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mtDNA variation
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The wreckfish Polvprion americanus, a large [>1 m total length (L7)] demersal teleost, is
distributed globally in temperate waters, including both sides of the North and South Atlantic
Oceans, the Mediterranean, the western South Pacific. and the southern Indian Ocean.
Wreckfish spawn off the south-eastern U.S. on an area of the Blake Plateau (the Charleston
Bump) characterized by an extensive ridge having approximately 100 m relief, in 450600 m
depths. Juvenile wreckfish (<60 cm L ;) are pelagic and, in the North Atlantic, are not reported
from the Blake Plateau fishing area, but occur in by-catch and fishery landings in the eastern
Atlantic. Analysis of nine restriction fragment length profiles from a PCR-amplified fragment
(~ 1-5kb) of the ND1 mitochondrial gene indicated no stock separation between eastern North
Atlantic (Azores, Majorca, Madeira), and western North Atlantic (Blake Plateau) wreckfish.
Restriction site differences separate western South Atlantic wreckfish from the North Atlantic:
however, South Atlantic wreckfish share restriction-site similarities with western Pacific
wreckfish that are not shared with North Atlantic wreckfish. Ncrth Atlantic circulation
provides a mechanism for a long-lived pelagic stage to be dispersed from Blake Plateau
spawning grounds to the eastern North Atlantic. Global circulation patterns may explain both
the dispersal of mtDNA haplotypes and the disjunct distribution of wreckfish body lengths in
a temperate, deep-water vagile species with an extended pelagic juvenile stage such as wreckfish.
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INTRODUCTION

e

The wreckfish Polyprion americanus (Schneider, 1801) is a large, grouper-like fish
that has been classified variously in the Serranidae, the Percichthyidae, and in its
own family, Polyprionidae (Johnson, 1984; Roberts, 1986; Heemstra, 1986). The
most recent treatment of the genus Polyprion has synonymized the described
forms into two species, P. americanus and P. oxygeneios (Schneider, 1801)
(Roberts, 1986; Heemstra, 1986). Polyprion oxygeneios occurs in the southern
Indian Ocean (Duhamel, 1989) and in the western and eastern South Pacific
(Rojas et al., 1985). Polyprion americanus occurs on both sides of the Atlantic
Ocean; on the mid-Atlantic ridge and Atlantic islands (Bermuda, Azores,
Madeira, Canaries, Tristan da Cunha); on Atlantic seamounts with appropriate
depths (e.g. Vema); in the Mediterranean; in the southern Indian Ocean (St Paul
and Amsterdam Islands); and in the western South Pacific (southern Australia
and New Zealand and nearby banks) (Heemstra, 1986; Sedberry et al., 1994;
Sedberry, unpublished) (Fig. 1). In 1987, an American fishery developed for
- P. americanus, a species that was formerly considered to be rare in the western
North Atlantic (Heemstra, 1986; Robins & Ray, 1986; Sedberry et al., 1994).
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Haplotypes

FiG. 1. The range of Polyprion americanus showing localities sampled and the distribution of mtDNA
haplotypes. Haplotype designations are listed in Table III. For site numbers, refer to Table I.
*, additional adult wreckfish occurrences; P, pelagic juveniles only.

Most fishing in the western North Atlantic occurs on the Blake Plateau in an
area of extensive relief and upwelling known as the Charleston Bump (32° N,
79° W) (Brooks & Bane, 1978). Fisheries exist over a similar rocky bottom in
other parts of the range.

Little is known of the life-history of wreckfish (Roberts, 1989). Published data
(see Sedberry er al., 1994 for review) have consisted primarily of occurrence
records, particularly North Atlantic range records for juveniles, or behavioural
observations, with limited life-history data. Published life history data indicate
that wreckfish are pelagic for the first part of their life (to at least 60 cm length),
and often associate with floating debris, the habit responsible for their American
common name. These fish grow to a large size (100 kg weight, 2 m length),
and occur from depths of 42-1000 m in the Atlantic Ocean. Wreckfish on the
Blake Plateau are in spawning condition from December to May, and most
spawning occurs in February and March (Wyanski et al., unpublished). In the
Mediterranean, the spawning season is from January to April (Hardy, 1978).
Fish have been observed in spawning condition in late June in New Zealand
(Sedberry, pers. obs.). Eggs and larvae are pelagic (Hardy, 1978), and juveniles
live at the surface, apparently for several months or years. Growth is very rapid
during juvenile stages (Loic Antoine, IFREMER, pers. comm.), which have been
taken in large numbers in the Bay of Biscay, eastern North Atlantic, during the
summer months, at modal lengths of 45-55 cm (Goujon et al., unpublished).
Wreckfish of this size have been aged at 1-7 years old (Carlos Andrade, Madeira
DRP, pers. comm.). The maximum age noted in western Atlantic fish has been
estimated at 32 years (Wyanski et al., unpublished). However, rings on otoliths
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used for estimating ages on wreckfish have not been determined to be annual,
and growth rates may differ substantially between pelagic and demersal life-
history phases. It is likely, however, that wreckfish found at the surface in the
castern North Atlantic are at least several months old. It is uncertain when
wreckfish become demersal; however, fish as small as 59 cm have been caught on
bottom longlines in the Mediterranean (Sedberry, pers. obs.), while fish as large
as 60-64 cm have been collected at the surface (Roberts, 1977; Goujon et al.,

American fishery, and submersible observations and catches indicate that mostly
large and mature fish are present on the Blake Plateay fishing grounds (Sedberry
et al., 1994).

