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UMMARY

New tools from cell and molecular biology can be used to implement the knowledge of fish
biology and fisheries. In this sense, we suggest that the use of lectins can be an under standable
procedure to study population structure of fishes. Lectins are proteins or glycoproteins of non-
immune origin that agglutinate cells and/or precipitate complex carbohydrates. Several lectins
behave like blood group antibodies and can be used as specific gene markers. We characterise
blood groups of Thunnus alalunga worldwide populations under a population genetics point of
view using lectins. Fishes from several populations of Mediterranean Sea, Atlantic, Pacific and
Indian Oceans were captured and 5 mL blood was obtained from each fish. Each fish was
treated with 8 FITC-labelled lectins. The binding activity of the lectins was detected using a
fluorescence assay. Several statistical procedures of populations genetics were employed to
analyse genetic variability, geographic differentiation, and genetic distance showing that: i)
there is genetic variability within Thunnus alalunga populations, ii) we detect highly
significant heterogeneity among populations, and considerable geographic differentiation, iii)
Mediterranean population is quite distant of North Atlantic population, iv) North and South
Atlantic populations are extremely distant, v) Pacific population is the most distant from the
others, vi) Gulf of Guinea and South Atlantic populations are distant, vii) Gulf of Guinea and
North Atlantic are proximate, viii) Indian and South Atlantic populations are also proximate.

RESUME

De nouveaux moyens fournis par la biologie cellulaire et moléculaire peuvent servir a
appliquer les connaissances sur la biologie et la péche du poisson. A cet égard, nous
suggérons que |-utilisation des lectines peut constituer un processus raisonnable pour étudier
la structure des stocks de poisson. Les lectines sont des protéines ou des glycoprotéines
d-origine non-immunitaire qui agglutinent les cellules et/ou précipitent les carbohydrates
complexes. Plusieurs lectines se comportent comme des anticorps de groupes sanguins et
peuvent servir de marqueurs génétiques spécifiques. Nous identifions les groupes sanguins des
populations globales de Thunnus alalunga du point de vue de la génétique des populations au
moyen de lectines. Des poissons de plusieurs stocks de la Méditerranée, de kAtlantique, du
Pacifique et de I-océan Indien ont été capturés, et 5 ml de leur sang a été prélevé. Chacun de
Ces poissons a été traité avec des lectines dénommées 8 FITC. L:activité agglutinante des
lectines a été détectée au moyen de tests de fluorescence. Plusieurs processus statistiques de
génétique des populations ont éé employées pour analyser la variabilité générique, la
différentiation géographique et |-cartement génétique, d-ou: i) il existe une variabilité
génétique su sein des populations de Thunnus alalunga, ii) nous détectons un degré trés
significatif d-hétérogénéité entre les populations, et une différentiation géographique
considérable, iii) la population méditerranéenne se démarque assez de la population nord-
atlantique, iv) les populations du nord et du sud de I=Atlantique sont extrémement distinctes, v)
la population du Pacifique est celle qui se différenciele plus des autres, vi) les populations du
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golfe de Guinée et de |-Atlantique sud sont distinctes, vii) les populations du golfe de Guinée et
del=Atlantique nord sont proches, viii) les populations de I-océan Indien et de |-Atlantique sud
sont également proches.

RESUMEN

Las nuevas herramientas de biologia molecular y celular se pueden utilizar para implementar €
conocimiento de la biologia de los peces y de la pesca. En este sentido, proponemos la utilizacién
de lectinas como procedimiento comprensible para estudiar la estructura de poblacion de los
peces. Las lectinas son proteinas o glucoproteinas de origen no inmune que aglutinan células o
precipitan carbohidratos complgos. Muchas lectinas se comportan como anticuerpos de grupos
sanguineos y pueden utilizarse como mar cador es genéticos especificos. Hemos identificado grupos
sanguineos de poblaciones de Thunnus alalunga de todo e mundo desde € punto de vista de
genética de poblaciones mediante lectinas. Se capturaron peces de varias poblaciones del mar
Mediterraneo y de los océanos Atlantico, Pacifico e indico y se les extrajo 5 mL de sangre a cada
uno. Se tratd a cada pez con lectinas marcadas con FITC 8. La actividad aglutinante de la lectina
se detect6 utilizando fluorimetrias. Se emplearon varios procedimientos estadisticos de genética
de poblaciones para analizar la variabilidad genética, diferenciacion geogréfica y distancia
genética, que mostraron que: i) existe una variabilidad genética dentro de las poblaciones de
Thunnus alalunga; ii) detectamos una heterogeneidad muy significativa entre las poblaciones y
una considerable diferenciacién geogréfica; iii) la poblacion mediterranea se distancia bastante
de la poblacion del Atlantico Norte, iv) las poblaciones del Atlantico norte y sur son
extremadamente distantes; v) La poblacion del Pacifico es la que presenta una mayor distancia
con respecto a las demas; vi) las poblaciones del Atlantico Sur y del Golfo de Guinea son
distantes; vii) las poblaciones del Golfo de Guinea y € Atlantico norte son préximas; viii) las
poblaciones del indicoy el Atlanticosur también son proximas.
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INTRODUCTION
1.1.- Worldwide albacore fisheries

