Ramon Carmona - Alberto Domezain
Manuel Garcia-Gallego - José Antonio Hernando

Fern

Fis & Fisheries Series PAS)

Biology, Conservation
and Sustainable
Development of
Sturgeons




Biology, Conservation and Sustainable
Development of Sturgeons



Ramon Carmona ¢ Alberto Domezain

Manuel Garcia-Gallego ¢ José Antonio Hernando
Fernando Rodriguez ¢ Manuel Ruiz-Rejon
Editors

Biology, Conservation
and Sustainable Development
of Sturgeons

@ Springer



Editors

Ramoén Carmona
University of Granada
Spain

Alberto Domezain
Department of Research

and Development
Sierra Nevada Fish Farm
Spain

Manuel Garcia-Gallego
University of Granada
Spain

ISBN 978-1-4020-8436-2
Library of Congress Control Number: 2008933626

© 2009 Springer Science + Business Media B.V.

No part of this work may be reproduced, stored in a retrieval system, or transmitted in any form or by any
means, electronic, mechanical, photocopying, microfilming, recording or otherwise, without written
permission from the Publisher, with the exception of any material supplied specifically for the purpose
of being entered and executed on a computer system, for exclusive use by the purchaser of the work.

Printed on acid-free paper
987654321

springer.com

José Antonio Hernando
University of Cadiz
Spain

Fernando Rodriguez
University of Sevilla
Spain

Manuel Ruiz-Rején
University of Granada
Spain

e-ISBN 978-1-4020-8437-9



Volume Foreword

This volume complements the recent book on North American Paddlefish and Sturgeons
(LeBreton et al. 2004) in this series. Together these two volumes bring together our
knowledge of these remarkable fishes. There are notable contrasts in the volumes, as
well as obvious similarities. Sturgeons have influenced our lives for millennia, not just
in fisheries but also in art, economics and mythology. Perhaps we would think first of
sturgeon caviar, and its incredible history (Saffron 2002, Vecsei 2005). That story cer-
tainly brings together much of what sturgeon species have in common. All sturgeon
species have a long biological history. We are still deciphering that history, with a com-
bination of techniques as traditional as morphology and as modern as molecular genet-
ics. Sturgeons also have a long, and mostly sad, history where humans are concerned.
All that history, and much more, is presented in this volume. Of course all sturgeons
appear very similar, even to the trained eye. Every textbook of ichthyology shows the
requisite line drawing and lists the common morphological features of sturgeons. Their
obvious similarities also include the history of exploitation, habitat degradation and
seriously depleted native populations of virtually every species. This volume goes well
beyond a simple compilation of those similarities and concerns.

This volume originated from a meeting of researchers from Asia, Europe and
America, held in Spain in 2005 to address the fundamental concerns of conserva-
tion and restoration of sturgeons. Those researchers, with some other invited
authors, have brought together a wealth of information on subjects as diverse as
forensic DNA in the caviar trade to the production of sturgeon in conservation
hatcheries. The volume carries a wealth of information for anyone concerned with
sturgeon anywhere. Europeans have led the way in the culture and production of
sturgeons, whether for conservation and restoration stocking, or for commercial
harvest. Chapters related to aquaculture include studies of early development, feed
requirements, and management for conservation stocking. A set of chapters deal
with the evolution of sturgeons, their relationship to the critical habitat, and large-
scale efforts directed to conserve or restore native species. Recovery projects in
Italy, Spain, Russia, France and Germany are detailed and documented. Taxonomy,
systematics and evolution are critical to conservation and recovery programs and
all those subjects are considered as well. In particular, the resolution of long-
standing taxonomic and systematic problems with sturgeons in southern Europe is
one of the most important contributions of this volume.
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Together with the wealth of information on artificial production of sturgeons and
the widespread conservation efforts, this gives a positive conclusion to what might
easily be considered yet another litany of threatened and vanishing species. It will
take more effort by dedicated researchers and managers before we can go beyond
what might be a faint positive outlook for sturgeons. This volume certainly shows
the way.

Dr. David L. G. Noakes

Series Editor, Fish and Fisheries Series

Professor of Fisheries and Wildlife

Oregon State University

Senior Scientist, Oregon Hatchery Research Center
Corvallis, Oregon
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Foreword

Sturgeons can be considered living fossils having many morphologic and biological
features of ancient fish; in fact, sturgeon fossils date from about 300 million years
ago, and they have essentially maintained their present features for more than 200
million years. Thus, this phylogenetic group presents unique characteristics from a
biological point of view, representing a real challenge for researchers. Furthermore,
sturgeons are of the utmost interest also from an applied, economic perspective. In
this regard, these species are in great demand, not only for the preparation of caviar,
which reaches exceptionally high prices in the international markets, but also for
the meat.

There are about 27 sturgeon species living in the seas and rivers of the
Northern hemisphere. However, sturgeons are virtually unknown from a scientific
point of view and, most importantly, they might soon become a part of the story
of evolution; over-fishing, and the loss of their natural habitats might soon make
it impossibile to learn about them. In fact, the wild populations of the majority of
sturgeon species are actually in great danger of extinction all over the world.
Being a diadromous species, that is, migrating from the sea to rivers and lakes for
spawning and also staying there during the early juvenile years, and maturing
slowly to the reproduction age, make them particularly vulnerable to excessive
capture for commercial purposes; just as important is the degradation of their
natural habitats due to human establishment and industry. In this situation, it is
important to develop strategies for their conservation in natural habitats and also
for their culture in fish farms, not only for providing meat and caviar for the
market, but also to raise adequate reproducer sturgeons, with the three main
objectives of conservation, repopulation of their original habitats and
aquaculture.

