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Abstract 
Five vignettes are presented of fisheries research themes that have ‘local’ interpretations (i.e., ‘it applies only to 
here’, or ‘it applies only to this taxon’) and more general interpretations, reducible to first principles, here called 
‘universal’. These examples, derived from the authors work, refer to: 1) the natural mortality of fishes; 2) the 
factor(s) limiting size and growth in gill-breathing animals; 3) the integration of single-species stocks into 
ecosystem models; 4) the global decline, in the last decades, of mean trophic levels in the catch of marine and 
freshwater fisheries; and 5) the mechanism now known as ‘Malthusian overfishing’ which explain the destructive 
trends reported from many small scale fisheries in developing countries.  

There are, for each occurrence of the processes involved in these examples, ‘localists’ who will argue for the 
uniqueness of that occurrence. The case is made that keeping a universalist perspective should result in more 
insights and in predictability, i.e., in more of the very ‘stuff’ of Science. Moreover, universalism is the logical 
conclusion of a scientific ethos that is inclusive and which leads, perhaps paradoxically, to a wide diversity of 
scientific players having to be taken seriously by the scientific community. 

INTRODUCTION  
Ladies and Gentlemen, representatives of the sponsoring organizations: let me first express my appreciation for 
having been invited to speak to this audience, in the august setting of a Pre-ICES Conference. 

Before getting into the substance, if any, of my talk, I must, however, briefly correct two items related to the 
timing of this conference: first, it is not ‘August’ that I wanted to say, since today is the 24th of September; and 
second, this conference is called a ‘Pre-ICES conference.’ This cannot possibly be: nothing can be as old as ICES, 
let alone be ‘Pre-ICES.’ 

First vignette: the locus of our fears 
This brings to my opening scene, 20 ICES Science Conferences ago, in Copenhagen, where for the first time, I 
presented a paper at an ICES meeting. I was terrified: here I was claiming to have found something new, while, 
in the audience, several of the ‘living books’ and ‘living papers’ sat whom I had previously seen gliding about: 
David Cushing, Ray Beverton, John Gulland, Rodney Jones, and others who had been, in my student days, the 
stuff of elation when I understood a piece of their writing, and of nightmares when, more frequently, I didn’t. 

There they sat, listening as I presented my results, waiting to trip me, I thought. Doubtlessly, one would stand up 
and, in fluting British accent, point at some elementary error in my reasoning, thus destroying me forever... Well, 
it did not happen. Rather, they nodded gravely, then went on mumbling to themselves. And later, when I got to 
know them, I found out about their foibles and their own fears, and I discovered the key reason graduate 
students and young scientists should be encouraged to attend international conferences and meet the living 
books and papers: it is to discover that they are people, not books or papers, and that hence, being people, 
anyone of us can become a living book or paper. This is my first point about ‘localism’ - referring to the locus of 
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our personal fears - vs. -universalism’ - the fact that all colleagues I have come to know well turned out to have 
their own limitations and the fears resulting from them. They would not have been scientists if they had not: 
smugness is not appropriate when you are treading in an ocean or ignorance. 

At that time, and I am here referring to 1978, fisheries research was, at least in the North Atlantic area, in the 
throes of a transition from a belief in the wholesomeness of Yield-Per-Recruit analyses, to a belief in the efficacy 
of Virtual Population Analysis, two approaches which we now know relate to the ills of our fisheries as aspirin, 
and cough syrup, respectively, relate to terminal cancer. 

Estimates of the natural mortality rate (M) of fish population were needed for both of these methods, but only 
few values were available, mainly from a ground breaking paper by Beverton and Holt (1959). 

They had assembled, mainly from the key loci of fisheries research, the North Sea, and surrounding North 
Atlantic areas, about 50 values of M, mostly as estimated by them, and shown these to be strongly related, within 
groups of fish - the cod likes, the herring likes, the flatfish, etc., to their growth rate, as expressed the parameter 
of the equation conventionally used to represent fish growth. 

