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Abstract

The FishBase project started in September 1990 with the goal to improve fisheries and biodiversity management in developing countries by making key information and easy-to-use tools available to managers. More than eight years later we try to assess progress, impact, and future directions. Our statistics show that we have compiled substantial amounts of relevant data, developed a user-friendly interface, and have reached most of the intended users. However, fisheries in developing countries have continued to decline and management of aquatic biodiversity has yet to begin in most countries. We believe that our data and management tools need to be combined with other recent developments such as protected areas and co-management approaches to have an impact on fisheries and on biodiversity conservation. These issues are discussed in more detail in the paper.

Introduction

FishBase is a large biological database with key information on fishes, developed at ICLARM in collaboration with FAO and many other partners. The idea of creating a database to “provide key facts and information extracted from the literature” to be made available to “scientists working on tropical fish resources”, was first proposed by Daniel Pauly in 1988 (ICLARM 1988). After some exploratory work, the FishBase project got underway in September 1990, with support from the European Commission and with Rainer Froese as Project Leader. The goal was to improve fisheries management in the tropics by making relevant data and data processing tools available to resource managers. It is appropriate, more than eight years later,  to have a critical look at progress, impact, and future directions.

Where is the Key Information?

Pauly’s (1988) original concept proposal for what was to become FishBase was to “provide data on about 200 major species  with the ultimate goal of 2,500 species.” These numbers turned out to be both under- and overestimates. They were underestimates because we established that over 4,000 fish species are used globally for human consumption. Together with sports, ornamental and threatened fishes, there are over 7,000 species in need of management. Furthermore, in the light of biodiversity studies and ecosystem management, it is now widely agreed that basic information on all of the 25,000 recent species of fish is needed.  The content of major FishBase tables as of June 1999 is shown in Fig. 1. The original numbers were also overestimates because we found it difficult to compile key information (growth, maturity, diet) for more than about 1,200 species (Fig. 2). For example, for natural mortality, data were found for only 218 species. While the project is well on its way to compile basic information (names, range, size) for all recent fishes before the end of the year 2000, there remains a large gap between the number of species in need of management and the number of species for which relevant information is available. We will return to this topic below.
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Fig. 1. Content of FishBase in number of species for which information is available, as of June 1999. Only some of the more than 60 major tables are shown. Note that published key information such as reproduction, diet, and growth is available for relatively few species only.
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Fig. 2.  Increase of number of species for which information on growth, maturity, and diet is available in FishBase.

How Complete is FishBase?

It is difficult to do statistics for biodiversity, taxonomy, or other purposes if the database to be used does not contain all fishes of a family, country, or ecosystem. As of June 1999, FishBase contained all species in 366 (72%) out of  502 fish families. In most of the remaining families less than 10 species are missing, and the team has established an approach to find and enter these species. Families with higher numbers of missing species are, for example, Characidae, Cyprinidae, and Gobiidae. The team is currently seeking the help of the world experts of these families to be able to have all families completed by the end of 2000. 

To date the database contains all freshwater fishes of four of the seven FAO inland areas. Two of the remaining areas (Central America and South America) will be completed together with the experts for this region in a joint effort to publish, before the end of 2000, a Checklist of the Freshwater Fishes of South and Central America (CLOFFSCA). The other remaining area, Asia- Inland Waters, poses a problem in that several important publications are in languages not mastered by the team, such as Chinese or Korean. A joint project with Dr. Kwang-Tsao Shao from Taiwan has received external funding and will address this issue. 

Of 19 marine FAO areas, the fishes of 11 areas are already completely entered in FishBase. The remaining areas will not pose a major problem, as relevant books are available or are about to be published. For example, the project supports a taxonomic workshop in the Caribbean in July 1999 that will bring the experts of that area together and will produce an updated field guide and checklist. The books resulting from a similar workshop in the Western Central Pacific are being published this year. We plan to have all areas completed by the same process that we use to cover all fishes until the end of 2000.