Rational recovery of the wild sturgeon species requires a sound knowledge of
their taxonomy, biogeographical distribution, and biological features. Furthermore,
information concerning previous efforts for the conservation and recovery of this
group in Europe, Asia and America is also needed.

The story of the recovery of sturgeons began in Russia around 1850, when
attempts at artificial breeding were made to enhance the wild populations. In
Western Europe, the recovery of autochthonous species was initiated in France,

vii



viii Foreword

after a training period with an allochthonous species, Acipenser baerii from
Russia. Soon, groups from several European countries followed the French initia-
tive and worked with A. sturio and A. naccarii. A. sturio is the most common of
the European sturgeons, but is actually in danger of extinction and is difficult to
reproduce in captivity. In fact, only four successful breedings in captivity have
been obtained by the CEMAGREEF, France, the last one very recently (summer,
2007). A. naccarii is a species sympatric of A. sturio all over Southern Europe.
A. naccarii was virtually unknown until systematic studies were recently initi-
ated, as it is usually confused with A. sturio, or, when identified as a different
species, as exclusive to the Adriatic Sea and thus known as the Adriatic sturgeon.
The research concerning A. naccarii began in Italy where, in contrast to what
happened with A. sturio in other European countries, the studies were conducted
not by public organizations but by a private company, the Azienda Agricola
V.IP, owned by Giacinto Giovannini, in Brescia. This researcher, initially with-
out public financial support, obtained the last A. naccarii specimens captured
alive in the Po and other rivers of Northern Italy (in the Veneto and Lombardia
regions), and has been able to reproduce them in captivity. In fact, in 1988, with
the collaboration of Italian researchers and public organizations, Giacinto
Giovannini succeeded (for the first time and in his own aquafarm), in reproducing
in captivity an autochthonous sturgeon outside Russia. The efforts at aquaculture
and the recovery of A. naccarii soon extended to Spain, when the Piscifactoria de
Sierra Nevada, in Granada, also a private company, imported Giovannini’s F1
specimens. The research department of this fish farm obtained immediate support
from public organizations and was quickly joined by research groups from sev-
eral Andalusian Universities. The joint efforts of researchers with a multidiscipli-
nary background enabled the development of the largest stock of a European
autochthonous sturgeon species.

Taking into account all these developments, the members of the Spanish research
groups decided to organize a meeting of experts from several American, European,
and Asian countries, aimed at sharing the experiences of the recovery and conserva-
tion of sturgeons, to facilitate and promote optimal strategies for the recovery of
European sturgeons. With this purpose, the workshop BIORESTURGEONS was
organized in Granada, Spain, in November 2005. The main conclusions of this
meeting were as follows:

1. Two sympatric sturgeon species have lived in southern Europe: A. naccarii and
A. sturio. This fact could be of great interest for conservation and recovery.

2. The genetic studies have proved useful for the identification of sturgeon species
in general and for caviar in particular.

3. The physical environments where the recovery plans will be or are being carried
out are very similar to those that existed when sturgeons were abundant.

4. Notable advance has been made in the farming of sturgeons, especially regard-
ing the techniques of nutrition, maintenance, sanitary control, etc., particularly
in the species A. naccarii, leading to the availability of an ample stock of sturgeons
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of different ages with appropriate health controls, thus providing an adequate
base for carrying out recovery programmes.

5. The analysis of the recovery experiences of the sturgeon populations in Russia,
Italy, and Germany, as well as the projects proposed for Spain and France, has
helped to identify problems and propose possible solutions.

6. The farming and recovery of sturgeons can become a valid tool in the field of
sustainable development. Therefore, it is urgent that the different governments
involved (Andalusian regional government, the Spanish national government,
European governments, and the government of the European Union) take action
and develop projects for the farming and recovery of sturgeons in Southern
Europe.

7. The Andalusian regional government, in particular, is urged to initiate the recov-
ery programme for A. naccarii in the Guadalquivir River, taking into considera-
tion the model proposed in this workshop.

This book includes the papers presented at this meeting, as well as additional
papers considered to be of utmost interest for the objectives of this endeavour.
The contents of this book are organized in three sections: Taxonomy and
Biogeography, comprising six chapters; Biology and Aquaculture, with seven
chapters; and Recovery and Conservation, with thirteen chapters. Section I
includes the morphological and genetic analyses that clarify the taxonomy
and phylogeny of sturgeons, concentrating on those from Southern Europe. In
Section II, several aspects of developmental biology (digestive tract, heart
and brain), feeding, nutrition and reproduction are considered in relation to
the improvement of sturgeon farming. Finally, in Section III, the various
recovery and research activities developed in several countries and the prob-
lems related to the trade of caviar and restoration of the ecology of the rivers
are analysed.