Having worked in Indonesia, Southeast Asia, in 1975-1976, I had become quite aware of the limitation of their 
and similar empirical relationships, which among other omitted groups, did not cover tropical fish. Thus, I 
extended the data set assembled by Beverton and Holt, and sought to identify variables that would extend the 
applicability of the models they had derived: I sought a broad relationship, which would apply to all fish, 
everywhere on Earth, and thus be ‘universal’ (for the Earth is still our universe, much as we may like Star Trek, 
Mr. Spock and Lieutenant Uhura, and their vision of the Universe). This data set I then used to show that natural 
mortality, in fish, is a function of their size, of their growth rate, and of the water temperature they are exposed 
to, while other factors previously thought to be important, such as their taxonomic affinities, turned out to be 
largely irrelevant. This was what I had to present at the above-mentioned 1978 ICES meeting (Pauly 1978) and, 
in retrospect, I can see that I had nothing to fear from my assembled older colleagues. Indeed, the extended 
journal version of that contribution (Pauly 1980) became my most-cited paper ever, and to some, I am the living 
paper ‘On M.’  

Score one for universalism, even if we now need to know how natural mortality changes, rather than just use 
mean values. 

Second vignette: oxygen as limiting factor in fish growth 
My next vignette refers to a potentially universal idea, which I have much more trouble getting across. It deals 
with fish growth, which is important in fisheries research since it is that growth which generates the yields of 
fisheries. The question is whether there is a basic, universal principle behind the different, local manifestations 
of fish growth, and whether this can be used to make predictions. I attacked this problem by asking what 
determines the maximum size of organisms, and hence the world they live in, and virtually all most of their vital 
statistics (Peters 1983; Calder 1984; Schmidt-Nielsen 1984; Goolish 1991). One could answer it is their ‘genes,’ or 
their ‘ecology,’ but this would still require that we identify the mechanism through which the genes, or the 
ecology express themselves, e.g., through a lower Darwinian fitness for those individuals that are not of the right 
size. 

Moreover, a universal explanation - if there is to be one - should not be purely biological, as there would be as 
strong premium for organisms to quickly evolve around biological constraints to their size. A strong contender 
for a non-biological constraint to the size of organisms is geometry, specifically the interplay of the power of 
length in proportions of which body volume growths, relative to the power of length in proportion of which 
different surfaces can grow, of which one will end up limiting size. The limiting surface itself varies among 
media, i.e., among organisms living in water, or in air, but on the ground, or which fly, and also varies among the 
different architectures, of Bauplan, that organisms may have. We shall here consider only animals, although the 
principle applies to plants, or bacteria. 

In terrestrial mammals and in birds, the interplay in question is that between the volume of the body wherein 
heat is produced, and the body surface through which heat is lost. One of the results of this is Bergmann’s Rule, 
stating that mammals and birds of low latitudes will tend to be larger (and have relatively shorter extremities) 
than their low-latitude congeners (Bergmann 1847). In very large mammals, however, so much heat may be 
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generated during bouts of activity that surfaces have evolved for its dissipation (e.g., the large, fan-like, mobile 
ears of elephants, or flukes with counter-current heat exchanger of whales). The principle involved here can be 
checked in physics textbooks and leave little for biologists to argue about. 

Another volume-to-surface interplay occurs in terrestrial organisms, where weight, growing in proportion to 
length cubed, must be accommodated by legs whose resistance is proportional to their cross-sectional area, i.e., 
to p.r2. Hence, gravity dictates the thin legs of passerine birds, the ostrich-like legs of ostriches, and the elephant-
like legs of moas (Thompson 1942). 

In insects, respiration occurs through a cotton-like network of trachea, bringing oxygen to, and taking CO2 from 
individual body cells. This surface-limited system is so inefficient that it almost entirely fills up larger insects, 
forever precluding the huge ‘Bug’ that is finally squished by Men in Black. 

For fish, squids and other animals breathing water through gills, gravity is not a problem - the reason why the 
largest invertebrates (giant squids) and vertebrates (whales) live in the sea, and not on land (Angel 1976). On the 
other hand, water is a difficult medium from which to extract oxygen: there is typically 30 times less O2 in water 
than in air, water is 55 times more viscose than air, while the diffusion of O2 in water is a staggering 300,000 
times slower than in air. Thus, fish may spend up to 40% of their resting metabolism on breathing itself, a figure 
much higher than e.g., in humans, where only 2% of resting metabolism is used for breathing itself (Schuman 
and Piiper 1966). 

In gill-breathers, oxygen uptake is proportional to gill surface area (Pauly 1981). Thus, large fish have higher 
oxygen uptakes than small fish of the same species. However, the weight-specific or ‘relative’ oxygen uptake of 
larger fish is bound to be less than that of their small congeners, given that their gills - a surface - cannot grow as 
fast as their volume, and hence their demand for oxygen. Thus, there must be, for any species of fish or other 
water-breathing animals, a level of oxygen supply that is just sufficient to meet the routine metabolism 
appropriate to a certain habitat. This defines, for a given species, the maximum weight (Wmax) that can be 
reached in a given environment. 