For 57 (22%) of 255 coastal countries or islands, and for 139 (47%) of 299 countries with freshwater fishes, FishBase contains complete checklists. The team strives to improve on these numbers, but there are many countries and islands for which no published checklists exist. Thus, we will not be able to have complete checklists for all countries/ islands by the end of the project. However, the database already provides preliminary checklists for all countries, visible and downloadable on the Internet, as an assistance and incentive for the respective countries to document their fish biodiversity. 

The project has started assigning species to large ecosystems such as lakes, river basins, and seas. This is a major effort and so far only about 30 ecosystems have been completed. Again, for many ecosystems no checklists have been published. Similar to the approach taken with countries and islands, we will make our preliminary lists available on the Internet. 

Did We Provide Useful Tools?

One of the aims of the project was to provide fisheries managers with tools to help them in their work. Later, biodiversity managers (a concept inherent in the Convention of Biological Diversity and other instruments) were also identified as clients for tools based on or related to the data included in FishBase.

The tools incorporated into FishBase that pertain to the work of fisheries managers cover two areas (see also Table 1):

a) classical fish populations dynamics; and

b) ecosystem indicators of fisheries impacts.

Classical fish population dynamics is covered in FishBase by an interactive routine for yield-per-recruit analysis, attached to each set of growth parameters (we recall that with about 5,000 sets of such data, covering over 1,200 species, FishBase is the largest repository of growth data on fish in the world).

Yield-per-recruit analysis is, in many fisheries throughout the world, still the method of choice for regulating fisheries via mesh size regulations. Fisheries managers interested in such analyses will thus find FishBase of great help to them. To increase the reliability of such analyses, graphical (Auximetrid grid) and analytical methods (Auxim) are also provided for comparing growth parameters that are used for yield-per-recruit analyses.

Also, a recently developed approach has further simplified yield per recruit analyses, by re-expressing its key results in a series of lengths whose relative values can be used to visualized the state of a resource (see Fig. 3). A new one page summary on a species draws on this, and on related parameters for deriving “key facts” (length-weight relationships, length at first maturity, life span, generation time, trophic level, fecundity, etc.) useful for management.  The following approach is applied: if published estimates for a parameter are available in FishBase for a given species, the ‘best’ estimate (usually the median value) is presented. Otherwise, an empirical relationship is used to estimate the parameter and its confidence interval. Users can easily see all available data, change values and recalculate the parameters.

The ‘key facts’ page is available on the Internet since June 1999, thus providing relevant parameters for all fishes for which at least the maximum length is known (see Fig. 4). It invalidates the statement ‘Nothing is known about this fish’, and may well become the most appreciated use of FishBase, at least for fisheries managers and conservationists working in the tropics.

Ecosystem impacts of fisheries can now be evaluated through a number of routines, notably one which combines outputs from the FishBase Diet-Composition table (trophic level estimates) with the catch statistics of FAO to estimate, for any region or country, the extent of fishing down marine food webs. This is supported by similar analyses of trends in mean maximum lengths of exploited species, and related indices. These recently developed tools are presently having considerable impact on the scientific and conservation community, and among the public, as they demonstrate that catch trends previously thought to be sustainable are indeed masking continuous decline of the integrity of the supporting ecosystem.

Biodiversity-related tools assist conservationists, e.g., in the ‘Quick Identification’ of species. They provide a user database for occurrence data (FishWatcher) and a simple mapping tool for displaying geo-referenced data (WinMap). Routines for identifying synonyms, misspellings, and misidentifications in biodiversity databases have been published and are available in FishBase. A variety of interactive graphs helps in the understanding and analysis of life-history patterns in fishes.

Fig. 3. Length frequency data of commercial Nile perch catches in Lake Vicotria (Asila and Ogari 1988) plotted in a simple framework indicating L( , Lm and Lopt. Note that the length distribution indicate growth and recruitment overfishing.[image: image12.wmf]0
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Key Facts on Epalzeorhynchos bicolor 
Redtail sharkminnow 



Family:
Cyprinidae
Minnows or carps

Max. length:
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L maturity:
8.2 cm     [ 7.2 - 9.4 ]   95 % Conf. Interv.     Estimated from Linf. 


