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Abstract. Seabreams are among the most valuabléViolecular phylogeny — Trophic morphology — Tax-
fish, not only for small-scale and semiindustrial fisheriesonomy

but also for aquaculture throughout the Mediterranean:
Nevertheless, their phylogenetic relationships are not at

all clear. The current taxonomy is baseq solely on trophiqntroduction
morphology and rests on the assumption that each tro-

phic type ev_o_lved only once from a less specialized AN The Sparidae comprise a total of about 100 species
cestral condition. We analyzed a 486-bp segment of the | - : )
. : . Wwhich are found predominantly in coastal waters of
mitochondrial 16S rDNA of all 24 seabream species de-_ . )
) : : tropical and temperate zones. While most of their closely
scribed for the northeastern Atlantic and the Mediterra- " - S .
. . . . related families (Lethrinidae, Nemipteridae, Haemulidae,

nean to elucidate their generic and subfamily-level rela- = . " . -
) } ) . o Lutjanidae) are more or less restricted to the Indo-Pacific
tionships. Three major mitochondrial lineages, each - : . . o
e . . ! region, the Sparidae have their center of diversity in the
comprising species of different feeding strategy and den- . . )
o : Atlantic Ocean. Twenty-four species are described from
tition, were found that do not agree with the present 4 .
X . X . the northeastern Atlantic and Mediterranean coasts (Bau-
taxonomic assignments. Most of the investigated genera .
: Lo chot and Hureau 1986). As major targets for small-scale

were resolved paraphyletically, indicating that the struc-

f';md semiindustrial fisheries, they are of considerable
ture and arrangement of oral teeth must have repeatedé( o . .

. L conomic importance. Some species such as the gilthead
evolved from a less specialized ancestral condition. Furbream Gparus aurath and the red seabrearPdgrus
ther, the genu$paruswas resolved as distantly related b g

. . : . major) have become important aquaculture subjects
to the genu®agrus,in that it was assigned to a different . .
. . o (Hempel 1993). Their aquacultural value has resulted in
major mitochondrial lineagéblada melanuravas con-

sistently placed within théiplodus radiation as sister a series of genome manipulation programs focusing on

. . _higher productivity such as transgenesis (Cavari et al.
group toDiplodus puntazzoOur phylogenetic hypoth 1993), gynogenesis (Sugama et al. 1990), triploidization

esls thus sugggst; multlple.mdepende.nt origins .Of §|mlla Garrido-Ramos et al. 1996), and interspecific hybridiza-
trophic specializations within the Sparidae and indicates; . . . o
. .. —1ion (Dujacovic and Glamuzina 1990). Cultivation of ad-
that the currently recognized three or four subfamilies .. . :
4 ditional Mediterranean species such Ragrus pagrus,
need to be redefined. . . .

Diplodus sargusandDiplodus puntazzds presently be-
ing attempted (Reina et al. 1994). Despite their economic
importance, the systematics of the family Sparidae still
remain unclear. Their classification is so far based solely
on morphological grounds, in particular, defined by the
Correspondence toChristian Sturmbauerg-mail: christian. ~ humber of hard and soft fin rays and dentition (Bauchot
sturmbauer@uibk.ac.at and Hureau 1986; Smith and Smith 1986). Fiedler (1991)
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Table 1. Characterization of the investigated species of the family Sparidae: Species names follow the nomenclature of Bauchot and Hureau
(1986)