Reduced catches of coastal species have increased fishing pressure on deep-
water species like wreckfish throughout the world, including the south-eastern
U.S. Intensive fishing on the Blake Plateau and elsewhere raises concerns
regarding the ability of the western North Atlantic wreckfish stock ’ to sustain
the fishing effort, and has resulted in imposition of a t6ta] allowable catch (TAC)

ports in the south-eastern U.S. Because the species is also important in the
fisheries of other Atlantic regions (FAO, 1978, 1991; Sedberry, unpublished),
stock identification is needed to confirm this assumption, to manage the resource
properly and allocate quotas. '

The authors’ goal was to use restriction-site analyses of mtDNA to better
understand the life-history of wreckfish and its implications for management.
The analysis of restriction fragment length polymorphisms (RFLPs) has been
used to study other globally-distributed marine vertebrates, such as tunas,
billfishes and sea turtles (Scoles & Graves, 1993: Bowen et al., 1994). For
example, analysis of mtDNAs in Caretta caretta (Linnaeus) indicates gene flow

among ocean basins, provided island and seamount " stepping stones ’ are
available to provide gene flow among wreckfish groups living on continental
slopes. It is hypothesized that wreckfish show population structure similar to the

MATERIALS AND METHODS

Specimens were collected off South Carolina, Azores, Balearic Islands, Madeira,
Australia (New South Wales), New Zealand (North Island) and southern Brazil (Table 1,
Fig. 1). Initially, several tissues (heart, liver, kidney, ovary, muscle) were saved fresh in
mannitol-sucrose buffer or frozen in liquid nitrogen (Lansman er al.. 1981; Bowen &
Avise, 1990). Some tissues (blood, kidney, gills, heart) were placed in sodium dodecyl
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on the grounds in the vicinity of the research vessel, and from wreckfish caught off
south-eastern Brazil and landed in Itajai, Santa Catarina.

Initial isolation of mtDNA was by cell lysis and gradient centrifugation (Lansman
et al., 1981) or differential centrifugation (Chapman & Brown, 1990). These methods
resulted in purified mtDNA preparations; however, most tissue samples were used to

dehydrogenase complex (ND1 region) of the mitochondrial genome. The primers used
were 3330 (5’-AATCCAGGTCAGTTTCTATC—3') and 4895 (5-CGTGGGTGGTGT
TGTG-3'), and had been developed as generalized teleost primers from a consensus of
sequences within the ND1 region of Cyprinus carpio L. (Chang et al., 1994). Crossostoma
lacustre (Steindackner) (Tzeng et al., 1992) and Onchorhynchus mykiss (Walbaum)
(Zardoya et al., 1995). The amplified fragments were digested with a battery of four-base
restriction endonucleases (Dpn 11, Hae 111, Hinf L, Msp 1, Nia 111, Rsa I and SerF D),
following manufacturers’ instructions, The fragments were separated within 7-5%
polyacrylamide gels and visualized under UV illumination after staining with ethidium
bromide. Digestion profiles were examined and the molecular weights of DNA fra gments
were estimated by comparison with a 1-kb ladder and a PBS ladder cut with Hae 111 For
each enzyme, a letter was assigned to each profile, so that each individual could be
assigned a composite mtDNA haplotype.

RESULTS

profiles, assigned single-letter abbreviations, generated three complete composite
haplotypes (Table III). Two endonucleases, Hae III and ScrF 1. revealed
polymorphisms which were limited in distribution (Fig. 1). The Hae 111 profile
1 "A’ was only found in North Atlantic specimens. The Hae 111 * B °
profile occurred in all samples scored from Brazil, Australia and New Zealand,
as well as in two wreckfish from the Blake Plateau in the western North Atlantic.
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TaBLE I1. Size estimates in base pairs of the most common restriction fragments observed
in the 1-5-kb wreckfish mtDNA fragment, listed by restriction endonuclease and profile
designation

Dpn 11 Hae I Hinfl  Mspl NlaUI  Rsal SerF 1
A A B A A A A A B
768 281 281 639 534 700 878 400 400
496 215 211 484 394 361 265 366
263 195 240 366 178 152 281
144 159 174 146 13* 261 261
137 132 68 96 166 166
88 88 63 123 123
82 82 102 102
81 81 94
76 76 72 72
69 69
62 62
59 59
51 51
4 44
42 42
1527 1431 1473 1522 1599 1481 1521 1490 1499
*Doublet.

The sums of the estimated weights are given below each profile. Resolution of fragments of <50 bp was
inconsistent and therefore smaller fragments may be missing from the total estimated weight.

TaBLe III. Number of fish with each composite haplotype, and their geographic

distribution
Composite Blake . . . . New
haplotype Plateau Azores Madeira Majorca Brazil Australia Zealand
AAAAAAA 42 22 17 11 0 0 0
ABAAAAA 2 0+ 0 0 0 0 0 0
ABAAAAB 0 0 0 0 31 38 16

The haplotype letters indicate restriction profiles for Dpn 11, Hae 111, Hinf I, Msp 1, Nla 111, Rsa I, and
ScrF 1, respectively.

The ScrF I © A’ profile contained a 366-bp fragment, which was found in all
North Atlantic specimens scored for ScrF 1. This fragment was absent from the
ScrF I ° B’ profile, which had two additional fragments of 281 and 94 bp size,
which were found only in specimens from the southern hemisphere. The sum of
the estimated weights of the two ScrF I-B fragments was within 2% of the
missing fragment found in ScrF I-A, and therefore likely represented a change in
one restriction site between the northern and southern hemisphere populations.
There were additional specimens whose haplotype could not be determined for
both the Hae III and the ScrF 1. In addition to the complete composite
haplotypes listed in Table III, several individuals were scored as having the A