R. Carmona, A. Domezain, M. Garcia-Gallego, J.A. Hernando, F. Rodriguez &
M. Ruiz-Rejon (Editors)

To the Pioneers in the Recovery of Sturgeons

The editors of this volume are aware that neither the contributions presented here,
nor our work, would have been possible without the previous efforts of all the pio-
neers who devoted their life to the study of sturgeons, first in Russia and later in the
United States and Western Europe. We wish to thank all the scientists and techni-
cians who have dedicated their life to work for and with the different species of
sturgeons. They are many, and some of them have graciously accepted our invita-
tion to contribute to this volume.

Although it would be impossible to name all of them, we must mention the
Russian pioneers, at least in general, who, as early as 1850, began their work for
maintaining and restoring the stocks of wild sturgeons, stabilized the technology
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for reproduction and guaranteed the survival of so many species, and played an
essential role in the production of caviar. They developed the techniques for
processing the sturgeon roe to unprecedented levels and shared their knowledge
with the Persians—now Iranians—first, and soon after, with the rest of the world.
Professor Igor Burtsev, from VNIRO, who has devoted his life to the study of stur-
geons, has explained how the ancient Cossaks protected the sturgeons, even avoid-
ing the ringing of bells during the spawning season. For this, we also thank the
Cossaks of today.

As this volume is mainly concerned with the sturgeons of Southern Europe, we
wish to honour Giacinto Giovannini, the person directly responsible for preventing
the extinction of A. naccarii, the only species whose distribution area is exclusively
the South of Europe. When no one paid any attention to this species, he took up its
conservation and recovery. It was in the 1970s, when he owned a small aquaculture
farm dedicated exclusively to the trout, that he realized that the capture of sturgeons
had dramatically decreased in the rivers of Southern Europe, even in his own region
(the Northwestern Adriatic) which had been their last refuge. And he took a funda-
mental decision to buy all the specimens that the fishermen occasionally captured.
These sturgeons were usually juvenile A. naccarii captured in the rivers flowing
into the Adriatic Sea.

Although no one could provide him data concerning the culture of A. naccarii
as it had never been tried before, he housed the specimens in his aquafarm in
Orzinuovi (Brescia, Italy), where he began to take care of them, and, even risking
being sentimental, we dare to say that he began to love them. He has devoted his
life to sturgeons, and, after many years of solitary effort, of learning from his stur-
geons and understanding their needs, he succeeded in 1988: he was able to repro-
duce them in captivity. This was the first reproduction of autochthonous sturgeons
outside the former USSR.

This was a major success that generated hopes and opened up new possibilities
for the conservation and recovery of sturgeons, initially in Italy and soon in other
European countries (although most of these plans have not yet crossed the proposal
stage).

As mentioned, Giacinto Giovannini worked alone during the 1980s, until several
groups, headed for example, by Drs. Arlati, Bronzi, Colombo, Fontana and Rossi,
gave a strong impulse to the recovery of the Southern European sturgeon A. naccarii.
The public administration also recognized Giovannini’s essential contribution and
began to support his efforts.

Even today, Giacinto Giovannini is the most important scientist responsible for
the recovery of A. naccarii, not only in Italy, but all over Southern Europe.
Fortunately, he has recently obtained strong support from scientists in different
countries who share his objectives, and also from public institutions, as well as his
own family.

We also wish to mention the recent achievement of Dr. Patrick Williot and his
colleagues from the CEMAGREEF of artificial reproduction of the other important
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European species, A. sturio, which makes the recovery of this species in the
European rivers possible.

We sincerely thank Giacinto Giovannini, Patrick Williot, and all the pioneers for
their contributions to the recovery of every sturgeon species.

The editors
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Chapter 1
The Regression of Sturgeons in Southern
Europe

J.A. Hernando, A. Domezain, C. Zabala, R. Cabrera, J. Domezain
and M.C. Soriguer

Abstract Analysing historical citations and the specimens preserved in museums,
as well as zoological collections in France, Portugal, Spain, and Italy, the historical
and current distributions of sturgeons in southern Europe have been studied, using
morphological and genetic techniques. Errors were found in the classification of
specimens of non-Adriatic origin, and 13 specimens were found to be classified as
Acipenser sturio when they were in fact Acipenser naccarii. Of the 86 specimens
considered valid, 44 had been captured in the Adriatic and 42 from other parts of
the study area (Spain, France, Mediterranean Italy, Portugal, and Sweden).
A. sturio is considered to have been present throughout Europe and currently is an
endangered population in the Gironde-Garonne-Dordogne basin (France), while
A. naccarii is considered endemic to the Adriatic. However, the data gathered show
that it had a much broader distribution than the current one, extending at least from
the French Atlantic to the Adriatic Sea.

Keywords Acipenser naccarii, sturgeon, autochthonous, taxonomy, biogeography,
species in decline

1.1 Introduction

Sturgeons (Osteicthyes, Actinopterigia, Condrosts, Ascipenseriformes) appeared
on Earth some 200-250 million years ago and established regular and abundant
populations in all the great rivers of the Northern Hemisphere. Today, they are all

J.A. Hernando, C. Zabala, R. Cabrera, and M.C. Soriguer
Departamento de Biologia, Facultad de Ciencias del Mar y Ambientales,
Universidad de Cadiz, 11510 Puerto Real, Cadiz, Spain

A. Domezain, and J. Domezain
Departamento de I + D, Piscifactoria de Sierra Nevada S.1., 18313 Rioftrio,
Granada, Spain

R. Carmona et al. (eds.) Biology, Conservation and Sustainable Development of Sturgeons, 3
© Springer Science +Business Media B.V. 2009



4 J.A. Hernando et al.

in danger of extinction (Holcik et al., 1989a; IUCN, 1996; Williot et al., 1997,
Vasil’eva, 1999; Billard, 2002; Domezain, 2003).

