
Vol.:(0123456789)1 3

Ichthyological Research (2019) 66:9–29 
https://doi.org/10.1007/s10228-018-0641-8

FULL PAPER

Taxonomic review of the Sebastes vulpes complex (Scorpaenoidei: 
Sebastidae)

Nozomu Muto1,4   · Yoshiaki Kai2 · Tetsuji Nakabo3

Received: 26 March 2018 / Revised: 15 May 2018 / Accepted: 15 May 2018 / Published online: 29 May 2018 
© The Ichthyological Society of Japan 2018

Abstract
A taxonomic review of the Sebastes vulpes complex (S. vulpes, S. zonatus and S. ijimae) established the existence of two 
valid species, Sebastes vulpes Döderlein in Steindachner and Döderlein 1884 and Sebastes zonatus Chen and Barsukov 1976, 
despite evidence of hybridization between them. Similarities between the species include the following: top of cranium armed 
with robust nasal, preocular, postocular, tympanic and parietal spines; interorbital space flat; anterior and posterior lacrimals 
without distinct spines, forming two blunt lobes; thickened rays in ventral half of pectoral fin; dorsal fin usually with 13 spines 
and 13 soft rays; caudal fin rounded; and pored lateral-line scales usually 30–35. However, S. zonatus is distinguishable from 
S. vulpes in usually having distinct vertical dark bands on the dorsum (vs. usually lacking), minute cycloid scales usually 
present posteriorly on the lower jaw (vs. usually absent) and present on the entire basal portion of the spinous dorsal-fin 
membrane (vs. absent below first to ninth or to last dorsal-fin spine). Based on specimen and literature records, S. vulpes 
inhabits depths of 0–50 m, ranging from Hokkaido southward to Shimane and Sagami Bay, Japan, and along the southern 
coast of the Korean Peninsula, whereas S. zonatus inhabits depths of 50–100 m, from Hokkaido southward to Shimane and 
Tosa Bay, including the Seto Inland Sea, and along the southern coast of the Korean Peninsula. Sebastodes ijimae Jordan and 
Metz 1913 is considered to be a junior synonym of S. vulpes, based on examinations of type and other genetically assigned 
specimens. A lectotype is designated for S. vulpes.
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Introduction

The live-bearing rockfish genus Sebastes Cuvier 1829 
(Scorpaenoidei: Sebastidae), the most speciose in the 
family, comprises ca. 110 species worldwide (Kai et al. 
2003; Hyde and Vetter 2007; Nelson et al. 2016). The 
greater part of such diversity is attributable to recently 

diverged species pairs, indicative of ongoing diversifica-
tion processes (Kai et al. 2002, 2011, 2012; Narum et al. 
2004; Burford 2009). Some of these species pairs have 
been shown to hybridize in nature, possibly generating 
novel genotypes and thereby facilitating further evolu-
tionary changes via natural and/or sexual selection (Seeb 
1998; Roques et al. 2001; Buonaccorsi et al. 2005, 2011; 
Hawkins et al. 2005; Hyde et al. 2008; Stefánsson et al. 
2009; Kai et al. 2011; Muto et al. 2013). Such species 
pairs have provided valuable opportunities for evolution-
ary studies, shedding light on the origin of and diversi-
fication within the genus (e.g., Johns and Avise 1998; 
Rüber and Zardoya 2005; Ingram 2010; Ingram and Kai 
2014). However, they have also caused considerable con-
fusion from a taxonomic perspective; recently diverged 
species pairs are typically morphologically similar to each 
other and subsequent hybridization generates intermedi-
ate individuals. Notwithstanding, such species pairs have 
recently been studied using advanced genetic analyses 
that have successfully clarified the species status of the 
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pairs (e.g., Orr and Hawkins 2008; Kai and Nakabo 2008, 
2013; Frable et al. 2015).

Three commercially important western North Pacific 
species, viz., Sebastes vulpes Döderlein in Steindachner 
and Döderlein 1884, Sebastes ijimae (Jordan and Metz 
1913) and Sebastes zonatus Chen and Barsukov 1976, 
have been the subject of taxonomic confusion. Döderlein 
in Steindachner and Döderlein (1884) first described S. 
vulpes, subsequently listed as valid by Jordan and Metz 
(1913), who described a second species, Sebastodes iji-
mae. Matsubara (1943) recognized both as valid, noting 
two color variants within S. vulpes. Later, Chen and Bar-
sukov (1976) described one of the latter color variants 
as a separate new species, S. zonatus. Subsequently, the 
three species have been variously considered as either 
valid (e.g., Lindberg and Krasyukova 1987; Amaoka 
1988; Nakabo 1993, 2000, 2002; Barsukov 2003; Kim 
IS et al. 2005; Nakabo and Kai 2013) or as intraspecific 
variations due to their morphological similarity or the 
presence of morphologically intermediate individuals 
(e.g., Kanayama and Kitagawa 1983; Kitagawa et  al. 
2008; Ishida 2009). Furthermore, the apparent rarity of 
S. ijimae has occasionally resulted in descriptions of the 
species based on a limited number of specimens (e.g., 
Matsubara 1943; Lindberg and Krasyukova 1987).

