a——

Comp. Biochem. Physiol. Vol. 75B. No. 2. pp. 355 to 358, 1983
Printed in Great Britain

0305-0491/83/060355-04$03.00/0
© 1983 Pergamon Press Ltd

97

[SOZYMIC DIFFERENTIATION OF TWO SIBLING
SPECIES OF SQUATINA (CHONDRICHTHYES) IN
SOUTH BRAZIL

A. M. SoLE-Cava*, C. M. Voorent and J. A. LEvy*

*Laboratério Bioquimica, Departamento de Quimica,
+Departamento de Oceanografia, Fundagio Universidade do Rio Grande, C.P. 474-96.200,

Rio Grande,

RS, Brazil

(Received 13 October 1983)

Abstract—1. Two sympatric morphotypes of the nominal species Squatina argentina from South Brazil
are compared by the frequencies of 25 isozymes distributed over 14 presumptive loci.
2. The Nei’s Genetic Identity index obtained in a comparison of the populations is of 0.71.

3. The loci EST-2 and EST-4 are fixed at different
ductive isolation between them.

isozymes for each population, indicating a repro-

4. The most significant morphological and meristical differences between the morphotypes are the
presence or absence of dorsal spines and the dental formuia.
5. The agreement between these characteristics and the genetical data indicates that the two morpho-

types belong to different species.

INTRODUCTION

The genus Squatina, the only one of the Order Squati-
nomorpha, comprises eleven recent species (Bigelow
& Schroeder, 1948). It is a conservative group, with
little morphological variation since the first fossil
records from Upper Jurassic (Schaeffer, 1967), and is
characterized by a great amount of DNA/nucleus in
relation to other elasmobranchs and teleosts (Stingo,
1979; Stingo et al, 1980). Based on morphological
criteria, it has been considered that only one species

(Squatina argentina, Marini, 1930) occurs in the
Southern part of South America (Bigelow &
Schroeder, 1948: Cousseau, 1973; Roux, 1976;

Figueiredo, 1977) in opposition to the existence of
two species claimed by Marini (1930, 1936). Popula-
tion dynamics studies (Vooren, 1982) have shown the
existence of two morphologically identifiable popula-
tions in South Brazil.

Biochemical systematics, based on genetic frequen-
cies of allozymes (Avise, 1975, 1976; Thorpe, 1979)
has been widely used in studies of populations (Wise-
mann et al., 1978; Buth et al., 1980) and in the detec-
tion and comparison of sibling species of teleosts
(Gorman & Kim, 1977; Comparini & Rodino, 1980;
Smith & Robertson, 1981) but has never been used for
elasmobranch populations, for which estimates of
mean heterozygosity are also lacking.

The aim of this work is to estimate the mean hetero-
zygosity in Squatina populations and to verify the
level of genetical identity between them in order to
determine whether they actually belong to different
species or not.

MATERIALS AND METHODS

Squatina argentina fishes of both sexes and all lengths
were collected in 1981 during cruises of the O.V. “Atlantico
Sul”, between 30 and 34°S, from 20 to 120 m deep. They
were immediately classified in morphotypes 1 and 11
according to the presence or absence of a row of 20-30
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spines between the head and the first dorsal fin. Samples of
brain, eye, axial white muscle, heart, kidney, liver, spleen
and testis were taken on board from freshly killed mature
fishes of both morphotypes and immediately frozen at
—20°C. For classification purposes, the teeth of both jaws
of all fishes were counted, the shape of the nasal curtains
recorded and 24 body proportions measured after Cous-
seau (1973). The differences between the body proportions
of the two morphotypes were subjected to a Student’s
t-test. Enzymes were extracted at the laboratory by hom-
ogenizing the tissues in one volume of 0.02M Tris-HCl
buffer (pH 7.5) for 30 sec at 0°C with a Polytron homogen-
izer. The extracts were centrifuged for 20 min at 0°C and
20,000 rev/min and stored at —20°C. Horizontal electro-
phoresis was carried out at 4°C either on Cellulose Acetate
plates (Cellogel-Chemetron) or on 7%, polyacrylamide gels.
Four buffer systems, after Brewer (1970) and Toledo &
Magalhdes (1973) were tested for each enzyme on each
tissue. Visualization of the isozymes was achieved after
Brewer (1970) and Shaw & Prasad (1970) but using Thiazo-
1yl Blue Tetrazolium (MTT) instead of Nitroblue Tetrazo-
lium (NBT). Enzymes nomenclature and abbreviations fol-
low Toledo & Magalhdes (1973). Identification of each
allele was made by assigning the value 100 to the isozyme
of greatest mobility, and relative values for the slower ones.

RESULTS AND DISCUSSION

The extracts of liver, heart and white yield the best
resolution, and were selected for the observation of
the enzymes activities (Table 1).