L max. yield:
7.8 cm     [ 7.0 - 8.6 ]   95 % Conf. Interv.    Estimated from Linf. 


Note: The estimates are derived from default values taken from FishBase. You can change these values and recalculate the life history parameters. 



Fig. 4. Important life history parameters with confidence limits for the redtail sharkminnow. Note that these parameters are estimated by FishBase for all fishes for which at least maximum length is known. Additional parameters such as life span, generation time and natural mortality are given if growth estimates are available for the species.

Some of these tools (e.g., FiSAT and Ecopath) are known to be used widely. For others (WinMap, Checklists, FishWatcher, Check Names) we had feedback from some intensive users, suggesting that these tools are useful and have been accepted to some degree. Many of the new tools are available on the Internet, and this will allow a better tracking of their use in the future.

Other Reported Uses of FishBase Include:

· The TrawlBase Project (ICLARM 1998) uses FishBase to assign current names to ‘old’ scientific names.

· A feasibility study financed by the EC (DG-XIV) and conducted by the ‘Instituto Español de Oceanografia’ (Spain) in order to implement an institutional database containing the relevant information (catch and effort, length frequency distributions, biological parameters, cruises) on the fisheries exploited by the Spanish fleet, is using FishBase as a reference to standardize the finfish nomenclature.

· The SPC/EU South Pacific Regional Tuna Resource Assessment and Monitoring Project (SPRTRAMP) 1995-2000 provides scientific advice to Pacific ACP countries on tuna resource, including analysis of a catch-effort database. They used FishBase in producing handbook for identification of bycatch species.

· The South Pacific Commission (SPC) Fisheries website is rapidly developing. It contains aggregated versions of the tuna catch-effort database, and country pages are being developed where links are being made to national species lists in FishBase.

Table 1. Tools developed and distributed by the project.

Tool
Purpose
User group
Medium
Year

Fisheries: 





Yield
Analysis of yield-per-recruit isopleths
Researchers

Teachers
CD
1997

AUXIM
Comparative analysis of growth parameters
Researchers Teachers
CD
1995

Auximetric grid
Evaluation of growth parameters
Researchers
CD, Web
1996

Sustainability indicators
Time series showing trends of catch composition, mean trophic level, and mean maximum size by country or area 
Managers

Researchers

Teachers
CD
1998

FiSAT*
Software for tropical fish stock assessment and management 
Researchers Managers
Disks
1995

Recruitment time series
Time series showing trends in recruitment, biomass, effort, and catches for >500 stocks
Managers

Researchers

Teachers
CD
1997

‘Best’ growth parameters
Routine to estimate mean or median values from selected records of growth parameters
Managers
CD, Web
1999

‘Best’ length-weight parameters
Routine to estimate mean or median values from selected records of length-weight parameters
Managers
CD, Web
1999

Length-weight analysis
Comparative analysis of length-weight parameters
Researchers

Managers
CD, Web
1999

Stock Assessment Spreadsheet
Spreadsheet with ready-to-use equations for estimation of important life history parameters
Managers
CD, FTP
1999

Ecopath*
Ecosystem modeling, including simulation and spatial analysis in recent release
Researchers

Managers
Disks, FTP
1995

Biodiversity: 





Quick Identification
Identify species by locality, size, main features, and photo
Managers Conservationists
CD
1996

FishWatcher
User database for fish collections
Managers Conservationists
CD
1995

WinMap
Mapping software that can be used independently of FishBase
Managers

Conservationists
CD
1995

Check Names
Routine to find synonyms, misspellings, and misidentifications in lists of scientific names
Conservationists Managers
CD
1996

Checklists
Various annotated checklists of fishes for all countries
Managers Conservationists
CD, Web
1995

Species Key-facts Parameters
Page with best estimates of key life history parameters for every species
Managers

Conservationists
Web
1999

Graphs
Various graphs showing patterns in life history and use of fishes
Researchers

Teachers
CD
1996

*  Note: FiSAT and Ecopath were distributed but not developed by the project.
Have We Reached the Users?