Although they have a long history, have been very abundant until 100-150 years
ago (i.e. for 250,000,000 years), have survived glaciations and cataclysms, and have
adapted to many different living conditions (from the cold waters of Canada and
Siberia to the warm waters of Italy and Andalusia), all the species of sturgeons
share the same fate: in the last 150 years, when human civilization took full com-
mand over nature, all the species of sturgeons, which were abundant and common,
are in grave danger of extinction.

In the last decades of the twentieth century, the only sturgeon populations that
maintained good numbers were in the Soviet Union. Though they were exploited
intensely, their numbers were regulated and supported by effective repopulation
measures. This has demonstrated that, with adequate management on the principles
of aquaculture, it is possible to maintain an economically profitable exploitation
level without placing the species in danger of extinction. In fact, when the Soviet
Union lost control of the fisheries, all the sturgeon species with which they had
worked moved towards the brink of extinction. Fishing continued, but without a
consistent repopulation policy. As a result, the number of captured sturgeons fell
more than 20-fold in 11 years, going from 15,000 tonnes in 1991 to 700 tonnes in
2002 (Domezain, 2003).

Sturgeons are becoming extinct not because of accidents or because they cannot
adapt to natural changes, but because bad management by humans is driving them
to extinction, especially the construction of dams to prevent water flowing to the
sea, which impedes sturgeon migrations. The little water that remains is contami-
nated by agricultural biocides (pesticides, herbicides, fungicides, etc.) and industrial
wastes. Above all, fishing depletes the number of adults, without allowing them to
reproduce, and repopulation is not undertaken. In short, humans are driving the
sturgeon to extinction and therefore their repopulation is our responsibility.

The aim of the present study is to examine the minimum historical zoographical
distribution area of two species: Acipenser naccarii (Bonaparte 1836) and Acipenser
sturio (Linnaeus 1758). In addition, an analysis (at least a summary one) is made
of our refusal to understand the situation of A. naccarii, our motives for doing so,
and their implications in the management of the natural environment.

1.2 Background

The case of A. naccarii is not an exception, and its situation is worsened by the
serious and strange lack of knowledge that up to now has surrounded its authentic
taxonomic status, which has impeded its recovery, despite this being technically
possible and socially necessary. That is, until recently, A. naccarii was erroneously
considered endemic to the Adriatic (Holcik et al., 1989a), without acknowledging
or wishing to validate the numerous old studies of many renowned naturalists
(Capello 1869, 1880; Osorio, 1894; Seabra, 1911; Nobre, 1931, 1935; Gongalves,
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1942; Helling, 1943; Albuquerque, 1956), as well as other more recent references
(Bauchot, 1987) who cited A. naccarii in the Iberian Peninsula as well.

Meanwhile, the Atlantic European sturgeon A. sturio was considered to be
present in Eastern Europe (Magnin, 1962; Holcik et al., 1989b) and has been in
regression in France since the nineteenth century (Williot et al., 2008). In the
Iberian Peninsula, this species was considered to be widely distributed in the large
basins of the Mifio, Duero, Tagus, Guadiana, Guadalquivir, Jicar, Turia, and Ebro
(Lozano Rey, 1935). Of these, the Guadalquivir, where sturgeon processing com-
menced in 1932, was most thoroughly studied until the factory was shut down on
18 June 1970 (Algarin, 2002). In a detailed study of the specimens captured for this
factory, Classen (1944) recorded the variations in length and weight of the speci-
mens caught between 1932 and 1966.

The capture grew from 1932 to 1935 but fell from 1935 to 1939, possibly due to
various biological reasons, but later rose again until 1946. From that time on, the
capture gradually declined, except in 1951, when 281 specimens were caught (179
females and 102 males), until in 1966 only four females were captured (Figs. 1.1
and 1.2). The mean weight of the 2987 females captured between 1932 and 1966
was 45.37 kg, ranging from 40.9 to 54.95 kg, while the 1027 males captured during
the same period weighed an average of 22.28 kg, the smallest weighing 18kg and
the largest 29.09 (Fig. 1.2).

In terms of the frequency of the size of the fish, three size intervals can be con-
sidered for the period 1932-1942: 18.28% (n = 230) of the females measured
141-175cm, 62.96% (n = 792) 176-200cm, and the remaining 18.76% (n = 236)
201-250cm, with the shortest length being 148 cm and the longest 248 cm. During
the period 1943-1966, 25.38% (n = 267) fit the first interval, 65.78% (n = 692) the
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Fig. 1.1 Total of sturgeons catches in number during period 1932-1965 of the Guadalquivir River
and separated by sex (data Classen, 1944 in Algarin, 2002)
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Fig. 1.2 Annual variation of the average weight of the sturgeons captured in the Guadalquivir
River during period 1932-1965 separated by sexes (data Classen, 1944 in Algarin, 2002)

second, and 8.84% (n = 93) the third, with sizes ranging from 143 to 284 cm. For
the entire period of active fishing from 1932 to 1966, 21.52% of the females
captured (n = 497) were in the first interval, 65.78% (n = 1484) in the second, and
14.24% (n = 329) in the third, with lengths ranging from 143 to 248cm (Fig. 1.3).