The number of teeth of the upper jaw was predomi-
nantly 20-22 in morphotype T (84 analysed specimens)
and 18 in morphotype II (58 analysed specimens). The
lower jaw had 20-22 teeth in both morphotypes. The
length of the pectoral fin and the size of the head were
significantly greater in morphotype I, all other body
proportions were similar in both morphotypes. The
observed differences alone seemed to be not sufficient
for identification purposes, and all obtained values
were within the usually accepted range of variation
for Squatina argentina {Cousseau, 1973 Bigelow &
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Table . Selected electrophoretical conditions for the analysed enzymes

Enzyme E.C. Support Buffer* Tissues

ADH 1.1.1.1 Cellulose acetate I Liver

AAT 2.6.1.1 Cellulose acetate I Liver

AIPH 3.1.3.1 Polyacrylamide It Heart

EST — Polyacrylamide I Heart, liver
GDH 1.4.1.3 Cellulose acetate I Liver

LDH 1.1.1.27 Polyacrylamide 11 Heart, muscle
MDH 1.1.1.37 Polyacrylamide I Heart, muscle
ME 1.1.1.40 Polyacrylamide II Heart

SOD 1.15.1.1 Polyacrylamide v Heart, liver

*1, Veronal pH 8.7 (Brewer, 1970); II, Hist-Citrate pH 8.0 (Brewer, 1970); III,
Tris—citrate pH 8.7 (gel) and NaOH-borate pH 8.1 (bridge) (Toledo & Magalhies,
1975); 1V, Tris-borate pH 9.0 (Toledo & Magalhies, 1973).

Schroeder, 1948). The shape of the nasal curtains, polymorphic in both morphotypes (Fig. 1 and Table
claimed by Roux (1976) as the most important 2), the locus ADH was polymorphic only in morpho-
character for identifying Squatina species, was ident-  type 1. The proportion of polymorphic loci and the

ical in both morphotypes.

mean heterozygosities are thus respectively 0.286 and

The Joci EST-3, AAT-1, AAT-2 and GDH were  0.130 for morphotype I and 0.367 and 0.164 for mor-

Table 2. Allozyme frequencies of Squatina populations

Locus Alleles Morphotype I Morphotype II
AAT-1 —100* 0.40 0.67
—82* 0.60 0.33
n 6 6
AAT-2 100 0.63 0.31
85 0.37 0.69
n 13 16
ADH 100 0.00 0.14
71 1.00 0.14
57 0.00 0.72
n 6 10
AIPH 100 1.00 1.00
n 15 26
EST-1 100 1.00 1.00
n 15 26
EST-2 100 1.00 0.00
94 0.00 1.00
n 15 26
EST-3 100 0.00 042
95 0.46 0.00
89 0.00 0.58
84 0.54 0.00
n 15 26
EST-4 100 0.00 1.00
92 1.00 0.00
n 15 26
GDH 100 0.75 043
90 0.25 0.57
n 18 29
LDH 100 1.00 1.00
n 36 50
MDH 100 1.00 1.00
n 15 26
ME 100 1.00 1.00
n 15 26
SOD-1 100 1.00 1.00
n 26 47
SOD-2 100 1.00 1.00
n 26 47

* Migrating toward the anode.
n, number of analysed individuals.
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Fig. 1. Observed patterns of the studied enzymes. In poli-
morphic loci, the heterozygous pattern is presented.

photype II. These values are slightly higher than the
ones generally reported for teleosts (Selander, 1976).

The observed genotypic proportions for the poly-
morphic loci are in accordance to the expected pro-
portions for populations in the Hardy-Weinberg
equilibrium (Dobzhansky et al., 1980), showing that
each morphotype constitutes a genetical unit, as sug-
gested by Vooren (1982). The enzymes ADH, EST-3,
AAT-1 and AAT-2 seem to have a monomeric struc-
ture, since that the heterozygotes presented only two
bands. GDH presents a dimeric structure, with
3-banded heterozygotes. All polymorphic loci but
ADH showed to be diallelic. ADH was triallelic in
morphotype IL.

The Nei’s Identity (Nei, 1972) and the Thorpe’s
Similarity (Thorpe, 1979) indexes between both mor-
photypes are 0.71 (genical distance, D = 0.34) and
0.66 (D = 0.34) respectively. These values are as the
ones generally found in the comparison of different
species of the same genus (Thorpe, 1979; Avise, 1976).
Furthermore, the EST-2 and EST-4 loci are fixed at
different alleles in each population, showing that
there is a true reproductive isolation between them. Tt
may be concluded that the nominal species Squatina
argentina of the South-western Atlantic Ocean in-
cludes at least two different species, which may be
differentiated principally by the dental formula, pres-
ence of spines in the dorsal line and Esterases pattern
from heart extracts. These features coincide with im-
portant differences between parameters of population
dynamics (Vooren, 1982).

The low morphological differentiation maintained
after a considerable biochemical divergence is in ac-
cordance with the great specialization (Compagno,
1977) and conservativeness of the genus (Stingo,
1979), which comprises few species and is antique, fol-
lowing probably the genetical differentiation model 1
of Avise & Ayala (1975).

