advanced economy and sophisticated technology, and must now willingly play an
international role as “a contributor to the world”.

The Center for Global Environmental Research (CGER) was established in 1990 within
the National Institute for Environmental Studies (NIES) to contribute broadly to the
elucidation and solution of our alarming environmental problems. CGER has actively
worked to achieve this goal by promoting the integration of global environmental research,
providing research-support facilities, and conducting global environmental monitoring.  This
publication compiles some proceedings from international workshops on global
environmental issues in order to exchange information and the latest knowledge from
research.

It is our pleasure that this publication will contribute to further progress in research on
biological and ecological aspects of global environmental conservation and sustainable
development of our world.

March 2000

X ".J/ C/(c'/,y'/i, N
Yohichi Gohshi
Executive Director

Center for Global Environmental Research

National Institute for Environmental Studies



Preface

Global environmental changes must be among the most serious problems that stand in
way of the sustainable development of a global ecosystem--including humankind—at the start
of the twenty-first century. At present, although many global environmental studies have
been conducted to help us understand, adapt to, and improve global environmental changes,
impacts on biodiversity and ecosystems in present and future states are uncertain and difficult
to predict.

Among its activities of research integration and information exchange, CGER holds or
supports workshops on global environmental problems. This publication contains the
proceedings of those activities regarding biological and ecological research outcomes held
from 1998 to 1999,

Dr. Barnes from the University of Newcastle Upon Tyne, United Kingdom, was invited to
deliver a special talk on his recent outcomes in August 1998 as he researches “Impacts of
rising CO; and O; on vegetation” throughout Europe.

In March 1999, four invited researchers gave presentations at the workshop on
“Environmental Changes and Biodiversity”. Dr. Froese from the Internationai Center for
Living Aquatic Resources Management, Philippines, emphasized the necessity for
authoritative information systems on biodiversity. Professor Last from the University of
Edinburgh, United Kingdom, dealt with diversity and the performance of trees and upland
ecosystems in relationship to global environmental changes. Dr. Simbolon from the
Research and Development Center for Biology, Indonesian Institute of Sciences, and Dr.
Ghozali from Mulawarman University, Indonesia, talked about the effects of Indonesian forest
fires on biodiversity and ecosystems.

Dr. Zheng of CGER reviewed effects of air pollution on vegetation in China at the
workshop on “Environment Evaluation by using Plants”, held in December 1999.

We hope that this publication will be useful to researchers and other people concerned
with global environmental problems in considering future impacts of global environmental
changes on biodiversity and ecosystems.

March 2000
\yz /< 77 % 2

Hideyuki Shimizu
Research Program Manager
Center for Global Environmental Research

National Institute for Environmental Studies
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Challenges to Taxonomic Information Management:
How to Deal with Changes in Scientific Names

Rainer Froese, Emily Capuli and Maria Catalina Rafiola
International Center for Living Aquatic Resources Management (ICLARM)
MCPQ Box 2631, 0718 Makati City, Philippines
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Abstract

Scientific names in taxonomic works become invalid at a rate of about 5-10% per
decade during the first fifty years after their publication. Because of these changes,
and because of current indexing practices, searches in bibliographic databases find
only a subset of relevant publications. Several solutions to these problems are
presented, notably the Species 2000 initiative and a new indexing method for
bibliographic services.

Key Words: Coding systems, Information management, Internet, Taxonomic databases

Introduction

The recent global focus on biodiversity issues has put the past and present work of
taxonomists in the spotlight. While the importance of taxonomic work is recognized and calls
are made to reverse the current decline in positions for taxonomists, there are also claims to
make the results of taxonomic work more usable to non-taxonomists. For most people,
scientific names are non-telling and difficult to pronounce and remember. So, why not use
common names? Computer programmers tell us that integer numbers are processed much
faster than combinations of words. So, why not use codes? And if we have to use Latin
names, why do they keep changing all the time? Why is there no system that tells us what
scientific names are currently valid and how they are correctly spelled? How are the many
people dealing with organisms as part of their regular work supposed to keep track of name
changes published in specialist bulletins? In this contribution we explore some of these issues
and try to point out possible solutions.