The length of the males during the period 1932—-1944 ranged from a minimum of
107.5cm to a maximum of 187cm. The first interval (105-130cm) accounted for
8.23% (n = 20), the second interval (131-155cm) for 69.7% (n = 161), the third inter-
val (156-180cm) for 27.78% (n = 48), and the fourth interval (181-205cm) for 0.87%
(n = 2). Between 1943 and 1966, the first interval accounted for 1.59% (n = 4), the
second interval for 59.52% (n = 150), the third for 29.76% (n = 75), and the fourth for
9.13% (n =23). For the entire period of 1932-1966, of the 483 males captured, 4.97%
(n=24) measured 105-130cm, 64.39% (n=311) were 131-155cm, 25.47% (n = 123)
were 156-180cm, and only 5.18% (n = 25) were 181-205cm (Fig. 1.4).

Taking into account that the mean length of A. naccarii was 100-180 cm and that
this fish could exceed 200 cm, while A. sturio measures 130-220cm and can reach
more than 300cm (CITES, 2001), it is no surprise that Magnin (1962) disqualified
the biostatistical study of the sturgeons of the Guadalquivir (Classen, 1944), as the
data of Classen actually included a population formed by specimens of two species
(A. sturio and A. naccarii). But this we know now, after many morphological and
genetic studies; Classen did not have this advantage.

1.3 Sturgeons in Museums

To denote the different collections (Table 1.1), the nomenclature of Leviton et al.
(1985) was used whenever possible. For those having no acronym assigned by
Leviton, the following denomination was applied using the same style: EBD
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Fig. 1.4 Length frequency of sturgeons male of the Guadalquivir River between 1932 and 1966

(Estacién Bioldgica

de Doiiana, Seville, Spain), USEDBA (University of Seville,

Department of Animal Biology, Spain), MCNAE (Museum of Natural Sciences
Aguilar y Eslava, Cabra, Spain), MZB (Museum of Zoology of Barcelona, Spain),
MOPA (Museum of Oceanography, Portinho da Arrabida, Portugal), MHNT
(Museum of Natural History, Toulouse, France).

For the taxonomic classification, two technical blocks were used. For the mor-
phological classification, the application combined the keys most generally
accepted for these species on a world scale: Soljan (1975), Svetovidov (1984),
Sokolov (1989), Tortonese (1989) and Holcik et al. (1989a,b).
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Table 1.1 Museums and zoological collections in which we found specimens of the study area,
in suitable conditions to be able to be analysed and included in this work

EDB Biological Station of Coto Dofiana, Spain

USEDBA University of Seville, Department of Animal Biology, Spain

MCNAE Aguilar and Eslava Natural Sciences Museum, Spain

MNCN Spanish National Museum of Natural Sciences

MZB Zoological Museum of Barcelona, Spain

AVG Vasco da Gama Aquarium, Portugal

MZC Zoological Museum, Department of Zoology, University of Coimbra,
Portugal

MAN Augusto Nobre Museum, University of Porto, Portugal

MOPA Portinho da Arrabida Oceanographic Museum, Portugal

MSNG Giacomo Doria Civic Natural History Museum, Italy

MZUF Zoological Museum Observatory, University of Florence, Italy

MOM Monaco Oceanographic Museum

MG Guimet Museum, France

ISTPM Scientific and Technical Institute for Marine Fish, France

MHNT Natural History Museum, Toulouse, France

MNHN National Museum of Natural History, Paris, France

The total length (TL) was measured together with four biometric variables
described by Holcik et al. (1989a) and one by Soljan (1975), and three indices were
calculated. Following the nomenclature of Holcik et al. (1989a) and Soljan (1975),
the six variables studied were: total length (TL), distance from the snout to the base
of the barbells (s — b), snout width at the barbells (lab), distance from the base of
the barbels to the cartilaginous arc of the mouth (b — mc), distance from the tip of
the snout to the cartilaginous arc of the mouth (s — mc), and internal width of the
mouth (IWM). Three indices were defined to determine first, the relative position
of the barbels (CA), calculating the difference between b — mc and s — b: CA = {(b
—mc) — (s — b)}; second, the proportion of the length (s — mc) to snout width (lab)
as FB = {(s — mc): (lab)}; and third, the number of times that the mouth width fits
into the snout length, referred to as the Soljan index (SOLJ) = (s — mc): lab. The
statistical analyses were made with STATGRAPHICS PLUS 5.0.

For the genetic classification, cytogenetic assays (erythrocyte cytometry) and
molecular genetics (satellite DNA as a differential marker) were used. The method-
ology has been described by Garrido-Ramos et al. (1997), Hernando et al.
(1999b,¢), Robles et al. (2003), Robles (2003), De la Herran et al. (2004). For this,
the research area was expanded and more specimens were studied, in addition to
those used in the studies mentioned above, in numerous museums in Spain,
Portugal, France, and parts of Mediterranean Italy, in an effort to increase our
knowledge of the historical distribution as well as its spatiotemporal evolution.