Albacore (Thunnus alalunga, Bonn. 1788) is a temperate tuna widely distributed throughout the
Pacific, Indian and Atlantic Oceans, including the Mediterranean Sea.

In the North Atlantic it is exploited by surface and longline fisheries. Surface fisheries that target
juvenile and preadult fish (50 to 90 cm FL) include baitboat, trolling, driftnets and pelagic trawling
operating mainly in the Bay of Biscay, Azores isands and adjacent waters. Longline is targeting
preadult and adult fish (60 to 120 cm FL) in the northwest and central Atlantic Ocean (Anon. 2001).

There are some minor catches of adult albacore (Anon. 2001) made by the purse seine fleet
targeting tropical tunas in the tropical Atlantic area.

In the South Atlantic, longline fleets operating all over the southern temperate region account for
the majority of the catches, but there are also some baitboats operating near the southern African
coast.

The information about catches in the Mediterranean is scarce. The main fishing gears operating in
the Mediterranean are driftnets, longline, handline and trolling (Anon. 2001)

The albacore catches in the Indian Ocean come primarily from longline fisheries operating in all
the southern temperate region from Madagascar and almost till Australia.



In the Pacific, longline operates al along the temperate region of both hemispheres. Baitboat
catches are distributed, in general, in higher latitudes and more coastal waters than longline, existing
some common areas for baitboat and longline in the northwest Pacific.

1.2. Worldwide albacor e stock structure

It is assumed that there are two separate stocks in the Atlantic ocean, the northern and the
southern stock, separated at 5°N (ICCAT 1978; [, 2001 #473]), although there may be some little
interchange of individuals between them (Bard 1978; Beardsley 1969; Gonzalez-Garcés 1997; Koto
1969; Le Gall 1974; Le Gall et al. 1975; Yang 1970).

Colouration studies (Aloncle and Delaporte 1974), colouration, tagging, size frequency and
parasite studies (Aloncle and Delaporte 1979; Hue 1980), electrophoretic studies (Hue 1979; Hue
1980b), and colouration, electrophoretic, size frequency and hard part studies (Hue 1980b) indicate
some heterogeneity within the northern Atlantic stock, concluding that there may exist more than one
subpopulation in it (Gonzalez-Garcés 1997).

The northern stock is considered to be independent from the Mediterranean stock (Bard 1981),
based on the existence of an independent spawning zone in the Mediterranean (Duclerc et al. 1973;
Lalami et al. 1973; Dicenta et a. 1975; Dicenta 1978; Dicenta and Piccinetti 1978), different
morphometrics (Bard 1978; Bard 1981; GFCM/ICCAT 1990), different growth rates and age of first
maturity (Arena et a. 1980), serological differences (Keyuanfar 1964) and tagging and larvae
distribution (Fao Gen. Fisheries Counc. for the Mediterranean 1994). Nevertheless, Di Natale (1991)
relates the presence of large abacore (more than 30 kg) in the Mediterranean with their possible
income from the Atlantic, and some Atlantic-Mediterranean interchange of individuals has been
recorded through tagging experiments (Aloncle and Delaporte 1976; Gonzélez-Garcés 1997; Ortiz de
Zarate and Cort 1998; Arrizabalaga et al. 2001). Vifias J. (1998) found no genetic differentiation
among samples from several locations on the northeast Atlantic and western Mediterranean. Only
significant differences were found when the Alboran Sea locality had been included in the Atlantic
group and the Balearic islands was the only one in the Mediterranean group. It was suggested that this
observation should be confirmed increasing the sample size (only 24 fish were analysed in their
experiment).

Very little work is done to identify the stock structure of albacore in the Indian Ocean. According
to Stequert et al. (1989) there are two separate and distinct larvae concentration zones, one in the
Eastern and the other in the Western Indian Ocean, from November to April. Yeh et al. (1996), based
on morphometric and genetic studies, also believe that it is possible to have two albacore stocks
delimited by the 90°E meridian in the Indian Ocean, and Penney et al. (1998), based on morphometric
studies, also showed dissimilarities between eastern and western regions.

