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Preface

Like its predecessorst-23, this Fisheries Centre Research Report is a grab-bag of contributions of which a
few could have been submitted to peer-reviewed journals but weren’t and others contributions that
couldn’t, because of their subject matter or irreverent style.

The three contributions on sturgeon and which were drafted in support of an international project that
was not funded and thus could not get started.

Two others deal with aspects of fish respiration, in the giant Mekong catfish and in the writing of George
Cuvier, while two others deal with the reconstruction of fisheries catches; one is about the freshwater
fisheries of Quebec, the other about the global catch of sponge fisheries, both from 1950 to the near
present.

The remaining contributions comprise 3 articles on sardinella in West Africa, basic traits in sharks and
rays, and the “fishing down” phenomenon in the Bohai Sea in the Chinese Northeast, and 3 short accounts
with observations by one of us (D.P.) on a trip to India and on receiving science awards, which does make
one think.

We hope that readers will find one or two items that they find interesting in this grab-bag.

Daniel Pauly and Elaine Chu
Vancouver, November 2022

1 Pauly, D. and V. Ruiz-Leotaud (Editors). 2018. Marine and Freshwater Miscellanea. Fisheries Centre Research
Reports 26(2), 83 p.

2 Pauly, D. and V. Ruiz-Leotaud (Editors). 2020. Marine and Freshwater Miscellanea II. Fisheries Centre Research
Reports 28(2), 141 p.

3 D. Pauly and E. Chu (Editors). 2021. Marine and Freshwater Miscellanea III. Fisheries Centre Research Reports
29(1), 115 p.
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Foreword
And then there were four.

This is the fourth collection of articles, authored or co-authored by Daniel Pauly, which, as he says “could
have been submitted to peer-reviewed journals but weren’t and others contributions that couldn’t,
because of their subject matter or irreverent style.” Daniel Pauly has earned the right to be humorous
about his research through decades of hard work, deep understanding of the subject matter and
exceptional research. In fact, he’d be hard pressed not to have a lighter side; science is not without its
quirks and foibles, and it often takes a sense of humour to make it through.

More importantly, Daniel Pauly has an absolute commitment to publishing scientific knowledge so that it
can be known and used by others, rather than having the works staying as unpublished papers or files in
the cabinet or hard drive where no one know or has access to. Such a commitment is amongst the many
qualities that make him one of the most influential living marine scientists.

In this collection of articles, jointly edited with Elaine Chu, Daniel juxtaposes the Meking catfish and tuna,
looks at freshwater catches in Quebec before rushing to Senegal and northwest Africa to check on
sardinella stocks, then talks about sharks and rays, sturgeons and sponges (separately, not all together).
He switches gears and talks about a brief meeting with the Dalai Lama, and provides two award
acceptance speeches.

Definitely a wide-range of subjects, but all presented with Daniel’s unique grace and style.

Enjoy!

Regards,

Prof. William Cheung
Director, Institute for the Oceans and Fisheries
The University of British Columbia
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Does the Mekong giant catfish Pangasianodon gigas grow as fast
as a tuna??

Daniel Pauly2 and Johannes Miillerb

a) Sea Around Us, Institute for the Oceans and Fisheries, University of British Columbia,
Vancouver, BC, Canada. Email: d.pauly@oceans.ubc.ca

b) Leiden University Centre for the Arts in Society, Arsenaalstraat 1, 2311 CT Leiden, The
Netherlands. Email: j.m.muller@hum.leidenuniv.nl

Abstract

Tentative parameters of the von Bertalanffy growth function (VBGF) of the Mekong giant catfish
(Pangasianodon gigas Chevey, 1931) in the wild were estimated as L. = 300 cm (total length), K = 0.085
year and to = - 1.115 year based on scattered information in the existing literature. These parameters
suggest that P. gigas grows almost as fast as Atlantic bluefin tuna (Thunnus thynnus), which is attributed
to the fact that adult P. gigas are air-breathers.

Introduction

The very high growth rates of air-breathing fishes are often noted in aquaculture manuals and invasive
species reports (Knight 2010; Mékinen et al. 2013). Yet, despite the growing literature on bi-modal
respiratory behavior in aquatic animals, such information remains largely anecdotal. It is the purpose of
this contribution to evaluate one such anecdote, the growth of the Mekong giant catfish (Pangasianodon
gigas Chevey, 1931).

An FAO report on the fishes of the Mekong River delta states that this species shows “one of the fastest
growth rates of any fish in the world, reaching 150 to 200 kg in 6 years” (Rainboth 1996, p. 153) and a
1991 revision of the Pangasiidae Family even reports a growth of “at least 200 kg in its first three years”
(Roberts and Vidthayanon 1991, p. 97). The author of a major book on air-breathing fishes, Graham (1997,
p. 256) suggested that “the growth rate of Pangasius is said to rival that of pelagic species such as tuna, a
rare phenomenon for a freshwater species”.

This statement can be tested if “Pangasius” is understood as the now invalid synonym of Pangasianodon
gigas, which was treated as a subgenus of Pangasius by Roberts and Vidthayanon (1991, p. 102) 2. The
Mekong giant catfish and the Chao Phraya giant catfish (Pangasius sanitwongsei Smith, 1931) are the
only members of the Pangasiidae that reach sizes similar to those of tuna, thus enabling comparisons of
their growth rate across their entire size range. This small contribution presents a test of this claim. Given
the tentative nature of the data at hand, no formal statistical test, whether ‘frequentist’ or Bayesian, will be

! Cite as: Pauly, D. and J. Miiller. 2022. Does the Mekong giant catfish Pangasianodon gigas grow as fast as a tuna?
p. 5-12. In: D. Pauly and E. Chu (eds). Marine and Freshwater Miscellanea IV. Fisheries Centre Research Reports
30(4). Institute for the Oceans and Fisheries, University of British Columbia, Vancouver.

2 Graham’s nomenclatural references are often imprecise and despite the otherwise very important contributions of
his book, it is sometimes hard to identify the exact species he had in mind. In some cases, he refers to names that
were invalid for as long as 50 years at the time of publication, for example in the cases of Pseudosphromenus
cupanus, which is referred to as “Macropodus” cupanus (Cuvier 1831), or Macropodus ocellatus Cantor, 1842
(referred to as M. “chinensis”). His statement that some Macropodus species are mouth brooders (Graham 1997,
P- 250) suggest an even wider nomenclatural confusion and raise the question whether he did not confuse them
with Betta spp., perhaps from the similar-looking B. pugnax species group. Graham also refers to Pangasianodon
hypophthalmus as “Pangasius” which suggest that he used the same genus name for P. gigas.
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performed but the following calculations will hopefully inspire future research on the growth of large air-
breathing fishes.

The Mekong giant catfish (Pangasianodon gigas) reaches a length of 300 cm (Baird et al. 1999) and
weight of 350 kg (Kottelat 2001), data that are indeed similar to the maximum sizes reported for the 3
bluefin tuna species and for yellowfin tuna (i.e., Thunnus spp., see FishBase; www.fishbase.org). The
notion that P. gigas reaches these large sizes as rapidly as these tuna species is, however, a strong claim
because large tuna possess gills with very narrow interlamellar spaces and huge large surface area (Muir
and Hughes 1969), which provides them with the large amount of oxygen required to sustain their
elevated metabolism; Mekong giant catfish do not have such extraordinarily large gills.

In contrast to tuna, whose growth has been studied by numerous authors (see FishBase), the growth of
Mekong giant catfish has not yet been well studied. Its growth in captivity has been reported upon
(Lorenzen et al. 2006), but there are apparently no studies of its growth in the wild. Roberts and
Vidthayanon (1991, pp. 119-120) mention specular growth rates in the early juvenile stages but their
information is only based on personal communication. In their account, the fishes’ growth accelerates
again during their second year, which is atypical for both marine and freshwater fishes and has so far only
been demonstrated in Arapaima gigas (Schinz, 1822), also an air-breathing species (Wosnitza-Mendo
1984; Pauly 2019).

In addition to these more anecdotal accounts, Lorenzen et al. (2006) have presented two estimates of the
parameters of the von Bertalanffy Growth Function (VBGF) for P. gigas from which a single growth curve
for the for the remaining few specimens in the wild may be inferred. These two methods are presented
here, following a presentation of the VBGF and related concepts.

The VBGF for length has the form:

Lt = Lor(1-e7K(tty)) ..1)
where L: is the mean length at age t of the fish in question, L, their asymptotic length, i.e., the mean
length that would be attained after an infinitely long time, K a growth coefficient expressing how fast the
asymptotic size is approached (here in year) and to is a parameter adjusting for the fact that VBGF
usually fails to describe the growth of the earliest (larval and post-larval) stages of fishes.
The growth in length of fish with similar shapes can be compared using the parameter @’, (Pauly 1998),
defined by the equation

O’ =1log(K) + 2-log(W-) 2)
which has a normal distribution when applied to numerous populations of the same species, e.g., in
skipjack tuna Katsuwonus pelamis (see figure 9.4, p. 263 of Longhurst and Pauly 1987).

The VBGF for growth in weight is

Wi = Wer(1--K (-t ))b ...3)
where W..is the asymptotic weight, as derived from a length-weight relationship (LWR) of the form W =
a-Lb (Froese 2006), with b often taking values of, or near 3. One of the advantages of a growth curve in
weight is that it allows for comparing the growth performance of fishes of widely different shapes through
the index

0 =1log(K) + 2/3log(W.) d)
(Pauly 1998), which also is normally distributed when within taxa with similar life histories.
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The first estimate

Lorenzen et al. (2006) wrote that P. gigas “are widely stocked into ‘semi-natural’ reservoirs in Thailand,
where they appear to survive and grow well but are not known to mature or spawn. Stocking and
recapture data were analysed for Sirikit reservoir in Thailand [and grow parameters] were estimated
as L= 210 cm and K= 0.2 year-. [...] . The stocked fish thus appear to grow at a higher rate but to a
lower asymptotic size than the wild fish in the Mekong. This is consistent with the general observation
that cultured fish, even after release, show an accelerated life history (Lorenzen 2000, Thorpe 2004).”

Lorenzen et al. (2006) provide no textual details beyond the statement that “no data were collected for
the first 7.5 years after release” and they did not specify the method they used to estimate growth
parameters from the growth increment data that they casually mention. However, the graph they
presented suggests that the stocked and released fish whose length increments were used to compute
growth parameters were rather large, and thus did not grow much. This should result in a rather
uncertain estimate of the parameter K, because it is the more rapid growth of younger/small fish which
stabilizes the estimation of this parameters.

The second estimate

Lorenzen et al. (2006) used the maximum size (they) recorded for P. gigas, i.e., 290 cm as an estimate of
L... However, the length type was not specified. There are 92 mentions of the word ‘length’ (or ‘lengths’) in
Lorenzen et al. (2006), but only one of ‘total length’ (TL). Given this single mention, and especially
because assuming that fork length (FL) or standard length (SL) was used in the 91 remaining instances
would generate unrealistically high maximum weights in conjunction with the length-weight relationship
(LWR) mentioned below, we suggest that Lorenzen et al. (2006) used TL throughout.

To estimate K, they plotted the values of L. and K in the compilation of Pauly (1980) as In(K) vs. In(L),
from which they derived K = 3.3492- L.0-6673, They then solved the equation for L. = 290 cm (TL), which
yielded K = 0.08 year-.. They thought these values were reasonable and used them for assessing the (dire)
state of their population in the Mekong basin.

The estimates of K in Pauly (1980) which will have most influenced this empirical equation (via a lever
effect) will have been his largest species, i.e., the basking shark Cetorhinus maximus with L. = 1226 cm
(and not ‘226’ cm as stated in Table 1 of Pauly 1980) and K = 0.045 year, and the white sturgeon
Acipenser transmontanus, with L. = 350 and 300 cm, and K = 0.5 and 0.04 year, respectively. These
fishes are not known to be particularly fast growing, and thus Lorenzen et al.’s empirical equation may
not predict values of K that are too high, even though some fast-growing fish (incl. tuna species) were also
included in the dataset they used.

Combining the first and the second estimate

Applying Equation (2) to the first and the second estimate of growth parameters of P. gigas yields
estimates of @’ = 3.94 and 3.83, respectively, with an average @ = 3.88. The lower value of O’ suggests
that the second estimate of K = 0.08 year for ‘wild’ P. gigas was not excessively high.

Generally, L s slightly larger than the largest fish in a population, or Lmax (Taylor 1958; Froese, and
Binohlan 2000), and thus, for P. gigas, 300 cm may be more appropriate as estimate of Lo than Lmax =
290 cm. Combined with an estimate of L = 300 cm, the mean ©’yields an estimate of K = 0.085 year-.
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An estimate of to is provided, in the absence of any other estimate, by the empirical equation of Pauly
(2019), which suggests that

log(-to) = -0.3922 — 0.2752-log(Lx) -1.038-log(K) ...5)
which here yields to = -1.115 years.

The set of values for the growth parameters of P. gigas in the wild is very tentative, but it is based on
broader considerations than the previous estimates and, therefore, may be more accurate.

Comparing the growth of P. gigas with that of tuna
Lorenzen et al. (2006) presented an LWR for P. gigas, i.e., W = 0.04-L28, where weight is in g and length
in cm. Thus, based on the previous considerations, its VBGF for weight growth is

W;e = 345,000.(1_e—o.085-(t+1.115))2.8 6)

which leads, via Equation (4) to an estimate of 0 = 2.62, which is close to estimates of @ for bluefin tuna

(Thunnus thynnus; red dots in Figure 1), and within the ellipsoids that could be drawn around the
Scombridae family (green dots in Figure 1).
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Figure 1. Auximetric plot of the fish with weight growth parameters in FishBase (www.fishbase.org), with each dot representing a K
& We pair, i.e., the mean growth curve of the individual of a fish population. The non-Scombridae are represented by yellow dots
(‘Miscellaneous species’), the fast-growing Scombridae (mackerels, tuna, etc.) by green dots (‘Family’), and Atlantic bluefin tuna by
red dots (‘Current species’). The black dot (‘Current estimate’) represents the tentative growth curve for P. gigas (W.. = 345 kg and K
= 0.085 year-), which is suggested here to grow almost as fast as bluefin tuna.
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Figure 1 suggests that the Mekong giant catfish Pangasianodon gigas (black dot) grows almost as fast as
Atlantic bluefin tuna (red dots), commonly and justifiably seen as the fastest-growing tuna. Thus, P. gigas
is indeed a very fast-growing fish.

A total length of 300 cm in P. gigas roughly corresponds to fork length of 266 ¢cm, which is smaller than
the asymptotic fork lengths estimated by various researchers for Atlantic bluefin tuna. However, using the
mean value of @’ = 4.00 in Atlantic tuna, which refers to LF, a estimate of K can be derived for
hypothetical bluefin that would reach only 266 cm LF. This estimate of K would be 0.14 year-; inserted
into Equation (5), these estimates yield to = -0.2 years. Figure 2A compares the growth curves in length
for these two species, and also gives the impression that their growth is not very different.

A

300
250+
200+

150+

Fork length (cm)

100+

504

0 10 20 30 40 50 Figure 2. Growth curves in length (A) and weight (B)
of (hypothetical) bluefin tuna and Mekong giant catfish,
B all assuming an asymptotic length of 266 cm (FL; see
350 text).
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However, when comparing growth in weight between these two species (Figure 2B), what appears as a
small difference in Figures 1 and 2A turns out to be substantial, with young tuna growing faster. This fast
growth is made possible by huge gills, which supply the oxygen required to sustain a metabolic rate almost
equivalent to that of a similar-sized mammal. Even by breathing air, P. gigas does not match the growth
of Atlantic bluefin tuna, although it does grow very fast.

Lefevre et al. (2013), presumably because their first author believes that growing fish can always meet
their oxygen requirements via their gills, failed to understand why they devoted energy to breathing air
(see also Pauly 2021). Thus, they write that “/tJhough air-breathing is usually considered a beneficial
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behaviour, we show that surfacing does indeed incur an energetic cost. Though air-breathing is
important to swimming in hypoxia (McKenzie et al. 2012), it remains unclear what mechanisms drive
the air-breathing behaviour in [Pangasianodon] hypophthalmus in normoxia.”

This self-created conundrum is easily resolved: air breathing is not only “a beneficial behavior” in
Pangasianodon species, but absolutely necessary, because large individuals of this genus cannot meet
their oxygen requirements by relying only on their gills at higher temperatures, even in normoxic water
(see Mitamura et al. 2009, fig. 4). Being a migratory species, P. gigas experiences a relatively wide range
of temperatures compared to other tropical freshwater fishes: it spawns in the cool regions of Chiang Rhai
and Chiang Kong in Northern Thailand (Eva et al. 2016; Ngamsiri et al. 2007; Pholprasith and
Tavarutmaneegul 1997) and moves downstream into the lower delta region. The temperatures at its most
northern habitats range from 18 to 26°C between January and August (Zhang et al. 2007), whereas the
water in the delta is typically 10°C warmer. Some authors (Ngamsiri et al. 2007; Hogan et al. 2001;
Pholprasit 1989) assume a historical distribution of P. gigas in the Chinese province of Yunnan where
water temperatures can be as low as 14-16°C in the cold season and rarely exceed 22°C in the summer
(Wang et al. 2014; Zhang et al. 2007). Hogan et al. (2001) and Hogan (2004) hypothesize that P. gigas
might still be present in southern China and that its decline in Yunnan could be attributed to
deforestation and the construction of dams in this region.

Even in the warmer regions of the delta, P. gigas may not constantly be exposed to the upper extremes of
its thermal tolerance range. Like other large species of the Mekong delta, it is often reported in the vicinity
of, or even inside, deep river pools (Eva et al. 2016). Some of these deep holes reach depths of up to 9o m
(Gupta and Liew 2007) but it is unclear to which depths the Mekong giant catfish actually dives. Even in
stagnant and warm water bodies such as the Mae Peum reservoir in Thailand, depths of only 6 to 12 m
provide temperature differences of up to 6 °C between the water surface and the bottom (Mitamura et al.
2009). In this reservoir, P. gigas surfaces frequently in the hot season but less so in January and
February, when the deeper water columns are well-oxygenated (Mitamura et al. 2009, fig. 6).

As for Graham’s claim of 1997, which appears credible when growth in length is considered (Figure 2A) is
less convincing when growth in weight is considered (Figure 2B), at least when bluefin tuna is used as
representative of ‘tuna’. However, the fact that a fish that inhabits warm and often deoxygenated
freshwater bodies can reach growth rates that equal those of large marine fishes is remarkable in itself.
There are only a few examples of very big tropical freshwater teleosts and those for which rapid growth
rates are reported are typically air-breathers, for example, Clarias gariepanus Burchell, 1822, supposedly
the fastest-growing large freshwater fish of Africa, and Arapaima gigas from South America, the largest
scaled freshwater species in the world (Wosnitza-Mendo 1984).

Acknowledgements
We thank Ms. Elaine Chu for Figure 2.
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GEORGES CUVIER “ON THE RESPIRATION OF FISHES”!
Daniel Pauly2 and Johannes Miiller?
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b) Leiden University Centre for the Arts in Society, Arsenaalstraat 1, 2311 CT Leiden, The

Netherlands. Email: j.m.muller@hum.leidenuniv.nl

Abstract

This brief account is the authors’ translation of the section on fish respiration originally titled ‘De la
respiration’ on p. 517-519 in Volume 1 of Cuvier and Valenciennes’ ‘Histoire naturelle des poissons’
(1828), of which the famous French ichthyologist Georges Cuvier was the sole author. This book was
published at a time when there was no scientific consensus of what breathing in water actually entailed.
Particular attention was given to identifying Cuvier’s sources, here detailed in form of extensive endnotes.

On the respiration of fishes!

It is through the almost infinite subdivision of the surface of gill lamellae that the blood of fish is affected
by the surrounding liquid. This liquid is water, which fish cause to flow across its gills, through
movements of their jaws and of their operculum and hyoid organs. This respiration is as required for fish
as is the breathing of air to other animals.

[Fish] give the same impression of distress [as any animal] when they cannot breathe, and they die
rapidly. However, the effect of water on blood is much weaker than that of air. Water [itself] does not
contribute to respiration, nor does the oxygen that is a component of water [molecules]. Rather, it is only
the small quantity of dissolved oxygen that it contains that is used for fishes’ respiration.

If the [oxygen] is removed by boiling the water, it will quickly kill them. It is even necessary for many
fishes to breathe air [directly], especially when the water they inhabit is devoid [of oxygen]i. There are,
with regard to this, very convincing experiments in which it was sufficient for the water surface to be
covered with gauze for the fish to become asphyxiated.

In the respiration of fishes, like in that of higher animals, atmospheric air, like the air that is dissolved in
water, loses its oxygen.iii

Overall, oxygen uptake is very low', and it has been calculated that a man consumes fifty thousand times
more [oxygen] than a tenchv [Tinca tinca]. All the oxygen [consumed] doesn't come back in the form of
carbon dioxide; some remains in the fish's body, which also keeps a sizeable proportion of nitrogen,
perhaps used in filling their gas bladders.

There are also fishes that swallow atmospheric air and convert oxygen into carbon dioxide by passing it
through their intestine. This is the case with the weatherfish [Misgurnus fossilis], according to the strange

! Cite as: Pauly, D. and J. Miiller. 2022. Georges Cuvier “On the respiration of fishes”, p. 13-15. In: Pauly, D. and E.
Chu (eds). Marine and Freshwater Miscellanea IV. Fisheries Centre Research Reports 30(4). Institute for the
Oceans and Fisheries, University of British Columbia, Vancouver.
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experiments of M. Ehrmanni. Indeed, in all [fishes], a similar transformation occurs on the skin and
under the scales.

When fishes are outside the water, they die, not because of a lack of oxygen, but because their gills dry
upvi, so that the blood cannot flow easily through them. This is the reason why the species in which the
gill openings are small, as in eel [Anguilla anguilla] or those that have an organ that keeps some water, as
in anabas [Anabas testudineus] or snakehead [Channa striata], can survive exposure to air, while those
that have wide open gills, as in herring [Clupea harengus], die as soon as they are taken out of the water.

i[This is an extract, originally titled ‘De la respiration’ from p. 517—519 in Volume 1 of Cuvier and Valenciennes’
‘Histoire naturelle des poissons’ (1828), of which G. Cuvier was the sole author. The translation from the French is
by Daniel Pauly and his insertions (and those of Johannes Miiller) are [in square brackets]. The original text, in
the fashion of its time, did not consist of clearly separated sentences and paragraphs; here, they were introduced
to facilitate reading. The original spelling of quotes and references in French and German was retained: they are
not typos, and the original footnotes are here endnotes]

i [What Cuvier describes here is not necessarily air-breathing in itself (since his knowledge of air-breathing fishes was
still rather limited), but more likely aquatic surface breathing, i.e., gulping at the water surface that allows air to
diffuse in water more easily].

it Spallanzani [L. . 1803. Mémoire sur les la respiration, traduit en frangais par J. Senebier d’aprés un manuscrit
inédit. Genéve, 8° ; modified from Dean’s Bibliography of Fishes, vol. 2, p. 47] has shown that fish absorb oxygen
and convert it in [carbon dioxide]. M[onsieur] Silvestre has shown that they breathe atmospheric air, or air
dissolved in water, but not the oxygen of water [molecules]. MM de Humboldt and Provengal, who applied the
methods of advanced chemistry to this question, have obtained the [same] results as reported here. Their memoir
is part of the memoirs of the Société d’Arcueil, vo. II, p. 359 and following, and in the Observations zoologiques of
M. de Humboldt, vol. II, p. 194. [Alexander von Humboldt, Recueil d'observations de zoologie et d'anatomie
comparée : faites dans 'océan atlantique, dans l'intérieur du nouveau continent et dans la mer du sud pendant les
ans 1799, 1800, 1801, 1802 et 1803, Paris 1811].

v [Jean Senebier and Lazzaro Spallanzani, Rapports de I'air avec les étres organisés ou traites de 1'action du poumon,
Geneéve, 1807 : “Je les retirai de 1'eau de chaux dans le méme moment ; les branchies de la tanche non respirante
étoient saines et d'un rouge un peu obscur: celles de la tanche qui avoit respiré étoient livides et noirtres, un sang
corrompu s'attachoit au doigt qui les touchoit. Je recueillis avec soin les deux précipités, et quand chacun d'eux
eut été également séché, je les trouvai rigoureusement égaux ; chacun d'eux pesa 66,35 milligrammes, ou un grain
1/4 ; je voulus peser de nouveau les cartes dont je m'étois servi et dont les poids étoient, mais je trouvai que celle
sur laquelle j'avois mis le précipité de la tanche respirante pesoit un grain de plus que l'autre. D'ou il paroitroit que
I'acide carbonique produit par la tanche non respirante auroit été plus fort d'un grain, que celui de la tanche
respirante, ce qui ne s'accorderoit pas avec le résultat précédent, mais je m'apercus que la tanche non respirante
étoit plus grande que l'autre: aussi je conclus encore que 1'acide carbonique dégagé par les tanches dans I'eau de
chaux est un produit du corps de I'animal , et qu'il ne sauroit étre celui des branchies]"

v [Cuvier’s claim that a man consumes 50,000 times more oxygen than a tench was clearly taken from Provencal and
Humboldt (1809, p. 387), who states that an experiment by Antoine Lavoisier suggested that a ‘man’ consumes in
six hours the oxygen one cubic meter of air, which they then suggest is 50,000 time as much as a tench would
require in the same period. This claim can be verified using data in von Bertalanffy (1951, p. 241), pertaining to
carp (Cyprinus carpio), a relative of the tench. There, a carp of 206 g is reported to consume 89.7 cms3 of oxygen
(presumably at 1 atm) per hour, while a person of 60 kg is reported to consume 200 cm3 per hour. According to
this, a carp consumes 206 x 89.7 = 18,478 cm3 of oxygen per hour, while a person consumes 60,000 X 200 =
12,000,000 cm3 per hour. Since 12,000,000/18,478 = 649, the figure of 50,000 is 77 times too high. Accounting
for the fact that tench are less active than carp, and thus consume less oxygen, and that a ‘man’ could weight more
than 60 kg and thus consume more oxygen would reduce the 77 times figure; however, the 50,000 times figure
would still be far too high.

There is, however, another, more instructive comparison between the respiration of tench and human. It is that

the tench spend about 30 % of their overall metabolic rate (i.e., oxygen supply) on breathing, while for humans,
the corresponding figure is about 2 % (Schuman and Piiper 1966).
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vi Erman, P. 1808. Untersuchungen iiber das Gas in der Schwimmblase der Fische, und iiber die Mitwirkung des
Darmkanals zum Respirationsgeschéfte bei der Fischart Cobitis fossilis (Schlammspeitzger). Annalen der Physik,
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vii Edward [W. F. 1824]. De l'influence des agens physiques sur la vie, p. 124 [Chez Crochard, Libraire].
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(1950 to 2020):

Loraine Grangy? and Daniel Pauly®
a) Université Claude Bernard Lyon 1, Villeurbanne, 69100, France

b) Sea Around Us, University of British Columbia, Vancouver, V6T 1Z4, Canada. Email:
d.pauly@oceans.ubc.ca

Abstract

A reconstruction of the total freshwater catch in Quebec is presented which is based the analysis of
secondary data. A thorough search of online literature and dataset allowed adding estimates of
unreported catches to the officially reported catch (in tonnes) in the 71 years from 1950 to 2020. This
catch is reported by species and sector (industrial, artisanal, recreational, and indigenous/subsistence).
This reconstruction showed that the freshwater catch in Quebec is largely dominated by the recreational
sector, and that there has been a slight decrease in total catch from the end of the 20th century. Therefore,
because it omits recreational and indigenous fishing, the freshwater catch data reported by Fisheries and
Oceans Canada does not provide an accurate representation of the actual scope of freshwater fisheries in
Quebec. More comprehensive catch reporting would help to better understand the fisheries and manage
freshwater fish populations.

Introduction

According to the Food and Agriculture Organisation of the United Nations (FAQO), inland freshwaters
represent 12% of the reported global fisheries catch (FAO 2020). Fishing in inland waters is an activity
which includes several sectors, commonly identified as industrial (or large- scale commercial), artisanal
(or small-scale commercial), recreational (or ‘sport fishing’) and subsistence (Pauly and Zeller 2016).
However, these sector definitions must be modified in Canada, where aboriginal fisheries are recognized
in federal and provincial law. Here, we combine aboriginal fisheries with subsistence fisheries into a
sector that we call ‘indigenous/subsistence,” while cognizant of the fact that many aboriginal fisheries can
be ‘commercial’ in that the fish caught can be legitimately sold (which is not the case for recreational
fisheries).