Recently, Muto et  al. (2011) used comprehensive 
genetic and morphological analyses to demonstrate that 
S. vulpes and S. zonatus were separate species, charac-
terized mainly by body coloration and gill-raker num-
bers, thereby generally agreeing with Chen and Barsukov 
(1976). The former subsequently showed that the two spe-
cies hybridize in nature, nevertheless maintaining distinct 
gene pools in sympatry (Muto et al. 2013). However, they 
did not refer to S. ijimae, its relationships with the other 
two species thus remaining unclear.

Nominal species herein collectively referred to as the 
S. vulpes complex include Sebastes vulpes Döderlein 
in Steindachner and Döderlein 1884, Sebastodes ijimae 
Jordan and Metz 1913 and Sebastes zonatus Chen and 
Barsukov 1976. The present study first delineated sepa-
rate species within the complex by a genetic assignment 
analysis. Once a genetic identification was established, 
a morphological analysis was conducted to clarify their 
morphological differences. Critical examination of type 
specimens and comparisons with genetically examined 
specimens confirmed the validity of S. vulpes and S. 
zonatus. Sebastes ijimae was regarded as a junior syno-
nym of S. vulpes. Detailed redescriptions of S. vulpes and 
S. zonatus are provided and a lectotype designated for S. 
vulpes, in order to avoid further taxonomic confusion. A 
brief description of hybrids between the two species is 
also given.

Materials and methods

Genetic analysis. Amplified fragment length polymor-
phism (AFLP) analysis, which is useful for discriminat-
ing among Sebastes vulpes, Sebastes zonatus and their 
hybrids (Muto et al. 2011, 2013), was undertaken. A total 
of 216 specimens were subjected to the analysis. These 
included nine referable to Sebastes ijimae (uniformly black 
body) and all of the specimens examined by Muto et al. 
(2011, 2013), plus additional specimens representing wide 
geographic areas within the distributional range of the S. 
vulpes complex. Genomic DNA for each specimen was 
extracted from preserved muscle tissue using the DNeasy 
Tissue Kit (Qiagen), according to the manufacturer’s pro-
tocol. AFLP profiles were generated with the AFLP Plant 
Mapping Kit (Applied Biosystems), following the manu-
facturer’s protocol slightly modified by Kai et al. (2002). 
For selective amplification, 12 primer pairs were used fol-
lowing Muto et al. (2011, 2013); Mse I + Eco RI (ACA + 
CAA, AAG + CAG, ACA + CTT, ACA + CAC, ACT + 
CTA, ACA + CTG, AAG + CAC, AGG + CAT, ACC + 
CTT, ACG + CAC, AAG + CAT, AGG + CTT). Selective 
amplification products were analyzed on an ABI PRISM 
310 genetic analyzer (Applied Biosystems), together with 
a GeneScan-500 Rox size standard (Applied Biosystems). 
Fragment data were collected using Peak Scanner soft-
ware, vers. 1.0 (Applied Biosystems). Electropherograms 
were scored for the presence or absence of fragments 
between 90 base pairs (bp) to 450 bp in size, so as to create 
binary matrices. Fragments were inferred as homologous 
if they differed by ≤ 0.5 bp from the median.

Bayesian-based individual assignment was conducted 
using the program STRU​CTU​RE 2.3.3 (Pritchard et al. 
2000), in order to differentiate between genetically isolated 
species among the specimens, based on AFLP genotypes. 
The analysis was conducted assuming admixture and cor-
related allele frequency models, and a recessive genotype 
mode without any prior population information. Ten repli-
cates for each predefined number of genetic groups (K) (= 
1–10) were obtained with runs of 100 000 burn-in and 250 
000 Markov chain Monte Carlo (MCMC) iterations. To 
determine the most likely value of K, the delta K approach 
according to Evanno et al. (2005), implemented in the pro-
gram STRU​CTU​RE HARVESTER (Earl and vonHoldt 
2012), which determines the second-order rate of change 
in the distribution of L (K), was used. Each specimen was 
then assigned to an inferred group/s based on the indi-
vidual proportion of membership (qi). Individuals were 
assigned to one group if qi ≥ 0.90 (purebred individuals) 
or jointly to two or more groups if the proportion of mem-
bership to each was qi < 0.90 (hybrid individuals). This 
threshold was used to give an optimal balance between 
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the efficiency and accuracy of assigning individuals as 
purebreds or hybrids (Vähä and Primmer 2006), the value 
having been widely adopted in previous studies seeking 
to separate hybrids from purebreds (e.g., Burgarella et al. 
2009; Sanz et al. 2009). CLUMPP v. 1.1.2 (Jakobsson 
and Rosenberg 2007) was used to summarize parameters 
across ten replicate runs and DISTRUCT v.1.1 (Rosenberg 
2004) to produce the corresponding graphical output.