Now the interesting thing about this is that it explains a multitude of processes normally not seen to be related to 
respiration and growth, notably how temperature determines maximum size, how daily pH changes induced by 
different levels of activity generate daily rings in otoliths, how respiratory stress induces maturation, etc. 

Moreover, these processes can be expressed in the form of testable, quantifiable hypotheses (Pauly 1981, 1984, 
1997b; Longhurst and Pauly 1987; van Dam and Pauly 1995). Yet until recently, no independent testing of the 
hypotheses generated by this theory, or its corollaries, has been performed. Rather, they have tended to be 
dismissed, usually with frivolous arguments (see e.g., Weatherley and Gill 1987). Indeed, an anonymous referee 
once went to the heart of the matter, angrily writing across the page of a report “May apply in the tropic, but not 
here.” I have elaborated elsewhere on some implications of this telling statement (Pauly 1994), and shall here 
only point at the unthinking localism that it expresses. Still they win here (at least for now): localism 1, 
universalism 0*. 

Third vignette: no fish is an island 
Localism, in fisheries science is what makes us look at the resources one species at a time, as if they were not 
interacting simultaneously. Localism is thus overcome when we establish feeding or other links among the 
species co-occurring in a given ecosystem, notwithstanding the local experts who tell you it cannot be done, 
because their species is ‘too different’ to be linked with others in the context of an ecosystem model. Yet here 
again, there is a sound basis for universalism: it is the Second Law of Thermodynamics, which states that energy 
can be neither created nor destroyed. This implies, in the context of our discipline, that the fish stock we study 
can only be as large as there is food to sustain them, however much the local fishers wish it be otherwise. This 
also implies, conversely, that if these fish population persist, it is because must be enough food for them, 
whatever the local expert on their food organisms may say. 

Putting this into use for fisheries research is straightforward, and has led to a now much-used approach and 
software called Ecopath (Polovina 1984; Christensen and Pauly 1992), whose applications to various systems has 
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led to rigorous descriptions of a large number of ecosystems for which such syntheses had remained elusive (see 
Christensen and Pauly 1993) and new insights about their functioning. One of these is that fisheries impacts on 
marine system are much stronger than assumed before: on the shelves from which 90% of marine catches 
originate, between 25 and 35% of observed primary production is required to sustain the fisheries (Pauly and 
Christensen 1995). 

It is localists who say that that “you can’t compare apples with oranges.” Actually, these two kinds of fruits are 
easy to compare: you can compare their caloric or vitamin contents, their absorption spectrum before or after 
they are pulped, their yield per area, their price, you name it. Similarly, localists will tell you that ecosystems are 
too complex to be reduced to ‘mere models,’ and that they cannot be compared, each having its own individual 
features – again as do apples or oranges, which we still can compare (Downing 1991). Here we have a clear 1 to 0 
for universalism. 

Fourth vignette: fishing down marine food webs 
The ecosystem analyses mentioned above yielded among other things, a large number of estimates of trophic 
levels, notably for all groups represented in the FAO catch statistics, the only set of statistics we have for the 
fisheries of the entire world, and covering the years 1950 to the mid-1990s. Multiplying these annual catch 
figures, for the 1,300 statistical categories distinguished by FAO, by the best corresponding estimates of trophic 
level led to estimates of the mean trophic level of the world fisheries catches, by year. This showed that the mean 
trophic level of the world’s fisheries has been declining steadily in the last two decades, for both marine and 
freshwater fisheries. Thousands of numbers, from the over 150 member countries of FAO, went into the data 
point for a given year. Yet, in spite - or rather - because of these large amounts of independent inputs, a clear 
pattern emerged: all over the globe, fisheries are moving down the food webs, and destroying their own 
ecological basis - whatever localists say about their fisheries being immune to such trends. This is too sad to gloat 
about, and here, we won’t keep the score*. 

Fifth and last vignette: even in social science… 
It is not news that fisheries, globally, are in deep trouble, and the main culprits have been identified: open access 
regimes, massive subsidies, etc. In the course of my work in developing countries in Africa, South America, and 
Asia, all very diverse, all with their local peculiarities, I have come to identify a particular set of processes leading 
to destruction of small-scale fisheries which I believe are universal - at least in developing countries.  