Genbank accession

Species n/n*  Subfamily* Habitat Lifestyle Dentition Main food type no.(s.)
Boops boops 3/1 Boopsinae Ubiquitous Semipelagic | Zooplankton AJ247268
Sarpa salpa 3/1 Boopsinae Rocky/sea grass Gregarious | Benthic algae AJ247269
Spondyliosoma cantharus3/1  Boopsinae  Rocky/sandy Gregarious CO Crustaceans AJ247280
Oblada melanura 3/2 Boopsinae Rocky/sea grass Semipelagic 1/CO(r) Benthic invertebrates AJ247296, AJ247297
Dentex (Cheimerius)
canariensis 1/1 Denticinae Ubiquitous Demersal CA Fish AJ247270
Dentex (Dentex) dentex 3/1 Denticinae Rocky Demersal CA Fish AJ247271
Dentex (Cheimerius)
gibbosus 1/1 Denticinae Rocky/sandy Demersal CA Fish, crustaceans AJ247272
Dentex (Polysteganus)
macrophthalmus 3/1 Denticinae Rocky/muddy Demersal CA Fish, crustaceans AJ247273
Dentex (Polysteganus)
maroccanus 3/1 Denticinae Ubiquitous Demersal CA Fish, crustaceans AJ247274
Pagrus auriga 3/1 Sparinae Hard bottoms Demersal CA/M Bivalve mollusks AJ247275
Pagrus coeruleostictus  3/1  Sparinae Hard bottoms Demersal CA/M Bivalve mollusks AJ247276
Pagrus pagrus 3/2  Sparinae Rocky/sandy Demersal CAM Crustaceans, mollusks AJ247277, AJ247278
Pagellus bellottii bellottii 3/1  Sparinae Rocky/sandy Demersal CO/M Benthic invertebrates AJ247282
Pagellus erythrinus 4/1  Sparinae Ubiquitous Demersal CO/M Benthic invertebrates AJ247284
Pagellus acarne 3/1 Sparinae Ubiquitous Demersal CO/M Benthic invertebrates AJ247281
Pagellus bogaraveo 3/1 Sparinae Ubiquitous Gregarious  CO/M Pelagic invertebrates AJ247283
Lithognathus mormyrus 2/1  Sparinae Sandy/muddy Demersal CO/M Crustaceans, mollusks AJ247285
Sparus aurata 3/1 Sparinae Ubiquitous Demersal CAM Bivalve mollusks AJ247279
Diplodus annularis 3/2 Sparinae Rocky/sea grass Gregarious  I/M Benthic invertebrates AJ247286, AJ247287
Diplodus bellottii 3/2  Sparinae Ubiquitous Gregarious  I/M Mollusks, crustaceans AJ247288, AJ247289
Diplodus cervinus
cervinus 3/1 Sparinae Rocky/muddy Gregarious  I/M Benthic invertebrates, algae AJ247290
Diplodus puntazzo 3/2 Sparinae Rocky Gregarious  I/M(r) Benthic invertebrates, algae AJ247291, AJ247292
Diplodus sargus 5/1 Sparinae Rocky Gregarious  I/M Benthic invertebrates AJ247293
Diplodus vulgaris 4/2  Sparinae Rocky/sandy Gregarious  I/M Invertebrates AJ247294, AJ247295

n, number of individuals sequencetf, number of individuals in the phylogenetic tree. CA, caniniform; CO, conical; |, incisiform; M, molariform;
(), rudimentary.
2 According to Fiedler (1991).

distinguished three subfamilies, the Sparinae, the DenMaterials and Methods
ticinae, and the Boopsinae, based mainly on their denti-
tion and diet. Smith and Smith (1986) named the PagelSeventy-one individuals belonging to the 24 species of the Sparidae
linae as a fourth subfamily, also according to theirrecorded for the northeastern Atlantic and the Mediterranean have been
trophic specialization. The relationships within theseanalyzeq (Table 1). In Qddition, three. individualsSyicara maenaf
subfamilies remain unresolved, due to overall similaritiest'® 2!y Centracanthidae were defined as an outgroup. Most of the
) N littoral species Boops boops, Diplodus annularis, Diplodus puntazzo,

and the lack of clear dlagnostlc characters. Rem‘Wk""blbiplodus sargus sargus, Diplodus vulgaris, Lithognathus mormyrus,
little variation in external morphology betweeparus  oblada melanura, Sarpa salpa, Sparus aurata, Spondyliosoma cantha-
aurataandPagrus pagruged to long-lasting uncertainty rus, Spicara maenawere selectively captured by use of a speer gun
upon their phylogenetic relationships, in that they werealong the Revellata peninsula near Calvi, Corsica, in September 1996.
classified in a single genus (Bauchot et al. 1981; Basaglig2mPles oPagellus acame, Pagellus erythrinuand Pagellus boga-