In the Pacific Ocean, it is accepted an hemispheric stock structure for albacore (SPC 2001)

Allthough some scientists maintain a two stock hypothesis in the North Pacific Albacore (Holts
and Bartoo, 1985; Laurs and Lynn 1991), it is considered to be a unique stock in the whole Northern
Pacific, based on length frequency, spawning ground and tag recapture information (Nakano 1996),
and several genetic studies have indicated that there are no differences among the north Pacific
albacore (Graves, 1985; Graves and Dizon 1989; Chow et al., 1993).

Based on tagging information, it is assumed that there is one single albacore stock in the South
Pacific Ocean (SPC 2000).

Usually, the population structure of commercial fishes currently assumed on several international
organizations for management purposes is based mainly on commercial fisheries data. On the contrary,
and in addition to other genetic procedures that are also in use, new tools from cell and molecular



biology can be used to implement the knowledge of fish biology and fisheries. In this sense, we
suggest that the use of lectins can be a understandable procedure to study population structure of fish.

Lectins are proteins or gycoproteins of non-immune origin that agglutinate cells and/or precipitate
complex carbohydrates (reviewed by Liener et al 1986, and Slifkin & Doyle 1990). Due to the fact that
many different membrane proteoglycans and glycolipids are present, the cell surface can be precisely
characterised using lectins (Slifkin & Doyle 1990). Lectins are isolated from a wide variety of natura
sources including seeds, plants, fungi, bacteria, seaweed, sponges, corals, molluscs, fishes,
invertebrates and mammalian.

Several lectins behave like blood group antibodies and agglutinate various blood groups of
erythrocytes (Nance 1986). These lectins (called phytohemaglutinins) can be used as specific gene
markers. For example, the lectin of Dolichus biflorus reacts specifically with A1l erythrocytes from
animals with Al alele (Issit 1985, Nance 1986). Lectins have great potential as tools to distinguish
between cell types, and consequently, lectins have widely been used as cell markers (Slifkin & Doyle
1990). Recently new procedures that allows the preparation of an unlimited number of novel lectins
with diverse specificities has been developed using genetic engineering (Yim et al 2001).

In this work we characterise frequencies of blood groups of Thunnus alalunga worldwide
populations using lectins. Frequencies of blood groups in natural populations have constituted a useful
tool to analyse genetic structure of natural populations, differentiate races, and interpret migration
rates. As examples, the seminal Cavalli-Sforza's papers on genetic structure of human populations are
based on blood groups (Cavalli-Sforza 1963, 1981; Edwards & Cavalli-Sforza 1964), and many work
on phylogenies and races of domestic animals was aso performed with blood groups (Nicholas 1987).

2. MATERIAL AND METHODS

139 fishes from populations of Mediterranean, North Atlantic, Gulf of Guinea, South Atlantic,
Indian Ocean and Pacific Ocean were obtained by scientific observers aboard Spanish fishing vessels
operating in the different areas (Table 1, Figure 1). Bearing in mind the schooling behaviour of
albacore tuna (and tunas in general), sampling was done along several days and geographic locations
during each fishing cruise in order to sample individuals from several schools of the same population
avoiding the “familiar effect” problem described by Vifias et al. (1998)

From each fish 5 mL blood was obtained from branchia artery using heparynised vaccutainers.
Bleed were conserved at 4°C until its study in laboratory. Only bleed with living erythrocytes was
used. From each fish aliquots of 50 uL blood were washed in isotonic PBS, and treated with eight
FITC-labelled lectins (Table 2) for 1h at 20°C in accordance to manufacturer’s recommendations as
employed in previous studies (Gonzalez de Chabarri et a. 1994, Costas & LOpez-Rodas 1994). After
the incubation period, the erythrocytes were washed three times in PBS, and the washed erythrocytes
were observed in a Zeiss axiovert microscope with a FITC filter set for epifluorescence to detect
positive (or negative) lectin binding. All the tests were read "blind"; that is, the person reading the test
did not know the identity of the sample. At least two different persons observed each sample.

The heterogeneity and geographic differentiation among populations was tested by a x2 test as
well as a G test based on likelihood-ratio (Sokal & Rohlf 1995). Distances among populations were
estimated based on x2 statistics according to Balakrishnan & Sanghvi (1968) procedure. A clusters
analysis was performed employing the Euclidian distances of a complete linkage procedure (Hartigan
1975).

