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Abstract  two species of grenadier, the blue 
grenadier (or hoki) Macruronus novaezelandiae 
and the Patagonian grenadier M. magellanicus, have 
been recorded in the southern Hemisphere with 
disjunct distributions along southern australia–new 
Zealand and southern Chile–argentina, respectively. 
the extent of genetic difference between these 
two putative species was examined using partial 
sequences (n = 44; 405 bp) of the mitochondrial 
dna cytochrome b gene in a phylogenetic 
analysis and in an analysis of molecular variance 
(aMOva). Our analysis showed a lack of genetic 
differentiation between species (FST = –0.02275, 
ΦST = –0.00250) and among stocks. this absence 
of genetic differences is consistent with recent larval 
and adult morphology data suggesting that the two 
species should be synonymised. a comparable 
lack of genetic isolation has been observed in 
other closely related taxa (genera Merluccius and 
Micromesistius) with similar disjunct distributions 
across the southern Hemisphere.
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INTRODUCTION

New Zealand and Chilean coasts share a significant 
number of genera and species of fish (Nakamura 
1986). this provides a framework for addressing 
stock identities and systematic relationships of widely 
distributed species. For example, two genera with 
closely related species and discontinuous distributions 
across the South Pacific are Merluccius (hake) and 
Micromesistius (blue whiting). In a worldwide 
review of the genus Merluccius, Inada (1981) 
accepted one species of hake Merluccius australis 
(Hutton, 1872) for new Zealand–australia and 
southern Chile–argentina, based on morphological 
data. subsequently, allozyme analysis considering 
initially two species, Merluccius australis from 
new Zealand–australia and M. polylepis Ginsburg, 
1954 from Chile–argentina, found low levels of 
genetic divergence, leading to the suggestion of a 
single species and further subspecific recognition 
(Grant & leslie 2001). In the example of the blue 
whiting Micromesistius australis (norman, 1937), 
morphological analyses have separated it into 
two subspecies, M. australis australis off Chile, 
southern argentina, and the Falkland Islands and 
M. australis pallidus from subantarctic waters off 
new Zealand (Inada & nakamura 1975). this 
systematic relationship was later supported by mini- 
and microsatellite analysis (ryan et al. 2002).
 the genus Macruronus represents another 
example of taxonomic uncertainty for species 
distributed on the two sides of the South Pacific. 
two or three species are currently proposed for 
this southern Hemisphere genus (Inada 1990; 
lloris et al. 2003). the hoki or blue grenadier, M. 
novaezelandiae (Hector, 1871) is distributed along 
southern australia, including tasmania and the south 
island of new Zealand (lloris et al. 2003). this 
species was originally described for new Zealand 
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and tasmania and later cited for Chile and argentina 
(Günther 1880). a new species, the Patagonian 
grenadier M. magellanicus lönnberg, 1907 was later 
described for the south american coast, based on 
differences of body proportions of a single damaged 
juvenile. this species is distributed along the coast of 
southern Chile, and in the atlantic along the coast of 
argentina extending north to southern Brazil (lloris 
et al. 2003). Both species, M. novaezelandiae and M. 
magellanicus, are restricted to cold and temperate 
waters at depths of between 200 and 800 m (lloris et 
al. 2003). They are among the most important fisheries 
for countries such as Chile, where the Patagonian 
grenadier fishery has had catches from 375 000 t in 
1996 to 133 000 t in 2002 (sernaPesCa 2003). 
In New Zealand, the hoki fishery has been one of 
the most important fisheries in recent years, with 
catches of over 200 000 t per year (nZ Ministry of 
Fisheries 2003). the third species of this genus, the 
cape grenadier M. capensis davies, 1950 is restricted 
to the southern coast of africa and not considered to 
be of commercial importance (lloris et al. 2003).
 the taxonomic relationship of the Macruronus 
species has been based entirely on morphometric 
analysis and the observed disjunct geographic 
distributions (Inada 1990). nevertheless, a recent 
review of this work proposed that the variability in 
the meristic characters separate M. novaezelandiae 
and M. magellanicus only at a sub-specific level; 
retaining only M. capensis as a valid species (lloris 
et al. 2003). However, because the work of Inada 
(1990) and lloris et al. (2003) are both in the form 
of catalogues (the former of the order Gadiformes 
and the later of the family Merlucciidae) it is not 
possible to evaluate the analyses that led to their 
conclusions. recently, a comparison of larval stages 

of M. novaezelandiae and M. magellanicus found 
identical pigmentation patterns, morphometric and 
meristic characters, discounting the current division 
into two species (Balbontín et al. 2004). 
 Here we investigate the systematic relationship of 
two species of the Macruronus genus. We compare 
sequences of mitochondrial dna cytochrome b gene 
from M. magellanicus from the Chilean coast and M. 
novaezelandiae from new Zealand–australia using 
new and previously published sequences (Baker et al. 
1995). this molecular marker has been widely used in 
establishing systematic relationships of fish (Stepien 
& kocher 1997), but has not been used to establish 
systematic relationship of the Macruronus genus.