Table 1.1 lists the museums in which the zoological collections included in this
study were examined. A study was made of all the specimens of A. naccarii and
A. sturio which could be verified as being captured in the study area, were preserved
well enough to permit accurate classification, and had reliable and adequate dating
(at least the date and place of capture).

Of the total number of specimens (Table 1.2) studied, 86 were found to fulfil the
necessary criteria. Of these specimens, 44 had been captured in the Adriatic Sea
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(and its tributary basin) and 42 in other parts of the study area (Spain, France,
Mediterranean Italy, Portugal, and Sweden). Of the non-Adriatic specimens, 3 were
already correctly classified as A. naccarii in their respective museums, while 13
specimens were labelled A. sturio when they were in fact A. naccarii. Of the 44
Adriatic specimens, 40 dated prior to 1910. Of these, 27 were A. naccarii and 13
A. sturio. Of the four that dated from 1910 onwards, three were A. naccarii and one
was A. sturio (Fig. 1.5). Of the 42 non-Adriatic specimens, 26 predated 1910, of
which 8 were A. naccarii and 18 were A. sturio. Of the 16 dated 1910 and later,
8 were A. naccarii and 8 A. sturio (Fig. 1.6).

All the A. naccarii captured outside the Adriatic after 1910 that we were able to
use in the study had been captured in the Guadalquivir river.

For studying TL with respect to the rest of the variables analysed, a simple linear-
regression analysis was applied, as shown in Table 1.3. After it was determined that
SOLJ and FB did not correlate with TL, and that the correlation of CA with TL
was not significant, a forward stepwise discriminate analysis (SDA; Fig. 1.5) was
applied to test statistically the changes that the morphological and genetic tools,

i Adnatic () Non Adriatic

s
A AR AA R A AR AR A0

AR

ZA. nmaccara [ A. shwio

SRS
A AR A AAAAAAAAAAAAAAAAN

S
\35\3\35\\%%{%%%&3\ o8

S

Fig. 1.5 Sturgeons of before 1910 in the European collections studied
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[ Adriatic & Non Adriatic

16

A. naccarii [] A. sturio

Fig. 1.6 Sturgeons later to 1910 presents in the studied collections

Table 1.3 Mean and median for both groups (AN: Acipenser naccarii; AS: Acipenser sturio)

Mean Median
Index AN AS t p Value AN AS w p Value
1.25 x
FB 1.44 +0.078 2.25+0.142 -10.18 0.0 23.43 61.02 1641.0 102
SOLJ 1.64+0.0609 2.77+0.18 -11.56 0.0 1.64 2.7 1470 0.0
1.32 x 1.76 x

CA  039x0273 -0.56+0.14 6.14 1077 0.065 -0.63 2425 10-

applied individually, caused in the taxonomic review of the 86 specimens, using AS
(A. sturio) and AN (A. naccarii) as input groups.

The SDA confirmed the existence of groups separated on the basis of SOLJ
(A =0.359; F = 130.34; p = 0.0) as the first canonical variable, and FB (A = 0.289;
F =88.32; p =0.0), CA (A =0.25; F=70.87; p = 0.0), and TL (A = 0.187,;
F =76.04; p = 0.0) as the second, third, and fourth canonical variables, respec-
tively. The first standardized discriminate function with the p value <0.05 was 0.53
SOLJ + 0.72 FB - 0.72 CA + 0.69 TL, which confirmed the new classification of the
86 specimens with 98.67% of the cases correctly classified (Fig. 1.5).
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The third step was to conduct an analysis to compare the variation of the means
and medians (Mann-Whitney W test) of both the groups for the three indices
(SOLJ, FB, and CA). This analysis confirmed that there were significant statistical
differences (Table 1.3).

1.4 Historic Distribution

The taxonomic keys used in this study are universally accepted and, furthermore,
their validity has been expressly verified for the species and areas studied (Bernini
and Nardi, 1989; Garrido Ramos et al., 1997; De la Herrdn, 1998; Hernando et al.,
1999b,c; Ruiz-Rejon et al., 2000; Domezain, 2003; Robles, 2003, Robles et al.,
2003; De la Herran et al., 2004; among others).

The possible influence of the allometry on the morphological characteristics
considered is nominal and known, affecting only the small specimens, specifically
in the relative position of the barbels. This has been described in detail for A. sturio
(Holcik et al., 1989b) as well as for A. naccarii (Hernando et al., 1999a) and does
not affect any of the cases in this study.

Another taxonomic trait, the number of gill rakers of the first branchial arc, could
not be used in many cases, given that we were working with specimens from old
collections in which the branchia/gills were extirpated in the preservation process.
For the specimens in which this character remained visible, the analysis in all cases
coincided with the other traits analysed, confirming the assigned classification.