. . . . raveowere obtained in December 1997 from a fish market in Barcelona
1992) orin sepgratg genera (BlanCh_l 1984; Bauchot an pain), Diplodus cervinus cervinuspecimens were caught in April
Hureau 1986; Vitturi et al. 1992). First attempts to an-1996 at Cabo La Nao (Spainpagrus pagrusand additionaBoops
swer these questions through cytogenetics (Cataudella 8bopsspecimens in December 1997 near BarcelonaRevtex dentex
al. 1980) or on the basis of isozyme electrophoresis (Baspecimens in April 1997 near Alicante (Spain). Samples of the pre-
salia 1991) failed, while more recent isozyme datadominantly Atlantic speciesDentex canariensis, Dentex gibbosus,

. . . Dentex macrophthalmus, Dentex maroccanus, Diplodus bellottii, Dip-
(Rem_a etal. 1994)’ as well as studies on Sate_lllte DNA10dus sargus cadenati, Pagellus bellottii bellottii, Pagrus aurigagd
(Garrido-Ramos et al. 1995, 1998, 1999), point to thepagrus coeruleostictysvere taken from a fish market in Agadir (Mo-
existence of considerable incongruences to the presemicco) during March 1998.
taxonomic assignments. Our study not only attempts to To test the phylogenetic relationships, we sequenced a 486-base
resolve these taxonomic problems by means of moIecha" segment of the mitochondrial 16S rDNA. Total DNA was ex-
| fi thods. but also aims to reconstruct th tracted by placing small amounts of epaxonic white muscle tissue in
ar genetuc me ! 9500 wl of 5% Chelex 100 (BIO RAD) suspended in sterile® by

pathways of epqlogical "f‘nd morphological adaptationsncubation at 56°C for at leag h under permanent shaking. Extracts
during the radiation of this group. were finally incubated at 94°C for 15 min and then stored at —20°C.
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Aliquots (1.7pl) of the DNA extracts were directly used for PCR after Cantor distances and PUZZLE was run with a one-parameter substi-
centrifugation at 13,000 rpm (10.000 g) for 5 min. tution model.
For PCR amplification two universal primers for the 16S rDNA

gene were used [16-sar and 16-sbr (Kessing et al. 1989)]. One double-

stranded amplification (1 total volume) was conducted. The am- |

plification products were purified with a commercial PCR purification Results

kit prior to direct sequencing (Sanger et al. 1977). Both strands were

sequenced for at least two specimens per species, while only one strand ) )

was sequenced for the remaining individuals (using the 16-sbr primer)Phylogenetic Distances

The DNA sequences were determined by automatic sequencing on an

ABI 373A DNA Sequencer (Perkin Eimer) through 8% polyacrylami- Spicara maenathe outgroup species, turned out to be

de—urea gels in Tris—borate—ethylenediamine tetraacetate buffer (Zélosely related to the Sparidae, with an average Kimura

MM, pH 8.0) for 14 h at a constant power of 28 W. distance of 9.2% (SD, 1.3%). The 24 analyzed species
were grouped in three major lineages as described in

] ) more detail below (Fig. 1). The average observed cor-

Phylogenetic Analysis rected sequence divergence (Kimura 1980) among the
three major lineages comprising 24 species of the Spari-

The sequences were individually controlled and aligned using the Segge amounted to 9.4% (SD 1.6%). The gen&pandyli-

quence Navigator program (version 1.0.1; ABI-Perkin Elmer). The . - .
Clustal alignments were then further improved by eye. To ensure tha’gsoma’ BOOpSand Sarpa,comprising the first lmeage’

all analyzed taxa had comparable rates of base substitutions, we co 1ad an average Kimura distance of 8.8% (SD, 2.6%); the
ducted a relative rate test by means of the computer program LINTREMEmMbers of the second lineage, containing Caintex
(Takezaki et al. 1995). To examine the degree of variation within theand Pagrusspecies as well a§age||us erythrinusand
sequence data set, we performed a sliding window analysis (Pesole ?‘agellus bellottii bellottii,were all closely related, with

aI_. 1_992;_ Sturmbauer and Meyer 1992). Th_e perC(_entage of variatio n average Kimura distance of 3.2% (SD, 1.4%)_ The
within windows of nine bases was determined with three bases o

overlap. The genetic variation is expressed as a percentage of the fﬂird Ii_neage, containing the genetéthognathus, Spa-
possible base substitutions in a window of 9 bases. Three classes ¢tIS, Diplodus,and Oblada, as well asPagellus acarne
variation were defined: <20% as regions of low variation, 20-40% asand Pagellus bogaraveohad an average Kimura dis-