In order to reach the intended users, a number of decisions had to be taken which, in hindsight seem obvious but which were not at all obvious at the time we had to make them. Pauly (1988) in his original proposal had already insisted on “.. a self-sufficient database implemented on standard microcomputers … [to] be provided on diskettes…”, thus making the hardware available to the users the main criterion. Other important decisions were: to rely on widely-used IBM-compatible PCs as hardware (instead of Apple II or Macintosh); to employ commercial relational PC databases as software (instead of mainframe databases, expert systems, hypertext, or to create something new); to develop simple, royalty-free, add-on software in-house, e.g., for showing pictures and maps (instead of hiring a company or buying licenses); and, to ignore the hardware restrictions then prevailing such as processing power and storage space (instead of restricting the scope of FishBase to what the PCs of the time could handle) and rather assume that the hardware available to the users would develop as fast as the needs of the database. FishBase 98 came out on 2 CD-ROMs with more than 1 gigabyte of information and required a PC with at least 50 megabytes free harddisk space, a Pentium processor, and a Windows 95 or higher version. Our records show that, in 1999, these requirements were not a problem for most institutions in developing countries, thus confirming our earlier assumption.
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Since April 1995, the project has produced annual releases of FishBase on CD-ROM. As of March 1999, the CD-ROMs have reached over 1,500 registered users in 1,100 institutions in 143 countries. The composition and increase over time of the registered users are shown in Fig. 5. Institutions such as Fisheries Departments, Universities, Libraries, and Non-Governmental Organizations were the main target groups and constitute about 60% of the registered users. About half of the registered users are from developing countries. In comparison, the Aquatic Sciences and Fisheries Abstracts (ASFA) CD-ROMs are available in 327 institutions in 107 countries, including 64 developing countries (FAO 1998) while Naga, The ICLARM Quarterly, which caters to fisheries and aquaculture workers, but also to colleagues working in fisheries social sciences and policy, is sent to 5,154 recipients in 1,019 institutions in 51 developed and 95 developing countries (Linda Temprosa, ICLARM, pers. comm.). In another comparison, the FAO-DANIDA Fisheries Stock-Assessment Training Project (1982-1998) reached 1,700 trainees in about 200 institutions in 108 countries and territories (Siebren Venema, FAO, pers. comm.). In a final comparison, the Ecopath software (Christensen and Pauly 1992), an ecosystem modeling tool for fisheries workers available since 1990, has reached about 1,500 users in 94 countries (Villy Christensen, ICLARM, pers. comm.). Thus, compared with the numbers of individuals, institutions and countries reached by other global projects aiming at fisheries professionals, it seems that FishBase has reached most of its intended users. 

Fig. 5. Cumulative number of registered FishBase users, as of April 1999. The three top most categories are Others, Museums, and Libraries, respectively.

Since December 1996, the project has made a special effort to reach users in 55 African, Caribbean and Pacific (ACP) countries under the ACP-EU Fisheries Initiative and to provide them with hardware, software and training. Altogether, 198 institutions in 57 ACP countries were registered users of FishBase as of March 1999. If we assume an average of three institutions per ACP country involved in fish resource management, the project has so far reached about 80% of these users. A course in East Africa remained to be conducted at the time of this writing. Thus, we think it is fair to assume that FishBase will succeed in reaching its intended users in these important groups.

Over the years, a number of organizations have opted to support the FishBase team with extra funds in order to see information on their fishes or areas of interest (Table 2). Note that this list of major users includes donor agencies (AUPELF, MRAG, BMZ/GTZ) and governmental organizations from developed countries (Australia, Canada, Germany, USA) and one developing country (Mexico). Since organizations will spend their usually scarce resources only on projects that they consider useful to them, we believe that financial support from major users is a good indicator of impact. 