As the currently used systematic diagnostic charac-
teristics did not distinguish the studied species, it is
suggested that a review of the systematics of the genus
be made.

Acknowledgements—This study was supported by grant
No. 40.358/81 from the National Research Council (CNPq)
and FAPERGS. We are grateful to Acad. Edelti Albertoni
for her assistance during various phases of this work and
to Prof. Jodo Yunes and Dr Alphonse Kelecom for critical
reading of the manuscript.

REFERENCES

Avise J. C. (1975) Systematic value of electrophoretic data.
Syst. Zool. 23, 465-481.

AVISE J. C. (1976) Genetic differentiation during speciation.
In Molecular Evolution (Edited by AvaLa F. J), pp
106-122. Sinauer Associated, Sunderland.

Avise J. C. & AvaLa F. J. (1975) Genetic change and rates
of cladogenesis. Genetics 81, 757-773.

BiGeLow G. W. & SCHROEDER W. C. (1948) Fishes of the
western North Atlantic. Mem. Sears Found. Mar. Res.
Yale Univ. 1, 59-552.

BuTH D. G., BURR B. M. & Scuenck J. R. (1980) Electro-
phoretic evidence for relationships and differentiation
among members of the percid subgenus Microperca. Bio-
chem. Syst. Ecol. 8, 297-304.

BREWER, G. J. (1970) An Introduction to Isozymes Techni-
ques. Academic Press, New York.

ComPAGNO L. J. V. (1977) Phyletic relationships of living
sharks and Rays. Am. Zool. 17, 303-322.

CoMPARINI A. & RopinG E. (1980) Electrophoretic evi-
dence for two species of Anguilla in the Sargasso Sea.
Nature, Lond. 287, 435-437.

Cousseau M. B. (1973) Taxonomia y Biologia del pez
angel, Squatina argentina Marini (Pisces, Squatinidae).
Physis 32, 175-195.

DoBzHANSKY T., AvaLa F. J., STEBBINS G. L. & VALENTINE
J. W. (1980) Evolucion. Ediciones Omega, Barcelona.

FIGUEIREDO J. L. (1977) Manual de peixes marinhos do
sudeste do Brasil. Introdugio. Cagoes, raias ¢ quimeras.
Mus. Zool. USP, Sio Paulo.

GorMAN G. C. & Kim Y. J. (1977) Genotypic evolution in
the face of phenotypic conservativeness: Abudefduf
(Pomacentridae) from the Atlantic and Pacific sides of
Panama. Copeia 1977, 694-697.

MarINT T. L. (1930) Nueva especie de pez angel, Rhina
argentina n.sp. Physis 10, 5-7.

MariNI T. L. (1936) Revision de las especies de la familia
Squatinidae en las aguas argentinas (S. guggenheim,
n.sp.). Physis 12, 19-30.

NEI M. (1972) Genetic distance between populations. Am.
Nat. 106, 283-292.

Roux C. (1976) Les squatinides de 'Atlantique. Abstracts
of the 2nd European Ichthyological Congress.

ScHAEFFER B. (1967) Comments on elasmobranch evolu-
tion. In Sharks, Skates and Rays (Edited by GILBERT P.
W., MatHEWSON R. F. & RaLL D. P.), pp. 3-35. Johns
Hopkins Press, Baltimore.

SELANDER R. K. (1976) Genetic variation in natural popu-
lations. In Molecular Evolution (Edited by AvyaLa F. J)),
pp 21-45. Sinauer Associated, Sunderland.

SHAw C. R. & PrASARD R. (1970) Starch gel electrophore-
sis—A compilation of recipes. Biochem. Genet. 4,
297-320. :

SMITH P. J. & ROBERTSON D. A. (1981) Genetic evidence for
two species of sprat (Sprattus) in New Zealand waters.
Mar. Biol. 62, 227-233.

STINGO V. (1979) New developments in vertebrate cytotax-
onomy. I1. The chromosomes of the cartilaginous fishes.
Genetica 50, 227-239.



358 A. M. SOLE-CAVA et al.

STINGO V., DuBul M. H. & OpirrNa G. (1980) Genome  VOOREN C. M. (1982) The angel sharks (Pisces, Squatinidae)

size of some selachian fishes. Boll. Zool. 47, 129-137. of South Brazil. Abstracts of the 4th European Ichthyo—
THorPE J. P. (1979) Enzyme variation and taxonomy: the logical Congress, Hamburg.

estimation of sampling errors in measurements of inter-  WiseMan E. P., ECHELLE A. A. & ECHELLE A. F. (1978)

specific genetic similarity. Biol. J. Lin. Soc. 11, 369-386. Electrophoretic evidence for subspecific differentiation
ToLEDO S. A. & MAGALHAES L. E. (1973) Eletroforese em and intergradation in Etheostoma spectabili. Copeia

gel de amido Métodos para a detec¢do de isoenzimas em 1978, 320-327.

dipteros. Ciénc. Cult. 25, 1148-1153.