People in numerous countries, e.g., in sub-Saharan Africa, rely on freshwater fishes as a non-negligible
part of their animal protein intake. However, in wealthier countries, a great part of freshwater catch can
be attributed to recreational fishing. This is especially the case for Canada, which is also rich country, in
that it contains 20% of the world’s freshwater. With such wealth comes the responsibility of managing and
taking account of the existing fisheries in numerous bodies of water. Unfortunately, Canadian freshwater
fisheries suffer from a lack of accessible and accessible data.

Canadian freshwaters are home to multiple fish species with various morphological and ecological
characteristics (Coker et al. 2001), and Quebec is no exception to this. Freshwater covers 10% of the
province’s territory and makes up 3% of the world’s non-marine water reserve. Quebec’s freshwater

! Cite as: Grangy, L. and D. Pauly. 2022. A reconstruction of the freshwater catch of fisheries in Quebec (1950 to
2020), p. 16-25. In: D. Pauly and E. Chu (eds). Marine and Freshwater Miscellanea IV. Fisheries Centre Research
Reports 30(4). Institute for the Oceans and Fisheries, University of British Columbia, Vancouver.
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fisheries have been the subject of many heated debates, both from social and economic points of view.
First Nation and Inuit fishers frequently take part in protest movements regarding their right to fish,
which is currently regulated under federal laws, and regulation issued by the Department of Fisheries and
Oceans (DFO/MPO).

However, inland fisheries tend to not get as much attention as marine fisheries for a number of reasons,
including the fact that most of Canadian fish sales revenue is generated by marine fisheries (Cooke and
Murchie 2015). The need to gain a better understanding of global catch to assess the impact of fisheries on
marine wildlife was unambiguously stated by Kleisner et al. (2013), and their arguments also apply to
freshwater fisheries. It is important to be able to rely on trustworthy freshwater catch statistics when
devising management policies for the conservation of freshwater ecosystems and to allow for sustainable
of freshwater fish populations (Cooke et al. 2016).

Here, we present a reconstruction of the total freshwater catch in Quebec based on analysis of literature
and datasets published online about the artisanal, recreational and indigenous/subsistence freshwater
fisheries of Quebec from 1950 to 2020. This study will thus provide an idea of the quality (or not) of the
data available on Quebec’s freshwater fisheries. Also, it will contribute to a reconstruction of the
freshwater catch of the whole of Canada by the Sea Around Us that will be assembled by summing the
results of province- and territory-specific reconstructions. Eventually, this will contribute to global
freshwater fisheries catch, as was also done for marine fisheries (Pauly and Zeller 2016).

Material and methods

Commercial fisheries: using the reported data as a baseline

In Quebec, there is apparently no explicit legal difference between industrial and artisanal fisheries, and
artisanal fisheries are only described as fisheries which catch, land, and transform their product all by
themselves. Moreover, commercial freshwater fisheries in Quebec are almost exclusively familial
enterprises, including the eel and Atlantic sturgeon fisheries (Saint-Pierre and Bournival 2016).
Therefore, it was decided to refer to ‘commercial’ fisheries as artisanal, even if a very small fraction of the
catch might be taken by larger-scale operations.

The MAPAQ (Ministere de UAgriculture, des Péches et de 'Alimentation du Québec) oversees the
reporting of freshwater landings in collaboration with the DFO (Fisheries and Oceans Canada, or also in
French MPO: Péches et Océans Canada). As FAO does not provide the reported Canadian freshwater
catch by province/territory, but only does for Canada as a whole, the MAPAQ and DFO database, which
cover only the commercial sector, was used as the baseline for reported freshwater catch (MPO 1990 -
2020).

Data was available from 1990 to 2020 on the MAPAQ and DFO websites. To estimate catches before 1990,
the well documented landing data disclosed by the BSQ (Bureau Fédéral de la Statistique 1962, 1970)
were used, which covered a 19-year long period from 1950 to 1969. In the absence of a better alternative, a
linear interpolation was performed for the 20 years from 1969 to 1990, except for the catch of striped bass
(Morone saxatillis), because catching this species was prohibited for every fishing sector since 1973 by
Quebec’s Loi de 2002 sur la conservation et la mise en valeur de la faune (Légis Québec 2002).
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Recreational fisheries

The available data on recreational catch by species are of very variable reliability, possibly due, among
other things, to anglers not distinguishing between closely related species, as suggested by the authors of
the Quebec fishing survey of 1975 (Cluzeau and Pelletier 1978). Fishing surveys were also found that were
clearly overestimating the recreational catch (MPO 1986). However, from 1990 on, the catch data by
species became more reliable, as a result of questionnaire-based surveys conducted every 5 years
(Gouvernement du Québec Faune et Parcs 1996 and MPO 1994, 2003, 2007, 2012).

However, these surveys did not display the catch numbers of Atlantic salmon; this information was found
from 1984 to 2020 in a specific document about salmon exploitation (MFFP 2021a). As data was mainly
reported in numbers of individuals caught, the mean lengths provided by the MFFP for each species were
each converted to mean weights using the Bayesian length-weight relationships (Froese et al. 2014; see
Table 1).

Table 1. Conversion of mean length at capture (in cm) to weight (in g), used to re-express the recreational
catch in Quebec’s recreational fisheries in numbers to catch in tonnes?

Species Common name Mean a b Mean
length weight
Salmo salar Atlantic salmon 75 0.01023 3.02 4705
Micropterus dolomieu Smallmouth bass 29 0.01096 3.05 316
Esox Lucius Northern pike 62.5 0.00447 3.08 1519
Coregonus clupeaformis Lake whitefish 38 0.00550 3.23 697
Sander vitreus Walleye 40 0.00661 3.14 709
Sander canadensis Sauger 25 0.00631 3.14 155
Osmerus mordax Rainbow smelt 19 0.00398 3.15 42
Acipenser fulvescens Lake sturgeon 115 0.00282 3.18 10076
Esox maskinongy Muskellunge 95 0.00479 3.08 5912
Salvellinus fontinalis Brook trout 25 0.00912 3.03 157
Salvellinus alpinus Arctic char 42 0.00724 3.03 600
Salmo salar sub-species Ouananiche 55.5 0.01023 3.02 1895
Perca flavescens Yellow perch 17.5 0.01230 3.04 74
Salvelinus namaycush Lake trout 45 0.00832 3.02 818
Salmo trutta Sea trout 35 0.00851 3.02 392
Oncorhyncus mykiss Rainbow trout 37.5 0.00955 3.03 561

a) The a and b values of length-weight relationships (LWR) in the form W = a-LP are from the
Bayesian LWR routine of Froese et al. (2014) implemented in FishBase (www.fishbase.org)

Thus, the number of fishing permits delivered per year (most of which were available from the MPO’s
fishing surveys as well) were multiplied by the catch limit (or ‘quota’) associated which each permit, with
the resulting catch estimate used as ‘anchor points’ (Zeller et al. 2007). For the years for which the
number of fishing permits was not found, linear interpolations were applied. Total catch weight was then
calculated for each year assuming that it was directly linked to the number of active fishermen.

Thanks to the MPO surveys and to the associated anchor points, it was possible to associate each
taxonomic group to an approximate mean percentage of catch, i.e., trout and salmon (40%), walleye
(31%), pike and bass (23%), perch (4%), and ‘other species’ (2%). The total catch weight found earlier was
multiplied by those percentages. This method was then used for each species reported in the surveys.

Indigenous/subsistence fisheries

Ten First Nations and one Inuit community in Quebec (Anishinabeg, Atikamekw, Nehirowisiwok, Eeyou
and Eenou, Hurons-Wendats, Innus, Inuits, Kanien’keha:ka, Mi’gmag, Naskapis and W8banakiak)
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accounted for 2% of Quebec’s population in 2020. Fishing and fish products are very important part of the
culture of First Nations (Marushka et al. 2021), and fishing gears and techniques are as diverse as the
groups deploying them (Assembly of First Nations 2007). Fishing is an important part of ancestral
cultures and rituals that are passed from elders to the following generations, and it is also a vital activity
contributing to food supply.

First, the number of people who identify as belonging to First Nation or Inuit communities were gathered
from the website of Government du Québec (2022). In years when demographic data were lacking, linear
interpolations were performed. It was then noted that 35% of First Nation or Inuit community members
declared to be engaging in fishing activities in 2017 (Kumar et al. 2019); this number doesn’t seem to have
changed between 2001 and 2017, and was 38% in the middle of the 1980s (Berkes 1990). However, based
on literature, it was assumed that this percentage was somewhat higher in the 1950s and then decreased
linearly. The fishing quotas for each species of the Ministére des Foréts, de la Faune et des Parcs (MFFP
2021b) were then used, and it was assumed that each fisher would fill the quotas each year for each
species. In doing so, this method assumes that the number of fishes caught directly depends on the
number of active fishers each year. Finally, the number of fishes for each species was converted to weight
using the data in Table 1.

Fish species and taxonomic breakdown

There were many anadromous species such as trout, salmon, and eel in the fisheries catch of Quebec, and
these species were added to the freshwater catch when they were clearly described as being fished in
freshwater. For example, it was clearly stated in previous ethnological literature that the American eel was
mostly, if not almost entirely caught in freshwaters on tidal shores along the tributaries of the Saint
Lawrence River (Saint-Pierre and Bournival 2016). The 24 species found and the other unidentified taxa
were then broken down into 9 taxonomic groups (Table 2).

The name of the species was always displayed in French in official reports and documents, with the
exception of older commercial fishing reports (Bureau Fédéral de la Statistique 1962, 1970), written both
in English and French. The common and scientific names were then verified through FishBase
(www.fishbase.org).
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Table 2: Breakdown of the species important in Quebec’s freshwater fisheries, with common and scientific names
verified through FishBase (www.fishbase.org)

Group English name French name Scientific name
Bullheads Brown bullhead fﬁﬂaotte brune, poisson Ameiurus nebulosus (Lesueur, 1819)
Coregonus Lake whitefish Grand corégone Coregonus clupeaformis (Mitchill, 1818)
Eels American eel Anguille d'Amérique Anguila rostrata (Lesueur, 1817)
Perchs and American yellow perch  Perchaude Perca flavescens (Mitchill, 1814)
carps Common carp Carpe Cyprinus carpio Linnaeus, 1758
Pike, bass Smallmouth bass Achigan a petite bouche Micropterus dolomieu Lacepéde, 1802
and shad Striped bass Bar rayé Morone saxatilis (Walbaum, 1792)
Muskellunge Maskinongé Esox masquinongy Mitchill, 1824
Northern pike Grand brochet Esox lucius Linnaeus, 1758
American shad Alose Alosa sapidissima (Wilson, 1811)
Sturgeon  Atlantic sturgeon Esturgeon noir Acipenser oxyrinchus Mitchill, 1815
Lake sturgeon Esturgeon jaune Acipenser fulvescens Rafinesque, 1817
Trout and  Arctic char Omble chevalier Salvelinus alpinus (Linnaeus, 1758)
salmon Atlantic salmon Saumon atlantique Salmo salar Linnaeus 1758
Ouananiche Ouananiche Salmo salar Linnaeus, 1758 (sub species)
Brook trout, speckled ~ Omble de; fontaine, truite Salvelinus fontinalis (Mitchill, 1814)
trout mouchetée
Lake trout Touladi Salvelinus namaycush (Walbaum, 1792)
Rainbow trout Truite arc-en-ciel Oncorhyncus mykiss (Walbaum, 1792)
Sea trout Truite brune Salmo trutta Linnaeus, 1758
Walleye Sauger Doré noir Sander canadensis (Griffith & Smith, 1834)
Walleye Doré jaune Sander vitreus (Mitchill, 1818)
Other Atlantic tomcod Poulamon atlantique Microgadus tomcod (Walbaum, 1792)
Fallfish Mulet Semotilus corporalis
Rainbow smelt Eperlan arc-en-ciel Osmerus mordax (Mitchill, 1814)
Other species that could not be identified for each sector and year.
Results

Commercial catch reconstruction
Figure 1 shows the reconstructed data on commercial (i.e., artisanal) freshwater catch in Quebec. On
average, this catch represents 1,257 tonnes of fish per year, with a peak of 2,194 t in 1997. The catch
increased from 1970 to 1997, and has decreased since 2000. When considering catch by broad taxonomic
group, bullheads (20.2%), eels (17,6%), perch and carps (16.3%), and sturgeons (13.3%) accounted for the
highest catch. At the species level, American eel (Anguilla rostrata) and brown bullhead (Ameirus
nebulosus) account for 17.6% and 20.2% of the catch, respectively.
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Figure 1. Reported catch in
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Recreational catch reconstruction

The recreational freshwater fisheries in Quebec seem to have been rather steady until the beginning of the
1990s when it started to decrease (Figure 2). The average catch weight per year is of 15,074 tonnes for the
1950-1989 period and 8,507 tonnes for the 1995 — 2020 period. Three species dominate the catch (Figure
2): brook trout (Salvelinus fontinalis; 24.7%), walleye (Sander vitreus; 31.1%) and northern pike (Esox
lucius; 21.5%).
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Figure 2. Reconstructed
recreational catch for
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1950 to 2020 by species.
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Indigenous/subsistence freshwater catch reconstruction

The indigenous/subsistence fisheries catch appears to have been increased by 500% between 1950 and
2020 (Figure 3). The predominant species here are northern pike (Esox Lucius; 13.0%), muskellunge
(Esox masquinongy;12.6%) and lake sturgeon (Acipenser fulvescens;14.3%).

30 . . Figure 3. Reconstructed
® Atlantic Salmon subspecies indigenous catch for Quebec’s
25 . :me:ctan ytellow perch freshwaters from 1950 to 2020,
| mBrook trou .
= Walleye by species.
8 = Muskellunge
= 20 Northern pike
= m Rainbow smelt
S ™ Arctic char
38 15 { ™Seatrout
2 m Lake whitefish
g m Lake sturgeon
) Rainbow trout
& 10 A
°
£
5
0

1950 1960 1970 1980 1990 2000 2010 2020

Total freshwater catch reconstruction

Overall, the total catch reconstruction of Quebec is largely dominated by the recreational catch,
accounting for 81% of the reconstructed catch on average (Figure 4). Accordingly, the same average
dominance of trout and salmon (36%), walleye (26.5%), and pike and bass (21.8%) can be observed
(Figure 5). The total catch in freshwater seems to be increasing slightly until the early 1990s, when it

starts to decrease from a peak of 20,000 tonnes.
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Discussion

Overall, the freshwater catch in Quebec has decreased since the early 1990s. While this is probably due to
overfishing in the case of sea American eel, sturgeons, and striped bass, it is also likely due to a lower
number of recreational fishers, combined with effects of climate change, particularly the warming of
freshwater bodies (Lynch et al. 2016). Its consequences on marine ecosystems in the Northern
hemisphere were already well demonstrated (Mo6llmann and Diekmann 2012), and so were the impacts of
climate change on lakes and rivers, even though they are difficult to quantify by most current methods
(Bélanger et al. 2013). One approach that would help in this context is the mean temperature of the catch
(MTC) concept (Cheung et al. 2013), which has been successfully applied to a cold temperate lake in
Europe (Kangur et al. 2022) and which would be ideally suited for application in Quebec.

One key result of this analysis is that the likely total freshwater catch in Quebec (Figures 4 and 5) is, over
the 1950-2020 period, approximately 12 times higher than the reported catch on Figure 1. The catch
reported by the DFO accounts only for the artisanal sector, which clearly leads to a huge underestimation
of the total freshwater catch. Quebec is widely known for offering high-quality recreational fishing; it is
very important to include the recreative sector in any attempt to report total freshwater catches.
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Regarding the recreational catch, it must also be noted that there are 29 recreative fishing zones in
Quebec. A search for data on these zones was undertaken, but no reliable information was found. An
observation of a different kind was noted when trying to find data for various areas: there is a trustworthy
database (covering the years 1989 to 2020) of catch in controlled exploitation zones (ZEC) to which we
were graciously given access to after contacting their managers via an online form, but as this catch only
represents 3% of the total recreational catch, the usefulness of including these data in this study is
debatable.

The ‘Société des établissements de plein air du Québec’ (SEPAQ), the organisation responsible for
monitoring wildlife reserves and regional parks in Quebec, also displayed catches from 2017 to 2020, but
they also covered a minuscule fraction of the estimated recreational catch (~2%). Therefore, we opted for
concentrating on the big picture, i.e., the overall provincial catch.

Although the increase of indigenous catch may have a demographical and ethnological explanation, there
may be some doubts about the results of this fishing sector’s reconstruction. The indigenous population in
Quebec has indeed been increasing since the 1950s (Bouchard et al. 1989); but there is still very little
detailed information on the species and weight of fishes caught by the indigenous people of Quebec. It is
also possible that the quotas used in this study are not representative of their fisheries.

In conclusion, the key result of this study is that that the actual reported freshwater catch in Quebec is
strongly underestimated due to the exclusion of two important fishing sectors. This result is robust, even
if the many uncertainties inherent to this study are considered. It will be very interesting to know if this
also applies to the inland waters of Canada as a whole.
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Abstract

This contribution compares stock assessment2 of sardinella species (Sardinella aurita and S.
maderensis) off Senegal and neighboring countries performed from 2011 to 2013 using a now dated
approach, i.e., surplus-production modelling (with and without considering environmental variability),
with an assessment performed with the CMSY method. The results are similar and suggest that the fishery
was near MSY in the 1990s, thus validating earlier suggestions that fishing effort should not have been
allowed to increase beyond its 1990s level.

Introduction

This contribution compares stock assessments of sardinella species (Sardinella aurita and S.
maderensis) performed by the first 3 authors a decade ago in the context of a consultancy for the Centre
de Recherche Océanographique de Dakar-Thiaroye (CRODT) and the USAID-supported COMFISH
Project, to the results that would have been obtained had the same data been analyzed with the recently-
developed CMSY++ method (see oceanrep.geomar.de/id/eprint/52147/), which is improved over the
CMSY method of Froese et al. (2017).

1 Cite as: Mathews, C.P., N. Lazar, V. Ndiaye, S. Baxter and D. Pauly. 2022. Comparing assessments of sardinella
stocks in Senegal and Northwest Africa, p. 26-42. In: D. Pauly and E. Chu (eds). Marine and Freshwater Miscellanea

IV. Fisheries Centre Research Reports 30(4). Institute for the Oceans and Fisheries, University of British Columbia,
Vancouver.
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In the following sections, a summary of the approaches and findings of the CRODT-COMFISH Project are
presented, which jointly provide a context for the comparison with the CMSY++ method.

Assessments by the CRODT/COMFISH Project (2011-2013)

Catch and biomass estimates

A review of all catch and effort data available from the CRODT and Senegal’s DPM (Bureau of Statistics),
the Food and Agriculture Organization (FAO) and fisheries projects and organizations covering the
Regionz encompassing The Gambia, Senegal, Mauritania and Morocco was carried out. Contradictions
between data sets were resolved wherever possible.

In the process, a new abundance index for sardinella was developed, i.e., the mean CPUE at the
Senegalese ports of Joal and Mbour, normalized for changes in fishing power of the standard fishing unit
(two pirogues operating one seine tournante). The new abundance index uses artisanal data and includes
the effects of technical change on the fishery from 1980-2011.

Well-fitted and robust Schaefer-type surplus-production models (Schaefer 1954, 1957; Ricker 1975; Pauly
1984) were constructed, and two variants, based on the CLIMPROD software (Fréon 1993), took explicit
account of environmental changes.

The results of the project were strong enough to be used to inform decision makers and could have been
safely included in Participatory Management Plans then (in 2013) being prepared to inform the CLPAs
(Local Artisanal Fisheries Councils, to which management decisions are partially devolved under
Senegal’s fishing laws) and other entities. Note that CLPAs cover areas much smaller than the sardinella
stock(s), and thus must coordinate their action for positive results.

The Senegalese sardinella fishery was found to be overfished: an average artisanal Maximum Sustainable
Yield (MSY) of 250,000 t-year- could be taken with an effort of 115,000 pirogue (= canoe) trips per year
instead of the then (2011) current 220,000 t-year at 155,000 trips-year-. CPUE was around 1.4 t-trip-
and would have increased to an average of 2.2 t-trip* at MSY if effort were to be successfully reduced.
Fishers operating pirogues would have received comparably higher incomes while the processing sectors
(employing mainly women) would have handled around 20% more fish, making more available for local
consumption.

The regional sardinella fishery (i.e., combining the sardinella fisheries of The Gambia, Senegal,
Mauritania and Morocco) was also overfished: MSY of around 580,000 t-year occurred at effort which
was then equivalent to 350,000 t-trip-t with a mean CPUE of 1.78 t-trip-.. The actual average effort was
then 28% higher at around 415,000 t-trip so the fishery produced only 500,000 t-year at CPUE of 1.2
t-trip-, around 48% lower than it could get (at MSY). These assessments, however, assumed that available
official data on landings and effort are complete. However, a (then) recent report on Illegal, Unreported
and Undocumented (IUU) fishing (Koutob et al. 2013) shows that:

@) very large amounts of unrecorded fish — around 450,000 t-year have been taken since

around 2005, in addition to the official landings reported in these assessments;

2 In Northwest Africa, the 4 countries listed are considered to form a “Sub-Region.” Here, this will be referred to as a
‘Region,” with the corresponding adjective being ‘regional.’
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(ii) around 250,000 t-year of these IUU landings were probably sardinella;
(iii) this gap in the landings and effort statistics is a serious obstacle to making comprehensive
sardinella assessments.

In spite of these issues, it may be possible to provide a reasonably accurate picture of the sardinella fishery
in 2011, based on the following information:
e Official (artisanal) sardinella landings in Senegal were around 225,000 to 250,000 t-year- taken
at around 155,000 standard artisanal trips-year;
e Another 200,000-250,000 t-year-! of invisible sardinella landings were taken by industrial IUU
boats at an effort equivalent to or greater than 155,000 standard artisanal trips-year-;
e Real sardinella landings are probably around 500,000 t-year, taken at an effort equivalent to or
greater than 310,000 trips-year-, with a total biomass of less than 500,000 t;
e Thus, IUU catches will keep CPUE in the artisanal fishery low;
e Inthe absence of IUU fishing, the artisanal fleet would take much higher landings and CPUE than
it does now.

Any attempt to increase artisanal CPUE without reducing or eliminating IUU fishing of sardinella would
only increase artisanal effort at the cost of reducing artisanal CPUE and landings. Thus, sustainable
fishing of Senegalese sardinella depends firstly on reducing or eliminating IUU fishing of sardinella: this
is a necessary enabling condition, but is not a sufficient condition for achieving sustainability. The same
reasoning is applied in this report to the regional sardinella stock: a second necessary, but not sufficient
enabling condition for achieving sustainability is likely to be the reduction or removal of IUU fishing for
sardinella in the entire Region.

A third necessary, but not sufficient enabling condition for sustainable sardinella fishing is the creation
and implementation of a government unit for managing the sardinella fisheries that would coordinate the
work of the CLPAs from Dakar Ouest to the Siné Saloum. A fourth necessary, but not sufficient condition
for sustainable sardinella fishing in Senegal is a transparent and efficient regional strategy and a regional
fishery management plan for sardinella, including strategies for locally appropriate management units in
each country which will manage locally available resources.

Current work on how climate change impacts landings is not yet sufficiently advanced for results to be
fully integrated into sardinella management. However, it is now clear that climate change does impact
stocks. Managers now need to include this fact in assessments as a fifth necessary, but still not sufficient
enabling condition needed to attain sustainable management.

Comprehensive bio-economic modeling carried out by CRODT/COMFISH Project (Déme et al. 2012)
shows that Senegalese and regional sardinella fisheries were fished at or near the Open Access
Equilibrium (i.e., generate zero net profits) in 2011. The strategy of aiming at MSY suggested above will
increase profits, reduce costs and increase total and spawning biomass, and will probably be sufficient to
ensure sustainable fishing (but will not secure MSY or a positive rent). More robust bio-economic
modelling including for studies of fishing capacity management are needed to address the sixth and final
necessary condition for achieving sustainable sardinella management in both Senegal and the regional
context.

Deme et al. (2012) summarized all available estimates of sardinella biomass. These estimates are very
useful for identifying the key sardinella spawning, nursery and grow out areas; notably, the review showed
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a marked northward shift of sardinella grounds during the last few decades. This northward shift was
related to higher sea temperatures in Senegalese waters and perhaps to a stronger upwelling, associated
with intensifying coastal wind (Bakun 1990).

Modelling presented here shows that from 2008-2011 sea temperatures increased by around 2°C, and
suggested that this may have increased (i) the Senegalese sardinella stocks (ii) regional landings.
However, further temperature increases are likely to reduce regional and Senegalese landings of
sardinella, e.g., over the next 1-2 decades because sardinella may migrate northwards to maintain itself in
the water temperatures that they prefer (Cheung et al. 2009).

Addressing these six necessary conditions may be sufficient to achieve sustainable sardinella fishing. All
enabling conditions must eventually be fulfilled for sustainable fishing to be achieved.

An informal review by the first author of biomass estimates from surveys in the Region carried out by
European fisheries research vessels (e.g., the Norwegian R/V Fridtjoft Nansen; Samb and Pauly 2000)
suggests that several of their short-term surveys were conducted during periods or seasons of low stock
biomass, thus giving misleading results. Available annual plots of biomass are therefore inaccurate
representations of stock abundance and were ignored in this study. Regional vessels could provide
spatially and temporally better resource coverage, leading to realistic biomass estimates which could be
used to assess stocks more accurately than can be done currently.

By definition, fishing mortality (F) in a given year can be estimated from the catch (C) and the biomass
(B) in that year (Sekharan 1974). Here combining echo-acoustic estimates of biomass (from the
Norwegian R/V Fridtjoft Nansen) and catches led to F values of 0.68 year for S. aurita and 0.34 year
for S. maderensis. Combining these with natural mortality (M) estimates of 0.66 year and 0.65 year-
(From Pauly 1980), respectively gives exploitation rates E = F/(M+F) of 0.51 for S. aurita and 0.34 for S.
maderensis. These results suggest that the stocks are heavily exploited, which is congruent with all the
evidence available.

Standardization of effort
Because anecdotal evidence indicated that the fishing power of the sardinella fleet increased over time
(see also Fitzpatrick 1996), we decided to carry out a first estimate of the changes in the fishing power of
the standard sardinella fishing unit. CPUE and thus effort should be measured in a standardised way over
time so that one unit of effort means the same for all boats and for different gear during the whole time
series. We used CPUE data for the Senegalese ports of Joal and Mbour for this because:
e The fleets located in Joal and Mbour are relatively stable;
e These fleets generate around 80% of Senegal’s sardinella catch;
e None of the catch landed in these two ports originate from outside Senegalese waters;
e These fleets have access to many other species, e.g., Ethmalosa fimbriata and many other small
pelagic fish species, and demersal fish and shrimp; thus, they do not need to follow sardinella
schools as they migrate northwards.

Changing technology in Senegal could have biased estimates of CPUE, as it improved over the years and
decades because of:

e increasing engine power which allows access to more distant and less heavily fished areas;

e increasing length and depth of nets;

29



Fisheries Centre Research Reports 30(4)

e increasing numbers of fishers per fishing unit;

e use of larger boats/pirogues;

e use of echosounders and cell phones by fishers to improve the detection of fish schools;

e increasing fisher knowledge of fish and schooling behaviour, leading to new fishing strategies;
e other technical changes, many of which are peculiar to each fishery/gear/species.

These changes all tend to increase the fishing power of the standard fishing unit (i.e., the nominal effort),
so that the effective effort has been underestimated in recent years. Such underestimates can lead to
serious biases in assessments which risk misleading managers; notably, they can fail to detect reduced
stock productivity, leading to optimistic management decisions which push the stock further towards
reduced biomass, and eventual depletion.

Therefore, we used the cumulative effort and mean catch per unit of effort (CPUE) data from the artisanal
fisheries, based in the ports of Joal and Mbour, to provide an assessment of the stock and of biomass
trends for sardinella in Senegal and in the northwest Africa.

We used a qualitative method based on local knowledge to characterize the evolution of fishing power
over time by interviews with fishermen and processors to reconstruct the history of fishing power in the
artisanal seine fisheries in Senegal. The required questionnaire was developed and used in Joal, Mbour
and St Louis in April 2013.

The standard fishing unit over the whole time series was:
e alarge pirogue used for taking the fish;
e asmaller pirogue used for laying the net;
e apurse seine net (seine tournante) ;
e three outboard engines, one for each pirogue and one spare so that engine maintenance would
not reduce fishing time.