From October 1998 onward, parts of FishBase became accessible on the Internet at http://www.fishbase.org/search.cfm. The amount of information retrieved from FishBase on the Internet stood at over 800 megabytes (about 10 million words) in April 1999 alone. The site received over 2,700 hits per day with 377 extended user sessions of 12 minutes average duration. In comparison, a site giving access to information on the largest plant germplasm collection database of the world (SINGER; http://noc1.cgiar.org/use/) received 423 hits and 50 user sessions per day; 120 megabytes were downloaded from the SINGER database in February 1999. 

Table 2. Institutional grants in support of FishBase.

Institution
Country
Grant
Duration

Agence de Cooperation Culturelle et Technique (ACCT) 
France
US$ 12,124
1991 - 1992

l’Association des Universités Partiellement ou Entièrement de Langue Française (AUPELF)
France
US$ 15,415
1991 - 1992

Marine Resources Assesment Group (MRAG Ltd.) [Collaboration between MRAG & Fisheries]
United Kingdom
US$ 27,000
1993 - 1995

Ecología Pesquerias y Oceanografía del Golfo de México (EPOMEX) [FishBase Mexico]
Mexico
ECU 3,600*
1995

National Marine Fisheries Service (CEOS Project) [Fishes of upwelling systems]
USA / Peru
US$ 5,000*
1989 - 1990

Ministry of Environment, Lands and Park and Fisheries Centre/University of British Columbia [FishBase for BC Fishes]
Canada
C$ 22,000
1995 - 1996

Bundesminiterium für Zusammenarbeit (BMZ)/Gesellschaft für Technische Zusammenarbeit (GTZ) [Feasibility Study for LarvalBase]
Germany
DM 150,000
1998 - 1999

Fisheries Research and Development Corporation (FRDC)/Bureau of Resources Sciences (BRC) [Australian Fisheries Resources]
Australia
AUS 22,000*
1998 - 1999

Exxon Valdez Oil Spill Restoration Council, Alaska, USA [Fishes of Alaska]
Canada
US$ 6,000*
1999
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Bundesminiterium für Zusammenarbeit (BMZ)/Gesellschaft für Technische Zusammenarbeit [A Global Info System on Fish Larvae]
Germany
DM 690,000
1999 - 2002

*Additional funds were made available to collaborators within the country.

About 58% of the FishBase users on the Internet came from USA Internet Service Providers (ISPs), including international ISPs such as AOL. Only 23% came from European ISPs, and 19% came from unknown providers. About 25% of the Internet users had operating systems that are not supported by FishBase on CD-ROM (Mac, Sun, Linux, Unix). Currently it seems that FishBase on the Internet reaches mostly users in developed countries. However, we expect this to change with the rapid spread of Internet access in developing countries. The FishBase Team has decided to gradually abandon the relational database interface we have developed with so much effort over the years, and to recreate the interface in HTML, the language of the World Wide Web, to be used on the Internet as well as from the CD-ROM.

How Have We Involved Others?

One of the reviewers of FishBase rightfully concluded: “If FishBase is to continue on the road to becoming a useful source of data on world fishes, collaboration is going to be the key” (Crawford 1997). Over the years, more than 370 colleagues from 71 countries have contributed in one way or another to the achievements of the project. Of these, 212 were from developed countries (92 from Europe) and 158 were from developing countries (24 ACP). The names, contact addresses, and contributions of these collaborators are documented in FishBase and are attached to the data they made available. Fig. 6 shows the increase of FishBase collaborators over time, with their professional background. As a comparison, 73 authors contributed to the three volumes of the Fishes of the North-eastern Atlantic and the Mediterranean (Whitehead et al. 1984), which contains information on 1,250 fish species. In another comparison, 76 authors contributed to Smith’s Sea Fishes (Smith and Heemstra 1986), the main work on the marine fishes of southern Africa.