Names keep changing

The ‘two-Latin-words’ scientific naming system for organisms introduced by Linnaeus in
1758 is still in use today. In this system, the scientific name of a species serves a dual purpose:
1) provide organisms with a unique and permanent label, and 2) indicate the nearest relatives of
a species. The first objective is compromised by the second, because progress in
understanding the relationship of species changes the scientific name. Such name changes may
affect many users, especially when they involve widely known species such as the rainbow
trout (renamed from Salmo gairdneri to Oncorhynchus mykiss), or the tilapias, which were
split into three genera, Tilapia, Sarotherodon, and Oreochromis (see discussion in Pullin,



1982). Such changes, if not quickly adopted globally and linked to previous publications,
severely hamper our ability to communicate and to access existing knowledge.

The example of fishes

Since Linnaeus (1758), about 53,000 species of fish have been described (Eschmeyer,
1998) and about half of these are currently considered to be valid species (Nelson, 1994).
Fig.1 shows a chronology of original species descriptions, currently valid species, and valid
species that still bear the name used in the original description, as contained in FishBase, a
large biological database on fish covering about 4/5th of the known species (Froese and Pauly,
1998; http://www fishbase.org). The outstanding contributions of Linnaeus {1758), Bloch
(1785 ff), Lacepede (1798 fI.), Cuvier and Valenciennes (1828 ff), Giinther (1859 ff) and
Boulenger (1909 ff)) can easily be seen. Also, the increase in taxonomic work during the age
of European expansion as well as its decrease during World Wars I and II are clearly visible.
There is an interesting gap from 1880 to 1890, possibly caused by the fact that Cuvier,
Valenciennes and Gunther had described most specimens available in the collections of the
time. The graph also shows the high rate of duplicate descriptions from the early 19" to the
mid-20" century, probably caused by a widespread rush to describe new species, coupled with
inadequate access to published literature.
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Fig. 1 Species descriptions per 5 year intervals over time, as contained
in FishBase (Froese and Pauly, 1998), covering about 4/5 of the known
species.

In Zoology, about 15,000 new species are described every year, about 4,500 known
species are placed in a different genus (new combinations), and about 4,000 species are found
to be identical with an already described species, their names thus becoming new synonyms
(Judy Howcroft, Zoological Record, pers. comm.). For fish, the respective numbers are shown
in Fig. 2. Note that these figures also include fossil fishes and therefore exceed the annual 200-
300 new descriptions of fish estimated by Eschmeyer (1998). This continuous trend leads to a
rapid ‘aging’ of taxonomic works, which obviously do not include species discovered after



their date of publication, i.e., they become incomplete, and which continue to use scientific
names that are no longer considered valid. For example, of the 416 fish species in the 10"
edition of Linnaeus’ (1758) Systema Naturae, currently 89% are considered to be valid species,
with only 18% still bearing their original name. Froese ef a/. (1996) made an effort to update
all names in a widely used work on the marine fishes of Indonesia (Gloerfelt-Tarp and Kailola
1984). They found that 12 years after its publication, 105 (about 10 %} of the names were
invalid (19 junior synonyms, 21 new combinations, 32 misspellings or emended specific
epithets, 10 misidentifications, and 23 unnamed species which since have been identified).
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Fig. 2 New fish names in the Zoological Record from 1978 to 1994 (fossil fishes
included). New combination refers to species transferred into another genus, new
synonyms refers to species that are found to have been described previously.

The extent of the problem is shown in Fig. 3, which displays, for some taxonomic works
on fishes, the percentages of names that have changed as a function of the year of publication.
Note that the slope of the hand-fitted line between 1950 and 2000 suggests that about 5-10%
of scientific names became outdated within a decade after publication. This number can be
expected to be significantly higher in non-taxonomic works that tend to place less emphasis on
the validity of scientific names.