Questions about the nature of a standard fishing unit were addressed to experienced fishers who had
fished from the 19770s to 2011. Characteristics measured in this way included pirogue size (LOA), net size,
number of crew, engine horsepower, number of engines, search time, and capacity for holding the
sardinella catch. A summary of these interviews is presented Table 1, which allowed the estimation of an
increase of power of 5.8% per year. Also, it appeared that the fishing power in the artisanal seine fisheries
of the “Grande Cote” and the “Petite Cote” varied in the same way. Data shown in Table 1 were combined
with data on number of trips to obtain the total standardised effort expended in each year. Figure 1 shows
the observed and the adjusted effort obtained. The data in Table 1 were then combined with nominal
effort (number of artisanal boats deployed in a given year (flatter, blue line in Figure 1) to obtain effective
effort (ascending, red line in Figure 1).
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Figure 1. Nominal vs. effective effort in the Senegalese artisanal fishery for sardinella, 1980 to 2011. Based on CRODT/DPM data,

with corrections based on ‘a’ at the bottom of Table 1

Table 1. Summary of fishers’ responses regarding their perception of the past fishing power of pirogues (=
canoes performing day trips) targeting sardinella and belonging to artisanal seine fisheries in St Louis and

Mbour/Joal, in Senegal (May 2013)

Item 73 —‘80 | ’80—-°90 | 90 — ‘00 2011
LOA (m)-setting unit (SM = small pirogue) 10 12 15 15

LOA (m)-carrying unit (large pirogue) 10 17 21 25
Horsepower (hp) 25 40 60 60

kW (hp/1.34) 19 30 45 45

Vessel Capacity Unit = (LOA-BR) + (0.45-kW) 168 390 725 806
Crew-setting unit 3 3 4 5
Crew-carrying unit 10 12 15 25
Net-length (m) 300 500 600 800
Net-depth (m) 30 30 35 40
Capacity of pirogue (m) 230 551 1008 1350
CPUE (# of boxes = 45 kg per pirogue) -- -- 100 600
Power of pirogue (LOW-kW)/1000 373 866 1612 1791
Power of seine (L-D-Crew size)/1000 117,000 225,000 399,000 960,000
Total power per unit 117,373 225,866 400,612 961,791

a) The numbers in this row in the original (2013) version of this table were erroneous function, and generated
an estimate of fishing power of 719% in 2011 (instead of the correct 819%), corresponding in an annual
increase of fishing power of about 5.5% (instead of 5.8%). However, as even 5.5% is an extremely high estimate
compared to the catchability increase data in Palomares and Pauly (2019), the original conversion from
nominal to effective fishing effort is retained here, along with the various plots and parameter estimates based
thereon.

Fitting surplus-yield models to the available catch and effort data
Catch of sardinella (in t wet weight) and effective effort data for three areas were analysed:
@) The Joal/Mbour area where sardinella landings are less likely to contain landings taken
outside Senegalese waters; these include around 80% of all sardinella landings made into

Senegalese ports;

(ii) All catches landed into Senegalese ports; these include substantial catches taken in southern
Mauritania and The Gambia since around 2000, so that the fishery assessed includes fish
taken from the margins of neighbouring countries from around 2000 onwards;

(iii) All ‘regional’ sardinella catches, i.e., originating from The Gambia, Senegal, Mauritania and

Morocco.
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The catch (C) and effort (f) data for the 3 areas were first plotted as C/f (or CPUE) vs effort, and the
intercept (a) and slope (b) of the resulting linear were regressions used to compute Schaefer-type parabola
of (‘equilibrium’) catch or ‘yield’ vs effort from Y = a-f — bf2, with MSY = a2/2b - b-(a/2b)2, and fusy = a/2b.
Figure 2 shows a pair of plots for each of the 3 geographical areas, with the plots on the left displaying the
catch/effort vs effort from which the Schaefer-type plots on the right were derived. Note, however, that no
adjustments were made to account for the fact that the catch data, given the rapid increase of effort, were
not ‘equilibrium’ catches. The absence of such adjustment, e.g., through a method proposed by Gulland
(1969), should have led to overestimation of MSY and the effort level that leads to MSY (Pauly 1984).
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Figure 2. Surplus-yield modelling of the sardinella fisheries at 3 geographic scales in Northwest Africa. A: CPUE vs effort and B:
surplus-yield model in Joal/Mbour area of Senegal; C: CPUE vs effort and D: surplus-yield model of sardinella landed in Senegal’s
ports; E: CPUE vs effort and F: surplus-yield model in the Region covering The Gambia, Senegal, Mauritania and Morocco. Note
that no adjustments were made to account for the fact that the catch data, given the rapid increase of effort, were not ‘equilibrium’
catches.
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All three assessments show that the sardinella stocks around Joal/Mbour, the whole of Senegal and the
entire Region are fished at effort levels beyond the level of effort required to take MSY. The results suggest
that there is an excess of capacity in the Senegalese artisanal fishery so that effort/capacity reduction of
around 35% will be needed to return to MSY in Senegal. The corresponding regional figure is 28%.

Figures 2D and 2F show that MSY and Emsy were reached from around 2003 for the Senegalese and
regional fisheries respectively. However, Figure 2F also suggests that overfishing of the regional stock did
not start until around 2008. Large-scale fishing by Senegalese boats in neighbouring EEZs is believed to
have started around 2003 or a little later: such fishing may have been motivated by falling CPUE (Figure
2C) in the Senegalese artisanal fishery which fell from an average of around 3.4 t-trip-* in the early 1980s
to around 2.2 t-trip around 2001, corresponding to a decline of 1.2 t-tript. This fall will probably have
reduced fisher incomes in a similar fashion.

Surplus-yield modelling with environmental variables

The potential impact of two environmental factors, increasing sea surface temperatures (SST) due to
global warming and the intensification of the upwelling off Northwest Africa due to the intensification of
coastal winds (Bakun 1990) were studied using the CLIMPROD software of Fréon (1993).

CLIMPROD can handle over 30 different surplus production curves based on underlying models
including: (i) the standard Schaefer, Fox and Pella and Tomlinson models which assume that CPUE is
influenced only by effort (ii) eight of models based on the assumption that CPUE is influenced by effort
and that only catchability is influenced by an environmental variable (V) (iii) twelve models which assume
that CPUE is influenced by effort and that only abundance is influenced by V (iv) four models for which it
is assumed that CPUE is influenced by effort and that both abundance and catchability are influenced by
V.

These models allow inclusion of biologically realistic assumptions about the number of exploited year
classes (Nyr); the age at recruitment of the exploited species (ir, years) and the incidence and ending of the
effects of the environmental variable V. Based on the knowledge of sardinella life cycles in Senegal and the
Region documented here, we assumed that:

@) Nyr = 3-4 for the Joal/Mbour catches where the population is often dominated by juveniles;

(ii) Nyr = 4 years for the whole of Senegal and the whole region where adults are more abundant
(we also found that assuming Ny: <2 and =5 led to inferior fits rejected them for these
reasons);

(iid) tr = 1 year for all cases;
(iv) V affects abundance and/or catchability from age o to age 1 for all cases.

Two environmental variables were used with the corresponding landings and effort data:
a. the CRODT Temperature Index (TI); and
b. the CRODT Upwelling Index (UI), both of which are specific to Senegalese waters.

Because UI and TI are specific to Senegal, they were used only to model the Joal/Mbour and the
Senegalese fisheries.

Data were also available which reflected Atlantic Oscillation Index (AMO), but as this represents a large
part of the Atlantic, it provided only a very poor fit for all data sets. This was probably because the AMO
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has a long cycle of around 25 years while landings and effort data were only available from 1980-2011.
During preliminary fitting, we found that all models which assumed that V affects catchability, or both
catchability and abundance, either gave bad fits or provided no significant improvements over models
which assumed that V affected abundance only, or that V had no effect. Therefore, we assumed that V

could affect abundance, but did not affect catchability.

During preliminary fitting we also found that models for S. maderensis did not fit as well and/or were
biologically less likely than those for S. aurita. Thus, given the smaller catches for S. maderensis and its
biological similarity with S. aurita, we pooled the data for both species. It may be appropriate to revisit
this decision when more comprehensive data are available.

The Schaefer-type models identified above, which describe the relations between catch and effort are
robust enough to be used to identify management options. However, CLIMPROD may also be used to
identify effects of environmental variables on C and CPUE, as well as effort. Various fits were made to
data for the Joal/Mbour segment, and to the data for the whole of Senegal, using both the temperature
index (V = TI) and the upwelling index (V = UI) available for Senegal (Figure 3).
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With temperature, the best fit was obtained with the model CPUE = a(TI)+bf, where a and b are constants
and CPUE and f are measured in t-trip and trips-year- respectively.

Cury and Roy (1989) showed that intermediate levels of upwelling were associated with a high
productivity of small pelagic fishes in upwelling systems, whereas weak and strong upwelling were
associated with low productivity. This suggests a parabolic fit of the Ul variable, and we found indeed that
this formulation was optimal. Thus, the CLIMPROD presented here had the form CPUE = a + b-(UI) +
c-(UI)2 +d-f, where a is the intercept, and b, ¢ and d are partial regression coefficient (slopes), and CPUE
and f are measured in t-trip-* and trips-year- respectively.

Figure 3 shows the temperature trend of off Senegal which, if it can be extended to the rest of the stock,

especially Mauritania and The Gambia, may explain (at least in part), why both Senegalese landings
(Figure 2D) and regional landings (Figure 2F) in the late 2000s and early 2010s years are higher than the
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equilibrium curves suggest, as illustrated in Figure 4B (though this is also explained by the simple fact
that effort increased).
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This model in Figure 4B suggests that MSY is 50,000 t higher at 24.8 °C than at 22.8 °C (Table 2). A

prudent fishing strategy could take 50,000 t-year less than suggested by the surplus-yield model for

Senegal (Figure 2D), and 20,000 t-year- t less than the current ‘equilibrium’ landings. Although less fish

would be landed, implementation of such a policy would increase the mean CPUE from around 1.6 t-trip-

to around 2.6 t-trip-.

Table 2. Temperature dependant estimates of MSY, fusyand CPUE at MSY for the Senegalese sardinella fishery

Temp. MSY fusy ttrip? 2013
(°C) (t-yr1) (trips-yr?) | at fmusy catch (t)
22.8 200,000 | 100,000 2.00 150,000
24.8 250,000 | 110,000 2.27 230,000

The CLIMPROD model also suggests that stock productivity is low for values of UI < 1.9, intermediate at
values near 2.8 and highest for values of UTI + 3.8 (Figure 4C and D).

Overall results of the CRODT/COMFISH Project
Assuming that all landings and effort data about the Senegalese and the Regional fishery are included in
the data sets used here, the following conclusions can be made:

The new abundance index based on CPUE at Joal and Mbour, which accounts for the technological

changes of the standard fishing units (seine tournante), can be combined with nominal effort data to
produce robust and reliable Schaefer-type surplus-production models. These can be used to identify
management options for decision makers.

Our analysis shows that the Senegalese fishery is overfished. The stock produced MSY of 250,000 t at
115,000 trips-year- in 2003. In 2011, the fishery had landings of only 220,000 t at a much higher effort of
155,000 trips, i.e., 34% higher than the effort needed to take MSY.

CPUE fell in Senegal from around 3.4 t-trip in the early 1980s to around 2.2 t-trip- in 2003, and to
around 1.5 t-trip in 2011. Senegalese artisanal fishers’ complaints about “la rarefaction de la resource”
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(i.e., the fish resource becoming rare) are entirely justified. If fishing effort in the fishery were to be
reduced so as to produce MSY, CPUE would increase from current levels of 1.5t t-trip- to around 2.2 t-trip-
1 i.e., by around 47%.

The regional model using the new measure of effective effort also shows that the sardinella fishery suffers
from overfishing: MSY occurred at around 580,000 t and 325,000 effective artisanal trips per day, in
around 2007 instead of the 2011 equilibrium yield of 500,000 t at around nominal 425,000 trips-year-.
The fishery landed 80,000 t less and fished at 90,000 trips-year more than it would at MSY, so that it is
heavily overfished with an excess capacity which is around 30% too high.

CPUE fell in the Region from around 3.25 t-trips in the early 1980s to around 1.08 t-trips- in 2011, i.e., to
around 33% of values in the 1980s, also confirming fishers’ complaints about “rarefaction de la resource”.
If the fishery is returned to MSY, the CPUE would rise to 1.78 t-trips, i.e., it would increase by around
48%. (Note that most of the sardinella catch from outside but landed in Senegal are taken by industrial
boats).

CPUE at MSY in the Senegalese fishery would be around 2.2 t-trips while regional CPUE in 2011 would
be around 1.8 t-trips-. The Senegalese fishery is more productive, perhaps because Senegal’s EEZ has one
of the most important nursery areas and juvenile grow-out areas for sardinella in the Region.

Mean water temperatures have increased during the study period and probably caused unusually high
landings of Senegalese and regional landings since 2008. Higher temperature (a change in mean sea
temperature from 22.8 °C to 24.8 °C) increased MSY from 200,000 to 250,000 t-year of sardinella.

Environmental surplus-production modelling showed that landings are influenced by both of the
temperature and upwelling intensity. Models with good fits were obtained, but a more critical review of
how these temperature and upwelling indices affect landings is needed before environmentally sensitive
modelling can be fully integrated into fisheries management plans.

CMSY sardinella assessments (2022)

Principle of CMSY

The CMSY method of Froese et al. (2017), strongly improved from the Catch-MSY method of Martell, is,
as the Maximum Sustainable Yield (MSY) concept, is based on an approach to fish population dynamics
formulated by Schaefer (1954, 1957; see above). This approach, known as ‘surplus-production’ modelling,
is based on the idea that a given ecosystem has, for any population, a distinct carrying capacity (k). If this
population is diminished by external event (e.g., fishing), the population will grow back toward its
carrying capacity. This growth depends on its intrinsic growth rate (r; here expressed in year), which
depends on the biological traits of the individuals of that population growth rate, size at first maturity,
natural mortality, fecundity, etc.; see FishBase; www.fishbase.org), and by its current biomass (B).

Thus, fishing can maintain a population at any biomass level by withdrawing, each year, the biomass
equivalent to the growth of that population. Because the production of new biomass is maximal when
carrying capacity is halved (i.e., at k/2), MSY is produced when the unexploited biomass (Bo) is halved,
and Bo = k.
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The CMSY method relies on this framework, and basically consist of tracing thousands of trajectories of
the biomass of a stock and identifying the trajectories that are viable while compatible with the catches
taken from this stock and some other constraints, or ‘priors’ (here ‘viable’ means not going extinct). The
constraints are assumptions relating to the biomass reductions due to fishing, a range of possible
estimates of carrying capacity (k) for the stock in the ecosystem in question, and a range of possible values
of intrinsic rate of population growth (r).

Given a time series of catches, prior ranges of r and k values, thousands of biomass trajectories can be
produced, of which very few can be viable. Moreover, the number of acceptable r-k data pairs is further
reduced by reduced by the constraints relating to the biomass reductions due to fishing, expressed as
fractions such as Bend/k, Bstart/k or Bint/k, relating to the ‘biomass left’ at the end of the available catch
time series, at its start, or some intermediate value. Here, information from the first part of this
contribution is used as priors (see Table 2).

Finally, the CMSY model can be turned into a Bayesian version of the full Schaefer model (BSM), by using
CPUE data from other stock assessments, which usually results in reducing the uncertainty around
estimates of MSY and related parameter estimates (see Froese et al. 2017).

The CMSY approach assumes that from one year (t) to the next (t+1), the biomass (Bt) follows the
equation:

Bys, = B, + (1 — B,/k)B, — C, 1)
where r is the intrinsic rate of population growth, k the carrying capacity (~Bo), and C: the catch in year t.
When the biomass (Bt) declines below 0.25-k, Equation (1) is modified to allow reduced recruitment (=
‘depensation’):

Byyy = B, + (4rB,/k)(1 — B,/k)B, — C,| B,/k <025  ..2)
where 4r-Bt/k induces a linear reduction of population growth below Bwmsy/2, i.e., half of the biomass
capable of generating maximum sustainable yield (MSY).

The R software that implements the CMSY method (or more precisely CMSY++, the version used here;
see oceanrep.geomar.de/id/eprint/52147/) includes a routine that produces priors for k (Froese et al.
2017), whose output were accepted as defaults

kiow = max(C)/Thign; Knign = 4max(C)/Tiow 3)
where kiowand knigh are the default lower and upper limits of k, max(C) is the maximum catch in the time
series, and riow and ruigh are the lower and upper limits of r-range, which is explored by the CMSY. Thus,
we have:

kiow = 2max(C)/Thign; knign = 12max(C) /7oy )
with variables as in Equation (3).

Froese et al. (2017) formulated the BSM method such that the standard deviation of r in log-space is
described by a uniform distribution (ranging between 0.001 irf and 0.02 irf), i.e.,

irf = 3/(rhigh - 7’10w) ..:5)
where irfis an inverse range factor to infer the r-range, with rnigh and riow usually provided by FishBase
(www.fishbase.org) for fishes (Table 1), and SeaLifeBase (www.sealifebase.org) for invertebrates.

The k estimation by BSM also assumes that k has a log-normal distribution, with the mean of k providing
a credible estimate.
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The BSM method allows the estimation of a catchability coefficient (q) that relates CPUE (when available)
to biomass. Here, priors are given by:

Aiow = 0'25rpngPUEmean/Cmean; Qnign = 0'5rhigh/CPUEmean 6)
where qow and guigh define a (uniform) range of prior for the catchability coefficient; rpgm is the geometric
mean of the prior range for r; CPUEmean is the mean CPUE over the last few years, and Cmean is the mean
catch over the same few years.

Finally, gradual improvements of the fishing boats, and of their gear, rigging, and instrumentation, which
can be substantial, can be (and was) considered in BSM analyses, particularly when using industrial CPUE
data, by including a technological ‘creep’ factor (Palomares and Pauly 2019). However, the recommended
creep factor for periods around 30 years is about 3% per year.

The CMSY/BSM method has been applied to hundreds of ‘data-rich’ stocks, which enabled comparisons
with the results of models requiring more data. It has also been applied successfully to multiple stocks in
countries and regions with few ‘classical’ assessments, notably in Turkey (Demirel et al. 2020) and
Northeast Asia (Liang et al. 2020; Zhai et al. 2020), with Palomares et al. (2020) representing a global
application.

CMSY application to sardinella catch data

Samb and Pauly (2000) showed that the seasonal latitudinal migrations of sardinella from The Gambia
and the South to Morocco in the North and back (see also Pauly 1994) preclude a real understanding of
stock dynamics based exclusively on sub-national and even national data. Thus, CMSY++
(oceanrep.geomar.de/id/eprint/52147/10/CMSYUserGuideMarch2021.pdf) is here applied to the data in
Table 3, pertaining to sardinella (mainly to S. aurita, combined with smaller catches of S. maderensis) for
the Northwest African Region, i.e., The Gambia, Senegal, Mauritania and Morocco.

The CMSY++ was run with a prior range for r of 0.5 to 1.2 year from FishBase (www.fishbase.org) for
Sardinella aurita and S. maderensis and the following relative biomass priors: Bstrt/k = 0.3-0.7 and
Bena/k = 0.1-0.5. Also, given the high estimate of 5.8% per year increase of gear efficiency, CMSY was run
with a high estimate of technological ‘creep’ of 3% (Palomares et al. 2019).
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Table 3. Catch and effort data. Sardinella spp. from Northwest Africa as used for the surplus-yield (Figure 2A&B)
and CMSY++ assessments (Figure 5D-E)

Year and catch, effort and CPUE Sum of catches from The Gambia,
from Joal/Mbour (Senegal) Senegal, Mauritania and Morocco
Year | Catch (t) Effort CPUE Catch (t) used for assessment
1990 | 125,208 43,584 2.87 399,885

1991 | 142,069 44,953 3.16 320,320

1992 | 172,083 45,964 3.74 340,829

1993 | 160,386 47,026 3.41 267,900

1994 | 131,530 47,041 2.80 256,830

1995 | 128,788 47,962 2.68 287,930

1996 | 185,748 49,752 3.73 545,390

1997 | 156,853 51,031 3.07 525,760

1998 | 138,519 51,915 2.67 586,230

1999 | 107,644 52,800 2.04 487,020

2000 | 147,620 57,251 2.58 462,650

2001 | 179,054 61,921 2.89 461,650

2002 | 140,712 70,412 2.00 460,650

2003 | 185,993 75,579 2.46 538,239

2004 | 161,375 76,694 2.10 512,450

2005 | 153,733 77,023 1.99 557,829

2006 | 110,738 83,643 1.32 467,320

2007 | 150,085 82,123 1.83 612,900

2008 | 152,158 85,690 1.77 676,110

2009 | 148,227 87,004 1.69 654,870

2010 | 143,446 92,318 1.55 679,800

2011 | 125,782 094,612 1.33 712,345
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Figure 5. Output of the CMSY++ software running with catches of Sardinella aurita + S. maderensis from The Gambia, Senegal,
Mauritania and Morocco for the years 1990 to 2011, and the priors mentioned in the text above. A: Catch (from Table X); B: viable
combinations of r and k, with the blue cross referring to the most likely r-k pair compatible with the catches and prior information
(see Table X), and the red cross to most likely r-k combination that also used the CPUE data in Table 3, thus leading to the BSM
model in panel F; C: Narrower view of the viable runs. D: Stock biomass (blue line) and its (wide) 95% confidence interval, along
with the CPUE series (dots), the corresponding trend line (red) and the green documenting the effect of the improvements, i.e.,
technological ‘creep’); E: Exploitation rate (F/Fusy) and its confidence interval, with the blue representing the median F/Fusy and
the red line representing the trend of the CPUE (dots) converted into F/Fusy via F = f-q, where q is catchability. F: Equilibrium curve
of the Schaefer-type model, showing that the high catches (blue line) and high CPUE (red line) of later years were not sustainable.
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The results of the CMSY++ application to the data in Table 3 are shown in Figures 5 and 6. Figure 5A
recalls the catch data used for this exercise (see Table 3, rightmost column), which were analyzed without
(blue crosses in Figures 5B and 5C) and with the CPUE data from Joal/Mbour (see Table 3).

Figures 5A, B, and C show the blue and red crosses to be close to each other, suggesting that the CPUE
data and the regional catch data in Table 3 relate to similar biomass trends. Figure 5D, although slightly
confusing, illustrates the same concept, i.e., that the biomass and the CPUE series have similar trends.
Figure 5E illustrates the same notion, but in terms of F/Fusy, while 5F, using a Bayesian surplus-
production model, documents that the sardinella fisheries in Joal/Mbour and along the NW African coast
were rarely in equilibrium, thus failing to meet fundamental assumptions of surplus-production
modelling. Finally, Figure 6 shows the trajectory of the sardinella stock off NW Africa from high
abundance and low fishing mortality (green panel) in the periods preceding the 1990s to the low
abundance and overfishing status (red panel) in the 1990s, where they would remain despite various
efforts to ‘manage’ the fishery.

- 1990 Figure 6. Kobe plot illustrating the
—O— 1994 trajectory from under- to overfishing in the
—"— 20111 sardinella fisheries of N.W. Africa (see text).
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Discussion and Conclusions

The exercise performed here comparing the results of an earlier approach with those obtained using a
recently updated methodology leads to similar conclusions with both approaches: the sardinella stock(s)
off NW Africa were at or near MSY in the 1990s, and the increase of effort that occurred in the 21st
Century was excessive (see also Palomares et al. 2021).

This suggests that the modelling effort performed a decade ago led to management advice that was
essentially correct, even if various assumptions of the surplus-yield models that were then used (notably

the equilibrium assumption) were not met.

This, if anything, suggests that current debates about details of various stock assessment models may not
matter when they are robust enough to point to the direction of the intervention(s) required to put a
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fishery on a sustainable path. In the case of the Senegalese and NW African sardinella fisheries, the
intervention that would have mattered is stopping the increase of, then reducing the effort expended by
the fishery. However, this was not done.

The waste of resources that this implies is heightened by the recent development in NW Africa of using
sardinella to produce animal feed for export (Pauly 2019). As a much-appreciated food for people, the
Senegalese and others in the Region are deprived of nutritious, healthy food.
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Abstract

Length-weight relationships (LWR) and parameter estimates of the von Bertalanffy growth function
(VBGF) are important life history traits that are essential for fishery stock assessment and management.
The aim of this study is to fill gaps in LWR and VBGF parameters of species of sharks and rays included in
the Sea Around Us database of marine fisheries catches (www.seaaroundus.org), but which lack these key
parameters in FishBase, the global online encyclopedia of fishes (www.fishbase.org). We found in the
literature or estimated LWR parameters for all the 21 species of shark and rays that we selected, along
with VBGF parameters. The results of the study indicate that most of these exploited species grow slowly,
and thus are at risk from fisheries pressure and ocean warming.

Introduction

Although length-weight relationships (LWR) and the parameters of the von Bertalanffy growth function
(VBGF) are important for fisheries management, this information is still missing for many exploited
species. For instance, sharks and rays have been fished heavily for their fins and their populations are
declining worldwide (Clarke et al. 2013). Yet, some heavily exploited sharks and rays still lack these data
in FishBase (www.fishbase.org), the online encyclopedia of fishes. One such case is Rhizoprionodon
longurio (Jordan & Gilbert 1882), considered ‘Vulnerable’ in IUCN’s Redlist (see www.iucnredlist.org/).

LWR are important to the study of fishes and their populations (Abdurahiman et al. 2004; Froese 2006)
as they allow for the conversion of growth in length to growth in weight, which is a basic information for
fish stock assessments; also, LWR allow comparisons between the life histories of species of various
shapes (Froese 2006).

Similarly, the growth of individual fish is what ensures the maintenance of a population’s biomass over
time, and its replenishment following declines due to environmental fluctuations of fisheries extractions
(Pauly 1984). Growth thus determines an exploited population’s vulnerability to overfishing (Musick et al.
2000).

There are three general types of data needed to find the growth parameters of the VBGF (Pauly 1984): (1)
periodic markings on skeletal parts, e.g., otoliths, or other bones, (2) tagging-recapture data, and (3) size
frequency data, i.e., generally the easiest type of data to collect and analyze (see Pauly 1998).

! Cite as: McRae, T.M., S. Tong and M.L.D. Palomares. 2022. Plugging life history gaps in FishBase with data on
sharks and rays, p.43-51. In: D. Pauly and E. Chu (eds). Marine and Freshwater Miscellanea IV. Fisheries Centre

Research Reports 30(4). Institute for the Oceans and Fisheries, University of British Columbia, Vancouver.
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Thus, to fill the gaps for shark and rays, especially those that occur in the catch statistics reported by
fishing countries to the Food and Agriculture Organization of the United Nations (FAQO), and which the
Sea Around Us builds upon (Palomares et al. 2016), we assembled here the parameters of length-weight
relationships (LWR) of 21 species of shark and rays. Also, published parameters of the VBGF were
assembled and standardized for 20 species of shark and rays, and a set of growth parameters was
estimated based on the growth parameters of morphologically similar species. The data obtained in this
study will be encoded in FishBase.

Materials and Methods

Species included

The 21 shark and ray species included here are of interest to the Sea Around Us (www.seaaroundus.org),
as they are species that are now strongly exploited, but data deficient (Table 1).

Length-weight relationships
The length-weight relationships (LWR) we use are of the form W = a-Lb where a is a multiplicative term,
generally obtained as the antilog of the y-intercept of the log-log regression

logW) = a +b-log(L) ...1)

where W and L are weight and length pairs (here in g and cm, respectively), b is the slope of the
regression, equivalent to the exponent of the LWR and a the intercept, whose antilog is an estimate of q,
the multiplicative term (Froese 2006).

The parameters of LWR were sourced through a literature search; in cases where no such parameters
were found, length/weight data pairs representative of the population were fitted with Equation 1. Where
suitable data were available, separate LWR for females and males were calculated. If FishBase was used
to obtain the LWR, the Bayesian length-weight parameters were based on the methods of Froese et al.

(2014).

Growth parameters
The VBGF for length has the form:

Ly = L,(1 — e K(t=to)) ..2)
where L: is the length at age t, L~ is the asymptotic length, K is a coefficient of dimension time-! expressing
how fast L« is approached, and t, is a parameter setting the origin of the curve on the age-axis. The VBGF
for weight has the form

W, = W, (1 — e K-(t-to)yb ...3)
where W.is the weight corresponding to L, b the exponent of the LWR and the other parameters are the
same as in the VBGF for length.