fTehgiO”tS of f_‘tiQh Vta”a“(’”’ and >‘:9% as fe@liolnsloi ver high ‘éa“]f"ﬂ?”-tance of 5.0% (SD, 2.4%). The relative rate test identi-
en transition—transversion ratios were calculated for each of thes . :
regions separately and translated into appropriate weights for pars;ﬁed L|thognathus mormyruto have a S“ghtly faster rate

mony analysis, depending on the phylogenetic age addressed by 019f bas_e SUbStitUtiong (= 3.36), while all re_maining taxa

analyses. had similar rates. Thus, we tested the influence of the
Data were analyzed by applying the parsimony, neighbor-joininginclusion ofLithognathuson the resulting topologies by

(Saitou and Nei 1987), and quartet puzzling (Strimmer and Haeseleéna|yzing the data set with and without the taxon and by

1996) methods in parallel, using the computer program PAUP* [test . . . . .
version 4.0d65 (Swofford 1999)], to test for the influence of the algo- comparing the resulting topologies in parsimony, neigh

rithm used on the resulting phylogenetic hypothesis. Parsimony analybor jOining' anq maximum Iike-lihoo-d to each other. It
sis was done using heuristic search with random addition of taxa andurned out that.ithognathuswas invariably placed at the
100 replications and the ACCTRAN option in PAUP. Phylogenies very base of the third lineage and that the resulting to-

were st_ijecte_d to boot_stra_p analysis (Felsenstein 1985) _in parsimoniéomgies remained unaffected by the presence or absence
and neighbor joining. Likelihood values were calculated in PUZZLE of Lithognathus.

for all internal branches.
Due to the presence of both phylogenetically ancient and much

younger branching events, we performed the analysis in two steps. In . . .

the first step a representative of the Centracanthipicara maenp P hylogenetic Relationships

was designated as an outgroup. Our selection is supported by Johnson

(1993), who suggested the Centracanthidae to be the sister group of tHa the first step in the analysis, focusing on the identifi-

Sparidae, based upon similarities of their maxillary—premaxillary ar-cation of more ancient splits, parsimony analysis resulted

ticulation. In parsimony, transversion mutations were weighted threelr.l three most parsimonious trees of an unweighted tree

times over transitions in regions of low variation and five times over . .
transitions in regions of high variation. In regions of more that 40% Iength of 324 mutations (Welghted tree Iength’ 1991

variation, transitions were completely excluded from analysis. ParallelSt€PS; consistency index excluding uninformative sites,
neighbor-joining analyses were performed using Kimura (1980) dis-0.54; retention index, 0.80). Three major lineages were
tances. The maximum-likelihood analysis was performed by the quartegonsistently found by parsimony, neighbor joining, and
puzzling algorithm using the PUZZLE program which is implemented quartet puzzling as shown in Fig. 1. In parsimony, the

in the PAUP* package. In PUZZLE the ratio of transition to transver- _. t d tb Lli ted dvii
sion mutations was set to 2, according to the observed average relati\)cérS and most basal lineage, representedSpondyli-

frequencies in our data set. The second step in the analysis focused &S0Ma cantharus, Sarpa salpand Boops boopswas
the most recent branching events within each clade found in the firsfollowed by a second lineage containing Biéntexand
analysis. To reduce the implementation of unnecessary homoplasieRagrusspeciesPagellus bellottii bellottii,and Pagellus
two new outgroups were chosen, each representing the nearest possitg?ythrinus The third “neage comprisedithognathus

sister group identified in the first analysis. Due to the generally small rmvr the most b | branch. followed Bwar
genetic differences observed among the taxa in question, transition an'a']0 yrusas the most basa anch, followe parus

transversion mutations, as well as indels, were weighted equally. AcAurata, Pagellus bogaraveo, Pagellus acarred all
cordingly, neighbor-joining analysis was performed using Jukes-members of the genuBiplodus, but also including
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100 Diplodus annularis
93 |_1-oo_: Diplodus annularis