Fig. 6. Cumulative number of FishBase collaborators. The strong showing of biologists and taxonomists reflects the importance of these areas in FishBase.[image: image15.wmf]0
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A number of colleagues and institutions have opted to let FishBase distribute special databases they have developed. Of the 60 major FishBase tables, 37 are developed and maintained by FishBase staff only, 6 tables are maintained by FishBase with major inputs from others, and 16 tables were developed without or with minor input from FishBase staff  (Table 3). Note that this list includes intergovernmental agencies such as FAO and SPC, governmental agencies such NOAA, leading scientific organizations such as the California Academy of Sciences, developing country institutes such as EPOMEX, and individual scientists such as R. Bauchot and colleagues at the University of Paris VII. Thus, if the number of tables is an indication, about one third of FishBase was compiled by collaborators who have entrusted us with the task to show and distribute their work or, if we assume that the compilation of the 37 FishBase tables has taken the team about 8 * 10 = 80 person years, then collaborators have contributed about 43 additional person years (see estimates in Table 3). 

Table 3. Databases developed by collaborators and hosted by FishBase.

SCIENTIST/

INSTITUTION
COUNTRY
CONTRIBUTION
PERSONYEARS
RECORDS

Victor Arkhipchuk, Institute of Hydrobiology*
Ukraine
Database on fish chromosomes [GENETICS]
5
1,000

Roland Bauchot & colleagues, Université Paris 
France
Database on relative size (weight) of fish brains [BRAINS]
3
3,200

Paul Dalzell, South Pacific Commission (SPC)
New Caledonia
Database on ciguatera reports [CIGUATERA]
0.5
600

William Eschmeyer, California Academy of Sciences (CAS)
USA
Databases on fish genera [GENERA], original combinations of fish names [PISCES], references used for the above databases [REFERENCE], and museums [MUSEUMS] 
20
80,000

Food and Agriculture Organization (FAO)
Rome, Italy
Data on catches [FAO Catches] and aquaculture [FAO Aquaculture] production, and classification of aquatic animals and plants [ISSCAAP]
5
18,000

Neysa Foy, National Oceanic and Atmospheric  Administration (NOAA), Miami
USA
Database on fish abnormalities [ABNORM]
0.5
600

Edward D. Houde and Colleen E. Zastrow, University of Maryland, Solomons, USA
USA
Database on larval dynamics [LARVDYN]
1
100

Ransom A. Myers, Department of Fisheries and Oceans (DFO)
Canada
Database on recruitment time series [RECRUITMENT]
3
600

Cristina Barcenas-Pazos, Programa deEcologia Pesquerias y Oceanografia del Golfo de Mexico
Mexico
Ecotoxicological data [ECOTOXICOLOGY]
1
1,400

R.V. Thurston and P.C. Gehrke, (EPA), USA
USA and Australia
Database (OXYREF) on oxygen consumption of fishes [OXYGEN]
2
6,700

Robin Welcomme, Food and Agriculture Organization
Rome, Italy
Database on global introductions of freshwater fishes  [INTRO]
2
2,700

* Incorporation in FishBase in progress.

Did We have Scientific Impact?

Citation analysis is the method of choice for estimating scientific impact. Up to May 1999 FishBase has been cited in over 100 publications. Of these, 41 were authored by FishBase team members and 68 by others (Fig. 7). Whereas at the beginning of the project it were mainly the FishBase team members themselves who used FishBase for scientific publications, there is now an increasing proportion of citations by others. Several of these external publications made considerable use of FishBase data. For example:

· Arthur and Lumanlan-Mayo (1997) used FishBase for names and distributions in their FAO report on parasites of fishes;

· Guerrero (1997) used FishBase as the basis for his paper on freshwater fishes of the Philippines;

· McAllister et al. (1997) used FishBase to estimate the global distribution of freshwater fishes;

· Ramjohn (1998) used FishBase to complete and verify his checklist of marine fishes of Trinidad & Tobago;

· Roberts et al. (1998) drew heavily on FishBase for a major IUCN report on threatened marine species.
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Fig. 7.  Cumulative number of publications citing FishBase. Note the increase in external citations after FishBase became available in 1994.