For comparisons of growth performance within and between different species, one can use the index

O’ = log(K)+ 2-1og(Ls) )
which is relatively constant within species (and higher taxa with similar shapes), as assessed by studying
and relating hundreds of L»-K data pairs (Pauly 2019).

Length growth parameter estimates, most separated by sex, were either found in various publications or

estimated using non-linear regression from published data for 20 of our 21 species. Growth parameters
were inferred using @’ only for scalloped bonnethead (Sphyrna corona), which is similar in shape and
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likely growth performance of other hammerhead of the genus Sphyrna, and for which growth parameters
are available in FishBase.

Conversion of TL to DW for rays

Table 1. Summary of the length-weight relationships of 21 species of sharks and rays. For sharks, length’ (in cm)
corresponds to total length (TL); for rays, it corresponds to disk width (DW).

Species | Sex [ a [ b | Source
Sharks
Callorhinchus callorynchus Unsexed | 0.00457 3.13 FishBase/Froese et al. (2014)
Carcharhinus Female 0.00933 2.923 Najmudeen et al. (2019)
amblyrhynchoides Male 0.0117 2.868 | Najmudeen et al. (2019)

Unsexed | 0.0107 2.891 Najmudeen et al. (2019)
Carcharhinus signatus Unsexed | 0.00457 3.08 FishBase/Froese et al. (2014)
Etmopterus pusillus Unsexed | 0.00355 3.05 FishBase/Froese et al. (2014)
Hemitriakis japanica Female 0.0197 2.595 Kamura et al. (2000)

Male 0.00636 2.849 Kamura et al. (2000)
Mustelus griseus Female 0.00344 2.968 Wang and Chen (1982)

Male 0.00363 2.948 Wang and Chen (1982)
Mustelus lunulatus Unsexed | 0.005 2.92 Navia et al. (2006)
Nasolamia velox Female 0.000068 | 3.91 Guzman et al. (2020)

Male 0.000068 | 3.9 Guzman et al. (2020)

Unsexed | 0.000068 | 3.9 Guzman et al. (2020)
Pristiophorus cirratus Unsexed | 0.00389 3.12 FishBase/Froese et al. (2014)
Rhizoprionodon longurio Unsexed | 0.00035 3.539 Marquez-Farias et al. (2005)
Sphyrna corona Unsexed | 0.000015 | 3.75 Guzman et al. (2020)
Squatina australis Unsexed | 0.0162 2.908 Raoult et al. (2016)
Squatina guggenheim Female 0.00492 3.13 Awruch et al. (2008)

Male 0.0124 2.89 Awruch et al. (2008)
Squatina tergocellata Unsexed | 0.00399 3.16 Bridge et al. (1998)
Rhinobatos annandalei Unsexed | 0.00178 3.10 FishBase/Froese et al. (2014)
Rhinobatos rhinobatos Unsexed | 0.00204 3.08 FishBase/Froese et al. (2014)
Rays
Amblyraja radiata Unsexed | 0.00199 3.22 FishBase/Froese et al. (2014) & this study
Bathyraja griseocauda Female 0.0021 3.22 Arkhipkin et al. (2008)

Male 0.0053 3.01 Arkhipkin et al. (2008)
Bathyraja scaphiops Unsexed | 0.0037 3.12 FishBase/Froese et al. (2014)
Dasyatis marmorata Unsexed | 0.048 2.94 Yeldan and Gundogdu (2018)
Muyliobatis californica Unsexed | 0.013 3.00 Ehemann et al. (2017)

For several species of rays in our study (Amblyraja radiata, Bathyraja griseocauda, Bathyraja
scaphiops), LWR parameters or VBGF parameters could only be found that involved total length (TL)
instead of disc width (DW). To convert these parameters into DW for these species, conversion equations
were found either through searching the literature for the equation itself or estimating a TL/DW ratio via
an image of the species. For Bathyraja griseocauda, a conversion equation was found directly through
Arkhipkin et al. (2008). For Amblyraja radiata and Bathyraja scaphiops, images of the species were

used from FishBase with a known total length to calculate the ratio between total length and disc width.
The conversion ratios were then applied to the LWR and VBGF parameters measured in TL to obtain the

parameters in DW.

Validation of the estimated parameters

Plots of log(a) vs b were generated either for populations of the same species, or, in cases where FishBase
did not have data for that species, the plots were created for species of the same genus or of the same
family. If the newly estimated parameters followed the trend of available data points, the estimate was
accepted as valid.
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The VBGF parameters obtained from the literature were plotted in an auximetric plot (i.e., graphs with
log(K) as Y-axis and log(L«) as X-axis, with each dot representing a set of growth parameters) jointly with
those available in FishBase for populations of the same species. In monospecific genera and/or family,
the estimated VBGF parameters were plotted for species in the same genera and/or family.

If the estimated parameters followed the trend of the ellipsoid cloud for that species group, the estimates
were validated and accepted; otherwise, they will be tagged as ‘doubtful’ in FishBase). When growth
parameters were available for females and males separately, the parameters estimated for both sexes were
ignored, because L« tends to be biased upward and K downward when a single growth curve is estimated
in species with sexually dimorphic growth (D. Pauly, pers. comm., February 2022).

Results and Discussion
There were 21 species of sharks and rays selected for this study; we obtained LWR parameters for them

either from the literature (including that covered in FishBase) or by estimating these parameters by
fitting length-weight data pairs in various publication with Equation 1 (see Table 1 and Figure 1).
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Figure 1. Plot of length-weight parameters (log(a) vs b in shark and ray taxa in FishBase as of the end of December 2021 (dots)
and those newly estimated (black squares). The lengths for sharks are total length in ¢cm, and disk width for rays.

The plots in Figure 1 do not imply vast differences in the length-to-weight relationships of the taxa in
question, despite the wide ranges of the a and b values that they cover, because high values of a
compensates for low values of b, and vice-versa. What such plots reflect, rather (particularly when
they refer to a single species, as do such plots in FishBase), are cyclical variations of the parameters
of LWR due to different patterns of seasonal oscillations in length (whose increase slows down, but
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hardly reverses in winter) and weight growth (which usually becomes negative in winter). Indeed, these
oscillations, as shown by simulations performed by one of the authors (M.L.D. Palomares) documented
on p. 53-54 of Pauly (2019), cause LWR parameters to oscillate seasonally from the upper right corner
of the graphs in summer to its lower right corner in winter, in a fashion similar to the plots in Figures 1A
to H.

This implies that, ideally, LWR should be computed from L-W data pair samples covering all seasons
equally, and/or that care must be taken, when using LWR, to account for their seasonal oscillations.
Table 2 presents the VBGF parameters for our 21 species of sharks and rays, while Figure 2 shows that
most of the L~ and K values obtained fit within an ellipsoid encompassing most of the data for a family.
One exception is Bathyraja griseocauda whose K value is similar to those in other species within the
family, while its asymptotic length is much higher than other species. Also, the species of interest in the
genus Squatina, i.e., S. guggenheim, S. tergocellata and S. australis, do not have much family data
available, and it is difficult to judge how well these data fit into that family.
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Figure 2. Auximetric plots (log(K) vs. log(L=) for sharks and ray taxa (see text).

While some of the data in Figure 2 suggest that the growth performance of shark and rays is not lower
than that of bony fish of similar sizes, it is also the case that sharks and rays have low absolute values of
K, implying that they require a long time to approach the adult sizes (Smith et al. 1998). Thus,
populations cannot quickly replace themselves, and cannot resist a strong fishing pressure (Pauly 1984).
Indeed, sharks and rays are known to be susceptible to over-exploitation (Stevens et al. 2000) also due to
their low fecundity (Stevens et al. 2000).
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Although the importance of obtaining length-weight relationships and growth parameters of exploited
species is known to be vital for fisheries management, there are still many exploited species for which
this information is lacking. This study, which helps fill this knowledge gap for different exploited species
of sharks and rays, may serve to illustrate how such gaps can and should be filled, to assist in fisheries
management and conservation efforts.

Table 2. Summary of the von Bertalanffy growth parameters of 20 species of sharks and rays; lengths or width are
in cm, weight in g and K are in year'. The method (Meth.) used are analysis of length-frequency data (L/F), or
marking on skeletal parts (SP).

Species | Meth. [ Sex [ Lo | L-type | Wo [ K | oy | Source
Sharks
Callorhinchus L/F F 71 TL 2815 0.17 2.93 Bernasconi et al. (2015)
callorynchus M 563 | TL 1363 0.26 2.91 Bernasconi et al. (2015)
Carcharhinus L/F F 255 | TL 100652 0.29 4.27 Najmudeen et al. (2019)
amblyrhynchoides M 237 | TL 74538 0.23 4.11 Najmudeen et al. (2019)
Carcharhinus SP U 270 | TL 140772 0.11 3.01 Santana and Lessa (2004)
signatus
Etmopterus pusillus SP F 54 TL 684 0.13 2.58 Coelho and Erzini (2007)

M 49 TL 508 0.17 2.61 Coelho and Erzini (2007)
Hemitriakis japanica | SP F 132 TL 6276 0.20 3.54 Tanaka et al. (1978)

M 111 TL 4280 0.24 3.48 Tanaka et al. (1978)
Mustelus griseus SP F 125 TL 5721 0.11 3.23 Wang and Chen (1982)

M 94 TL 2346 0.18 3.201 Wang and Chen (1982)
Mustelus lunulatus L/F U 176 TL 18024 0.09 3.46 Olvera (2006)
Nasolamia velox L/F F 121 TL 9470 0.66 3.98 Bizarro et al. (2009)

M 111 TL 6564 0.79 3.99 Bizarro et al. (2009)
Pristiophorus SP F TL TL 24052 0.15 3.53 Walker and Hudson (2005)
cirratus M TL TL 10886 0.31 3.62 Walker and Hudson (2005)
Rhizoprionodon SP F 124 TL 9104 0.46 3.85 Espinosa (2011)
longurio M 110 TL 5983 0.58 3.85 Espinosa (2011)
Sphyrna corona g U 97 TL 423 0.64 3.78 This study
Squatina australis L/F F 97 TL 9548 0.45 3.62 Jones et al. (2010)

M 86 TL 6759 0.42 3.49 Jones et al. (2010)
Squatina L/F U 95 TL 6980 0.27 3.39 Vooren and Klippel (2005)
guggenheim
Squatina tergocellata | L/F F 138 TL 22925 0.27 3.71 Bridge et al. (1998)

M 103 TL 9195 0.77 3.91 Bridge et al. (1998)
Rhinobatos L/F F o1 TL 2169 0.57 3.67 Purushottama et al. (2020)
annandalei M 99 TL 2817 0.43 3.62 Purushottama et al. (2020)
Rhinobatos SP U 150 TL 10404 0.2 3.54 Basusta et al. (2008)
rhinobatos
Rays
Amblyraja radiata SP F 60 DW 1058 0.10 2.56 McPhie and Campana (2009) &

this study

Bathyraja SP F 270 | DW 141648 0.02 3.16 Arkhipkin et al. (2008)
griseocauda M 266 | DW 105479 0.02 3.15 Arkhipkin et al. (2008)
Bathyraja scaphiops | SP F 88 DW 4315 0.06 2.69 Biicker (2006)

M 59 DW 1239 0.13 2.68 Biicker (2006)
Dasyatis marmorata | L/F U 46 DW 3713 0.36 2.88 Yeldan and Gundogdu (2018)
Myliobatis Sp F 157 DW 50309 0.10 3.39 Martin and Caillet (1988)
californica M 152 DW 45653 0.08 3.27 Martin and Caillet (1988)

a) The growth parameter L. was inferred from the maximum length for this species and K via the mean @’ of the genus
Sphyrna, whose species have very similar shapes.
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Abstract

This rebuttal to comments by Guan et al. (2020; Ocean & Coastal Management) points out that the mean
trophic levels (here referred to as MTI) of the fishable biomass in the Bohai Sea they present for the 2010s
does not contradict earlier demonstrations of the fishing down phenomenon having occurred in that sea.
Their alternative estimates of trophic levels correlate strongly with those they suggest were erroneous, and
their questioning of 1959 biomass estimates is moot because MTI is determined by the taxonomic
composition of the biomass, not its absolute level. In summary, the comment was beside the point.

Introduction

The long-lived, larger fish on top of marine food webs, when exploited by multispecies industrial fisheries,
tend to decline faster than the short-lived, smaller fish with lower trophic levels. One result is that the
mean trophic level of exploited fish assemblages gradually decline, as does the mean trophic level of
catches from an ecosystem exploited in this manner. This phenomenon, now known as ‘Fishing Down
Marine Food Webs’ (Pauly et al., 1998), has been documented through detailed analyses of fisheries catch
data from a wide range of ecosystems all over the world (Santos and Vianna 2020; see also

www.fishingdown.org).

The article by Liang and Pauly (2020) that Guan et al. (2020) commented on is part of a series of articles
demonstrating — against specious claims to the contrary — that the ‘fishing down’ phenomenon can indeed
be shown to occur in the waters around all continents (Table 1), even if limiting oneself to a subset of
articles published from 2012 on, and with neither of us as coauthors. However, the fishing down
phenomenon is frequently masked by various effects that have now been identified (Liang and Pauly 2017,
2020). Thus, for Chinese waters, initial demonstrations of the occurrence of fishing down (Pang and Pauly
2001; Du et al. 2014) were confirmed by Liang and Pauly (2017), who also quantified some of the masking
factors that have prevented previous authors from appreciating the ubiquity and intensity of this
phenomenon.

1 Cite as: Liang, C. and D. Pauly. 2022. Reply to the Comment on “Masking and unmasking fishing down effects: The
Bohai Sea (China) as a case study”, p. 52-57. In: D. Pauly and E. Chu (eds). Marine and Freshwater Miscellanea IV.
Fisheries Centre Research Reports 30(4). Institute for the Oceans and Fisheries, University of British Columbia,
Vancouver.

2 This contribution was intended for Ocean & Coastal Management; however, its editor-in-chief, who shared with us
the still unpublished comments on our paper, also shared our intended response to the authors of these comments,
these authors then quickly corrected their comments (then ‘in press’) by removing their most unfounded claims. We
could not respond to the unprofessional behaviour of the editor, because he then passed away. Thus, we decided to
include our response in this report.
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Table 1. Some of the case studies published since 2012, demonstrating the occurrence of the ‘fishing down’
phenomenon in Africa, Asia, Europe, Oceania, North America and South America; ATL-decade refers to rate of
decline of the mean trophic of the catch (MTI.) as assessed (sometimes approximately) from the cited figure.

Location Years ATL decade Sources

Mauritania 1990 — 2010 0.04 Meissa and Gascuel (2014, Fig. 5a)
Senegal 1990 — 2009 0.05 Ndour et al. (2014, Fig. 3)

Guinea 1985 — 2012 0.03 Camara et al. (2016, Fig. 7¢)

China 1950 — 2011 0.03 Du et al. (2014, Fig. 1)

Oman 1995 — 2010 0.08 Abd El-Barr & El-Rahman (2014, Fig. 2)
Thailand 1988 — 2007 0.10 Juntaropakorn & Yakupitiyage (2014, Fig. 6)
Western Europe 1950 — 2010 0.01-0.05 Gascuel et al. (2016, Fig. 7c)

English Channel 1920 — 2010 0.10 Molfese et al. (2014, Fig. 2B)

Sweden 1926 — 2010 0.05 Hornborg et al. (2013, Fig. 1b)
Southern Australia 1936 — 2010 0.10 Alleway et al. (2014, Fig. 4)

California, U.S. 2003 — 2011 0.025 Tolimieri et al. (2013, Fig. 2)

South. Calif., U.S. 1972 — 2010 0.05 Miller and McGowan (2013, Fig. 4b)
Argentina/Uruguay 1989 — 2010 0.07 Andrés and Jaureguizar(2013, Fig. 2)
Colombia (Pacific) 1995 — 2007 0.10 Navia and Mejia-Falla (2016, Fig. 2)
Southern Brazil 2000 - 2012 0.20 Bornatowski et al. (2017, Fig. 4a, b)

The empirical part of the Guan et al. (2020) comment on (and critique of) of Liang and Pauly (2020) is

summarized in their (and our) Figure 1, more specifically by the mean trophic levels (MTIy) of the fishable
biomass in the Bohai from 2010 on. (Here MTI;, refers to the mean trophic level of the fishable biomass, in
contrast to MTI,, the mean trophic level of the catch).

4.5 1 Figure 1 Mean trophic level of the fishable biomass
in the Bohai Sea estimated by Liang and Pauly (2020;

T 40 | points 1-5), Zhang et al. (2007; points 6-9) and Guan
> et al. (2020; points 10-14). Note that points 10-14 are
B‘ summer-only estimates, while points 1-9 are
£ 35 seasonaly averaged, annual estimates.
g
'_
S 3.0 -
)
=

2.5 -

1960 1970 1980 1990 2000 2010 2020
Year

Before dealing with MTI}, values from the 2010s, we note that the MTI}, estimates proposed by Zhang et al.
(2007) and by Liang and Pauly (2020) are nearly parallel over a period of 40 years and that the
Liang/Pauly estimate of MTTy for 2010 is precisely where the extrapolation of the Zhang et al. (2007)
trends would point (Figure 1). Thus, the MTI} trends of the fishable biomass of the Bohai Sea in both
Zhang et al. (2007) and Liang and Pauly (2020) are essentially the same, and the small differences in
absolute MTTy are the results of small differences in the trophic level estimates used in the two studies
(Figure 2).
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Figure 2 Comparision of trophic level estimates used by Liang and Pauly

§ correlation coefficient = 0.80 o (2020) and Zhang et al. (2007).
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Thus, the quasi-parallel MTI,, trend lines in Figure 1, which confirm that fishing down has occurred in the
Bohai Sea, also makes moot their arguments for the biomass estimates from surveys performed in 1959
being erroneous. As is mentioned in Jin (2004), the research vessel and trawl used in 1959 were smaller
than those used in the later years, while the cod-end mesh size used in all cruises were reported as the
same, i.e., 2 cm (Jin et al. 2013). Thus, the biomass data in 1959 used by Liang and Pauly (2020), if no
adjustment was made for area swept by the trawl net, would have underestimated its true level, while the
taxonomic composition of fishable biomass in 1959 was comparable with other years. The biomass values
derived by different gears in 1959 and other years did not affect our results, as MTI, estimates are based
on the taxonomic composition of the trawl hauls (from Tang et al. 2003). In fact, given that the survey
data was scarce in early years, the fishable biomass and composition data in 1959 has been commonly
used as a baseline in comparing the decadal variations of fish community structure in the Bohai Sea,
notably by the very authors who criticized its use in Liang and Pauly (2020) (Zhang 2007; Jin 2004; Tang
etal. 2003).

As for the points 10 to 14 in Figure 1, contributed by Guan et al. (2020), we certainly accept that variations
of MTTIy could be due to extreme fluctuations of the abundance of a few small, short-lived species
(including exploited zooplankton species such as Acetes). Indeed, this is precisely what we should expect
in ecosystem with an extremely depleted biomass, and which has lost the top-down control normally
exerted by large, high-trophic level, long-lived fish (Worm and Myers 2003; Cury et al. 2003). However,
we do not agree that the high biomass of Clupanodon punctatus in 1998 and 2010 was the only reason
that fishing down effect occurring after 1992. Based on the data provided by Guan et al. (2020), the
current dominance of short-lived, low-trophic level species and the absence of high-trophic level species
compared with 1990s (Table 1 in Liang and Pauly 2020; Table 2 in Guan et al. 2020), would also support
the occurrence of a current fishing-down effect in the Bohai Sea.

Moreover, the decline in MTI;, from 1960 to 2010, i.e., over 5 decades, must be considered as a
demonstration of the fishing down phenomenon occurring in the Bohai Sea even if we take at face value
the exceptionally high estimate of Guan et al. (2020) for 2014-2018, who only used summer survey data
for their MTT;, estimates. Their mean value is about 3.6, which is less than the value of MTI, = 4.2 in 1959.
Indeed, this would correspond to a decline of about 0.12 TL per decade, which is a high value when
compared with declines in other parts of the world (Table 1), and also higher than MTL.
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In the article by Liang and Pauly (2020), the catch composition data was obtained from successive China
Fishery Statistical Yearbooks (Fisheries Administration of the Ministry of Agriculture 1979-2016). In
these yearbooks, the catch data of each coastal province or municipality were reported by species or taxa,
and the proportion of total catch in China’s coastal fishing areas (the Bohai Sea, Yellow Sea, East China
Sea, and South China Sea) were also available.

Thus, in our case, we assigned to the Bohai Sea the fractions of the reported catches of the 4 provinces or
cities (Shandong, Hebei, Tianjin and Liaoning) that were reported to be caught in the Bohai Sea in
successive China Fishery Statistical Yearbooks, while removing species that were not supposed to occur
in the Bohai Sea. We thus created a series of catch and catch composition data which could be used to
derive a series of estimated MTI.. Meanwhile, for taxa that contain more than one species, we used the
trophic level of the dominant species or the mean trophic level of main species for calculation. We think
that the catch time series for the Bohai Sea represent a reasonable representation of the catches likely to
have been taken there. Note that here again, it is not their absolute value in terms of tonnage which
matters here; rather it is the taxonomic composition of that catch, and the trophic levels assigned to each
taxon.

With the depletion of fishery resources in the Bohai Sea, fishermen will tend to retain all catches they get.
This, indeed, should make the true MTI. close to MTI,. However, the catch data that we assembled failed
to demonstrate this. This suggests a type of selection beyond the ‘skipper effect’: the available statistical
data are more detailed for high-trophic level, high commercial value species, which thus makes the
computed MTI. diverge from MTIy. This ‘statistical selection’ effect would also contribute to masking
‘fishing down’ when catches are available, but no biomass composition data.

Guan et al. (2020) suggest in their comment that Liang and Pauly (2020) have not demonstrated the
fishing down to occur in the Bohai Sea based on the survey data used (1959, 1982, 1992, 1998, 2010). On
the other hand, they concede a fishing down phenomenon in this area, because “it has been well proved by
previous studies (Jin 2004; Zhang et al. 2007, 2015)”, although these previous studies used the same
community structure data sets that we did for 1959, 1982, 1992 and 1998.

Guan et al. (2020) missed a real problem with the Liang/Pauly contribution, i.e., how the small biomass
reported from the mid-1990s on can support the huge large catch that we assigned to the Bohai Sea for
the same period (C. Walters, Institute for the Oceans and Fisheries, University of British Columbia, pers.
comm.).

The answer to this question is that the fisheries of the Bohai Sea, and by extension the fisheries along the
Chinese Coast, largely catch juveniles (Zhai and Pauly 2019; Zhang et al. 2020), with only a few adults
surviving to provide the egg production that maintains the system.

While these considerations cannot be followed upon here, we note that a transition to a fishery based
predominantly on juvenile fish will increase the rate of MTI decline, because the juveniles of carnivorous
fishes have lower trophic levels than the adults (Pauly et al. 2001; see also www.fishbase.org), and the
trophic levels we used, while from a good source (Yang 2001), pertained only to the adults.
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Abstract

Key information was compiled from the literature on the 25 species of sturgeons; i.e., of members of the
Family Acipenseridae (genera Acipenser, Huso, Pseudoscaphirhynchus and Scaphirhynchus), of which
the Yangtze sturgeon (Acipenser dabryanus) was declared extinct in July 2022 by the IUCN, and another,
the Syr Darya sturgeon (Pseudoscaphirhynchus fedtschenkoi), is likely extinct. This included maximum
length; mean length at first maturity, growth parameters and maximum ages (by sex when available, but
mostly missing for Syr Darya sturgeon), main countries of occurrence, status and key references,
including the original species descriptions. These variables yielded interesting relationships when plotted
against each other.

Introduction

The fishes of the Family Acipenseridae, the sturgeon, belonging to the genera Acipenser (17 species),
Huso, (2 spp.), Pseudoscaphirhynchus (2 spp.) and Scaphirhynchus (3 spp.), occurring in Eurasia and
North America, have been used by people for thousands of years for their flesh and more recently for their
eggs, i.e., for ‘caviar.’

The large size and slow lifestyle of most sturgeon coupled with the high value of caviar make them very
susceptible to overfishing, while the diadromous habits of most species endanger them in rivers that are
dammed, or polluted. Thus, of their species, the Yangtze sturgeon (Acipenser dabryanus) was declared
extinct on July 21, 2022 (en.wikipedia.org/wiki/Dabry’s sturgeon), while another species the Syr Darya
sturgeon (Pseudoscaphirhynchus fedtschenkoi) is likely extinct. In fact, the latter, has apparently never
been studied in terms of its life-history, as is evident from reviewing the sturgeon literature of Imperial
Russia (see Pauly and Pauly 2022, this vol.), translations of the ichthyological literature of the ex-Soviet
Union (e.g., Berg 1962; Nikolsky 1961; Suworow 1959), and recent sources

(en.wikipedia.org/wiki/Syr Darya sturgeon).

Here, we present, as a complement to Pikitch et al. (2005), key biological traits of the 24 species of
sturgeons (for which such data exist) mainly to facilitate subsequent studies on these fishes.

Material and Methods
For each member of the Family Acipenseridae in FishBase (www.fishbase.org), the following was sought
(by sex if available):

1 Cite as: Chu, E. and D. Pauly. 2022. Key information on 25 species of sturgeon; Family Acipenseridae, p. 57-68. In:
Pauly, D and E. Chu (eds). Marine and Freshwater Miscellanea IV. Fisheries Centre Research Reports 30(4).
Institute for the Oceans and Fisheries, University of British Columbia, Vancouver.
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e  Maximum reported length (total length, or TL, as provided by the original authors, or derived
from the ratio of the original length to total length, obtained from anatomically correct drawings;
cm);

e  Mean length at first maturity (Lm; in cm TL);

e Mean age (or range) at first maturity (tm; years), maximum reported age (in years);

e The 3 parameters of the von Bertalanffy growth function (VBGF), i.e., Lint (TL; cm), K (year-t) and
to (year), and

e The 2 parameters of length-weight relationships (a, b) of the form W = a-Lb, with weight in g and
total length in cm.

References are provided, included the reference of the original description of each species.

We plotted K vs Tmax to test the relationship Tmax = 3/K, with Tmax being the longevity (i.e., the maximum
age reported from the wild and K a parameter of the von Bertanlanffy growth equation, as proposed by
Taylor (1958).

Also, the data that we gathered were used to test for sturgeons the hypothesis of Pauly (1984, 2022) that
the length at first maturity of teleosts can be predicted from the maximum length they can reach (Lmax).
This hypothesis relies on the fact that the the ratio Lmax®/LmP is mathematically equivalent to Qm/Qmaint,
i.e., the ratio of the metabolic rate of an individual fish at first maturity to its metabolic rate at its
maximum length, at which it doesn’t grow and only maintains itself.

The exponent D is defined by D = 3(1-d), with d being the exponent of relationship linking the respiratory
surface are of gills (S) and body weight (W) such that S « Wd, with d ranging between 0.6 and 0.9 in fishes
(Pauly and Cheung 2017), and around 0.80 in sturgeon in Winberg (1960, p. 86), who included 5 sturgeon
species in his review.

Pauly (1984, 2022) suggested that, as individual fish grow, they ogygen suppy per unit weigth declines
(because d < 1), and hence their ratio Q/Qmaint also declines. When a critical ratio, i.e., Qm/Qmaint ,
corresponding to LmaxP/LmP is reached, a trigger is set for the fish to consider - previously ignored -
environmental and social clues for spawning (Pauly 2022).

Also, we tested, for D = 0.6 whether the ratio Lmax®/LmP was near 1.35 (95% confidence intervals 1.22-
1.52) as estimated for other teleosts (Pauly 2022). The value of D = 0.6 implies that the gill surface area
and the oxygen consumption of sturgeon are proportional to their weight raised to a power d = 0.8, and D
= 3(1-d).

Results and Discussion

Table 1 presents the traits that were compiled, which are complete except for one species, the Syr Darya
sturgeon (Pseudoscaphirhynchus fedtschenkoi), which is probably extinct, and for which - despite a
thourough scanning of the literature, including in Russian - no information on age, growth and
reproduction was found.