9-4 Lﬁ_: Diplodus bellottii
100 Diplodus bellottii
g —— D.':p:'odus vu:'gar.f:s
100 L Diplodus vulgaris
54 83 Diplodus puntazzo
—90— 82 99 Diplodus puntazzo
o 89 99 Oblada melanura
_ﬁ_ 100 Oblada melanura
63 49 Diplodus cervinus cervinus
37 Diplodus sargus
63 ﬁ — Pagellus acame
64 62 L Pagellus bogaraveo

Sparus aurata

Lithognathus mormyrus
50 Dentex dentex

Pagrus coeruleostictus

Pagrus auriga

Dentex canariensis
% L Dentex gibbosus
99 Pagrus pagrus
r%_: Pagrus pagrus
9% 143 |_6.0_{: Pagellus bellottii bellottii
%_7-8_ 73 Pagellus erythrinus
Dentex macrophthalmus

L Dentex maroccanus
100 Boops boops
o1 —.—
Sarpa salpa
Lz g 91 fpa saip

Spondyliosoma cantharus

Spicara maena

Fig. 1. Phylogenetic analysis of 31 taxa of the 16S rDNA region (486 phylogenetic trees, weights used in parsimony, tree lengths, and con-
bp) representing all seabream species distributed in the northeastesistency indices are described in the text. In neighbor joining the
Atlantic and the Mediterranean Sespicara maenaa member of the  Kimura two parameter model was used in the first step in the analysis
family Centracanthidae, was declared as the outgroup. The tree showand Jukes—Cantor distances were used in the second stepuifibers

the strict consensus topology obtained by the three algorithms (parsiabove the brancheare bootstrap values for parsimorifipse on the
mony, neighbor joining, and quartet puzzling) applied in parallel and branchesare likelihood values obtained by quartet puzzling, drase
summarizes the results of the two steps in the analysis. The resultingelow the brancheare bootstrap values for neighbor joining.

Oblada melanuraThe parallel neighbor-joining analysis the algorithm used and agreed only in tR&ntex mac-
using Kimura two-parameter distances, as well as theéophthalmusandDentex maroccanusere placed on the
PUZZLE analysis, differed from the topology obtained base (not shown). The third lineage again comprised

by parsimony in that the clade comprisir@pondyli- thognathus mormyrus, Sparus aurata, Pagellus bogara-
osoma cantharus, Sarpa salpand Boops boopsvas  veo, Pagellus acarnend all members of the gensp-
resolved on the very base of the tree, followed by a claddéodus, as well asOblada melanurajn agreement with
containing allDentexandPagrusspecies as well aBa-  parsimony. Two clades comprisingthognathusand
gellus bellottii bellottiiand Pagellus erythrinusWithin Sparuswere consistently placed on the base of lineage
this second lineage the topology varied with respect tadhree. The further branching order within the second and
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third lineage varied with respect to the algorithm choserncould be achieved, in that they should comprise only
(not shown), but the relationships within each of theBoops boops, Sarpa salpand Spondyliosoma cantha-
lineages were addressed in a second step of analysis. rus, with Boops and Sarpa forming a closely related

In the second step in the analysis, focusing on theassemblage (Kimura distance, 5.9%) &ubnyliosoma
relationships within each lineage, we declared the cladéeing more distantly related to them (Kimura distances,
containingSpondyliosoma cantharus, Sarpa salpad 9.8 to 10.8%). Sinc&arpawas previously assigned to
Boops boopsis the outgroup and analyzed the relation-the genusBoops(Riedl 1983), it is questionable whether
ships among the genefentexand Pagrusas well as  a placement in two genera should be maintained.
Pagellus bellottii bellottiiand Pagellus erythrinusPar- The second major lineage comprises all species of the
simony analysis resulted in four most parsimonious treegeneraDentexandPagrusas well asPagellus erythrinus
of an unweighted tree length of 152 mutations (consisandpPagellus bellottii bellottii. The generic assignments
tency index excluding uninformative sites, 0.64; reten-yithin this clade, however, point to the paraphyly of all
tion index, 0.69). One of these four trees was identical tqqyolved genera. It should be noted here that the present
that found by neighbor joining and PUZZLE. In the par- taxonomic assignments within the gerentexand its
simony analysis focusing on the relationships among the|psely related genera are inconsistent in that the splitting
species comprising the third lineage, its most basalnig three genera, namelPentex, CheimeriugndPoly-
taxon, Lithognathus mormyrusyas declared as an out- gteganusis maintained for the South Atlantic (Smith and

group, according to the first step in the analysis. A singleg i, 1986) and western Indian Ocean species (Bauchot
most parsimonious tree was found, W'_th a Iepgth of 125et al. 1984), while all northeastern Atlantic and Mediter-
mutations (consistency index excluding uninformative