MATERIALS AND METHODS

dorsal muscles samples from 22 specimens of 
Macruronus magellanicus were obtained from fishing 
vessels in southern Chile (43°20́ to 51°S) between 
august and september 2001 (Fig. 1). samples were 
stored in 80% ethanol until analysis. Genomic dna 
was extracted using a standard phenol/chloroform 
extraction protocol (davis et al. 1986). symmetrical 
amplification of the mitochondrial DNA cytochrome 
b gene was performed via the polymerase chain 
reaction (PCr, saiki et al. 1988) following standard 
protocols (Palumbi 1996). a 500 base pair (bp) portion 
of the mtdna cytochrome b was amplified using the 
primers, tGludg (tGaCttGaaraaCCaYCGttG, 
Palumbi et al. 1991) and Cyb2 (CCCtCaGaatGa
tatttGtCCtCa, kocher et al. 1989) following 
Baker et al. (1995). The PCR profile consisted of 
one initial cycle of strand denaturation at 94°C 
for 1 min, primer annealing at 48°C for 1 min, 

Fig.  1 General geographic dis-
tribution of Macruronus novaeze-
landiae and M. magellanicus 
(shaded). location of sampling 
sites for M. novaezelandiae (aU, 
australia; nZ, new Zealand, from 
Baker et al. (1995)) and M. magel-
lanicus (CH, southern Chile). Map 
not to scale. 
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and extension at 72°C for 1 min, followed by 35 
cycles of 94°C for 30 s, 52°C for 30 s, and 72°C 
for 1 min (Baker et al. 1995). PCR amplification 
products were purified from primers and nucleotides 
using exonuclease I (exo I) and shrimp alkaline 
phosphatase (SAP, Werle et al. 1994). The amplified 
fragments were sequenced in both directions with 
Bigdye™ terminator chemistry on an aBI3100 
dna sequencer (applied Biosystem). sequencer 
(version 4.1.2, Genes Codes Co.) was used to align 
and edit the consensus sequences for each sample. 
 sequences were aligned and compared to 
previously reported cytochrome b sequences of M. 
novaezelandiae obtained at three fishing grounds 
around new Zealand (west coast of south Island (n 
= 9), Cook strait (n = 9), and Chatham rise (n = 1)) 
and one in australia, off the west coast of tasmania 
(n = 8) (Baker et al. 1995). Comparisons of the two 
sets of sequences were performed using MacClade 
(version 4.0, Maddison & Maddison 2000) to identify 
variable sites and define haplotypes.
 the phylogeny of the Macruronus haplotypes 
was reconstructed using the neighbor-Joining 
method (saitou & nei 1987) and parsimony, as 
implemented in PaUP* (version 4.0b10, swofford 
2002). Phylogenies were rooted with a Merluccius 
merluccius sequence as outgroup (GenBank 
accession code aF120096, verardi & Bullini unpubl. 
data). The best fit model of molecular evolution for 
maximum likelihood was evaluated using Modeltest 
(version 3.06, Posada & Crandall 1998). a F81 model 
of sequence evolution was selected with estimated 
nucleotide frequencies: a = 0.2554, C = 0.2677, 
G = 0.1651, and t = 0.3117. For the neighbor-
Joining method, minimum evolution was used as the 
default optimality criterion. For parsimony, heuristic 
search conditions were starting trees obtained by 
stepwise addition with 10 random sequence addition 
replicates and tree bisection reconnection (tBr) 
branch swapping, with searches limited to 100 
rearrangements for each replicate. the robustness of 
phylogenies was examined by bootstrap resampling, 
with 1000 replicates for neighbor-Joining and 1000 
full heuristics for parsimony. 
 Genetic diversity for each species was estimated 
at haplotype and nucleotide level using arlequin 
(version 2.0, schneider et al. 2000). Geographic 
differentiation among haplotypes frequencies and 
nucleotide variation was quantified using analysis 
of molecular variance (AMOVA, Excoffier et al. 
1992) as implemented in arlequin, using nucleotide 
differentiation (ΦST) and haplotype frequency 
differences (FST). We assigned portions of total 

variation to divergence either between species (M. 
magellanicus and M. novaezelandiae) or within 
populations (australia and new Zealand for M. 
novaezelandiae and Chile for M. magellanicus). 
The significance of the observed ΦST and FST values 
were tested using 20 000 random permutations of 
the data matrix. 
 Macruronus magellanicus haplotypes were 
submitted to GenBank with the accession codes 
dQ364239–dQ364241.