The results of the first hypothesis to be tested (i.e., that Tmax = 3/K) are shown on Figure 1, which shows

two regression lines, a standard one (dotted), with 3/K = 7.59 + 0.75-Tmax, the other forced through a zero
intercept (solid), with 3/K = 0.84-Tmax. As identifying the ‘best’ of these two regressions is not obvious, we
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suggest using the mean of their two slopes, which leads to Tmax/ 2.4 = K, as an empirical model to predict
K (year) from longevity (years) in sturgeons and possibly in related and/or similar fishes.
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> i growth equation vs. observed longevity (Tmax ),
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Figure 2 shows a plot of Lmax? vs. LD for values of D = 0.6 for linear regressions with and intercept
assumed to be zero. As might be seen, the slope is 1.35, i.e., the very value that has been estimated for
other teleosts (Pauly 2022). Note however, that the data in Table 1 for beluga (Huso huso) were not used,
as they produced an outlier, which, because of the huge size of beluga, also had an undue ‘lever’ effect on
the plot in Figure 2.
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This is consistent with the hypothesis that the size at first reproduction of sturgeons is determined by the
interaction of their growth and respiration, as suggested for fish in general by Pauly (1984), and as
subsequently demonstrated in a large number of teleost species (Pauly 2022).

The plot illustrating the positive correlation between spawning periodicity and age at first maturity in the
females in 16 species of sturgeon in Pikitch et al. (2005, their Figure 3) can also be considered evidence
for this hypothesis, as the slow growth of sturgeons (as expressed by the low values of their growth
parameter K) implies that after spawning (which reduces their weight and thus their respiratory
requirements), several years of growth are needed for them to get back in the weight-induced respiratory
stess that triggers (re-)maturation and spawning (Pauly and Liang 2022a, 2022b).
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Table 1. Key traits of 25 species of sturgeon (Family Acipenseridae); note that the Yangtze sturgeon is extinct and the Syr Darya sturgeon likely extinct, with the latter lacking all

traits except for maximum length.

gggénon Species Location Lint | K to Lm Lmax| Sex a b tm tmax | References
Siberian . .. .. Ruban and Akimova 1991; Ruban 2005;
sturgeon Acipenser baerii | Indigirka 149 | 0.06 -2.59 | 72.5 | 141 | Female| 0.0015 | 3.26 | 11.75 | 63 Pordlesnyi 1958
Shortnose Acipenser St. John
sturgeon brevirostrum Rlver(;1 144 | 0.042 | -1.96 | 77.7 | 143 | Female| 0.0035 | 3.21 | 17.2 | 67 Dadswell 1979
Canada
Yangtze Acipenser Yangtze ) 4to Changjiang Aquatic Resources Survey Group,
sturgeon dabryanus River 250 | 0.06 214 | 87.5 | 130 | Male 0.0028 | 3.29 7 8 Sichuan Province 1988
Yangtze Acipenser Yangtze ) 6to Changjiang Aquatic Resources Survey Group,
sturgeon dabryanus River 250 | 0.06 214 | 102 130 | Female| 0.0028 | 3.29 8 8 Sichuan Province 1988
Yangtze Acipenser Yangtze 8to .
sturgeon dabryanus River 263 | 0.06 106 | 250 | Female| 0.0028 | 3.29 10 9 Froese 2022; Chen 2007
Acipenser Nottaway ) Magnin 1966; Anderson 1954; Magnin 1964;
Lake sturgeon fulvescens River 156 | 0.033 | -5.59 | 80 150 | Female| 0.0049 | 2.99 | 20 152 Pauly 1978
Acipenser Nottaway ) Magnin 1966; Anderson 1954; Magnin 1964;
Lake sturgeon fulvescens River 156 | 0.033 | -5.59 | 90 150 | Male 0.0049 | 2.99 | 18 152 Pauly 1978
Danube Acipenser Black sea ) 9to Fischer et al. 1987; Lagutov and Lagutov
sturgeon gueldenstaedtii and azovsea | 223 | 0045 | =35 | 105 210 | Unsex | 0.0039 | 3.06 10 30 2008; Ambroz 1964; Pauly 1978
Green Acipenser Rouge River Erickson and Webb 2007; Adams et al 2002;
stureeon megiros i Ore gon 238 | 0.05 -2 166 225 | Female| 0.033 | 2.72 | 17 42 Nakamoto 1995; Van eenennaam et al 2006;
& 8 Adair et al. 1982
Green Acipenser Rouge River Erickson and Webb 2007; Adams et al 2002;
stureeon megiros i Ore gon 238 | 0.05 -2 153 201 | Male 0.004 | 3.1 | 15 42 Nakamoto 1995; Van eenennaam et al 2006;
& 8 Adair et al. 1982
. . Tumnin
Sakhalin Acipenser . 8to b | Koshelev et al 2012; Mugue 2010a;
. . - 2 b 2
sturgeon mikadoi gl;ﬁ; %I:; 197 | 042 153" | 190 | Unsex | 0.0045 | 3.16 10 4 Nakamoto 1995; Koshelev and Kolpalov 2020
Adriatic Acipenser Arlati 1996; Fischer et al 1987; Kottelat and
stureeon na CIZ arii Adriatic Sea | 200 | 0.11 -1.3 80 200 | Male 0.0014 | 3.29 | 7 50 Freyhof 2007; Congiu et al 2011; Garcia-
& Gallego et al 2009
Adriatic Acipenser Arlati 1996; Fischer et al 1987; Kottelat and
stureeon na CIZ arii Adriatic Sea | 200 | o.11 -1.3 100 200 | Female| 0.0014 | 3.29 | 10 50 Freyhof 2007; Congiu et al 2011; Garcia-
& Gallego et al 2009
Fringebarbel | Acipenser . Fazli et al. 2020a; Mousavi and Ghafor 2014;
sturgeon nudiventris Caspian Sea | 276 | 0.053 | -3.36 | 163 258 | Female| 0.0068 | 2.97 | 17 36 CITES 2000
Fringebarbel | Acipenser . Fazli et al. 2020a; Mousavi and Ghafor 2014;
sturgeon nudiventris Caspian Sea | 276 | 0.053 | -3.36 | 145 258 | Male 0.0068 | 2.97 | 13 36 CITES 2000
. . Scott and Crossman 1973; Caron et al 2002;
Atlantic Acipenser St.‘ Lawrence 315 | 0.03 - 165 222 | Male 0.0017 | 3.18 2210 60 | Magnin 1964; Carlander 1969; Stevenson and
sturgeon oxyrinchus River 24
Secor 1999
. , Scott and Crossman 1973; Caron et al 2002;
Atlantic Acipenser St.‘ Lawrence 315 | 0.03 - 190 230 | Female| 0.0017 | 3.18 2710 60 | Magnin 1964; Carlander 1969; Stevenson and
sturgeon oxyrinchus River 28 Secor 1999
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Persian Acipenser . 12 to Fazli et al 2020Db; Kottelat and Freyhof 2007;
sturgeon persicus Caspian Sea | 244 | 0.058 | -3.4 | 150 | 251 | Female| 0.0052 | 3-02 | g 39 | Bakhshalizadeh et al. 2011
Persian Acipenser . 8to Fazli et al 2020Db; Kottelat and Freyhof 2007;
sturgeon persicus Caspian Sea | 244 | 0.058 | -3.4 | 138 | 251 |Male | 0.0052 | 3.02 15 39 | Bakhshalizadeh et al. 2011
Sterlet Acipenser Eastern 4to . .
sturgeon ruthenus Europe 88.0| 0.12 -1.37 | 35 116 | Male 0.0004 | 3.613 5 20 | Muus and Dahlstrom 1968; Podlesnyi 1958
1 Act E .
Sgggiton rlf;ﬁs;lzir Eiig%: 88.2| 0.12 -1.37 | 45 116 | Female | 0.0004 | 3.613 gto 20 | Muus and Dahlstrom 1968; Podlesnyi 1958
Amur Acipenser . 7 to Chen 2007; Krykhtin 1997; Chugunov and
sturgeon schrenckii Amur River 205 | 0.06 -0.92 | 103 300 | Male 0.0028 | 317 | g 60 Chugunova 1964
Amur Acipenser . 9to Chen 2007; Krykhtin 1997; Chugunov and
sturgeon schrenckii Amur River | 205 | 0.06 | -0.92 | 105 | 300 | Female| 0.0028 | 317 | |, 6o Chugunova 1964
Chinese Acipenser Yangtze 17.8 .
sturgeon sinenesis river 350 | 0.03 -9.14 | 193 258 | Female | 0.01 2.97 4 33 Luo et al 2020; Deng et al 1991
Chinese Acipenser Yangtze 14.9 .
sturgeon sinenesis river 350 | 0.03 -9.14 | 172 258 | Male 0.02 291 | ¢ 33 Luo et al 2020; Deng et al 1991
Chinese Acipenser Yangtze 14 to .
sturgeon sinenesis River 363 | 0.09 - - 346 | Female| -- - 26 33 Froese 2022; Deng et al 1991
St Acipenser Southern .
stlall;géon stelll)atus Cagpian Sea | 250 | 0.0064| -3.2 | 130 240 | Female | 0.0024 | 3-05 | 8.5 29 | Fazli et al 2020c
Starry Acipenser Southern ) .
sturgeon stellatus Caspian Sea 250 | 0.0064| -3.2 | 129 240 | Male 0.0024 | 3:05 | 85 29 | Fazli et al 2020c
Atlantic 13 to Williot et al 2011; Letaconnoux 1961; Muus
Sturgeon Acipenser sturio | coast of 500 | 0.03 -2.8 | 145 325 | Male 0.0095 | 2-89 lg 100 | and Dahlstrom 1968; Castlenaud et al 1991;
France Froese and Binohlan 2003
Atlantic 19 to Williot et al 2011; Letaconnoux 1961; Muus
Sturgeon Acipenser sturio | coast of 500 | 0.03 -2.8 | 185 325 |Female | 0.0095 | 2.89 292 100 | and Dahlstrom 1968; Castlenaud et al 1991;
France Froese and Binohlan 2003
White Acipenser Fraser River, 11 to Semakula and Larkin 1968; Rien 1994;
sturgeon transmontanus BC 350 | 0.04 B 169 | 231 |Male | 0.05 313 1 5 104 | Brennan et al 1991
White Acipenser Fraser River, 11 to Semakula and Larkin 1968; Rien 1994;
sturgeon transmontanus BC 350 | 0.04 B 208 | 231 | Female| 0.05 315 | 44 104 | Brennan et al 1991
Amur Koshelev and Ruban 2012; Mikodina et al
Kaluga Huso dauricus estuary 478 | 0.03 -1.42 | 162 323 | Male 0.0029 | 3.20 | 18 80 | 2015; Sytova et al 2004; Chugunov and
Chugunova 1964
Amur Koshelev and Ruban 2012; Mikodina et al
Kaluga Huso dauricus estuary 478 | 0.03 -1.42 | 166 281 | Female | 0.0029 | 3-20 | 21 80 | 2015; Sytova et al 2004; Chugunov and
Chugunova 1964
Caspian;
Black; Azov 13 to Rochard et al 1991; Birstein 1993; Beverton
Beluga Huso huso and Adriatic | °9% | 902 - 200 | 600 | Female| 0.07 3 22 u8 1987; Raischi et al 2020; Babushkin 1964
Seas
Caspian;
Black; Azov 10to Rochard et al 1991; Birstein 1993; Beverton
Beluga Huso huso and Adriatic | 43° | 9-92 - 180 600 | Male 0.07 3 16 118 1987; Raischi et al 2020; Babushkin 1964
Seas
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Stylf rg:;za fﬁig?g;g:ggzzgf SRIY‘I;;?arya - - - - 64 Unsex | -- - - - Likely extinct; Rochard et al 1991
e | ptecaptiy] Ao DA [519 | 025 |97 | a5 | 79 | remae] nooss| zsr |37 [ | Sy 200 S ioof M
ﬁ‘tﬁlrl;g;rya f}iﬁ?iﬁ%f?ﬁﬁﬁyn ﬁlp‘::rDarya 65-4 0.164 | -0.95 | 40 555 | Male | 0.002 3.15 g’ to 14 Salnikov 1996; Mugue 2010b; Pauly 1978
?trllllrl;g)?lrya fﬁiﬁﬁﬁﬁgﬂyn ﬁl{lsgrDarya 654 0.164 | -0.95 | 40 55 Female| 0.002 | 3.15 Z;to 14 Salnikov 1996; Mugue 2010b; Pauly 1978
Etﬂl;deon ‘2?{)1 5 shirhy nchus Iﬂ;&furi 171 | 0.065 | 0.2 91.92 | 128 | Male | 0.0036| 3.76 ? to 41 f;?)f;?lll(s:;j;;el 51(“) clz?i;(;ze ’n Ly;i?ylﬁ:‘;?é( e
River Maxwell 1993; Bajer and Wildhaber 2007
Et?lll;deon ‘2?;)1 5 shirhy nchus Iﬂ;&furi 171 | 0.065 | 0.2 93.1% 128 | Female| 0.0036 | 3.76 ?;0 41 f;?)f?f?lllg:;j}f;el 2;_)611?;15;:;11 Il<y§f§1il}21(13iﬁﬁ( .
. River Maxwell 1993; Bajer and Wildhaber 2007
Stlzlc;\g/eelcr)l;)se g?gﬂ%rggﬁf?us I}i(i)‘\;;ir Platte 106 | 04 43 | 787 | 98.5| Male | 0.0049] 3 13 43 g;ﬁlfé (ﬁ) 3215; Everett et al 2003;
Stlzlc;\g/eelcr)l;)se gigiﬁz‘:gﬁf?us I}i(i)‘\;;ir Platte 17 | 013 27 | 743 | 95.5 | Female| 0.0049 | 3 9 43 g;ﬁ:;fé (i(l) 3215; Everett et al 2003;

a) minimum maturity length
b) maximum age is from A. medirostris, the 2 species are closely related and A. mikadoi used to be considered as the Asian type of A. medirostris. (Birstein 1993)
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Abstract

This account presents the references pertaining to sturgeon, i.e., fishes of the Family Acipenseridae, that
were included in ‘A Bibliography of Fishes’, published by the American Museum of Natural History in 3
volumes in 1916, 1917 and 1923 under the editorship of Bashford Dean, Charles R. Eastman, Eugene W.
Gudger and Arthur W. Henn. Altogether, over five hundred references were extracted whose titles
explicitly referred to sturgeon or which, in few cases, were known to contain information on sturgeon. In
most cases, the names of the periodicals where articles on sturgeon appeared were expanded, such as to
assist in tracing and citing them.

Introduction

The scientific literature on fishes is hugely scattered, as the literature on other widespread and culturally
important organisms probably also is. This situation applies especially to the literature of the 19th and
preceding centuries published in different formats and a dizzying array of European languages.
Fortunately for fish, Bashford Dean’s Bibliography of Fishes captures much of that literature, if only in
the form of well-indexed titles (many translated into English or German). This bibliography is available
online (see www.biodiversitylibrary.org/bibliography/11857), but its items are accessible only when the
correct search term is provided.

Titles from Dean’s bibliography pertaining explicitly to sturgeon are presented below to support planned
biological and historical work on sturgeons worldwide. They include the 24 recognized species of the
family Acipenseridae that were described at that time. Two other recognized species, Acipenser desotoi
Vladykov 1955, and Scaphirhynchus suttkusi Williams & Clemmer, 1991 were described after the
publication of the bibliography, for a total of 26 currently recognized species (see FishBase;
www.fishbase.org).

Here, ‘explicitly’ refers to the publications that include sturgeon or one of its cognates (e.g., sturgeon,
steur, Stor, sturio, etc.) or the common or scientific name of an acipenserid taxon (e.g., beluga, sterlet,
Scaphyrhinchus, A. ruthenus, etc.).

References were included here if their title referred to sturgeon, i.e., excluding contributions which
contained information on sturgeon (e.g., as element of species list) without being explicit about it. The few
exceptions to this have attached to them either editor’s comments mentioning ‘Acipenser’ (or another
relevant term), or a footnote with the reason for their inclusion (e.g., because they contained original

1 Cite as: Pauly, D. and S.W. Pauly. 2022. The Sturgeons (Acipenseridae) in Dean’s “Bibliography of Fishes”, p. 69-84.
In: D. Pauly and E. Chu (eds). Marine and Freshwater Miscellanea IV. Fisheries Centre Research Reports 30(4).
Institute for the Oceans and Fisheries, University of British Columbia, Vancouver.
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descriptions of sturgeon species). Two other exceptions are books by Charles Darwin, who published
extensively on “ganoid” fishes, which include sturgeon2 and which he considered to be “living fossils.”

We have checked and extended the abbreviated titles using a number of online sources including the
Biodiversity Library (www.biodiversitylibrary.org), the Illinois Natural History Survey - Nomenclatura

Oligochaetologica (www.inhs.illinois.edu/people/mjwetzel/nomenoligo/), and the Scholarly Societies

Project (www.references.net/societies/history/abbrevA.html).

The overwhelming majority of references were identified by reading through the 2162 pages (in 3
volumes) of Dean’s Bibliography and verifying them with the online version, which was based on optical
character recognition (OCR) and generated a very small number of reading errors. We note that the
original bibliography had, in French, German and English - languages we master - few typographic errors
for a work of this complexity and scope. Earlier laudatory reviews of Dean's Bibliography3 do not mention
this fact, but it is crucial in such works.

The material immediately following the acknowledgements consists of an index to the references dealing
the family Acipenseridae, reproduced from volume 3 of Dean’s Bibliography. The number after the date is
used to distinguish between contributions by the same author in the same year. The star (¥*) is used to
identify contributions deemed ‘excellent’ by the editors of Dean’s Bibliography. The actual references are
listed after the index. Most of the references originate from Volume 1 (A-K), or from Volume 2 (L-Z);
when they originated from Volume 3, they are either labeled ‘Anonymous’ (‘Anon.’), ‘Addenda’ (‘Add’) or
‘Pre-Linnean’ (‘Pre-Linn.”).
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2 Only two books by Charles Darwin are mentioned in Dean’s Bibliography (‘The Voyage of the Beagle’ and ‘The
Descent of Man’) despite fishes being mentioned in many more of his publications (see Pauly, D. 2004. Darwin’s
Fishes: an encyclopedia of Ichthyology, Ecology and Evolution. Cambridge University Press, Cambridge, xxv + 340
p-). Darwin’s Fishes documents that he wrote extensively on “ganoid” fishes, which include sturgeon. However, his
only explicit (and very brief) mentions of sturgeon are in his (published) marginalia.

3 Kingsley, J.S. 1924. Dean's bibliography of fishes. The Anatomical Record 27(3): 175-176; Jordan, D.S. 1924. Dean's
Bibliography of Fishes. Science 59: 17-18.
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Index — Family Acipenseridae

Taxonomy:

European-Asiatic forms:

Russian species:

European forms:
Synopsis-Japanese forms:

Marine and Freshwater Miscellanea IV

Sturgeons

Berg, L.S. 1904.1
*Duméril, A.H. 1867.2, 1868.1

Brandt, J.F. 1869.1

Golowatschow, A. 1857.1
Lovetsky, A. 1834.1

Heckel, J.J. 1851.3
Jordan, D.S. & Snyder, J.0. 1906.4

Caucasian forms, including those from Caspian and Black Seas:
*Kavraiskii T.T. 1907.1
Sodoffsky, W. 1849.1

Review-North American forms: Kirsch, P.H. & Fordice, M.W. 1890.1

Italian forms: Maglio, C. 1901.1
Nardo, G.D. 1873.2
Pavesi, P. 1907.1
Fossil forms from Eocene of Paris basin: Priem, F. 1904.3
Acipenser (Sturgeon)

Brusina, S. 1902.1 (Text in Bohemian)4
Heckel, J.J. & Fitzinger, L.J. 1836.1

General treatises:

Natural history notes:
Text in English Baker, W. 1847.1
Evermann, B.W. 1898.4
Fulton, T.W. 1903.2
Sweetapple, E. 1867.2
White, J.H. 1873.1

Text in French Duchaussoy, H. 1891.1
Roule, L. 1905.3

Text in German Berg, P.J. 1776.1

*Ehrenbaum, E. 1896.1, Add. 1913.3
Grimm, O. 1895.1

Kornhuber, G.A. 1901.2, .3, .4
Pallas, P.S. 1776.1

4 ‘Bohemian’ is an older name for Czech, a Slavic language.
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Text in Russian

Bergius, B. & Marwitz, Add. 1776.1
Brandt, J.F. & Ratzburg, J.T. Add. 1831.1

Borodin, N.A. 1897.1, 1901.2
Griinberg, V. 1905.1
*Peltzam, E.D. 1883.1

Text in Finnish, Bohemian, Swedish, and Polish, respectively

A. ruthenus, variation :

Fossil forms:
in Cretaceous of Canada

from Paleozoic

Kahilainen, W. 1899.1
Katuric, M. 1903.1
Nordqvidst, O.F. 1899.1, .3
Schain, Z. 1883.1
Rozwadowski, J. 1906.1, .2

Mojsisovics von Mojavar, A. 1892.1
Lambe, L.M. 1902.1

Osborn, H.F. 1902.1
Zittel, K.A. 1886.2

Scaphirhynchus (Shovel-nosed Sturgeon)

Taxonomy:

Pappenheim, P. 1905.4
Westberg. P. 1899.1

American form occurrence and taxonomy — in Ohio R.:

Agassiz, J.L. 1846.2
Heckel, J.J. 1836.22
Gill, T.N. Add. 1836.1

Asiatic (Turkestan) form of Scaphirhynchus (Pseudoscaphirhynchus and Kessleria, synonyms),

natural history, occurrence and taxonomy:

Baer, K.E. 1874.1

Baird, S.F. 1873.29

Grevé, C.H. 1896.1

Giinther, A.C. 1873.5

Kessler, K.T. (first account) 1873.2, 1874.1
Nikolskii, A.M. 1900.2

Parascaphirhynchus
P. albus described from nine specimens taken in Mississippi R.:

Forbes, S.A. & Richardson, R.E. 1905.1

72



Marine and Freshwater Miscellanea IV

Sturgeon references in Dean’s Bibliography of Fishess

Agassiz, J. L. 1846. [On Huro nigricans Cuvier; regarded as identical with Centrarchus fasciatus and
C. obscurus of DeKay. — On young Scaphirhynchus from the Ohio river]. Proceedings of the
Boston Society of Natural History, 184. [1846.2]

Agassiz, J. L. 1856. [Development of scales in garpike and sturgeon are similar; one of the points
serving to indicate close relationship of the two]. Proceedings of the Boston Society of Natural
History, 6: 63. [1856.1]

Aleksandrov, K. P. 1910. Das Laichen des Sterlets in der Wolga bei Simbirsk im Friihjahre 1910 [Text
in Russian]. Messager Commerce de Poissons, St. Petersburg, 25: 255-258.  [1910.1]

Anon. 1777. Description d’'un huso monstrueux. Acta Academiae scientiarum imperialis petropolitanae,
pt.1,80. [Anon. 665]

Anon. 1869. De steur en de steurvisscherij. Kennis en Kunst 1869, 3-6, pl.  [Anon. 521].

Anslijn, N. 1838. Systematische Beschrijving der [voor ons meest belangrijke] Visschen. Leiden,
1828.8°. [1828.1]

Antipa, G. 1906. Ueber die Stére und ihre Wanderungen in den europiischen Gewéssern mit
besonderer Beriicksichtigung der Store der Donau und des schwarzen Meeres.
(Stenographische Protokolle) Verhandlungen des Internationalen botanischen Kongresses in
Wien 1905, 134—152. Abstract in Allgemeine Fischerei Zeitung 31: 246—249. [1906.1]

Atkins, C. G. 1872. Reproduction of Sturgeon. Abstract of paper in Kowalewsky, Owsjannikow and
Wagner, g.v., in The American Naturalist 6: 175.  [1872.3]

Ayres, W.0. 1854. Description of new fishes from California. Proc. Calif. Acad. Nat. Sci. 1854-1857, 1:
3-22. Reprinted in 2 ed. of the Academy’s Proceedings. [1854.2]6

Baer, K. E. von. 1826. Ueber den Seitencanal des Stors. Archiv fiir Anatomie und Physiologie
(Merkel), 376—377. [1826.1]

Baer, K. E. von. 1874. Ueber das Vorkommen eines Scaphirhynchus in Turkestan. Sitzungsberichte
der Naturforschenden Gesellschaft Dorpat 3(5): 386—-387.  [1874.1]

Baird, S. F. 1871. Teeth of the sturgeon. Annual Record of Science and Industry 1871—72, 213.
[1871.45]

Baird, S. F. 1872. Teeth in young sturgeons. Annual Record of Science and Industry 1872—73, 264.
[1872.25]

Baird, S. F. 1873. New Scaphirhynchus in Turkestan. Annual Record of Science and Industry 1873-75,
336. [1873.29]

Baird, S. F. 1874a. Spinal column of the sturgeon as an article of food. Annual Record of Science and
Industry 1874-75, 447. [1874.22]

Baird, S. F. 1874b. Sterlet from St. Petersburg at the Brighton Aquarium. Annual Record of Science
and Industry 1874—75, 428.  [1874.23]

Baker, W. 1847. Large sturgeons in the Usk. The Zoologist: A Monthly Journal of Natural History,
Volume 5, 1649. [1847.1]

Ball, R. 1904. On a new sturgeon (Acipenser thompsoni). Proceedings of the Royal Irish Academy,
1904—05, 25: 21.  [1904.1]

Bazenov, A. 1906. Der Stor und der Hausen in der mittleren Wolga [Text in Russian] Vést.
Rybopromysl., St. Petersburg, 1906, 21, 1-6. 3 pls.  [1906.1]

Berg, L. S. 1904. Zur Systematik der Acipenseriden. Zoologischer Anzeiger 27(22): 665-557.
[1904.1]

Berg, L. S. 1905. Einige Worte iiber den “Dick” (Acipenser schypa, glaber, brandti) [Text in
Russian]. Trudy Saratovkogo Obchestva Jestestvoispytatelei I Liubitelei Prirody, 4, pt. 2, p.
281-283. [1905.1]

Berg, L. S. 1913. Sur un spécimen de [’Acipenser medirostris Ayres trouvé dans le bas Amour [Text in
Russian]. Annuaire du Musée zoologique de I'Académie des sciences de St. Pétersbourg 18: 16.
[1913.7]

3 Species names in square brackets were inserted in the titles of many references by the editors of Dean’s
Bibliography.... when they could ascertain their identity. They also added explanatory comments (in very small font,
as reproduced here) under some references.

6 Original description of Acipenser medirostris Ayres, 1854.
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Berg, P. J. 1776. [Auszug eines Briefes des Banko-Kommissarius Bergius in Stockholm an den Herrn
D. and Prof. Kolpin zu Stettin, die Naturgeschichte und Verpflanzung des Sterlets betreffend].
Beschiftigungen der Berlinischen Gesellschaft Naturforschender Freunde. 2: 534—535.
[1776.1]

Berghaus, A. 1877. Der Sterlet [Acipenser ruthenus] in Pommern. Natur, n.s. 3: 673—675. [1887.1]

Bloch, M.E. 1782. Oeconomische Naturgeschichte der Fische Deutschlands. Berlin, 1782-85. 3 pts.
in 1 & atlas. 108 col. pls. 4° & fol.  [1782.1]

Bluntschli, H. 1903. Eisenhdmatoxylin und Biondipriaparate der Leber von Ceratodus fosteri und
Acipenser ruthenus. Verhandlungen der Anatomischen Gesellschaft 17: 198—199. fig.