I have called this set of processes ‘Malthusian overfishing’ (Pauly 1990, 1994, 1997a). It essentially consists of 
landless farmers establishing themselves on coastlines, and competing there with ‘traditional’ fishers for access 
to nearshore fish resources, using whatever methods they can, and often destructive ones. The concept and its 
name have caught among colleagues working on developing-countries fisheries, so much indeed that it is now 
often mentioned without reference to its author, a process known as ‘recognition by obliteration’ (Garfield 1975). 
Thus, even in the social science arena, where localism usually reigns supreme, generalizations can be made, thus 
allowing case-by-case descriptions to become the stuff of science, i.e., of testable hypotheses with more than local 
scope. 

Generalization: why universalism was good for me  
All five of the vignettes, or short stories, that I recalled above implied that I had to ‘join battle’ with local experts, 
i.e., colleagues who had specialized on one or the other area of fisheries science, specific places or taxonomic 
groups. There have been more of these battles, not mentioned here, involving e.g., the appropriateness of length-
frequency analysis for estimating growth and mortality of fishes (see contributions in Pauly and Morgan 1987), 
the relevance of anecdotal evidence in evaluating past resources states (Pauly 1995), or the proper design of 
databases on the biology of fishes (see Froese and Pauly 1997). The response of the local experts was in many 
cases quite vehement, but rarely unprofessional: they wrote papers suggesting I was wrong, or that my 
generalizations did not apply to their cases - but they kept inviting me to their meetings. 

Thus, for example, a colleague who thought (and probably still thinks) that my gill-oxygen limiting theory (see 
above) does not applies to his squids (Lipinski and Roedefeld, 1990) invited me to present it at a meeting on 
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squids - which I did (Pauly 1997b). This was possible, obviously, because of a shared scientific ethos, a common 
belief that there is an objective reality ‘out there,’ which is our task as scientist to describe and to make sense of 
(see also Medawar 1967). I do not believe, as many social scientists appear to, that the contents of science are 
predominantly a ‘social construct,’ the result of negotiations among holders of power, whose claims to objective 
knowledge must be ‘deconstructed.’ In fact, while obviously accepting that social processes, status, and power 
games influence the way scientific knowledge is gained, stated and used, I also believe the deconstructionist 
school to be profoundly mistaken in its view of the methods and contents of Science. 

Thus, while it is true that the leaders of a scientific field exert interpretative and other form of power in that field 
(e.g., by favourably or unfavourably reviewing grant applications), it is also true that this power has largely 
granted to them, by their peers, because of their earlier scientific achievements. Scientific ‘power’ is not 
hereditary, as are e.g., monetary wealth, and the political power derived therefrom. Moreover, the 
deconstructionist school renders a great disservice to the groups previously or still excluded from full 
participation in Science, but which it purports to represent. Thus, members of disadvantaged groups without 
recourse to an objective reality ‘out there’ would never be able to contribute to a game that involves only 
negotiations among powerful managers of orthodox opinion. And neither could members of these marginalized 
groups contribute to knowledge that is valid only locally, but for which local experts already exist. Rather, all they 
could do is open a forum for discussion among themselves, emphasizing their local expertise, and undermining 
efforts such as this meeting. [See also Brown 1988, 1991; Brown and Duffie 1992; and Jearld 1995, or the 
contributions in Current, the Journal of Marine Education, Vol. 4(1), 1982, and Fisheries, Vol. 6(4), 1992]. I 
remember for example attending, in the mid-1980s, a symposium in Peru at which a group of young people, who 
should have been colleagues, decided instead to create an ‘Andean Science’ that would be more relevant to their 
experience and the need of their communities than ‘Orthodox Science,’ which, they felt, had failed them. 

The universalist alternative to this, while recognizing the worth of locally-based knowledge, argues that such 
knowledge is incomplete if not articulated such that it links with the body of Science as a whole, which reflects 
the totality of human experience, everywhere on Earth. In 1978, when, at my first ICES meeting I addressed the 
living books, I spoke to them of the natural mortality of fish anywhere. Thus, even if interested only in the North 
Sea, they had to listen to me, then or later. However, they would have kept me out of their pages, had it not been 
otherwise. And I would not have been invited to address you here. Thank you. 
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