In another form of scientific impact, FishBase has shaped the approach and architecture of several other scientific databases, most notably ReefBase (McManus and Vergara 1998). FishBase has been selected as Global Species Database for fishes, and the FishBase Project Leader has been invited to be a member of the Management Team of Species 2000, an initiative of the International Union of Biological Sciences (IUBS), the Committee on Data in Science and Technology (CODATA), and the International Union of Microbiological Societies (IUMS) to assist with the creation of global species databases similar to FishBase, in an effort to create an authoritative list of the 1.75 million known species.

Team Publications

A significant scientific contribution by the team was a publication in the journal Science. It combined data from several independent databases and documented for the first time a global phenomenon now called Fishing down marine food webs (Pauly et al. 1998a, b). The approach has been implemented in FishBase 98 and can now be used to evaluate the sustainability of catches as reported by countries to FAO (FAO 1995, Froese et al. 1998, Vakily 1998).

The fact that published key information is missing for most fish species has been stressed above. This dilemma has been addressed by several publications of team members that use the data accumulated in FishBase so far to derive empirical equations for life history parameters (Palomares and Pauly 1997; Froese and Binohlan, In press; see Fig. 4 for an application). This approach, a form of meta-analysis also used by Pauly (1980) for natural mortality of fishes, has been found especially adequate for fish stock assessment in a recent publication by Hilborn and Liermann (1998). 

Reviews

FishBase (mainly version 1.2 of September 1994) has been reviewed by several major journals (Matsuura XE "Matsuura, K."  1995; Crawford XE "Crawford, S.S."  1997;  XE "Turner, G.F." Francis XE "Francis, M.P."  1997; Turner 1997; Rowell XE "Rowell, T.W."  1997; Wootton 1997), including Nature (McCall and May 1995). Most reviews complimented the FishBase idea and the user interface, but expressed concern about incompleteness and variable quality of data. We accepted that criticism and introduced a variety of error checks, such as graphs depicting  a data point against the background of all other available data for that species, its family, and other fishes (Pauly 1998). This approach has meanwhile been taken to the Internet where users can enter their estimates of  various parameters and see them displayed in the respective graphs. A chapter in the FishBase book (Palomares et al. 1998) discusses explicitly our strategy to deal with errors, which can be summarized as ‘document source, check, and use’, the last including use by the team and by other users and implying another round of checking and correction. As a result of this approach, some published parameters are marked as ‘questionable’ in FishBase and are excluded from various analyses. One could thus argue that FishBase contains less errors than, for example, some bibliographic databases we know. 

Did We Strengthen Fisheries Managers in Developing Countries?

As mentioned in the introduction, the goal of the project was to strengthen the management capabilities of fisheries managers in developing countries. The approach taken in the current phase of the project is to: 1) focus on 55 ACP countries; 2) establish 5 regional nodes at existing regional or national institutions; 3) conduct regional training courses at the nodes, revisiting traditional concepts (single species stock assessment) and introducing new concepts (biodiversity, ecosystem management, multi-species approaches, co-management); 4) provide trainees with relevant hardware (PC, modem, printer) and software (FishBase, FiSAT, Ecopath, MS Office); 5) build regional networks of fisheries workers (e-mail list server); and, 6) support national training activities and provide follow-up from the regional nodes. At the time of  writing, 4 regional nodes were established and 4 courses had been conducted. The evaluation of these courses makes it clear that by the end of the project the trainees regard them as very useful and relevant to their work. Personal e-mail connections are still new in most developing countries, but this medium of communication among colleagues has spread quickly in the developed world and will most likely do so in developing countries. Thus, we are confident that the combination of new concepts, training, tools, and communication will have strengthened the capabilities of fisheries workers in 55 ACP countries.