[1903.1]

Boettger, O. 1871. Ueber den Fang von Stéren im Main. 12. Berichte des Offenbacher Vereins fiir
Naturkunde, p. 12—13.  [1871.1]

Borodin, N. A. 1885. An attempt to impregnate artificially the eggs of Acipenser stellatus Bulletin of
the United States Fish Commission 5: 275-276. [1885.1]

Borodin, N. A. 1897. Materials for the biology of sturgeons. [Text in Russian] Moscow, 1897. 5 p. pl.
8°. [1897.1]

Borodin, N. A. 1899. Die kiinstliche Verbreitung des russischen Stor (Acipenser giildenstddtit) in
Uralfluss. Allgemeine Fischerei Zeitung. 24: 337-338. [1899.1]

Borodin, N. A. 1901. Zur Biologie der Acipenseriden. [Text in Russian] Dnevnik XI-go Siezda Russkih
Jestestvoispytatelei I Vrachei St. Petersburg, 20-30 dekabria 1901, 12: 301-302.  [1901.2]

Borodin, N. A. 1902. Kurze Anleitung zur Befruchtung von Stoéreiern und zur Erbriitung von Jungen
daraus [Text in Russian] St. Petersburg, 3 p. [1902.1]

Brandt, J. F. 1831a. Bemerkungen tiber die Storarten, welche Hausenblase liefern. Berlinisches
Jahrbuch der Pharmacie 32: 48-59. [1831.1]

Brandt, J. F. 1831b. Nachtragliche Bemerkungen iiber die Storarten, welche Hausenblase liefern.
Berlinisches Jahrbuch der Pharmacie 32: 317-320. [1831.2]

Brandt, J. F. 1850. Ueber Albinismus und eine abweichende Farbenspielart des Sterldd (Acipenser
ruthenus). Bulletin de 'Académie des sciences de St.-Pétersbourg 10: 13—16.  [1850.1]

Brandt, J. F. 1869. Einige Worte iiber die europiisch-asiatischen Storarten (Sturionides) Mélanges
Biol., 7:110—116. Bulletin de I'Académie des sciences de St.-Pétersbourg 9: 43—48. [1869.1]7

Brusina, S. 1902. Nase jesetre [Acipenser] Rad Jugoslavenske Akademije 149: 1—69. [1902.1]

Cattaneo, G. 1886a. Note d’ istologia comparata. I. Ulteriori ricerche sulla struttura delle glandule
peptiche dei selaci, ganoidi e teleostei. II. Sul significato fisiologico delle glandule da me
trovate nello stomaco dello storione e sul valore morfologico delle loro cellule. Bolletino
Scient., Pavia, 1886, 8, nos. 3 & 4. [1886.1]

Cattaneo, G. 1886. Sull’ esistenza delle glandule gastriche nell’ Acipenser sturio e nella Tinca
vulgaris. Rendiconti Reale Istituto lombardo di scienze e lettere. Milano, Ser. 2, 19: 676—682.
[1886.3]

Chappe d’Auteroche, J. 1768. Voyage en Sibérie ... contenant ... la description géographique ... de la
route de Paris a Tobolsk ; I'histoire naturelle de la méme route (La description du Kamtchatka
... par M. Kracheninnikow ... traduit du Russe) 3 vols. In 4. Paris. Illust. 4°.  [1768.1]

Remarques sur le sterlet, vol. i, p. 200-201. Poissons, vol. ii, p. 455-485. Charlevoix, P. F. X. 1736.
Journal d’un voyage ... dans ’Amérique septentrionale, etc. (Histoire de la Nouvelle France,
Vol. IIL.) Paris, 1744. 8°.  [Pre-Linn. 1744.1]

Fishes of St. Lawrence River and Lake Champlain; fishing for gar pike and sturgeon in Lake
Champlain: eel fishing in Canada. This “Histoire’ as a whole or in parts passed through a
number of eds.: Paris, 1749; Leyden, 1750 (Dutch); Gottingen & Amsterdam, 1750; The Hague,
1760; London, 1761; and more recently New York, 1865.

Coenen, Adriaan. 1577. Vischboek van Adriaan Coenen, zoon van Schilperoort. Dit Vis, Booc,
veergadert ende gescreven van mij A. Coenen soen, geboren op de dorpe van Scheiveninghe
Een visschers dorpe in de Noortsee leggende een cleijn mijlken van den vermaerden Hage in
Hollant die is in veel landen wel bekent. Anno 1577 begonnen ( -1578).  [Pre-Linn. 1577.1]

7 Includes the original description of Acipenser baerii Brandt 1869.
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This is a MS. work cited by Bosgoed from the Koninklijke Bibliothek te 's Gravenhage (The
Hague). It consists of 410 folios of colored figures.8

Collins, Alb. 1904. En sterlett (Acipenser ruthenus L.) tagen i Pythiis viken [Ein Stor in der Bucht
von Pythis gefangen]. Tidskrift for Jagare och Fiskare, Helsingfors 12: 15.  [1904.1]

Dean, B. 1893a. Note on the spawning conditions of the sturgeon. Zoologischer Anzeiger 16: 473—475
— Forest and Stream 41: 525 — Allgemeine Fischerei Zeitung, 388—390. [1893.3]

Dean, B. 1893b. Recent experiments in sturgeon hatching on the Delaware. [Read before the World’s
Fisheries Congress, Chicago] Transactions of the New York Academy of Science 13:69—74.
Reprint in the Bulletin of the United States Fish Commission 13: 335—339. fig. [1893.6]

Dean, B. 1895a. The early development of garpike and sturgeon. Journal of Morphology 11: 1—-62. 4
pls. & 4 figs.  [1895.3]

Dean, B. 1895b. Notes on the early development of the Ganoids, Lepidosteus, Acipenser, and Amia.
Report of the British Association for the Advancement of Science, 65t meeting, 734.

[1895.6]

Dikson, B. 1912. Zur Entwicklung der Riickenplattchen und der Riickenflosse bei dem Sterlet. [Text
in Russian] Vestnik Rybopromyshlennosti St. Petersburg, 27: 363—371.  [1910.1]

Drzewina, A. 1904. Sur la non-spécificité des cellules granuleuses du rein de I’Acipenser sturio L.
(note préliminaire). Comptes rendus des séances et mémoires de la Société de Biologie. Paris
56, pt. 1, p. 957-959.  [1904.2]

Duchaussoy, H. 1891. Notes recueillies dans les archives. II. “Ung gros esturgeon pesché a Amyens.”
Bulletin de la Société linnéenne du nord de la France, Amiens 10: 118-119. [1891.1]

Duméril, A. H. A. 1867. Prodrome d’une monographie des esturgeons et description des espéces de
I’Amérique du Nord qui appartiennent au sous-genre Antaceus. Nouvelles Archives du Muséum
d'Histoire Naturelle de Paris 3: 131—188. 6 pls.  [1867.2]

Duméril, A. H. A. 1868. Note sur trois poissons: Acipenser dabryanus9, Polyodon gladius et
Peristethidion prionocephalum, accompagnée de quelques considérations générales sur les
groupes auxquels ces especes appartiennent. Nouvelles Archives du Muséum d’Histoire Naturelle
de Paris 4: 93—116. [1868.1]

Ebner, Victor von. K1896. Ueber den feineren Bau der Chorda dorsalis von Acipenser.
Sitzungsberichte der Akademie der Wissenschaften in Wien, Mathematisch-Naturwissenschaftliche
Klasse Abteilung I, Biologie, Mineralogie, Erdkunde 104, pt. 3, p. 149—159. [186.4]

Ehrenbaum, E. 1896. Beitrage zur Naturgeschichte einiger Elbfische [Osmerus eperlanus L., Clupea
finta Cuv., Acerina cerua L., Acipenser sturio L.] Wissenschaftliche Meeresuntersuchungen Kiel
(Abteilung Helgoland), n.s.1, Heft 1: 35—79. 3 pls.  [1896.1]

Ehrenbaum, B. 1913. Ueber die Storto. Centralfischerei Verein fiir Schleswig-Holstein, Rendsburg,
36. Jahresbericht, p. 173—-176.  [Add. 1913.3]

Ergomydev, N. 1914. Ein Beitrag zur Fiitterung und zum Wachstum der Sterlet-Brut. [Text in
Russian] Rybopromyshlennaja Zhizn’, Petrograd, 3: 224—230. [Add. 1914.1]

Evermann, B.W. 1898. Note on the Columbia sturgeon. Recreation 8: 465. [1898.4]

Forbes, S. A. and Richardson, R. E. 1905. On the shovel-nose sturgeon [Parascaphirhynchus albus]
from the Mississippi river. Bulletin of the Illinois State Laboratory of Natural History 7: 37—44. 3
pls. [1905.1]¢

Fulton, T. W. 1903. Ichthyological notes. 215t Annual Report of the Fisheries Board of Scotland i.
Sturgeons, p. 228-231.  [1903.2]

Gesner, C. 1563. Fischbuch, das ist ein kurtze doch vollkomne Beschreybung aller Fischen so in dem
Meer unnd siissen Wassern, Seen, Fliissen oder anderen Bachen jr Wonung habend, sampt
jrer waaren Conterfactur: zu Nutz und Giitem allen Artezen etc. gestelt, insonders aber denen
so ein Lust habend zii erfaren und betrachten Gottes wunderbare Werck in seinem
Geschopften. Erstlich in Latein durch Cilinradt Géssner beschriben yetz neliwlich aber durch

8 There is a modern facsimile edition of this manuscript by Florike Egmond: Egmont, F. Het Visboek. De wereld
volgens Adriaen Coenen 1514 — 1587 (Amsterdam: Walburg Pers: 2005).

9 This species, known as Yangtze sturgeon was declared extinct by the IUCN as of July 21, 2022;
en.wikipedia.org/wiki/Dabry%27s _sturgeon i

10 This was a transcription error; the original reads correctly ‘Uber den Stor’.

' Original description of Scaphirhynchus albus (Forbes & Richardson, 1905).
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Clinradt Forer etc, in das Teiitsch gebracht. Ziirych, 1563. Ix. 404 p. woodcuts. fol.  [Pre-
Linn. 1563.1]:2

First ed. of Forer’s version of the “De piscium.” Others are: Zurich, 1563 (a separate issue) & 1575;
Frankfort, 1598; & Heidelberg, 1606).

Golowatschow, A. 1857. Notice sur quelques espéces de poissons du genre Acipenser. Bulletin de la
Société impériale des naturalistes de Moscou 30 pt. 3: 530-548. [1857.1]

Goronowitsch, N. 1888. Das Gehirn und die Cranialnerven von Acipenser ruthenus. Ein Beitrag sur
Morphologie des Wirbelthierkopfes. Morphologische Jahrbuch 13: 427-514. 12 pls.  [1888.1]

Gray, J. E. 1834. Characters of two new species of sturgeon (Acipenser, Linn.) Proceedings of the
Zoological Society of London. 2: 122—123. Archiv fiir Naturgeschichte (Weigmann) p. 272. —
Isis (Oken) 1835, p. 1050—1051. [1834.1]3

Green, S. 1883. Hatching striped bass, sturgeon and trout. Transactions of the American Fisheries
Society 1882 (1883): 37—40. [1883.1]

Greve, C. H. 1896. Ueber die Lebensweise der central-asiatischen Arten der Gattung
Scaphirhynchus. Sitzungsberichte der Gesellschaft Naturforschender der Universitiat Dorpat. 11:
137-144. [1896.1]

Grevé, C. H. 1897. An old record of the occurrence of the sturgeon (Acipenser sturio L.) in the Clyde.
Transactions of the Natural History Society of Glasgow, n.s. 4: 385.[1897.1]

Grimm, O. 1872. Ueber das Geruchsorgan der Store. Vorlaufige Mittheilung. Gottingen Nachrichten,
p-537-539. [1872.1]

Grimm, O. 1895. Ueber der Sterlet. Allgemeine Fischerie Zeitung 20(8):145-146. [1895.1]

Grimm, O. 1906. Ein Stor mit drei Rogensacken [Text in Russian] Vestnik Rybopromyshlennosti, St.
Petersburg, 21: 287.  [1906.2]

Grimm, O. 1910. Zur Fortpflanzung des Sterlets [Text in Russian] Vestnik Rybopromyshlennosti, St.
Petersburg, 25: 325-324. [1910.1]

Griinberg, V. 1905. Notizen liber das Leben des Aral-Stors im Syr-Darja [Text in Russian], Russkoe
Sudochodstvo, St. Petersburg, 20, pt. 7, p. 86—91.  [1905.1]

Guicciardini, L. 1648. Belgium, dat is: Nederlandt, ofte beschryvinge derselviger provincien ende
steden. Amstelodami, 1648. figs. maps. fol.  [Pre-Linn. 1648.1]

"Visschen van de Mase, p. 13; van de Schelde, p. 14. Haringhen, cabeljau, salmen, steuren, p. 20-21.
Grousame visschen, p. 264." Bosgoed.

Other eds.: 1st., Antwerp, 1567 (in French & Italian); 1580 & 1588 (both in Dutch); Basel, 1580
(German); & Amsterdam, 1613 (Latin).

Gunn, T. E. 1865. The sturgeon off Yarmouth. The Zoologist: A Monthly Journal of Natural History,
23:9470. [1865.1]

Gunn, T. E. 1866. Sturgeons off the coast of Norfolk and Suffolk. The Zoologist: A Monthly Journal of
Natural History 2. Ser. 1: 311—312; 510.  [1886.3]

Gunther, A.1873. Note on Scaphirhynchus fedtschenkoi4. The Annals and Magazine of Natural
History; Zoology, Botany, and Geology 12: 239—250.  [1873.5]

Harting, P. 1875. Ingewanden-stehen van een steur. Album der Natuur. (Wetensch. bijblad.), 78 [1875.3]

Heckel, J. J. 1836. Scaphirhynchus, eine neue Fischgattung aus der Ordnung der Chondropterygier mit
freien Kiemen. Annalen des Wiener Museums der Naturgeschichte 1:68—78. — Archiv fiir
Naturgeschichte 2. Jahrgang, 241.  [1836.2]

Heckel, J. J. 1851. Stor-Arten der Lagunen bei Venedig. Sitzungsberichte der Akademie der
Wissenschaften in Wien 6, 2. Abth., p. 547-563. [1851.3]

Heckel, J. J. and Fitzinger, L. J. 1836. Monographische Darstellung der Gattung Acipenser. Annalen des
Wiener Museums der Naturgeschichte 1: 261—326. Notice in Archiv fiir Naturgeschichte
(Wiegmann), 1837, 2. Jahrgang, p. 239.  [1836.1]

Herrick, C. J. 1902. [Review of] Johnston on the brain of Acipenser, etc. Science, n.s. 14: 930— 931.
[1902.3]

Hildegarde de Pinguia (also styled Saint Hildegard. Abbess of Bingen). 1895. For accounts of the life and
natural history observations of this remarkable personage, see Jessen, Carl. “Ausgabe der Hss. der
medic.-naturhistor. Werke der heiligen Hildegard.” Sitzungsberichte der Akademie der

12 The authors own a facsimile edition of this work, which includes woodcuts and text pertaining to sturgeon.
13 Original description of Acipenser sinensis Gray, 1835. Note partly divergent dates.
14 See reference to Kessler (1878).
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Wissenschaften in Wien, Mathematisch-Naturwissenschaftliche Klasse Abteilung I, Biologie,
Mineralogie, Erdkunde 45, 1. Abtheilung p. 97—116.  [Pre-linn 1533.1]'5

Hilgendorf, F. M. 1892. Eine neue Stor-Art von Nord-Japan, Acipenser mikadoi. Sitzungsberichte der
Gesellschaft Naturforschender Freunde zu Berlin, p. 3—4.  [1892.1].

Hovey, H. C. 1884. The sturgeon fishery. Bulletin of the United States Fishery Commission 4: 346—348.
[1884.1]

Ionescu, C. N. 1905. Les pores abdominaux des Acipenséridés. Annales scientifiques de I'Université de
Jassy 3: 167—168.  [1905.1]

Ivanzov, N. 1887. Der Scaphirhynchus. Vergleichend-anatomisches Beschreibung. Bulletin de la Société
impériale des naturalistes de Moscou, , p. 1-41, 2 pls.  [1887.1]

Jaquet, M. 1897. Anomalie du museau chez un Acipenser ruthenus. Archives des sciences médicales de
Bucarest 2: 358—-359. [1897.1]

Jaquet, M. 1899. Ligne latérale supplémentaire chez un Acipenser ruthenus. Bulletin de la Société des
sciences de Bucarest 8: 791-792.  [1899.2]

Johnston, J. B. 1898a. Hind brain and cranial nerves of Acipenser. Anatomischer Anzeiger 28: 580—-602,
13 figs. [1898.1]

Johnston, J. B. 1898b. The olfactory lobes, fore-brain and habenular tracts of Acipenser; a summary of
work on their minute structure. Zoological Bulletin, Boston 1: 221—241. [1898.2]

Johnston, J. B. 1901. Some points in the brain of lower invertebrates. Biological Bulletin, Woods Hole 2:
356—357.  [1901.1]

Johnston, J. B. 1902. The brain of Acipenser. A contribution to the morphology of the vertebrate brain.
Zoologische Jahrbiicher /Abteilung fiir Anatomie 15: 59—260. 11 pls. & 33 figs. [1902.2]

Jordan, D. S. and Snyder, J. O. 1906. List of fishes recorded from Okinawa or the Riu Kiu islands of
Japan. Proceedings of the United States National Museum 32: 491—-504. [1907.1]

Jourdain, S. 1877. Recherches sur la trompe buccale de 'esturgeon. Paris, pl. 8° [1887.1]

Jungersen, H. F. E. 1894. Om embryonalnyren hos stgren (Acipencer sturio). Videnskabelige.
Meddelelser fra den Naturhistoriske forening i Kjobenhavn, 1893, 188-203. — Zoologischer
Anzeiger 16th Jahr. 464—467; 469—472. Also separate; Kjgbenhavn, 1894. 8°. [1894.2]

Kahilainen, W. 1899. Amerikkalainen jarvisampi eli-saita (Ascipenser rubicundus). Suomen Urheilu 2:
322—-323.pl.  [1899.1]

Kammerer, P. 1907. Der Sterlett (Acipenser ruthenus L.). Blatter fiir Aquarien — und Terrarienkunde. 18.
Jahrgang, no. 18. [1907.7]

Katuric, M. 1903. Novo nalaziSte jesetre atlantske, Acipenser sturio L. Rad JugoslavenskeAkademije
Znanosti i Umjetnosti 154:1-6.  [1903.1]

Kavraiskii, T. T. 1907. Die Storarten der Kaukasuslander und ihrer angrenzenden Meere [Text inRussian
and German]. Tiflis, xii, 78 p. 14 pls 8°. The final portion of this indicated: “Lieferung 5 und
Schluss des Werkes: Die Fische der Kaukasus.”  [1907.1]

Kessler, K. T. 1873. (first account) On a remarkable fish of the family of sturgeons discoveredby M.A.P.
Fedtschenko in the river Suirdar (Scaphirhychus fedtschenkoi). The Annals and Magazine of
Natural History; Zoology, Botany, and Geology 4. ser. 12: 269—276. [1873.2]17

Kessler, K.T. 1874. Fishes of the Black and Caspian Seas compared and described [Text in Russian]
Bulletin the Society of Naturalists, St. Petersburg, 132 p., 8 pl. [1874.1]

Kessler, K. F. 1877. Fishes of the Aralo-Caspio-Pontine region (in his The Aralo-Caspian expedition).
St. Petersburg, 360 p., 26 figs). [1877.1]8

Kirsch, P.H. and M. W. Fordice. 1890. A review of the sturgeons (Acipenseridae) of North America.
Proceedings of the Academy of Natural Science of Philadelphia 1899, 245-257.  [1890.1]

Kirtland, J. P. 1844a. Descriptions of Acipenser rubicundus, A. platyrhynchus and Rutilus storerianus.
Proceedings of the Boston Society of Natural History 1841—44, 1: 71.  [1844.1]

Kirtland J. P. 1844b. Remarks on Acipenser rubicundus and Rutilus plagiurus. Proceedings of the Boston
Society of Natural History 1841—44, 1: 7.  [1844.5]

15 An English translation, by P. Throop, of Hildegard von Bingen’ ‘Physica’ is available at www.chapters.indigo.ca/fr-
ca/livres/hildegard-von-bingens-physica/9781 2-article.html. It contains half a page on sturgeon.

16 Original description of Acipenser mikadoi Hilgendorf, 1892.

17 Original description of Pseudoscaphirhynchus fedtschenkoi (Kessler, 1872), as species now likely to be extinct
en.wikipedia.org/wiki/Syr Darya sturgeon.

18 Qriginal description of Pseudoscaphirhynchus hermanni (Kessler, 1877).

77



Fisheries Centre Research Reports 30(4)

Kornhuber, G.A. 1901a. Vom Scherg oder Sternhausen, Acipenser stellatus Pallas.

Verhandlungen des Vereins fiir Natur- und Heilkunde zu Presburg 21: 32—34.  [1901.2]
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Abstract

The fishing for commercial sponges (genera Spongia and Hippospongia of the family Spongiidae) is
reviewed, with emphasis on the second half of the 20th century, when catches declined from a level in 1950
that was already much lower than near the end of the 19th century. The review covers the local and
distant-water catch of Greek sponge fishers, the sponge catches of other Mediterranean countries (mainly
Croatia, Libya, Tunisia, and other countries), the partly Greek- and Cuban-driven sponge fisheries in The
Bahamas and Florida (U.S.), and the Cuban and Columbian sponge fisheries, and concludes with very
limited data for some small Pacific sponge fisheries (especially in the Philippines). Overall, the dry weight
of sponges produced in the 1950s was 300-400 tonnes (t) per year mainly from the Mediterranean vs.
200 t per year in the 2010s mainly from the Central Western Atlantic. From 1950 to 2019, the sum of
sponge catches reported to the Food and Agriculture Organization (FAO) by its member countries was 11
% of the sum of the catches reported here.

Introduction

Sponges have been fished for thousands of years for ornamental, hygienic, protective or pharmaceutical
purposes (Corfield 1938; Stuart 1948; Storr 1964). The origin of this practice is located in the
Mediterranean Sea and especially in Greece, where the first written description of sponges and their
fisheries can be found (Voultsiadou 2007). The first description of sponges comes from Aristotle (350
BC), in his Historia Animalium, where sponges are reported as primitive animals living attached on the
substrate and being black when alive before coloured and washed (Pronzato and Manconi 2008;
Voultsiadou and Vafidis 2007). In his Halieutica, Oppian (200 BC) was the first to describe the sponge
harvesting procedure by sponge fishers including the thick rope around their waist, the heavy weight for
remaining underwater, the sickle for cutting the black sponges growing on the rocks, as well as their
prayers to Apollo before they dive (Voultsiadou et al. 2011).

Sponges, belonging to the Phylum Porifera, are organisms that feed by filtering plankton and dissolved
organic matter from the water surrounding them through a complex system of pores (hence the name

1 Cite as: Martinangeli, L., M. Fourt, M. Butler, A.C. Tsikliras, N. Smith, M.L.D. Palomares, B. Derrick, E. Chu and D.
Pauly. 2022. The global catch of commercial sponges (1950 to 2019), p. 85-106. In: D. Pauly and E. Chu (eds).
Marine and Freshwater Miscellanea IV. Fisheries Centre Research Reports 30(4). Institute for the Oceans and
Fisheries, University of British Columbia, Vancouver.
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Porifera) and channels (Figure 1; Storr 1964; Leys et al. 2011; Pauly et al. 2022). They are sensitive to
water quality conditions (Butler et al. 2018) so the dynamics of their populations can help us to
understand the health of the ocean and the change of conditions in coastal ecosystems.
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Figure 1. The wool sponge Hippospongia lachne. A: side view. B: horizontal cross section showing the interior canals that are
usually inhabited by a wide variety of commensal invertebrates. Based on a specimen collected and photographed in Florida by M.
Butler on 18 September 2021.

Commercial sponges used by humans belong to the aptly named Demospongia family (i.e., common
people’s sponges) and were valuable because of their capacity to absorb a large quantity of water,
durability, and softness. Two genera meet these criteria, Spongia and Hippospongia (Table 1).

Only their absorbent skeleton made of spongin and which constitutes only a fraction of their wet weight
(e.g., 4% of the wet weight of H. lachne and 11 % of S. graminea; Pauly et al. 2022) is used.

Table 1. Commercial sponge species of the genera Spongia and Hippospongia considered in this study

Scientific name English common name (distribution range)
H. communis (Lamarck, 1814) Honey comb (Mediterranean)

H. gossypina Hyatt, 1877 Velvet sponge (Central West Atlantic; Caribbean)

H. lachne (de Laubenfels, 1936) Wool sponge (Central West Atlantic; Caribbean)

S. barbara Duchassaing & Michelotti, 1864 Yellow sponge (Central West Atlantic; Caribbean)

S. cheiris® De Laubenfels and Storr, 1958 ---- (Central West Atlantic; Caribbean)

S. graminea Hyatt, 1877 Glove sponge (Central West Atlantic; Caribbean)

S. lamella (Schulze, 1879) Elephant ear (Mediterranean)

S. mollissima® Schmidt, 1862 ---- (Mediterranean)

S. obscura Hyatt, 1877 Grass spongeP (Central West Atlantic; Caribbean)

S. officinalis Linnaeus, 1759 Greek bathing sponge (Mediterranean)

S. pertusa Hyatt, 1877 Hardhead sponge (Central West Atlantic; Caribbean)
S. tubulifera Lamarck, 1814 Reef sponge (Central West Atlantic; Caribbean)

S. zimocca Schmidt 1862 Leather sponge (Mediterranean)

a) The status of the species is contested; see WorRMS (www.worms.org), which considers its name a junior synonym of
S. graminea,;

b) S. mollissima may a subspecies of S. officinalis (Pérez and Vacelet 2014).

Free diving and the use of a long-handled boat hook are the most common techniques used for harvesting
sponges around the world, methods exported from Greece and Tunisia. From the 16t to the end of the 1g9th
century, Mediterranean sponges dominated landings and were exported throughout Europe and, since the
beginning of the 19t century, also to the United States (Voultsiadou et al. 2011). The Western Atlantic
became a major exporter of commercial sponges at the beginning of the 19th century, especially The
Bahamas and Florida in the US (Pauly et al. 2022), due to sponge die-offs in the Mediterranean and the
subsequent emigration of Greek fishers who built on pre-existing, but small-scale sponge fisheries (Perez
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and Vacelet 2014). “Scaphander” (a helmet and a diving suit made of canvas, with boots and lead weights)
or hard-hat diving became a common technique in Mediterranean sponge fisheries, but it was extremely
dangerous (Flegel 1908). Commercial sponges in the Western Atlantic often occur in shallow water (< 4
m) where fishers rarely dive for sponges and instead tear sponges from the seafloor using a long-handle
sponge hook while standing on small dinghy boats.

In the Mediterranean in the 19t century, the fishery was largely artisanal operating from small boats
along coastlines. However, distant-water expeditions were also undertaken, mainly with crews from the
Dodecanese Islands of Kalymnos and Symi (Aegean Sea, Greece). These expeditions would visit the waters
of several Mediterranean countries in succession over several months. The fleets were composed of
dozens of small catcher boats and a larger one with quarters for the crews of the smaller boats and for the
storage of the sponges (Fourt 2019), a technique still used in many sponge fisheries. In the 1850s,
approximately 4,500 sponge fishers were active only in the Dodecanese Islands with the number of
sponge boats exceeding 600 harvesting around 120 t dry weight annually (Voultsiadou et al. 2011). The
use of scaphander increased the annual harvest of sponges attributed to the Dodecanese fleet and fishers
to 250-300 t by the end of the 19t century (Voultsiadou et al. 2011).

Data for this period are more abundant than since the beginning of the 20th century when a Greek fleet of
ca. 300 vessels, employing around 2,400 fishers harvested around 150 t per year with similar quantities
reported for Turkey, Tunisia, and other countries (Figure 4 in Voultsiadou et al. 2011). The number of
vessels and fishers in Greece increased between 1920 and 1940 but the harvested quantities dropped to
130 t per year (Voultsiadou et al. 2011).

Later, commercial sponge fishing declined because of two World Wars, regional conflicts, a sponge
pandemic disease, and overfishing that reduced sponge availability and the total quantities harvested
(Figure 4 in Voultsiadou et al. 2011). Notably, a disease outbreak which started in late 1938 in The
Bahamas devasted the Gulf of Mexico and Caribbean sponge fisheries (Galtsoff 1939), and another in
1986-1987 devasted the fisheries in the Mediterranean Sea (Milanese et al., 2008). More recent sponge
die-offs have occurred periodically in the Florida Keys since 1991 (Butler et al. 1995, 2022). Also, as
several countries failed to report their sponge catches because of civil wars or political instability, all
previous reports on catches are a compilation of various data sources (Voultsiadou et al. 2011). Another
complicating factor obscuring accurate reporting is that once sponges are processed into their dry
(skeletal) form, they can be stocked for years. Thus, it is not rare for countries to export sponges in years
when sponge fishing is banned.

Although we mention some of their antecedents, the catch time series presented here start in 1950, the
year when all the catch statistics of the Sea Around Us begin. We are aware that in 1950 the world’s catch
of sponges was well past its peak but this timing permits comparisons of modern fishery catch using a
standard dataset that can be analysed jointly with 70 years of spatially disaggregated catch data for fish
and invertebrates, including sponges (see contributions in Pauly and Zeller 2016; Zeller et al. 2016).

Reconstructions of sponge catches were done for the Mediterranean based predominantly on data
gathered by the SACOLEVE Program (sacoleve.imbe.fr; data available from
doi.org/10.1594/PANGAEA.926825), partly for the Mediterranean focusing on the Aegean Sea
(Voultsiadou et al. 2011), and by a co-author and her associates (Fourt 2019; Fourt et al. 2020, 2021), and
for Cuba by Lopeztegui-Castillo (2020). This contribution, however, is the first sponge catch
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reconstruction with a global scope. The sponge catch statistics reported here as dry (product) weight are
also presented as wet weight as part of the catch statistics of the Sea Around Us (see
www.seaaroundus.org), so sponge catch data can be compared with fish and other invertebrate catches
that are expressed in wet (live) weight. Attempts at in situ farming or aquaculture of sponges have been
investigated in some regions (Oronto et al. 2012), but to our knowledge none of those is commercially
viable so those figures are not included in our summary.