Impact of name changes on bibliographic databases
- One of the tasks of taxonomy is to provide a functional system of unique names (labels)

for living organisms. This functionality can be tested by using bibliographic indexing services
such as the Zoological Record (ZR) for publications in zoology, or Aquatic Sciences and
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Fig. 3 Changed fish names (in percentage) in selected taxonomic works. Note that the
slope of the hand-fitted line between 1950 and 2000 suggests that about 5 - 10% of the
names will be outdated within ten years after publication.

Fisheries Abstracts (ASFA) for aquaculture and fisheries. The most time-consuming task
of these services is to assign appropriate keywords to publications. Scientific names are
regularly used as key words, in the spelling that was used in the publication, and sometimes
introducing new misspellings. In addition, ASFA and ZR use a taxonomic thesaurus to assign
families and higher taxa, based on the provided generic name (TRITON, the thesaurus used by
ZR is available on the Internet at http://www.york biosis.org/triton/). Names that are not
mentioned in the title, abstract, or provided key words are either ignored (ASFA) or are used
only when they constitute new names, synonyms or combinations (ZR). The indexing services
normally do not correct typographic errors in the scientific names that were brought to their
attention, neither those contained in the original papers nor those committed by themselves.

In 1989, the scientific name of the well-known rainbow trout was changed (Smith and
Stearly, 1989). Fig. 4 shows the results of four searches in ASFA for Salmo gairdneri,
Oncorhynchus mykiss, rainbow trout, and a combination of these three terms, respectively. As
can be seen, some publications are found under the new name before 1989, indicating that the
new name had been added to the keywords of some references by ASFA staff, probably for
pre-1989 publications that were processed after 1989, After that date, the use of the new
name increased steadily. It took about three years for most researchers to accept the new
name. The common name is used steadily throughout this period, however, it usually finds
fewer publications than the scientific names. A combination of the three names finds 10-30%
more publications than the respective scientific names. The same searches were also
conducted in the Zoological Record and produced very similar results. However, several
important publications are not found at all, because neither of the three names was used in the
title, key words, or abstract. This is typically the case if a publication treats more than 10-20
species.
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Fig. 4 Results of four ASFA searches for rainbow trout, using different search terms.

Coding systems have failed

Coding systems have been suggested to deal effectively with nomenclatural systems.
Codes are especially popular with system analysts, probably because they fit well with
programming languages such as Assembler, FORTRAN or C, and operating systems such as
Unix. The suggested advantages of codes are:
¢ they are shorter than scientific names;

e less storage space is needed, resulting in faster retrieval and faster data entry;
o they can be easier sorted or grouped, e.g., at the family level; and
e they are more stable than scientific names.

However, none of these benefits stood the test of time. Coding systems that started with
3-5 digits have grown to 8-12 digits and more. A numbering system for all taxa is estimated to
need codes of 40 or more digits (Pinborg and Paule, 1990). The advent of fast computers,
large storage capacity, and modern relational database software has made the listed advantages
largely irrelevant. Also, working with codes is more prone to errors (Hureau, pers. comm.),
and it is very difficult to detect typographical errors (Eschmeyer, pers. comm ).

Coding systems are created as a snapshot of taxonomy at a certain point in time.
However, scientific names change. To accommodate such change, coding systems have to
keep track of former and current codes (for examples, see Smith and Heemstra, 1986 or Hardy,
1993). Depending on the degree to which a coding system tries to reflect taxonomy, it might
even need changes where scientific names remain unchanged, as is the case when a genus is
transferred to another family. To avoid this problem, the recent Australian coding system for
aquatic biota (Yearsley et al, 1997) decided to continue the family classification of



Greenwood ef al. (1966), thus ignoring 30 years of taxonomic research (Nelson, 1984, 1994,
Eschmeyer, 1990, 1998). It is therefore incompatible, at the family level, for several groups.

The attempt to provide a stable coding system for a continuously changing taxonomy ts
bound to fail. It will either perpetuate outdated knowledge, including known mistakes such as
misidentifications, or will require the creation and maintenance of extensive synonymies of
code numbers, a pointless exercise. Therefore, we strongly support the view that scientific
binominal with their established rules and synonymies are the ‘coding system’ that should be
used globally.