. . . ranean species were merged into the single gBraugex
sites, 0.55; retention index, 0.71f%parus aurata P J Jeg

(Bauchot and Hureau 1986). In our analysis the species

br_arjcheo_l next to the OL_I_tgroup_, followed by a glade COMDentex maroccanuand Dentex macrophthalmuform
prising Diplodus bellottiiand Diplodus annularis,then

N . the most basal branch within this clade. They are clearly
by a branch containinBiplodus vulgarisfollowed by a L T
e separated from all remainingentexspecies, indicating

clade containing?agellus acarneand Pagellus bogara- . .

) . . . the paraphyly of the genu3entex(Fig. 2). Their former
veo,thenDiplodus sargusthenDiplodus cervinus cervi- .

. C assignment to the genuBolysteganuscould thus be
nus,and, finally, a clade comprisinBiplodus puntazzo

and Oblada melanura.The resulting phylogenies ob- maintained in a revision of the genus, once their rela-
tained by neighbor joining and PUZZLE were identical tionships to the South Atlantic and western Indian Ocean

and differed from the most parsimonious tree, in that theaIIIes are investigatedDentex canariensisind Dentex

clade of Pagellus acarneand Pagellus bogaraveo 9iPPosusformerly placed in the genuSheimeriusare
branched afteBparus auratafollowed by a clade com- €Solved as sister taxa, whilzentex denteforms a dis-
prising Diplodus cervinus cervinuandDiplodus sargus ~ Unct clade together witfPagrus aurigaand Pagrus co-
at its base, followed biplodus puntazzand Oblada ~ €ruleostictusThe genus’agelluswas resolved paraphy-
melanuraand a clade witiDiplodus vulgarisat its base, |€tically in two major lineages: two specieBagellus
followed by Diplodus bellottiiand Diplodus annularis.  erythrinusand Pagellus bellottii bellottii,form a clade
The phylogenetic tree shown in Fig. 1 is a summary oftogether withPagrus pagrusThe two remaining repre-
the two steps in the analysis, based on strict consensE€ntatives oPagelluswere resolved within the species

trees of all alternative topologies obtained by the threecOmplex comprisin@iplodusandOblada.The observed
algorithms applied. paraphyly of the genu®agrus further underlines the

widespread inconsistencies to the current taxonomic as-
signments, as also suggested by a recently published
phylogeny including a smaller number of taxa based
upon centromeric satellite DNA (Garrido-Ramos et al.
1999).

Our phylogenetic analyses clearly indicate that the north- Within the third major lineage, comprisirigthogna-
eastern Atlantic and Mediterranean seabreams can kbBus mormyrus, Sparus aurata, Pagellus acarne, Pagel-
assigned to three major lineages (Fig. 1). Our geneticalljus bogaraveo, Oblada melanurand allDiplodus spe-
based species assignment, however, is not in agreemecies, the exact phylogenetic relationships could not be
with the subdivision of the Sparidae into three subfami-resolved by our 16S rDNA-based analysis, due to the
lies according to Fiedler (1991) on the basis of trophicyoung evolutionary age of this group and the relatively
morphology and diet. The mitochondrial phylogeny re-slow rate of evolution in this gene. Even a phylogenetic
futes the monophyly of the Boopsinae (as defined bystudy based upon centromeric satellite DNA could not
Fiedler 1991) in thaOblada melauravas unequivocally resolve the relationships of these taxa (Garrido-Ramos
placed in a different major lineage (Lineage 3 in Fig. 1),1999). A more exact resolution has to be left for a future
within a clade comprising all members of the gelmig-  analysis using a more rapidly evolving DNA region, such
lodus.A revision of the northeastern Atlantic Boopsinae as the mitochondrial control region. What can be con-

Discussion
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- Denticinae R Bilocias wilgarks