Materials and Methods

Since 1950, the Food and Agriculture Organisation of the United Nations (FAO) has published annual
global fisheries statistics, assembled and harmonized from annual submissions by their member countries
(Garibaldi 2012; www.fao.org). These statistics include sponge catch statistics, but as also noted for other
marine fisheries (Pauly and Zeller 2016), the annual submissions to FAO tend to strongly underestimate
catches of fish and invertebrates (see, e.g., Brotz 2016). Thus, there was reason to ‘reconstruct’ the global
catch of commercial sponges on a per-country basis using the same approach as developed for marine
fisheries (see contributions in Pauly and Zeller 2016 and per-country accounts at www.seaaroundus.org)
and, in the process, improve the taxonomic resolution of sponge catches to the extent possible.

Missing years of data in otherwise credible catch time series were linearly interpolated, or forward or
backward projected when required to complete time series covering the 70 years from 1950 to 2019. The
‘golden age’ of sponge fisheries was well over in 1950; however, 1950 is the year when FAO began to
publish annual global fisheries statistics that the Sea Around Us use as a starting point for all its
reconstructions, and we made no exception for sponges. For some countries, even tentative time series of
reconstructed sponge catches could not be generated, so we included them in Table 2. Note, however, the
data in Table 2 were neither included in the global totals presented in figures below, nor in the Sea
Around Us database, because we could not find publications that documented a sponge fishery in the
countries in question and/or because some countries (e.g., France) only re-exports sponges imported
from Greece

Sponge catches and landings are not speciose. For example, in Florida sponge landings are comprised of
H. lachne, S. graminea and S. barbara, with H. lachne dominating by far. However, commercial sponges
represent less than 5% of all sponge taxa in fished areas (Stevely et al. 2010, Butler et al. 2017b). If the
catch was not reported by species, it was assumed that the most abundant commercial species of the
region was the main species caught. The Pareto ratio (80/20; see

en.wikipedia.org/wiki/Pareto principle) was applied if two species were mentioned and one identified as
more abundant, and a ratio of 50/50 when the two species are listed as equally abundant. When ratios
were available only for certain years, they were used for all the years without information.
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Table 2. Countries other than the 12 countries in Figures 2 to 5 that reported at least 1 tonne of commercial sponge
catches (in t dry weight) to FAO from 1950 to 2019. These data are highly suspect and may pertain to re-export of
imported sponges or mariculture. With the exception of the data for Syria, they are not included in the Sea Around Us
database.

Countries Years with reported catches Sum of ‘catch’
reports (all years)
Australia 1998, 2003, 2005, 2007-2011, 2019 1.3
Colombia 1958-1963, 1967-1968, 1985-2016 191.0
France 1981-2018 30.6
Ttaly 1981-2018 7.2
Japan 1981-2000, 2013 11.9
Montenegro 1983-1991 2.0
New Zealand 1998-2001, 2008-2019 71.9
Spain 1963-1964, 1966, 1983-2018 6.9
Syria 1950-1969, 1983-1987 151.0
Taiwan 1968, 1972, 1974, 1976, 1978, 1986-1978 4.3

Results and Discussion

The results of this study consist of catch statistics of sponges by country from 1950 to 2019 in tonnes (t,
i.e., metric tons) dry weight, but which are presented in t wet weight on the website of the Sea Around Us
(www.seaaroundus.org) to enable comparison with the biomass of other organisms removed from the
marine ecosystem by fisheries2. The presentation of these results starts with Greece, then covers other
Mediterranean countries, then the Mediterranean as a whole. Then, the results for the Western Central
Atlantic are presented for The Bahamas, the US (Florida), and the Caribbean. Finally, we cover a few
Pacific countries and end up with a global estimate.

The Greek sponge industry

Greece has a long and complex history of sponge fishing; notably, the island of Kalymnos is well known
for its fishers and knowledge about sponges (Fourt 2019). Since Antiquity, Greek fishers have caught
sponges, and gradually exported their fishing techniques to neighbouring countries, then around the
world. Entire Greek communities left Greece to develop sponge fisheries, especially in Tunisia, and later
in Florida and The Bahamas (Fourt 2019; Pauly et al. 2022).

Anon. (1949c) writes that “Sponge fishing represents approximately 20 percent of the fishing industry in
Greece (the total industry producing around $ 15 million a year, of which sponge fishing brings in about
$ 3 million), and is important to the Greek Government mainly because all sponges are exported, thus
providing a source of badly needed foreign exchange.” Thus, after World War II, the Greek agricultural
bank issued low-interest loans for national sponge fleets and in the 1970s, the state supported the Greek
sponge fishing industry with subsidies to renew and modernize its equipment (Fourt et al., 2020).

2 For wool sponge Hippospongia lachne, the dry weight is set at 4% of wet weight, and at 11% for grass sponges
Spongia graminea (from Pauly et al. 2022) which leads to an average of 7.5%, suggesting that dry weights should be
multiplied by 13.3 to obtain wet weights. However, we will assume here a percentage of dry to wet weight of 10%,
implying that dry weights should be multiplied only by 10 to obtain wet weights, in line with the conservative
assumptions of earlier catch reconstructions as performed by the Sea Around Us.
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Until the 1970s, in addition to the Aegean Sea (mainly Dodecanese and Cyclades Islands), Greek fleets
fished in the waters of Tunisia, Libya, Italy, Egypt or Cyprus, which makes the reconstruction of Greek
sponge catches taken from Greek waters particularly difficult. Their distant-water fleets allowed Greek
businesses to export all four species of commercial sponges occurring in the Mediterranean Sea:
Hippospongia communis and Spongia zimocca, S. lamella and S. officinalis.

Important events that have impacted the Greek sponge fisheries outside of Greece’s Exclusive Economic
Zone (EEZ) are:

e In 1952 and 1953, bans of foreign sponge fishing were proclaimed in Egypt and Libya;

e In 1953, Tunisia signed a decree defining its national waters and an overhaul of its legislation
regarding costal fisheries, which involved the suppression of illegal sponge fisheries;

e From 1954 to 1959, on the basis of a new agreement, Greece was allowed to fish in Libya’s waters;
Greek sponge fishers operated until 1972 in Libya, probably on the basis of formal agreements
between the two countries (Anon. 1965), or their fishing was both illegal and tolerated;

e In 1954, 1955, and 1956, Greek sponge fishers operated around Lampedusa Island (Ttaly), in
addition to going there from 1956 to 2004 every 5 years or so because the trip, requiring complex
logistics, was costly (and thus may have required some stock rebuilding during the years of
‘fallowing’);

e  Greece had been fishing in Libya, Tunisia and Egypt for several years before 1950, with similar
catches in each of these countries. Thus, this approximate distribution of the Greek catch in the
countries was maintained until the end of the sponge fisheries in these countries by Greece;

e Egypt closed its coastal waters to Greek and other foreign fishing in 1963;

e In 1986, Greeks fished along the south coast of Sicily, because a sponge disease ravaged the Greek
sponge beds;

e In 1987, an agreement was signed with Egypt to allowed 10 Greek ships to fish sponges in their
waters, with Egypt keeping 30% of the catch;

e In 2008, fishers from Kalymnos Island operated in Libya on board of a Libyan boat. Only
Hippospongia communis was fished and the catch was divided 50-50 between Greeks and
Libyans;

Here, in line with the general procedures of the Sea Around Us, we assigned to Greece only the catch
made in what is currently in Greek waters, while the ‘Tunisian’ catch consists of the catch by any country
in what is currently the Tunisian EEZ (see Halouani et al. 2016), and similarly for other countries.

Figure 2A shows the catch of sponges in Greek waters, of which 90% originates from the Dodecanese
Islands. It will be noted that this catch declined year after year, from 170 t in 1950 to nearly zero in 1991,
especially since the epizootic disease of 1986/1987 (Voultsiadou et al. 2011). Annual catch dropped to less
than 5 t in the late 1980s (immediately after the disease outbreak) and never recovered (Voultsiadou et al.
2011), with only 2 t harvested today. A similar decline also occurred in the number of sponge fishing boats
from around 60 (150 crew) in the 1980s to 17 (100 crew) in the 2010s (Voultsiadou et al. 2011) and 10
boats (80 crew) today. Since the 2000s, the use of ‘gangaves’ (or ‘gagava’in Greek, i.e., small beam
trawls) have been banned because of impact on the sea floor, and only scuba diving is practiced in the
Greek sponge fisheries.
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The Tunisian sponge fisheries

Tunisia is currently the most productive Mediterranean country with 8% of global sponge catch over the
10 last years, and one of the last areas in the region where sponge fisheries still occur. The main
commercial species occurring along the Tunisian coasts are H. communis and S. lamella which, at the
beginning of the 20t century, were still abundant in the north of the country, toward the Cap Bon (de
Fages and Pronzevera 1908; Gaudillére 1954a, 1954b; Postel 1956). The bulk of sponge catches consist of
H. communis, which is true to its species name in the South of Sfax, in the Gulf of Gabes, where the
waters are relatively shallow (Riitzler 1976; Camps-Fabrer 1996).

The second half of the 19th century saw a increase of sponge catches from Tunisian waters, when the Greek
fleet introduced fishing techniques such as trawling with a ‘gangave’ and diving with scaphanders
whereas the main techniques used by Tunisian fishers were the use of trident from a boat and shore
fishing.

Tunisia has specific terms to differentiate two types of sponge fisheries: the term “black fishery” applies to
fisheries where the sponges are landed raw, while the term “white fishery” applied to fisheries which land
(partly) processed (i.e., de-fleshed and dried) sponges (Anon. 1951), the only case of this distinction in a
Mediterranean country. The three main Tunisian ports where sponges are landed are Sfax, Zarzis and
Djerba, which are all in the Gulf of Gabes. Also, Tunisian fishers often go to Lampedusa and Pantelleria in
Italy to fish sponges, but these catches are difficult to distinguish from the catch taken from Tunisian
waters.

The Tunisian fishery has been severely impacted by the epizootic disease of 1986/1987 and its catches
dropped from about 150 t per year 1950s to about 75 t per year in the 1970s, down to a few tonnes per year
in the second part of the 1980s before stabilizing at around 20 t per year since 1995 (Figure 2B). This also
had the effect of changing the habits of fishers. Sponges in waters less than 40 m were strongly impacted
by the epizootic disease, which drastically reduced trident and shore-based fishing. However, the
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development of hookah diving makes it possible to access sponges in deeper waters. Currently, Tunisia
has the greatest variety of fishing techniques in the Mediterranean Sea (Fourt 2019).

Anon. (1953) reported that “Tunisian sponge production in 1953 amounted to 130.8 metric tons or 13
percent more than the 115.2 metric tons produced the previous year. It is possible that the increased
production was due to the currently growing efforts by the Tunisian Government to find and exploit
export markets for all domestically-produced commodities including sponges. During 1953 the United
States imported only 2 metric tons of Tunisian sponges as compared to 3 metric tons.”

A large fraction of Tunisian sponges is exported to western Europe (i.e., to France or Germany), but also
to the United States, where sponges are less valuable. Since 1950, the Tunisian catch, which had
represented 45% of Mediterranean catch, dropped by 90% in less than 40 years, simultaneously following
and shaping the Mediterranean trend (Figure 2B).

The sponge fishery of Croatia

Croatia is currently one of the three major sponge exporters in the Mediterranean Sea. Part of the ex-
Yugoslavia until 1991, Croatia has a coast that is very much longer than those of Bosnia & Herzegovina
and Montenegro, the other two countries with access to the Adriatic Sea spawned by the breakup of
Yugoslavia. The data up to 1964 from Basioli (1965) concern the region of Istria and Dalmatia, i.e., regions
of the actual Croatia.

Contrary to the other Mediterranean countries, since 1950 Croatian sponge catches have been small, but
relatively stable, with S. officinalis representing 90% of the catch and S. lamella the rest (Fourt 2019). The
reason for the relative stability of Croatian sponge catches may be the fact that the epizootic disease of
1986/1987 did not occur in the Adriatic Sea. Precise catch data are missing since 1965, but an estimate of
4.9 tonnes in 2009 is available (Ran¢i¢ 2010) which allowed for inter- and extrapolation (see Figure 2C).
FAO has data for the periods with missing catches, but these data refer to the catch of hard-hat divers
which, besides sponges, include corals and various molluscs (Fourt et al. 2019).

The Libyan sponge fishery

Anon (1949a) described the Libyan sponge fishery as follows: “The sponge beds of Libya extend almost
the entire distance from the Tunisian border to the Egyptian border. However, the most important beds
are located near Zuara and Homs in Tripolitania, and near Benghasi and Derna in Cyrenaica. The beds
vary in distance from the coast from two or three miles to more than fifty miles. The most popular and
productive method of harvesting sponges in Libya is through the use of machine diving boats employing
fully outfitted divers. The best growths usually found in water from 75 feet to 100 feet deep, are taken by
this method. The second most generally used method in Tripolitania is dredging with a weighted net
behind a slow-moving ship, but the sea bottom is too rough in Cyrenaica to permit this type of fishing.
Fernezen (helmet only) diving is practiced in relatively shallow water beds in both territories with fair
results. Harpooning is at present used somewhat more in Cyrenaica than in Tripolitania. Nude diving is
the least productive method, although used fairly extensively in Cyrenaica.”

Data are scarce for this country mostly because of political instability since WWII and the end of the

Italian colonial administration. In fact, we were unable to find quantitative information for 1963 to 1983;
thus, catch data were interpolated for this period. For the period from 1984 to 2004, the catch data were
read off Figure 3 in Milanese et al. (2008). Note that the data in the figure, which reflect the strong catch
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declines in Greece and Tunisia that were due to the 1986,/1987 epizootic disease, suggest that the Libyan
sponge fishery was not similarly affected and indeed, may have increased the output due to the the unmet
demand. However, these catches dropped from about 20 t in the 1990s to 4 t in the 2010s (Figure 2D).

In 1965, the U.S. ‘Commercial Fisheries Review’ informed its readers that “The Government of Libya
allowed Greek trawlers and sponge vessels to operate in certain Libyan territorial waters in 1964 after
paying the following license fee: trawler [...] U.S.$ 1400; sponge vessel [...] $ 700 and simple fishing
vessel [...] $ 280 (Anon. 1965). Note that this illustrative statement does not imply that licences fees were
not required from Greek fishers operating in Libya before 1964, or in other countries.

The two main commercial sponges fished in Libya are H. communis and S. zimocca, with a great
dominance of the former since the 1950s; it is the only species fished today (see also Rawag et al. 2004).
Nowadays the production of sponges is low. In 1980, only two boats were still fishing sponges (Anderson
and Blake 1982). Currently, “fishing for sponges in Libyan waters is being forbidden from 1 November to
30 May of each year” (Anon. 2016, p. 207), and incidentally in Greece as well (M. Fourt, pers. obs.).

The sponge fishery of Turkey

Turkey was once one of the three most productive countries in terms of commercial sponge landings
(Figure 3A), from 1950 to 1970 (Voultsiadou et al. 2011; Sahin 2013), which were nearly all exported
(Arisoy 1971; Topaloglu 2015). The Turkish government promoted this fishery in 1970 through bank loans
to fishers, which may explain the massive increase of catches that followed. Turkey has access to and
fisheries for sponges in three seas: the Marmara, Black Sea and Mediterranean Sea; however, catches
were minimal in the Black Sea (Sarikose and Arslan 2018). Turkish archives mentioned a species called
Spongia mollissima that was also present in Greece, Egypt, and the east coast of Libya (Fourt, 2020), and
which may be a morphotype of S. officinalis, but described as two different species in the World Register
of Marine Species (WoRMS; www.marinespecies.org/). Two other species were reported in Turkey (H.
communis and S. zimocca), but they now both seem to be extirpated from Turkish waters.

The Turkish government banned sponge fishing right after the epizootic disease of 1986,/1987. However,
sponge exports from Turkey seem to have occurred after 1987, probably from warehouse stocks of
imported sponges (Topaloglu, 2015), or illegal fisheries.
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Figure 3. Catch of commercial sponges (in t dry weight) reported taken since 1950 in waters of four Mediterranean countries whose
sponge fishery did not continue in the 215t century. A: Sponges reported as legally caught from Turkish waters from 1950 to 1987.
Catches are here assumed be nil after 1987; B: Sponge catches from the Mediterranean coast of Egypt, 1950 to the early 1990s (note
interpolations); C: Lebanon, as inferred from the figure of 10.8 t in 1961 of Kassis (1967), the ratio of Lebanese to Greek catches in
Lebanon, and including a flat backward projection from 1955 to 1950, and a forward projection from 1973 to 1986, after which the

catch is assumed to have become nil; D: Southern Cyprus, with dotted lines represented interpolation; after 1986, the catch is
assumed to have been nil.

The Egyptian sponge fishery

From 1950 to 1965, Egypt’s Mediterranean waters were exploited by Greek fishers in addition to an
Egyptian sponge company which, until 1949, had exclusive exploitation rights, with Egypt keeping 20% of
the catch while the rest went to Greece (Anon 1949b; Anon. 1966). The species H. communis always was
the main fished species even at the beginning of the 20t century (Fourt, 2019), but in 1949, S. zimocca
and S. officinalis were also fished. This remained the case until 1987 when S. officinalis disappeared off
the Egyptian coasts during the epizootic disease (Castritsi-Catharios 2005). The sponge fishery in Egypt
ceased around 1995 (Figure 3B) and no data can be found after 1990 (Fourt, 2019).

The Lebanese sponge fishery

Possibly due to the destruction of the archives of the Departments of Fisheries Wildlife in Beirut during
the Lebanese Civil War (1975-1990; Nader et al. 2016), time-series data on the Lebanon’s sponge fishery
do not appear to exist for the period considered here. Only one report was found with a production figure
of 10.8 t of dry sponges in 1961 by Kassis (1967). Thus, we computed the ratio between 10.9 t and the
tonnage of Lebanese sponges imported by Greece as reported (SACOLEVE; sacoleve.imbe.fr/). Assuming
this ratio to be constant allowed tentative sponge catches to be estimated for Lebanon for a number of
years. However, the epizootic disease of 1986/1987 seems to have also impacted sponge beds in Lebanon,
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and we assume that catches dropped to near zero in 1987 and remained there (Figure 3C), as confirmed
by Lelli (2017).

According to Kassis (1967), the sponge fisheries of Lebanon were regulated through bans of local and
foreign fishing. On the other hand, according to Fourt (2019), interviewed Lebanese sponge fishers
mentioned that they were also fishing incidents, which raised the issue of whether sponges fished in
Cyprus were declared in Lebanon. According to data collected during the SACOLEVE programme (Fourt
et al. 2021), two Lebanese boats were fishing in Cyprus in 1965, suggesting that during the Lebanese ban
of sponge fishing, Lebanese fishers began to operate along the coast of Cyprus to compensate their loss. In
any case, the catches involved here are very small.

The sponge fishery of Cyprus

The Island of Cyprus is divided between the North and the South (see Ulman et al. 2016a, 2016b), but
reported catch were only found for the southern part. As in Turkey, S. mollissima was present but H.
communis represented the major part of the catch. Some countries, such as Libya or Greece used to fish in
this area before the epizootic disease of 1986-1987 (Fourt 2019), which strongly impacted the fishery for
sponges along the Cypriot coast where sponge populations seem not to have recovered (Costa et al. 2018).
The available time series (see Economou and Konteatis 1990) had gaps from 1954 to 1959, in 1962 and
1978 and they were filled by interpolated values (Figure 3D).

Summary: the sponge fisheries in the Mediterranean, 1959 to 2019

Until 1989 and the outbreak of the epizootic disease of 1986-1987, Mediterranean countries were the
major producers of commercial sponges and represented more than 90% of the global production (Figure
4A). Currently, the 3 Mediterranean countries that produce sponges are Greece, Tunisia, and Croatia;
Table 2 lists a few other Mediterranean countries with scattered sponge ‘catches’ that appear in FAO
statistics. The most important sponge species caught in the Mediterranean is Hippospongia communts,
distantly followed by Spongia species (Figure 4B).
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Our coverage of the Mediterranean Sea is incomplete. Notably, we were unable to find information
(beyond a few tonnes reported by FAO; see Table 2) on the catch of sponges for the period 1950 — 2019
from the coast of Syria, which was “the main producer of Levantine sponge, or ‘fine Syrie’ in the
nineteenth century. Its production is now completely stopped” (Pérez and Vacelet 2014). This last point,
about “production now [being] completely stopped” is made relative to the definition of ‘now’, because in
1964, the Syrian Government (i.e., during the period covered here) still required sponge divers to keep
logbooks and “land their catch in the locality mentioned on the permit” (Cacaud 2005).

Sponges in the Western North Atlantic

With regard to sponges, the Western Atlantic zone covers The Bahamas, Florida in the USA, and Cuba;
Table 2 also provides estimates of from the Caribbean Coast of Colombia, but they are very likely too high,
and not considered further. Western Atlantic sponge catches were very high at the beginning of the 20t
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century, but diseases and overfishing depleted a good part of their sponge populations and led to limits or
bans on sponging. Thus, catches were low in the 1950s, but increased markedly thereafter. Indeed, since
1988, Western Atlantic countries produce between 70 to 90% of the commercial sponges, a great majority
coming from the USA.

Sponging in The Bahamas

In 1841, The Bahamas became the first country in the Americas to commercially export sponges when a
shipment of between 500 to 600 specimens was sold in Paris by a French merchant who had previously
been shipwrecked in the small archipelago (Corfield 1938; Stuart 1948). From that point onwards, the
industry quickly gained momentum. Close to its peak in 1917, the industry included the harvesting,
processing, and trading of sponges and employed one-third of the Bahamian workforce (Oronti et al.
2012; Bethell 2017). By 1935, The Bahamas was ranked the third largest exporter of sponges globally
(Bethell 2017). However, the fishery collapsed in 1938 due to a fungal disease that killed between 70% and
95% of sponges (Galstoff et al. 1939). Currently, there is a resurgence of the sponge fishery in The
Bahamas, as global demand for natural sponges rises (Figure 5A).

At the end of the 1980s, sponge catches and exports from The Bahamas increased, most probably in
response to the collapse of Mediterranean sponge population in 1986/87. In the last decades, sponge
exports from The Bahamas decreased again; however, it maintained its position as the world’s second
most important sponging country (Moultrie et al. 2016).

The sponge species that currently contributes most to the catch is the grass sponge (Spongia obscura),
distantly followed by reef (S. tubulifera), yellow (S. barbara), hardhead (Spongia pertusa), glove (S.
graminea) and wool sponge (Hippospongia lachne).
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97



Fisheries Centre Research Reports 30(4)

The sponge fishery of Florida, USA

In the USA, sponge fisheries only occur in Florida. Sponges are fished mainly from St. Marks on the
northwest coast of Florida to Miami on the southeast coast (Witzell 1998). The main commercial species
harvested in Florida are wool sponge (Hippospongia lachne; Figure 1), yellow sponge (Spongia barbara;
Figure 6) and grass sponge (Spongia graminea), although the glove sponge (S. graminea) is also
harvested. In total, the commercial sponges only represent between 2% and 5% of Florida’s abundant
shallow water marine sponge population (Torres et al. 2006; Stevely et al. 2010). Commercially valuable
sponges do not occur on Florida’s coral reefs where non-commercial sponges are especially abundant and
diverse.

The first landings of sponges began in 1822 in Key West, Florida by Greek fishers who emigrated to the
US; that fishery quickly became the dominant fishery in the Western Atlantic region and the most
valuable one (Petrof 1967). The use of “scaphanders” or hard-hat diving suits was quickly adopted and
problems of regulation raised soon after (Flegel 1908). Average production at the beginning of the 20t
century was more than 200 t per year. However, overfishing, several disease outbreaks in 1937 and 1947,
competition from synthetic sponges, pollution and change in temperature drastically reduced catches in
mid-century (Witzell 1998; Suver 2012). The population eventually recovered, and catches increased
rapidly in the mid-1980s, peaked at 450 t per year in the early 1990s, and then gradually declined to
current values of 100 t per year (Figure 5B). Today, diving for sponges is permitted off the Gulf coast but
forbidden in the Florida Keys, where fishers use traditional techniques developed in Cuba whereby fishers
stand on dinghys and use a kamaki (a gear combining the properties of a harpoon and trident; Stevely et
al. 2010) to pluck sponges from the shallow (< 4 m) seafloor. Figure 8 shows a typical commercial sponge
boat.

Recent declines in landings in south Florida are due to a series of sponge die-offs caused by blooms of
sponge-killing cyanobacteria (Butler et al. 1995) and changes in water quality in part associated with
Everglades restoration (Butler et al. 2017a, 2018). Overfishing may also have contributed to the gradual
decline in sponge harvest (Cropper and DiResta 1999), although an assessment of commercial sponge
fishing impacts in the Florida Keys fishery conducted in 2003-2005 judged the fishery at that time to be
sustainable but under-regulated (Butler et al. 2017b). The large-scale sponge die-offs in the Florida Keys
also sparked research on and the development of sponge community restoration (Butler et al. 2021) as a
means of restoring the ecosystem functions supplied by sponges, particularly: sponge filtration of
bacterioplankton, biogeochemical cycling of nitrogen in the water column, and provisioning of shelter for
benthic fauna and fishes (Herrnking et al. 1997, Peterson et al. 2006, Bell 2008, Valentine and Butler
2019).
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Figure 6. The yellow sponge Spongia barbara. A: measuring the diameter of a specimen;
M. Butler.

Figure 7. A sponge “mother” boat in the Florida Keys;
fishers work from smaller dinghys that supply the mother
boat. Photo by M. Butler.

The sponge fishery of Cuba

Cuba was and is still an important producer of sponges, and since the beginning of the 20t century the
use of the kamaki is the major harvesting technique (Garcia Ramoén 1970; Baisre and Paez. 1981; Abel et
al. 2019). Currently the third biggest producer of sponges, Cuba’s landings peaked at over 500 t per year
in the 1920s. After a disease in the 1940s, Cuban sponge fisheries were reorganized and divided into two
zones: the Gulf of Bataban6 where the fishery is primarily for Hippospongia lachne, and the more
productive Sabana-Camagiiey Archipelago (Alcolado 2004), where several Spongia species are fished
such as S. barbara, S. graminea and/or S. obscura, all reported as ‘Spongia spp.’ (Blanco Rodriguez and
Formoso Garcia 2009; Lopeztegui-Castillo 2020). Overall, since the early 1960s Cuban sponge catches
increased until the end of the 20th century, then declined steadily; tentative Cuban catches in the 1950s
were obtained by backward extrapolation of the catch in 1960 (Figure 5C).

Commercial sponge catches in the Pacific and the World

Sponge catches in countries bordering the Pacific Ocean

Of the countries with Pacific coastlines, only the Philippines appears to have regular, if small sponge
fisheries (Figure 5D). The FAO reports occasional catches from Japan, China, New Zealand, and Australia,
but no published reports on sponging in Japan or China could be found. The experimental farming of
sponges for possible commercial purposes is reported from the Torres Strait, Australia and Kennedy Bay,
New-Zealand (Duckworth 2007; Kelly 2004).
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Sponge catches for the Philippines

The Philippines has never been a major sponging country. Approximately 3 tons were landed in 1940, and
most of the catch was for local use because none of the production is exported (Anon. 1948). National
reports from 1889 to 2001 are available, and were used to generate Figure 5D. The species that are
exploited appear to include a “yellow sponge” similar to Spongia zimocca (Longakit et al. 2005), but is
probably another species, as S. zimocca doesn’t appear to occur outside of the Mediterranean. Figure 5D
suggests that Philippine yields of commercial sponges increased rapidly at the end of the 1970s and hit 74
t in 1980 before decreasing until today to around 4 t per year; we have no explanation for the catch peak.