3. RESULTS AND DISCUSSION
Lectins seem to be useful tools to rapid and precise characterisation of erythrocytes surface

moieties in fishes. The optical examination of the quality of lectin binding demonstrated that all the
erythrocytes of a fish show similar lectin binding pattern; they presented bright stain, or they are not



bind at al, but mixed patterns of stained and unstained erythrocytes were not observed. The lectin
binding pattern (blood groups) of a great number of fishes can be easily analysed. Consequently, the
frequency of lectin binding pattern can be analysed under a population point of view, to detect
variability within populations and geographic differentiation among populations.

Figure 2 is a descriptive Radar/Spider plot for the percentage of negative binding patterns of
lectins PWM, Con A, SBA, WGA, ECA, VVA in the different Thunnus alalunga populations,
showing different shapes for each population studied, and which gives an idea of the similarities-
disimilarities among them.

There is substantial genetic variability within all the populations of Thunnus alalunga analysed
(Table 3). Most of the lectins are able to detect variability within populations (PWM, Con A, SBA,
WGA, ECA, VVA). Only two lectin (TPA which detect the human blood h, and PEA) were uselessin
T. alalunga. In addition, we detect highly significant heterogeneity and considerable geographic
differentiation among T. alalunga worldwide populations (Table 3). Some lectins (PWM, Con A, and
SBA) are a useful tool to detect significant differences among populations of T. alalunga.

A cluster analysis representing the Euclidian distances among the analysed populations using a
complete linkage procedure (Figure 3) as well as the genetic distances (GD) based on the x2 analysis
show that: i) Mediterranean population is quite distant of North Atlantic population (GD = 0.021), ii)
North and South Atlantic populations are extremely distant (GD = 0.023) , iii) Pacific population is the
most distant from the others , vi) Gulf of Guinea and South Atlantic populations are distant (GD =
0.0191), v) Gulf of Guinea and North Atlantic are proximate (GD = 0.002), vi) Indian and South
Atlantic populations are also proximate (GD = 0.006).

There is a great agreement between other genetic and tagging studies and our population analysis
of blood groups using lectins. For instance, recently reviewed migrations of T. alalunga based on
conventional tag rel ease-recapture show that none of the 23,777 albacore released in the North Atlantic
and the Mediterranean have been recaptured in the South Atlantic (Arrizabalaga 2001). Our analysis of
blood groups frequency using lectins also suggest that North Atlantic and South Atlantic constitutes
two genetically differentiated populations.

According to the present northern and southern stock separation criteria (the parallel 5°N), the
purse seine catches in the equatorial area are supposed to be from the southern stock (Anon., 2001).
Koto (1969), based on Japanese longline catch statistics, first suggested that some intermingling of
adult albacore may occur between the Northern and Southern stocks. Ortiz de Zarate and Cort (1998)
also agreed that the understanding of the up to date accepted stock structure is complicated because of
these purse seine catches, as no information is yet available on the origin of these albacore. The
results presented in this paper are the first genetic analyses done with albacore from equatorial origin
(caught by tropical purse seiners in the Gulf of Guinea), suggesting that they are much more closer to
the northern stock than to the southern one, which is not corresponding to the present stock structure
assumed in ICCAT.

The northern stock is considered to be independent from the Mediterranean stock (Bard 1981;
Dicenta and Piccinetti 1978;. Recently reviewed conventional tagging data reveals that only two
albacores tagged in the North Atlantic have been recaptured in the Mediterranean, and two albacores
released in the Mediterranean have been recaptured in the North Atlantic (Arrizabalaga 2001). Our
results are also in agreement with these tagging data and the assumed stock structure in ICCAT: the
Mediterranean population is genetically different from the Atlantic population.

It is also assumed that there may be some transfer of individuals from the Atlantic to the Indian
ocean and vice versa. Based on catch statistics of the Japanese longline fishery, and considering that
the areas with high hooking rates appear to be continuous between southern waters of the Atlantic and
the Indian Ocean through off South Africa, Koto (1969) suggests that some intermingling of immature
fish between both oceans may occur during the southern hemisphere summer. Penney et al. (1998)



suggest that, although there are morphometric differences between Indian and Atlantic abacore
stocks, the Aghulas current acting as a superficial frontier between them, there may be some limited
and sporadic interchange of adult albacore in deep waters. (Yeh et a. 1998) showed differences
between DNA sequences from South Atlantic and the eastern Indian Ocean, but no genetic samples
from the western Indian ocean were collected, and it was suggested that the catch statistics of
Taiwanese longline seemed to show a continuous catch rate distribution from the Atlantic crossover to
the Indian Ocean, this implying that the stock structure of the Indo-Atlantic albacore nearby South
Africa is complicated. Our results are in agreement with those discussions in favor of the possible
interchange of individuals from one ocean basin to the other, which makes them be proximate from a
genetic point of view.