- Pagellinae é\\_ Diplodus puntazzo

l:l Sparinae ,\\ Oblada melanura

D Boopsinae é Diplodus cervinus cervinus
) s Diplodus sargus

Boops boops

Sarpa salpa

w Spondyliosoma cantharus

Fig. 2. Phylogenetic hypothesis including all recognized northeasternplacement of similar dental morphologies points to a high probability
Atlantic and Mediterranean seabream species and their present assigof multiple recurrent evolution of corresponding tooth patterns and
ment to subfamilies according to Smith and Smith (1986) based uporirophic specializations in the Sparidae and questions the usefulness of
their dental morphologies, as depicteddiaded boxeslhe scattered  trophic morphology as a diagnostic trait for taxonomy.

cluded from the present analysis is tHathognathus The current phylogeny of the Sparidae is based solely
mormyruswas consistently placed as the most basabn trophic morphology, suggesting that each trophic type
branch within this major lineage, followed b$parus evolved only once from a less specialized ancestral con-
aurata. The remaining taxa form four subclades of un- dition. Our results allow us to reject the traditional hy-
certain branching order. Perhaps the most interesting apothesis, that species with identical or similar trophic
pect is the inclusion oDblada melanuran theDiplodus  specializations are always derived from a single ancestor.
species complex, considering its overall similarity to In seabreams trophic specialization is encompassed pre-
Diplodus with respect to its color pattern, despite its dominantly by modifications in shape and arrangement
morphological distinctness; all three algorithms appliedof oral teeth, so that the three or four currently distin-
in our analysis resolve@®blada melanuraas the sister guished subfamilies reflect the three or four major feed-
taxon of Diplodus puntazzo. ing types. Our data indicate that lineages with identical
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trophic morphology have evolved by multiple recurrentwould be to reduce the number of genera by deletion of
evolution (Fig. 2). This seems to be the case3parus the genus nameSarpa, Pagellus, Pagrugnd Oblada,
aurataandPagrus pagruslue to corresponding selective in that Sarpais renamedBoopsand the polyphyletic
constraints connected to their lifestyle as demersal cargenus Pagellusis renamed according to their most
nivores feeding mainly on hard-shelled benthos inverteclosely related sister taxa in each of the two major lin-
brates. Since species of the geRagruswere repeat- €ages, i.eDentexin lineage 2 andiplodusin lineage 3.
edly placed in paraphyly with several members of theThe paraphyletic genuBagrus would therefore also
genus Dentex, heterodontous dentition patterns must have to be renamedentex.Finally, Obladawould have
have repeatedly evolved from homodontous ancestors, @ be changed tBiplodus.The second alternative would
vice versa (Fig. 2). So arBentex dentedand Pagrus ~ be to increase substantially the number of genera by
coeruleostictusseparated by morphology-based tax-renaming all taxa that are placed in para- or polyphyly.
onomy on the basis of their different dentition only, TO US, the first alternative seems preferable.

while they share a variety of other characters, such as The adaptive radiation of seabreams may be driven by
body shape, the presence of blue spots on their bod _|m|Iar evolut|o_nary forces as in I_Eas_t African C|chlld
sides, and their yellow color patterns at maturity. They ish. The evolutionary success of cichlids was explained

were resolved as closely related sister taxa. A third cast® & great extent by their potential quickly to modify their

of recurrent evolution of dental morphology must be as-feeding apparatus by relatively small but efficient allo-

sumed for the presently assigredgellusspecies, which meFric changes, while their overall pody morphology re-
were placed in two major mitochondrial lineages (Fig.malned more or less unchanged (Liem 1973; Greenwood

1). Our findings are in striking agreement to evolutionary_1984; Stiassnly 1291)' Wh”c? cichrllid_s hr?ve two lsets 0;
patterns found in East African cichlid fish. Kocher et al. Jaws, one oral and a second on their pharyngeal apoph-

(1995) demonstrated parallel evolution of correspondin SIS, only qral jaws are foun_d in seabreams. The !<ey to
feeding types of Lake Malawi and Lake Tanganyika heir evolutionary success might thus be the evolutionary
e lasticity of their oral teeth to exploit a variety of re-

cichlids; and Rueber et al. (1999) demonstrated the same . . .
s . . . ... sources effectively without much further change in other
pattern within a single lineage of rock-dwelling cichlids

in Lake Tanganyika. body parts.
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