The global catch of sponges

Figure 9A suggests that the global catch of sponge fisheries is shaped entirely by the catch of
Mediterranean and countries in the Central West Atlantic, and can be divided into two periods: 1950 to
1988 and 1989 to 2019, both with strongly decreasing trends. The first period is dominated by the catch in
the Mediterranean, which dwarfed those from the Western Atlantic, whereas in the second period, the
reverse was true following a massive increase in sponge landings in the Western Atlantic from 1988 to
1989. Figure 9B shows the approximate composition of the world catch, composed mainly of
Mediterranean species (especially Hippospongia communis) from 1950 to 1987, and of Western Atlantic
species from 1988 onwards (especially Hippospongia lachne).
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Finally, Figure 10 shows the world catch (t, dry weight) as reconstructed here compared with the catch
reported annually or occasionally to FAO by its member countries. This figure suggests that the ‘official’
catch of commercial sponges by FAO member countries represents only about 11% of the global catch as
reconstructed here for 1950 to 2019. This degree of underestimation is high, but not impossibly so, given
that similar estimates were obtained for some countries and territories in the course of reconstructing
marine fish catches (see contributions in Pauly and Zeller 2016). Also note that this underestimation
would be far worse if the statement that FAO reports sponge catches as wet weight were correct.
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We will abstain here from elaborating on the causes for declines of sponge fisheries. A thorough treatment
of the issue would have to consider, simultaneously, market forces leading to overfishing, habitat
destruction, diseases, declines in water quality and increasingly, ocean warming due to climate change, all
of which are outside of the scope of this contribution (but see Webster 2007; Cebrian et al. 2011; Simster
et al. 2012; Powell et al. 2014; Butler et al. 2018; Idan et al. 2020 and Micaroni et al. 2021). However,
dealing with these issues will require time series of catches by eco-regions rather than countries,
corresponding data on local environmental change, and experimental studies on sponge population
resilience. The time-series data reported here are a step in this direction. We do not claim to have resolved
all the ambiguities related to the origin of the catch of these data, or the year(s) in which some of the
catches were actually made, as opposed to the year(s) when the dry sponges were exported. To the extent
that such ambiguities can be resolved in the future, the sponge catches in the database of the Sea Around
Us (see www.seaaroundus.org) will be corrected in the course of its annual updates. The documentation of
these corrections and updates will, as well, correct and update the information in this contribution.
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On meeting the Dalai Lamat

Daniel Pauly
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University of British Columbia, Vancouver, B.C, Canada
Email: d.pauly@oceans.ubc.ca

Abstract

A brief account is given of the participation by the author at a Buddhist conference held in Nalanda in
March 2017, and of various personal experiences during and after this event. Jointly, they strengthen the
view that India consists of two overlapping countries, one held backward by religion and elite corruption,
the other a source of brilliant people and ideas that have conquered the world.

Introduction

On March 17, 2017, I met the Dalai Lama for a brief moment, following a long keynote speech he gave at a
conference on ‘Buddhism in the 21st Century’, held in Nalanda, in the Indian State of Bihar. But I have no
cellphone, so no photo to prove it.

It was not that T had suddenly given up on my freedom from religion. Rather, when I was invited to
participate at this conference — along with a few ‘Western’ scientists involved in environmental
conservation and animal welfare — I did not find any good reason why I should not accept, given that
Buddhism appears to be the rare faith that does not require you to check your knowledge of physics,
biology and history (as well common sense) at the door.

The Dalai Lama’s and the other speeches

And indeed, the Dalai Lama’s speech, sometimes interrupted by giggles (he giggles a lot), was about the
need for Buddhists to love each other, across their own divisions, to love people of other faiths, or none (a
nice touch), and especially to embrace secularism and modern science, and give less attention to holy
books — the Buddhist ones included. The secularism bit was presented as a good thing in the article in The
Times of India reproduced here, but in 2022, this probably would not have happened....

I cannot tell what the audience made of this. About one third consisted of Buddhist monks from Asia —
including quite a few females — and other continents, most of the rest being, I guess, lay Buddhists.

The conference also featured various speakers claiming, as seems to be the fashion in India these days,
that the Ancient Indian had discovered quantum dynamics and space travel, and that the elephant-headed
god Ganesha was evidence of Ancient Indian surgical skills...

As if such mendacious nonsense was required to demonstrate the scientific prowess to a people that
invented a superior way of doing arithmetic (try to do it without the concept of zero...which came from
India) and produced geniuses such as the physicists Satyendra Nath Bose or Subrahmanyan
Chandrasekhar, or the mathematician Srinivasa Ramanujan!

1 Cite as: Pauly, D. 2022. On meeting the Dalai Lama, p. 107-110. In: D. Pauly and E. Chu (eds). Marine and
Freshwater Miscellanea IV. Fisheries Centre Research Reports 30(4). Institute for the Oceans and Fisheries,
University of British Columbia, Vancouver.
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And yes, I presented what we do to the biodiversity of the oceansz in a breakout session that also included
Buddhist monks, of which one dragged the audience through an interminable account of how the holy
scripture shows that Gautama Buddha loved trees and other plants, in flat contradiction to the
admonition of the Dalai Lama.

TIMES NATION ' = 5

 Indiais a truly
2 secular nation,
& says Dalai L

f

RN A SRR NANRERAR AR e r it AP PR RPN PP s nr i mnn v hbiats

Dalal Lama at the lnlemaﬂonal Buddhlst conclave In Rajglr on Friday

2 Pauly, D. 2017. World Fisheries: why there are no longer enough fish in the sea. Session on Environment, Nature
Conservation & Animal Welfare, Conference Buddhism in the 21st Century: Perspective to Global Challenge and
Crises, Nalanda, Bihar, India.
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The exiled Tibetan spisi-
tual Jeader said when he was
in Tibet, his thoughts were
confined to Tibet only But,
during his stay in India,
his thoughts got broadened
orglobalized.

“Buddha cannot remove
sufferings or the cause of sui-
ferings. He only shows the
path to control destructive
émotions through medita-
tion — Vipassana,” he said
and added, “Bitddha Dharma
is relevant in the field of sci-
ence. So, we say, Buddhism is
relsvant in the 21 century.”

TheUnion minisier, who
is also chancellor of Nav Na-
landa Mahavihara (NNM),
the co-sponsor of the event,
praised the Dalai Lama not
only for promoting Buddhist
values but also for his contri-
bution to world peace. He also
assured the NNM to extend
every possible cooperation‘it
required for its growth
and development.

NNM vice-chanceilor ML
Srivastava sald, “Buddiiism
mitigated the cause of con-
flicts and promote interfaith
‘harmony, globally” He said
the NNM was founded for the
‘promotion of Pdli wh.iep
contributed alot in under-
standing Buddhism since its
‘inception in 1961

Union secretary of cultu-
re department, N K Sinha,
welcomed the pguests and
scholars from 30 countries.

TheDalai Lama also nnve-
iled the new version of 'h'ipl
‘taka or Pali Canon and'decla-
red open the Buddhist
Science department at NNM.
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A nightly visit and a harrowing trip

While the trip to the conference site had been uneventful direct 14+ hour flight from Vancouver to Delhi,
then a short flight to Patna, Bihar’s capital, followed by a 3 hours bus ride to Nalanda, a city near an
ancient site of Buddhist learning, I made two noteworthy experiences the night before, and during my
return trip to Patna.

The first experience was that, as I was trying to fall asleep, a half dozen Indian soldiers armed with
submachine guns broke into my room with their commanding officer telling me that I should not move. I
did not move. They went through my suitcase, my backpack and the pockets of my pant but clearly, didn’t
find what they were after. So, they abruptly left, disappointed I presume. I concluded that my lifelong
policy of not doing drugs (if this is what they were after) has been a wise choice. The other experience was
the return trip, which I had to take before the conference organizers could hand me the long-promised
cash refund of my travel cost (somebody else got that...). This road trip confronted me with the reality that
escapes one when hopping from one conference to the next (this was pre-Covid).

Some trucks had caused an accident-induced traffic jam (Bihar’s roads appear to have far more old,
dilapidated trucks than anything else, bicycles included), and the quick-witted driver of our jeep-like
vehicle left the highway via a back road just in time, before our car became immobilized within an
immobile mass of trucks. The harrowing back roads we then took went through numerous squalid
villages of the State of Bihar, one of the poorest in India, where big landowners rule over millions of poor
farmers, who have only religion (Hinduism, with its ubiquitous cows and castes) to transcend their misery
— which it doesn’t.

Also prominent along the roads were monumental ruins of abandoned infrastructure development
projects (half-constructed bridges, segments of incomplete pipelines, un-erected electric pylons, etc.)
which I recognized from the Philippines, where I lived for a long time, as the concrete achievements of
corrupt politicians.

The two Indias

I was shaken when we finally made it to the airport in Patna, even more than when I visited India for the
first time in the 1980s. Then, in Delhi, before returning to Vancouver (via London this time) I met in a
swanky neighborhood an old colleague and friend, Michael Vakily, whom I had previously visited in the
Philippine countryside, in Sierra Leone and in Thailand, where he ran various field projects for the
research center we both worked for. The 4-year, German-funded project in India that he was assigned to
was meant to create biodiversity reserves, including marine protected areas. However, it took 3 years to
get the clearances required for the project to officially start....

On the other hand, he had a brilliant Indian PhD as a counterpart, who was enthusiastic, and who seemed

to know precisely what ought to be done to protect India’s biodiversity. He is India as well. I wonder
which India will prevail.
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Accepting a BBVA Frontiers of Knowledge Award !
Daniel Pauly

Sea Around Us, Institute for the Oceans and Fisheries
University of British Columbia, Vancouver, V6T 1Z4, Canada

Abstract

This is the slightly edited speech given by the author upon accepting the 2019 Edition of the BBVA
Frontiers of Knowledge Award in Ecology and Conservation Biology in Bilbao, Spain in September 2021.
Relevant references were added to better define the topics successively covered in that speech, i.e., the
tropicalization of fisheries science, the creation of FishBase, the study of fisheries as a global system, the
products of Sea Around Us research initiative, and the development of the Gill-Oxygen Limitation Theory
(GOLT).

Introduction

Ladies and Gentlemen,

It is a privilege to be able to stand here and to thank you as a co-winner of the 2019 BBVA Frontiers of
Knowledge Award in Ecology and Conservation Biology because it means that one’s work has been
recognized by the jury of what is now one of the most prestigious awards in these fields.

But what is my field? I normally describe myself as a fisheries biologist, or when I feel very bold, as a
‘fisheries scientist.” However, let’s face it, fisheries science is not very prestigious, and it usually provokes a
flight reaction when, in the rare instances when I attend parties, I respond to innocent questions about
what I do.

The point is that most people perceive fisheries as the art of catching one kind of fish, using one kind of
gear, in a lake or marine embayment... - what is the science in that? The point is that fish are the big group
of wild animals that we hunt. And because we live in an industrial age, we hunt fish industrially.

People think that fishes know no borders, no limits. This is wrong: fishes have borders that they don’t
cross, of temperature and of depth. Also, they have limits to the extent that they can maintain their
abundance when under human exploitation. It is our industrial fishing which knows no borders and no
limits, because we can fish inshore and in the high seas, in polar and tropical waters, at the surface and at
depths of thousands of meters. Moreover, the global market for fish is tightly integrated, and the demand
it generates is essentially insatiable.

1 Cite as: Pauly, D. 2022. Accepting a BBVA Frontiers of Knowledge Award, p. 111-113. In: D. Pauly and E. Chu (eds).
Marine and Freshwater Miscellanea IV. Fisheries Centre Research Reports 30(4). Institute for the Oceans and
Fisheries, University of British Columbia, Vancouver.
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Fisheries as a Global System

All of this suggests that fisheries must be understood as a global system, similar to the global weather
systems? or the global financial system, whose calms and storms at any place can be understood only by
considering what occurs at other places on Earth.

I did the field work for my first graduate degree studying the ecology of a coastal lagoon in Ghanas, and
the two years spent on surveying fish abundance in Indonesia in the mid-seventies# inspired my doctoral
thesis. The job I then got in an international research center in the Philippines included developing and
teaching throughout the Tropics, in Africa, Asia, Oceania and South America, ‘tropicalized’ methods for
what fisheries scientists call ‘stock assessments,’ i.e., assessing have much fish are (still) is the waters, and
how much could be taken sustainablys. This is when I noted that fisheries issues are similar between
countries, despite the different traditions that maritime anthropologists so painstakingly describes. Also, I
noted that the response of exploited ecosystems exhibited common patterns, irrespective of location or
the identity of the species that were targeted.

However, there was another worrying pattern: the results of multiple fisheries and ichthyological studies
conducted in the tropics, by both local scientists and by short-term ‘experts’ from the Global North, were
not widely available, and remained largely unused by the fisheries and aquatic science community. The
creation of FishBase7, a free online database with scientific information of all (35,000 +) species of fish in
the world was my answer to this challenge, obviously with hundreds of colleagues helping to make it the
success that it is.

Having key biological data on all exploited fishes of the world made it t easy to demonstrate global
patterns of fisheries activities and catches. This is how much-cited papers emerged, on “the primary
production required by global fisheries”, on “fishing down marine food webs,” or on the geographic,
bathymetric and taxonomic expansions of fisheries, the latter group referring to fishing vessels going
further, and fishing deeper for previously spurned species. Doing this work required getting familiar with
the database of fisheries catches that is assembled by the Food and Agriculture Organization of the United
Nations, which assembles annual catch reports from its member countries and releases them as “the”
world’s fisheries catch data. This very useful database has flaws, however, such as ignoring the fish
discarded by industrial fisheries, or that caught by small-scale fishers. This is important, because catching
fish is one of the major ways we interact with the ocean, the other being for transportation and for
dumping refuse.

2 See Edwards, P.N. 2010. A Vast Machine: Computer Models, Climate Data, and the Politics of Global Warming.
MIT Press, Cambridge, MA. 552 p.

3 Pauly, D. 1975. On the ecology of a small West African lagoon. Berichte des Deutschen wissenschaftlichen
Kommission fiir Meeresforschung, 24(1): 46—62.

4 See Pauly, D., P. Martosubroto and J. Saeger 1996. The Mutiara 4 surveys in the Java and southern South China Sea,
November 1974 to July 1976, p. 47—54. In: D. Pauly and P. Martosubroto. (eds.) Baseline studies in biodiversity:
the fish resources of western Indonesia. ICLARM Studies and Reviews 23, Manila.

5 Pauly. D. 1998. Beyond our original horizons: the tropicalization of Beverton and Holt. Reviews in Fish Biology and
Fisheries, 8(3): 307—-334-.

6 Pauly, D. 2006. Major trends in small-scale marine fisheries, with emphasis on developing countries and some
implications for the social sciences. Maritime Studies (MAST), 4(2): 7—22.

7 See www.fishbase.org
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The Emergence of the Sea Around Us

Thus, with the support of various philanthropic foundations, the Sea Around Us, an initiative I founded in
1999 at the University of British Columbia, in Vancouver, Canada, undertook the huge task of correcting
the world’s catch, as reported by coastal countries since 1950. The correction process, which we call ‘catch
reconstruction’ took about 15 years and involved over 400 persons from all over the world.

Its first results were that the world’s marine catch was not about 9o million tonnes per year, but over 130
million tonnes, and that since 1996, this catch declines by 1-2%, which was unreported by the FAQ8.
Another result is that in the process of catch reconstruction generated a huge database of spatialized catch
data and derived statistics which we also made freely available through the Sea Around Us website9. This
website is now used — as is FishBase — by thousands of university-based and other researchers, NGO staff
and government over the entire world.

And the Gill-Oxygen Limitation Theory (GOLT) at the End

Besides helping with dealing with fisheries management issues, this database of reconstructed and
spatialized catches from 1950 help us assess the impact of climate change, specifically ocean warming on
fish. We were able to model rather well the poleward movement of fish that started in the 1970s and
1980s, due to fishes being exquisitely sensitive to temperature changesto.

The reason for this sensitivity is that fish breathe water, which contains little oxygen, and use gills, i.e., a
2-dimensional surface, to meet the oxygen demand of a 3-dimensional body. This means that the gill area
per volume must decline as fish grow, causing oxygen stress. This intensifies until a size is reached at
which they don’t get enough oxygen to grow further. I wrote my doctoral dissertation about this idea,
which, although simple, was idea:, but later, I could work only occasionally on this topic, which at first
interested no one. Now, these long-neglected considerations are becoming a major explanation for what
fish are forced to do in the face of global warming:2. It is a sad way to be right.

I thank the BBVA Foundation and the Jury of its Frontiers of Knowledge Award in Ecology and
Conservation Biology for having realized that developing concepts, software tools and freely accessible
database on the biology of fishes and their catches are contributions to Ecology and Conservation Biology.

8 Pauly, D. and D. Zeller. 2016. Catch reconstructions reveal that global marine fisheries catches are higher than
reported and declining. Nature Communications, 7:10244. doi.org/10.1038/ncomms10244\

9 See www.seaaroundus.org.

10 Cheung, W.W.L., R. Watson and D. Pauly. 2013. Signature of ocean warming in global fisheries catch. Nature, 497:
365—368.

11 Pauly, D. 1979. Gill size and temperature as governing factors in fish growth: a generalization of von Bertalanffy's
growth formula. Doctoral thesis, Berichte aus dem Institut fiir Meereskunde an der Universitat Kiel. No. 63. xv +
156 p. oceanrep.geomar.de/41323/

12 See Pauly, D. 2021. The Gill-Oxygen Limitation Theory (GOLT) and its critics. Science Advances, 7(2).
doi.org/10.1126/sciadv.abc6050

113



Marine and Freshwater Miscellanea IV

On receiving the Beverton Medal of the Fisheries Society of the
British Isles® 2

Daniel Pauly

Sea Around Us, Institute for the Oceans and Fisheries, University of British Columbia, Vancouver, V6T
1Z4, Canada

Abstract
The presents a slightly edited version of the acceptance speech given upon the acceptance, on July 7, 2021,
by the author, of Beverton Medal of the Fisheries Society of the British Isles. The speech, after recalling a
Roman anecdote about Ray Beverton, lauds the broad, encompassing nature of his work, much of which
done jointly with Sidney Holt, which contrasts which the scattered nature of current work, where only
occasional meta-analyses providing oases of understanding within arid expanses of scattered,
disconnected irrelevancies. Seeking consilience between studies and disciplines appears one effective way
to counter this trend which incidentally, mimics a societal trend toward people becoming separated from
each other by ethnic, gender or other divisions.

Introduction
Dear Professor Carvalho, President of the Fisheries Society of the British Isles, members of the Society,
conference participants....

First of all, I thank you from the bottom of my heart for awarding me the Beverton Medal for 2021.
Anything named after Ray Beverton is serious, and your Society's award of the Beverton Medal requires
one to think seriously thought what it means.

Yes, I am truly humbled. I knew Ray Beverton, and thus I know what it means to have one's name
associated with his. Before elaboration on this theme, I will, however, mention one anecdote. Ray and I
attended in the mid-1980s a workshop in Rome at FAO, and we were housed in the same hotel. At the end
of the workshop, on the way back to the hotel, Ray asked me very hesitantly - and in the extremely polite
way that was his style - if I would mind accompanying him to a jeweler, where he intended to purchase a
gift for his wife, Kathy. The point was that he had considered the possibility of being robbed — Rome had
a bad reputation then — and having a 6'1" Black man as a bodyguard would be an excellent deterrent to
any bag snatcher, and so it was. I am proud to be the only fisheries scientist to have served as a bodyguard
to Ray Beverton.

What I am not proud of is to having misunderstood the instructions of the organizers of this conference. I
proposed as the title for tomorrow's keynote "The need for synthetic studies in Ichthyology, or putting
Humpty Dumpty together again," which it won't be, because tomorrow I will try to answer the question
"Why do fish reach first maturity when they do?3"

1 Cite as: Pauly, D. 2022. On receiving the Beverton Medal of the Fisheries Society of the British Isles, p. 114-118. In:
D. Pauly and E. Chu (eds). Marine and Freshwater Miscellanea IV. Fisheries Centre Research Reports 30(4).
Institute for the Oceans and Fisheries, University of British Columbia, Vancouver.

2 Given via Zoom on July 7, 2021, to the participants of the Online Symposium of the Fisheries Society of the British
Isles “Fish, Fisheries and Ecosystems in the Anthropocene,” Leuwen, Belgium.

3 Now published as: Pauly, D. 2021. Why do fish reach first maturity when they do? Journal of Fish Biology, 101(2):
333-341. doi.org/10.1111/jfb.14902
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I will now speak about Humpty Dumpty, who does indeed need to be put together again, a task that Ray
would have agreed with and, in fact, contributed to.

A fragmented discipline

Our disciplines - Ichthyology and its applied, sister discipline, Fisheries Science — are old. Some 2350
years ago, Aristotle wrote up reasonable observations on fish and fisheries and may be considered to be
the Father of it all. But let's face it: there is not much about fish in the pre-Linnaean literature, as can be
ascertained by consulting the three volumes of Dean's Bibliography of Fishes, published from 1916 to
1923. The literature has exploded since, with hundreds of journals devoted to fish and fisheries.

To this 75-year-old man4, who has been in fish and fisheries for 50 years - since beginning fieldwork for
my Master's thesis in a coastal lagoon in Ghana - it looks as if we are drowning in facts and factoids.
However, these data are not used to perform the syntheses that we need to answer questions that society
expects us to have answers for.

For example, in the 1960s to 1980s, FAO and NOAA published species synopses, each of which brought
together 'everything' known about a given fish species. These were extremely useful not only for managing
their fisheries or their aquaculture, but also because they re-assembled these species into a coherent
whole, just as they are in the water.

FishBase, which most of you will know, attempts to do the same, but encoding the required information,
which involves about 50 person-years per year worldwide, is constantly faced with a flood of data that
threatens to drown this effort.

We need more meta-analyses to make sense of the multitude of studies reporting a few measurements
made on single species somewhere.

Ray Beverton, sometimes with Sidney Holts, sometimes by himselfs, performed the kind of meta-analyses
that I have in mind. Notably, these meta-analyses showed that the von Bertalanffy growth equation
parameters co-vary in a reproducible fashion and are also related to natural mortality.

Theses meta-analyses were not as sophisticated as those we can read now, often with a farrago of
alternative models and no firm conclusion. However, they inspired and guided subsequent research and
still provide criteria for assessing the questionable validity of claims based on smaller data sets and
outlandish hypotheses. We don’t do enough of such metanalyses, and this is one of the reasons why, in the
onset of an age that will be dominated by nefarious effects of global warming, we are still debating, for
example, how temperature affects fish.

4 This speech was held 1 year ago. The issue has become direr since...

5 See, e.g., Beverton R.J.H. and S.J. Holt. 1959. A Review of the Lifespans and Mortality Rates of Fish in Nature, and
Their Relation to Growth and Other Physiological Characteristics, p. 142-180 In: G.E.W. Wolstenhome and B.A.
Maeve O’Conner (eds). Ciba Foundation Symposium - The Lifespan of Animals (Colloquia on Ageing). John Wiley
& Sons.

6 Beverton, R.J.H. 1963. Maturation, growth and mortality of clupeid and engraulid stocks in relation to fishing. ICES
Journal of Marine Science, 154: 44-67.
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Indeed, one recently published paper — which I will not cite here? — proposed that temperature has the
effect of reducing the maximum size that some fish species can reach while increasing the size that other
species can reach. In chemistry, the equivalent statement would be that some burning is due to part of
combusting substances becoming associated with oxygen, while the other part releases phlogiston. Or put
differently: How can something be the cause for A and simultaneously for the opposite of A? Why such
rot?

Accuracy vs Precision

I believe that much of what I criticize here is because we have lost track of the need for accuracy, and
instead concentrate on precision (note that I couldn’t make the point in French, which doesn’t distinguish
between the two terms). Indeed, I think we allow in what a friend of mine called ‘precisionism.’

Let me illustrate this point by recalling a figure I saw in Scientific American many decades ago, and in
which the various historic methods to estimate the speed of light were compared.

What was fascinating to me is that the results of these different methods not only differed, but that their
confidence intervals did not overlap. That’s when I finally, really, understood the difference between
accuracy and precision. Precision, I realized, had little to do with the process one studies, i.e., the actual
speed of light in this case, but only with the fiddly part of the method that was supposed to measure it.

The reason why we can now assume that we know the speed of light accurately is because different
methods give the same result, not because they have narrow confidence intervals.

Consilience between the results of different methods, and even between those of different disciplines is
what we need to obtain reliable results, not ‘p-hacking’! Incidentally, as very well-known German
physicist described some of his contemporaries as ‘Diinnbrettbohrer’, i.e., driller of thin boards;” we don’t
want to do that.

The word ‘consilience’, referring to the jumping together’ of ideas, was coined by William Whewell in the
early 19th century, but it is E.O. Wilson, who, in a widely misunderstood books, revived and relaunched
the concept.

Essentially, the notion of consilience, in the sciences, implies that every statement of a given discipline
should be downward compatible with more fundamental disciplines and upward compatible with more
derived disciplines.

Thus, physics must be compatible not only with its own experiments, but also needs to be downward
compatible with mathematics (though sometimes, new mathematics must be invented to accommodate
new physics...) and must be able to link upward with chemistry. And any new discovery in chemistry must
fit connect with physics and be able to link upward with geology and biochemistry, etc.

7 Because I still hope that its authors may recant.

8 See Pauly, D. 2002. Consilience in oceanographic and fishery research: a concept and some digressions. p. 41-46. In:
J. McGlade, P. Cury, K.A. Koranteng and N.J. Hardman-Mountford (eds). The Gulf of Guinea Large Marine
Ecosystem: environmental forcing and sustainable development of marine resources. Elsevier Science,
Amsterdam.
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For ichthyology, this obviously implies that all our biological considerations must be not only be currently
compatible with evolutionary biology, but refer to entities or processes that can have evolved — which is
the reason why we don’t have fish with propellers driven by electric motors, though they would be quite
efficient, especially since they have already evolved stunningly good batteries.

However, it also means that it is not sufficient, when describing something that fish do, to demonstrate,
even with beautiful math and neat graphs, that what they do leads to an evolutionary stable strategy.
Rather, we must also be able to demonstrate how an individual fish decide to do that thing so it - or its
genes - benefit from what that decision. My presentation at this conference dealt with a problem of this
sorto.

Doing science is working on ‘why’ — for the ‘what,” we have artists and entertainers. When we know why
something is, we have made it a particular case of something more general. In that sense, we have
simplified the world. Look at the Ancient Greeks: they needed a huge array of hyperactive Gods, assisted
by armies of Nymphs and Fauns constantly intervening in our lives to ‘explain’ natural phenomena. Now,
we simply have the Earth turning around the Sun, geology, evolution... et voila, all the previously
supernatural phenomena are explained.

Fungi and viruses

For my part, I have always been better at joining ideas — making them jump together — than at digging
deep into any one topic. This has to do with the fact that I not particularly good at math in a field that is
strongly quantitative. Another constraint is that I am quite impatient, and I never saw myself generating
the primary data that I needed to test the ideas I had.

Thus, following 2 years of inspiring boat-based surveys of the marine biodiversity of Indonesia, I wrote a
doctoral thesis on fish growth without having read a single otolithtc. Indeed, I never returned to field
sampling of primary data. In effect, I became a big fungus, turning the primary production that other
generates into a wide-ranging network of mycelia. You need decomposers in a healthy ecosystem...

The present times, finally, call for some reflecting on one’s position vis-a-vis current societal challenges of
our time, which perhaps unexpectedly, given our advances in science and technology, is shaped by a
resurgence of nationalism and virulent racism, two viruses far worse than that which has ruined our lives
since early 2020.

I have tried to avoid dealing with these viruses throughout much of my life and career, because thinking
about things that make people go insane is not really good for one’s scientific productivity. However, I am
a Black, or as they say in Canada, a ‘visible minority’, and the massive protests in the US and in Europe as
well, asserting that Black Lives Matter, have made me think, as it has many others.

9 This presentation led to an article are of same title: Pauly, D. 2021. Why do fish reach first maturity when they do?
Journal of Fish Biology, 101(2): 333—341. doi.org/10.1111/jfb.14902

10 Pauly, D. 1979. Gill size and temperature as governing factors in fish growth: a generalization of von Bertalanffy's
growth formula. Doctoral thesis. Berichte aus dem Institut fiir Meereskunde an der Universitat Kiel No. 63. xv + 156
p. oceanrep.geomar.de/41323/
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I was reminded that, as Frantz Fanon noted, as a biracial person — yet another term — I am often forced to
understand two positions, or to navigate between two sides. Throughout my life and career, this has been
a tremendous advantage, and not the burden that many ‘mono-chromatics’ think it is.

However, since people cannot choose their parents, and thus their ethnicity, I would say that they should
be open to ‘others’, whatever they are. And in science, this is a must: we need the ferment that a diversity
of points of views, generated by people of different ethnicities, cultures, backgrounds, and yes, races and
genders will generate. Because if our ideas can ‘jump together’, then they will also elevate us, and our
science, and put back together the pieces of our shared humanity.

Thank you.
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