The three statistical analyses showed that the indices used (SOLJ, FB, and CA)
definitely differentiated the two species. After reviewing the classification of the 86
specimens individually, only one, which was listed in the museum as A. sturio and
which in the morphological analysis presented various characteristics intermediate
between the two species, was left under this classification (given the doubt
involved) and was assigned by SDA to the group A. naccarii, though the attribution
was not entirely conclusive. This result occurred because of the values of the SOLJ
and FB indices, which were closer to the lowest limit of the range corresponding to
A. sturio. Therefore, after identifying this specimen, we felt that it should remain
classified as A. sturio, reserving changes in classification for those cases that were
clearly evident. This case could be a hybrid between the two species. Recently, a
similar case has been identified among the specimens found in the Guadalquivir
river (Robles, 2003; Robles et al., 2003; De la Herran et al., 2004).

The suitability of the DNA satellite HindlIl used as a marker to differentiate
A. naccarii and A. sturio (always present in A. naccarii but never in A. sturio) has been
definitively demonstrated in previous studies (Garrido-Ramos et al., 1997; De la
Herran, 1998; Ruiz-Rejon et al., 2000; De la Herrdn et al., 2001; Lanfredi et al., 2001;
Fontana, 2002). In subsequent genetic studies, several of the samples analysed by us
were verified, by using up to five different genetic markers and forensic techniques
and, in all cases, the classification was upheld (Robles, 2003; Robles et al., 2003; De la
Herran et al., 2004). The results of these studies can be summarized as follows:
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With respect to the mitDNA analysis based on Cytb and 12S, Almodévar et al.
(2000), Gasent-Ramirez et al. (2001), and De la Herran et al. (2004) found that the
specimen EBD8174 (Table 1.2) was A. sturio. Almodévar et al. (2000) and Gasent-
Ramirez et al. (2001) failed to extract mitDNA from specimens EBD8173 and
EBD8041 (Table 1.2) whereas De la Herran et al. (2004) were successful and con-
cluded that the specimens were A. naccarii. The studies on satellite DNA with HindIll
were also conclusive as Almoddvar et al. (2000) and Gasent-Ramirez et al. (2001) did
not analyse the material, while Garrido-Ramos et al. (1997) and De la Herrén et al.
(2004) found that the three specimens studied were A. naccarii. Therefore, the conclu-
sion was that the specimens EBD8173 and EBD8401 were A. naccarii whereas
EBD8174 was a hybrid A. sturio (ADNmit) x A. naccarii (HindIII).

Focussing on the study of the 42 specimens identified as not belonging to the
Adriatic (given that the sympatry between A. naccarii and A. sturio in the Adriatic
is not questioned), we find that of these specimens, 38.1% are A. naccarii and
61.9% are A. sturio. When the analysis is made as a function of the two periods that
we established above, we find that, of those predating 1910, 31% were A. naccarii
and 69% A. sturio; of those after this date, 50% were A. naccarii and 50% A. sturio.
Given that these specimens comprise the totality of well-preserved material in all
the main museums of the study area, the same should be considered extremely
significant (Figs. 1.6 and 1.7).

CL_Nueva

Solj= (s-mc) / (IWM)
CA = (s-mc) — (s-b)
FB=lab / b-mc

Fig. 1.7 Forward stepwise discriminate analysis: three-dimensional scatterplot of the specimens
of the two species (AN: Acipenser naccarii and AS: Acipenser sturio) resulting from the new
classification of the specimens given in Table 1.2. SOLJ, FB and CA are the indices used to cal-
culate the canonical functions
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It can be seen that before 1910, A. naccarii had a proportionally abundant and
homogeneous distribution from the Atlantic to the Adriatic; however, the analysis
of the information after 1910 reveals that its only distribution area outside the
Adriatic was the Guadalquivir. The species disappeared from the rest of the area.

Combining this information with earlier Portuguese citations (Capello, 1869,
1880; Osorio, 1894; Seabra, 1911; Nobre, 1931, 1935; Gongalves, 1942; Helling,
1943; Albuquerque, 1956), as proposed by Hernando et al. (1997) and Domezain
et al. (1999), we see that A. naccarii was continuously autochthonous at least from
the French Atlantic to the Adriatic. Its presence throughout this area was abundant
until the end of the nineteenth century, after which it underwent a regression similar
to that of A. sturio, whereupon the only areas of resistance of A. naccarii were the
Guadiana—Guadalquivir and the northern Adriatic.

We should emphasize that, on the basis of our great discovery that A. naccarii was
autochthonous to the Iberian Peninsula, we have confirmed what classical authors
(mentioned above) had established much earlier. In fact, in this study we found that
important museums such as the Natural History Museum of Paris, Giacomo Doria of
Genoa, and the Zoological Museum Observatory of Florence have sturgeons from the
area of Rodano/Gulf of Genoa correctly classified as A. naccarii and even published
as such (Bernini and Vanni, 1995). In short, what we discovered in the Iberian
Peninsula is nothing new; others had reached the same conclusions long before us,
but their data had been forgotten by science. Will the same happen now?

From the analysis of these results, we find that historically not only was A. naccarii
sympatric with A. sturio in the Adriatic, as believed for some time, but also that the
distribution proposed by Hernando et al. (1999b,c) has been confirmed and expanded.
A. naccarii should therefore be considered autochthonous, at least from the French
Atlantic (Gironde) to the Adriatic, without any interruption in continuity (Fig. 1.8).

Also, we find an inflexion point in the abundance of the specimens, which we
can date around 1910, and therefore we divide the study into two periods—before
and after this date.