RESULTS

a 405 bp segment of the mtdna cytochrome b 
gene was successfully sequenced for 17 of the 22 
Macruronus magellanicus specimens collected off 
Chile. Two variable sites defined three haplotypes, 
two of which were represented by only one individual. 
the analysis carried out by Baker et al. (1995), of 
a comparable 425 bp segment of the cytochrome b 
gene, from 27 M. novaezelandiae specimens collected 
on three fishing grounds around New Zealand and 
one off the west coast of Tasmania, identified five 
haplotypes defined by four polymorphic sites.
 Combining the previously published sequences 
from australia and new Zealand with those from 
Chile revealed seven haplotypes among the total 
sample of 44, each differing by only a single base pair. 
the most common haplotype from M. magellanicus 
(88.2%) matched the most common haplotype from 
M. novaezelandiae (Mno-a, 85.2%; Fig. 2). When M. 
novaezelandiae population samples from australia 
and new Zealand were pooled and compared to those 
from Chile, both species showed similar genetic 
diversity at the haplotype (M. magellanicus, h = 
0.228 ± 0.130; M. novaezelandiae, h = 0.279 ± 0.112) 
and nucleotide level (M. magellanicus, π = 0.06%; 
M. novaezelandiae, π = 0.07%). Both neighbor-
Joining and parsimony reconstructions showed no 
genetic divergence between M. magellanicus and M. 
novaezelandiae, with no clustering of haplotypes by 
geographic origin or species (Fig. 2).
 an aMOva confirmed the absence of 
differentiation between the two species at both 
haplotype and nucleotide level (FST = –0.023, P = 
0.662 ± 0.003; ΦST = –0.003, P = 0.427 ± 0.003). 
Pair-wise tests of differentiation also failed to find 
significant differences among the two stocks of 
M. novaezelandiae and one of M. magellanicus 
(table 1). However, the power of our test for stock 
differences was limited by a small sample size.
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DISCUSSION

no evidence of divergence was found in our 
phylogenetic or aMOva analyses of the mtdna 
cytochrome b gene of the two currently recognised 
species, M. novaezelandiae and M. magellanicus. 
Further, there was only a low level of population 
differentiation evidenced by rare haplotypes. Based 
on this absence of genetic divergence, consideration 
should be given to synonymising the two currently 
recognised species, as suggested previously by lloris 
et al. (2003), based on the absence of morphological 
divergence. 
 larger sample sizes and other more variable 
genetic markers regions, such as the mitochondrial 
dna control region or nuclear microsatellite dna 
should be used in future analyses to establish 
relationships at a population or stock level. around 
new Zealand, at least two breeding stocks have 
been identified based on morphometric comparisons 
(Livingston & Schofield 1996), although mtDNA 

Fig.  2 Parsimony reconstruc-
tion of Macruronus mtdna cy-
tochrome b haplotypes. Bootstrap 
support is shown when higher than 
50% (for neighbor-Joining above 
branches and for parsimony below 
branches). Crossbars represent one 
change. thick crossbar represent 
69 changes of Macruronus com-
pared with Merluccius merluc-
cius. Polymorphic sites and their 
location are indicated. Haplotype 
frequencies are also shown. 

Table  1  Pair-wise test of differentiation of mtdna cytochrome b sequences among two stocks of Macruronus 
novaezelandiae and one of M. magellanicus, based on ΦST (above the diagonal) and ΦST (below the diagonal) values. 
Probability (P) of obtaining greater values by chance alone of 20 000 random permutations of the data matrix (P < 0.05) 
is shown in bold.

  australia new Zealand Chile
species stock (n = 8) (n = 19) (n = 17)

M. novaezelandiae australia – 0.175 0.072  
     0.068 ± 0.002 0.165 ± 0.003
M. novaezelandiae new Zealand 0.078 – –0.013
  0.065 ± 0.002  0.590 ± 0.004
M. magellanicus Chile 0.043 0.003 –  
   0.167 ± 0.003 0.448 ± 0.003

rFlPs and cytochrome b sequences failed to 
reveal any population subdivision (Baker et al. 
1995; smith et al. 1996). Off Chile, the Patagonian 
grenadier is thought to form a single stock, based 
on the absence of differences in allozymes, mtdna 
rFlP, morphologic and parasitological analyses 
(Galleguillos et al. 1998). In the argentinean 
southwestern atlantic, it has been suggested that 
stock differentiation could be present among 
coastal and offshore samples, based on ecological 
and morphological data, although mtdna rFlP 
analysis did not detect differentiation (D’Amato et 
al. 1999). 
 Finally, we note that molecular markers, such as 
the cytochrome b used here, are needed to resolve the 
systematic status of the cape grenadier (M. capensis), 
which is still considered a valid species despite 
the limited number of studied specimens (lloris et 
al. 2003). Further studies could contribute to the 
understanding of the interesting pattern of geographic 
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isolation but absence of genetic divergence among 
these Southern Hemisphere fish species.
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