Did We Contribute to Better Biodiversity Management in Developing Countries?

One goal of the project was to assist developing countries in conserving their aquatic biodiversity. Our approach was to alert managers of the importance of biodiversity and of the obligations their countries had accepted when they signed the Convention on Biological Diversity. We did this in our training courses and in several publications ( Froese 1996; 1997a, b; Casal et al. 1997). We also provided managers with biodiversity data and preliminary tools. For example, we compiled from the literature complete annotated checklists for 23 marine and 51 freshwater fish faunas of the 55 ACP countries. In collaboration with several museums we compiled over 303,100 occurrence records (80,800 from ACP countries) and repatriated the information on these collections to the originating countries. From these occurrence records, several maps relevant to biodiversity can be plotted. One such map shows the occurrences of a species before and after a user-specified year. When compared with maps of collection effort, this gives an indication of expansion or contraction of the species’ distribution and thus its conservation status (see Fig. 8).
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Fig. 8. Reported occurrences of the rainbow trout in British Columbia, before (open dots) and after (black dots) 1963. Note the disappearance of the species from the populated areas around Vancouver.

Making use of Internet technology we recently provided developing country managers with Internet addresses that create annotated checklists of their fishes, complete with data and pictures, for use in their national web sites (e.g., for Sénégal http://www.fishbase.org/Country/CountryFishList.cfm?Country=Senegal&Group=freshwater). We have made this technique available to the Clearinghouse Mechanism of the Convention on Biological Diversity, as a first example of how biodiversity data (instead of meta-data) can be made available through the Internet and be of direct use to the parties of the convention. We have also developed equal area grid maps to start analyzing georeferenced occurrence data. However, we feel that more data and better tools are still needed to assist national managers in, e.g., identifying 'hot spots' of aquatic biodiversity for conservation action.  

Did We Have an Effect on Real Fisheries Yet?

The original proposal of FishBase as stated by Pauly (1988) was based on the assumption that fisheries would improve if managers were better trained and had access to relevant tools and data. However, the collapse of the Canadian cod fishery in the early 90s and the collapses of several herring stocks in the North Sea, both areas with the highest concentrations of research vessels, tools, data, research institutes, and fisheries scientists, seem to contradict that assumption. The presentations in our training courses revealed that the fisheries in the respective developing countries—with very few exceptions—were similarly overfished and declining. The role of the fisheries officers seemed to consist mainly of monitoring the decline and decrying a lack of enforcement. 

The few successful examples of improved fisheries management were those where the fisheries department acted as facilitator to bring the various resource users together and let them agree on a management scheme that would benefit all parties. In addition to industrial and traditional fishers, such resource users were, e.g., resort owners, tour operators, yacht-owners, taxi-boat owners, dive operators, fish dealers, supermarket managers, and fish consumers. The fisheries officers brought to this group their formal authority as resource managers, though often lacking the means for enforcement. The resource users, on the other hand, if they had been convinced of medium-term benefits, did themselves enforce a management scheme by voluntarily changing their own behavior towards the resource. Such new perspective ensures that all resource users are involved, informed, and beneficiaries of the new management scheme. And this is where the FishBase project can play a role. We believe that the project’s training is targeting the right people, because we believe there is a link between well-trained fisheries officers and the status of the fishery. However, that link has to be operationalized. Teaching the collective approach to fisheries management is part of our training courses, and we are shaping our various tools so that they can be explained and demonstrated to and understood by the various resource users mentioned above.  We believe that the combination of co-management, protected areas, authoritative information, easy-to-use tools, and easy-to-communicate concepts offer a realistic chance to change fisheries and livelihood in developing countries for the better. 
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Figure � SEQ Figure \* ARABIC �3�. Cumulative number of FishBase collaborators. The strong showing of biologists and taxonomists reflects the importance of these areas in FishBase.
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