1.5 Current State

1.5.1 A. naccarii

With regard to its state of conservation, A. naccarii is considered ‘vulnerable’
(Alac Sturgeon Specialist Group 1996. A. sturio. In: IUCN 2007. 2007 IUCN Red
List of Threatened Species. < www.iucnredlist.org>). All the foregoing data show-
ing that A. naccarii is autochthonous to southern Europe are, strangely enough,
doubted by some authors in the Iberian Peninsula, who claim (and surprisingly
continue to claim) that the only species present in this area is A. sturio (Elvira and
Almodévar, 1993; Elvira et al., 1991; among others). Previously, a Portuguese work
(Almaca, 1988) did not take into account the works of the renowned naturalists who
cited A. naccarii in the waters of the Iberian Peninsula, although the author admits
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Fig. 1.8 Historical distribution of Acipenser naccarii (A) and of Acipenser sturio (B), indicated
by points, in the study area. Direction of the regression (heavy arrows); areas of resistance
(circles); and direction of re-colonization (fine arrows) by means of recovery programmes for
A. naccarii (C) and for A. sturio (D)

in his own work that he draws his conclusions without personally analysing the
specimens studied by the other authors, but rather on the basis of the museum iden-
tification cards (some were lost in a fire).

A. naccarii, which this author considered endemic to the Adriatic, is in reality
autochthonous to the whole of southern Europe. Its historical distribution area reaches
at least from the French Atlantic (Gironde) to the Adriatic (Mediterranean), without
a break in continuity. It is a species in regression, abundant and widespread till the
beginning of the twentieth century, when it became rare or extinct in many areas.

Its last refuge is the Adriatic, where its recovery has begun by repopulation from
aquacultural specimens, and the zone of the Guadalquivir—-Guadiana, where it
cannot be considered extinct as there have been verified citations in the last 50
years (the 1970s and 1980s); these are strong recommendations for its repopulation
to be undertaken (De la Herran et al., 2004).

The errors committed previously in the taxonomy and management of sturgeons
in the Iberian Peninsula (shown in the present work) have impeded the recovery of
this species in the wild. We would like to stress the importance of scientific
accuracy before the works of old naturalists are dismissed, even before they have
been correctly analysed.
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1.5.2 A. sturio

The state of preservation of A. sturio is considered critical CR (A2d) (Sturgeon
Specialist Group 1996. A. sturio. In: IUCN 2007. 2007 IUCN Red List of Threatened
Species. < www.iucnredlist.org>), this species being found currently only in France
(Williot et al., 2002a,b), with a threatened population in the basins of the Gironde,
Garonne and Dordogne Rivers (Williot et al., this volume). However, its recovery is
being actively taken up. Since the 1990s studies have been undertaken to reintroduce
this species in Germany (Kirschbaum et al., 2000), and more recently in the Rhone
River in the French Mediterranean, where investigations are under way for the pos-
sible reintroduction of A. sturio and A. naccarii (Brosse et al., 2008). The Spanish
authorities consider, for legal reasons, that it has been sighted in diverse water
courses such as the Urumea, Mifio, Duero, Guadiana, Guadalquivir, Jicar, Turia and
Ebro. However, in recent years, it has been found only in the Duero, Guadiana, and
Guadalquivir River Basin (Ministerio de Medio Ambiente, 2007).

1.6 Conclusion

The status of sturgeons in southern Europe:

A. sturio is autochthonous to the whole of southern Europe while A. naccarii is
autochthonous at least from the French Atlantic to the Adriatic, and both are sym-
patric throughout the distribution area of the latter. This implies a distribution more
in accord with the biology of these species and with the information on the biogeo-
graphical distribution of the different sturgeon species, such as the proposal by
Choudhury and Dick (1998) that would explain why the Adriatic (which is proba-
bly the limit of the distribution area of this species and not the centre) is where this
sturgeon currently survives in relatively greater abundance.

The current distribution of sturgeons in southern Europe:

Both A. sturio and A. naccarii have undergone drastic regression, which has left
them in their current zones of resistance. Only the decisive action of supporting
their recovery by repopulation with the help of aquacultural specimens will provide
the opportunity for the recovery of these species in their old distribution area and
prevent their total disappearance.

The status of sturgeons in the Iberian Peninsula and implications for management:

All the scientific data show beyond any reasonable doubt that A. naccarii is
autochthonous to the waters of the Iberian Peninsula and sympatric with A. sturio.
Therefore, when doubts about these facts are expressed, the question arises: ‘Why
is there such interest in covering up such a clear fact?’

Our hypothesis is that the real problem is not a refusal to recognize that A. naccarii
is autochthonous, but rather that success has been achieved in recovering the
species in captivity to the level that would guarantee success with a hypothetical
attempt to recover the species in the natural environment (Domezain, 2003;
Domezain et al., 2008). The opposition is also perhaps to the recovery of the
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sturgeon in the Guadalquivir, regardless of the species. Opposition to recognize
A. naccarii as autochthonous is not only a logical tactic as the recovery of A. sturio
is not viable, since it is not available and unfortunately it appears that it will not be
for a long time. If the artificial scientific dispute ceased and it were recognized that
A. naccarii is autochthonous, there would be specimens of this species available in
the quantity necessary to undertake its recovery.
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