Graves and Dizon (1989) found mitocondrial DNA similarity of south Atlantic and North Pacific
albacore tuna, suggesting recent isolation of Atlantic and Pacific albacore or, more likely, at least a
small amount of migration between the two ocean basins via the Indian Ocean, even if this
intermingling rate is not important for fishery managing purposes. They also recommended to conduct
more studies with larger sample size. In this sense, Chow and Ushiama (1995) made a global genetic
study based on a much larger sample size from the Atlantic (north and south), Pacific (north and
south) and Indo-Atlantic (Cape of Good Hope) regions, in order to clarify the worldwide stock
structure of albacore. The results showed that highly significant heterogeneity was evident between
the Pacific and Atlantic-Cape of Good Hope samples, which coincides with serological studies made
by Suzuki (1962). They proposed that the Atlantic and Pacific Oceans may be separated by a
boundary, or simply the gene flow may be restricted by the distance between the ocean basins. Our
results are in total agreement with these observations from Chow and Ushiama (1995), as the Pacific
population is the most distant one.

The population analysis of blood groups using lectins is more rapid and effortless than other
procedures. Consequently, it is atool with great potential for the characterisation and delimitation of T.
alalunga populations.

4. CONCLUSIONS

i) Lectins are interesting tools to obtain data on geographic differentiation (and genetic
distances) between fish population.

ii) The analysis of geographic differentiation of Thunnus alalunga worldwide populations using
lectins suggest that:

- North and South Atlantic are extremely distant populations.

- North Atlantic and Mediterranean are quite differentiated populations.
- Pacific population is the most distant from the others.

- Indian and South Atlantic populations are proximate.

- Gulf of Guinea and North Atlantic populations are similar.

- Gulf of Guinea and South Atlantic populations are different.
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Table 1. Thunnusalalunga blood sample collecting information.

Area Latitude Longitude | Number of|Date
individuals
W Mediterranean 36°N 10-20W 41 Nov 99
NE Atlantic 45° N 3°-5° W 20 Aug 96
Gulf of Guinea 1°N 15°-16°W |23 Nov 99 — Jan 00
Central South Atlantic 19°-24°S | 10°-24°W | 28 Nov99- Feb 00
SW Indian Ocean 27°-29°S | 38°-58° E 10 May 98
Central Indian Ocean 20-4°S 66°-72°E |10 Jan 98
W of S America 37S 80°-81°W 7 Apr-May 00
Table2. Lectins used in this study.
Lectin abbrevi at on specificity on:
sugars human blood group
Phyt ol acca anericana (PW) (gl cNAC) 3
Concanaval i ne A (Con A) a-mn, a-glc
d yci na maxi ma ( SBA) gal NAc
Triticum vul gare (WEA) (gl uUNAC) 2, NeuNAc
Erythrina cristagalli (ECA) b- gal (1->4) gl cNAc
Vicia villosa (VWA gal NAc At +Tn
Pi sum sati vum ( PEA) a- man
Tet r agl onol obus pur pur eas( TPA) a-1-fuc H




Table 3. Lectin binding pattern (blood groups) obtained in different populations of Thunnus alaunga. + = number of positive binding fishes; = number of negative binding
fishes. Differentiation among populations was tested by ax2 test and a G test. Abbreviationsasin Table 1.

PVWM Con A SBA WGA ECA VWA PEA TPA
+ - + - + - + - + - + - + - + -
Medi t er r anean 0 41 0 41 1 40 23 18 0 41 1 40 0 41 0 41
North Atlantic O 20 5 15 2 18 9 11 1 19 1 19 0 20 0 20
Gulf of Guinea O 23 5 18 1 22 9 14 1 22 0 23 0 23 0 23
Souh Atlantic 1 27 1 27 6 22 8 20 0 28 0 28 0 28 0 28
I ndi an Ccean 0 20 0 20 6 14 8 12 0 20 0 20 0 20 0 20
Paci fi c Ocean 4 3 0 7 2 5 5 2 0 7 0 7 0 7 0 7
X2 61.76 20.6114.147.06 4,56 3.22
G 24.8821.7014.617.73 4.77 3.59

si gni ficance p<0. 001 p<0. 001 p<0. 05 p>0. 05 p>0. 05 p>0. 05




Figure 1. Blood sampling locations of Thunnus alalunga.
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Figure 2. Radar/Spider plot for the percentage of negative binding patterns of six lectins in the different
Thunnus alalunga populations studied (the center of the circle represents 0% of negative binding for each
lectin).
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Figure 3. Cluster analysis (Euclidian distances of a complete linkage procedure) summarising distances among
populations.