The FishBase approach

FishBase is a biological database on fish, available in part on the Internet
(http://www fishbase org/search.cfm) and in annual updates on CD-ROM (Froese and Pauly,
1998). FishBase maintains a SYNONYMS table, which contains about 60,000 scientific
names of fishes that have been used in publications, the current status of each name (original
combination, new combination, junior synonym, misspelling, misidentification, other), a yes/no
statement whether the name is valid, and the reference that was used to determine the status of
the name. Attached to the SYNONYMS table is the BIBLIO table, which contains, for each
name and publication, the page number where the species is dealt with, and the reference
(code) number of the publication. The BIBLIO table is linked to the REFERENCES table,
which contains, for each reference number, the full bibliographic details. The SYNONYMS
~ table is also linked to the SPECIES table, which contains only valid species, and which is
linked to a COMMON NAMES table, which currently holds more than 70,000 common names
in more than 100 languages (see Fig. 5). This relatively complex structure is hidden from the
data encoders. Whenever a new reference is added for a species, a dialog box opens which
asks for the reference (code) number, the page number, and the scientific name that was used
as valid. This name can be selected from a list of available synonyms. If it does not exist yet, it
has to be entered in the SYNONYMS table.

SynGenus
SynSpecies Yearl
: ‘ SynAuthor(s) Title

Comman Name Genus Stalus ; Source
Language Species Valid [¥ /N) Reftio RefMo
Countiy Author(s) StatusRef Page - - -
SpecCode SpecCode SpecCode SpecCode
- - - - - - SynCode SynCode

Fig. 5 Proposed database structure that will assign a publication to the name used and to
the currently valid name,

This structure finds all references for a species for all recorded synonyms and common
names. A change in the validity of a scientific name will not affect the attachment to the
BIBLIO table, and thus all references continue to be attached to the current name as well as to




the name they used as valid. This allows the creation of errata lists for nomenclatural changes
for any reference.

The Species 2000 approach

Species 2000 is an initiative to provide a global standard of scientific names (including
synonyms and common names) for all known organisms (Bisby and Smith, 1996). The names
will be made available in annual updates on CD-ROM and on the Internet
(http://www species2000.org/). The structure of the Species 2000 index is very similar to the
one described above. Obviously, such an index would be of use to bibliographic indexing
services such as ASFA and the ZR, to replace the taxonomic thesauruses they are currently
using, and which, as in the case of ASFA (Fagetti ef al, 1986), are incomplete and largely
outdated.

Species 2000 has adopted a policy never to discard a name that was ever listed, even if it
was misspelled or misapplied. This continuity will ensure that links that were once established
with the Species 2000 index will continue to work with future upgrades, even if the scientific
name has changed. Thus, for example, the bibliographic indexing services will not only
improve the completeness and correctness of the hits found in a search for a scientific name,
they will also be able to offer a new service to users; that is, to obtain recent lists of
nomenclatural changes for important taxonomic works.

Ultimately, users of scientific names need a system where they can verify that the names
that they are about to use in a publication are valid. The Species 2000 initiative will provide
such a system.

Conclusion

From a user’s point of view, the current naming system for organisms suffers from several
shortcomings, mainly that there is no easy way to find out what name and spelling is currently
valid and that it is currently impossible to find all relevant information on a species, either in
bibliographic services or in the Internet. The Species 2000 Initiative seems to offer a solution
t0 these problems, but it depends on the collaboration of the taxonomic community to create
and continuously update an index of valid and synonymous scientific names that can be used as
a standard. The museums of the world will have to accept that fulfilling their mandate in the
21" century will include the creation and maintenance of global species databases for at least
some of the groups they are working with. For fishes, the Catalog of Fishes database
(Eschmeyer, 1998) and FishBase (Froese and Pauly, 1998) have shown the feasibility of this
task.
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