Morphological analysis. Morphological analysis was 
conducted on a total of 317 specimens, including all 216 
specimens examined genetically. Measurements and counts 
followed Muto et al. (2011). Standard length is abbrevi-
ated as SL. All measurements are given as percentages of 
SL. The last two soft rays of the dorsal and anal fins were 
counted as single rays, each pair being associated with a 
single pterygiophore. Counts of gill rakers were taken from 
the first gill arch on the right side. Head spine terminol-
ogy followed Randall and Eschmeyer (2001). To provide 
an objectively defined score that summarized the major 
components of variable measurements between the speci-
mens, principal component analysis (PCA) (based on 13 
measurements) was conducted for every specimen used in 
the morphological analysis via a correlation matrix. Raw 
morphometric data were standardized by log transforma-
tion prior to PCA. Subsequently, PCs that were considered 
shape components (see “Results” section) were used to per-
form canonical discriminant analysis (CDA). The CDA was 
initially applied to only purebreds of the two species, as 
determined by the STRU​CTU​RE analysis, yielding a linear 
function (CDF) that maximized the variance between group 
centroids in multivariate space. The CDF was then used to 
calculate a single variable (CDF value) for each specimen, 
which described the morphology of the specimen relative to 
a set of predefined groups (in the present case, purebreds of 
the two species as assigned by the STRU​CTU​RE analysis). 
Both PCA and CDA were conducted using R 3.0.3 (R Core 
Team 2014).

Because of the lack of a single diagnostic morphologi-
cal character, specimens not examined genetically were 

identified primarily from the combination of body colora-
tion, CDF value derived from 13 measurements, and pres-
ence/absence of minute scales basally on the dorsal-fin 
membrane and posteriorly on the lower jaw. Differences in 
these characters were clarified following comparisons with 
genetically examined specimens. Preserved color descrip-
tions were based on type and non-type specimens, with 
fresh color descriptions being restricted to non-types only. 
Institutional codes followed Sabaj (2016), with one addi-
tion: “PKU”, Pukyong National University, Busan, Korea. In 
addition to literature records, the online database “FishPix” 
(available at http://fishp​ix.kahak​u.go.jp/fishi​mage/index​
.html), jointly managed by KPM and NSMT, was accessed 
for distributions of each species. Characters given in the 
description of the complex were not repeated in individual 
species’ descriptions.

Results

Genetic analysis. The STRU​CTU​RE analysis based on 
AFLP yielded a highest delta K value of 65.36 for K = 2 
(delta K values for K = 3 to 9 ranged from 0.03 to 13.47), 
indicating that two genetic groups (species) were most likely 
represented (Evanno et al. 2005). Each specimen was then 
identified as a purebred or hybrid of the two groups, based 
on individual proportion of membership (qi). Sixty-seven 
specimens were assigned to one of the purebred groups (qi ≥ 
0.90) and 70 to the other (qi ≤ 0.10) (Fig. 1), indicating two 
separate species within the Sebastes vulpes complex, cor-
responding to S. vulpes and Sebastes zonatus (sensu Muto 
et al. 2011, 2013), respectively. All nine specimens with 
a uniformly black body, referable to Sebastes ijimae, were 
included in the former species and treated as conspecific 
with it in the following description. The remaining 79 speci-
mens were recognized as hybrids (0.10 < qi < 0.90), being 
excluded from the following species’ descriptions.

Morphological analysis. Distributions of selected 
counts of genetically examined specimens are shown 

Fig. 1   Model-based individual genetic assignment by STRU​CTU​RE 
v. 2.3.3 based on AFLP with predefined number of genetic groups (K) 
= 2. Vertical bars represent individual probabilities of assignment to 
each group (= species). Individuals ranked from highest to lowest qi, 

with qi ≥ 0.90, qi ≤ 0.10 and 0.10 < qi < 0.90 representing Sebastes 
vulpes, S. zonatus and hybrids, respectively. Arrows indicate speci-
mens with uniformly black body, previously recognized as “S. ijimae”

http://fishpix.kahaku.go.jp/fishimage/index.html
http://fishpix.kahaku.go.jp/fishimage/index.html
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in Table 1. In the PCA based on 13 measurements, the 
first principal component (PC) accounted for 95.6 % of 
the variation [Electronic supplementary material (ESM) 
Table S1]. Because all loadings were negative, it was con-
sidered as a size component. Principal components 2 to 
13 were shape components, with both positive and nega-
tive loadings (ESM Table S1). These components were 
then used to perform a CDA, revealing a single function 
(CDF) separating genetically examined specimens of S. 
vulpes and S. zonatus [CDF = 0.0308 × PC2 + 0.3061 × 
PC3 + 1.0567 × PC4 + 1.4217 × PC5 + (-0.0125) × PC6 
+ 1.0655 × PC7 + (-4.5481 × PC8) + 4.1405 × PC9 + 
1.1028 × PC10 + (-3.0283) × PC11 + 5.2715 × PC12 + 
5.0000 × PC13]. That function was then used to calcu-
late a CDF value for each specimen, ranging from -3.73 
to 2.13, -1.14 to 2.88 and -1.96 to 2.49 in genetically 
examined specimens of S. vulpes, S. zonatus and hybrids, 
respectively (Fig. 2).

The Sebastes vulpes complex

Diagnosis. A species complex within the genus Sebastes 
from the western North Pacific with the following combina-
tion of characters: top of cranium armed with robust nasal, 
preocular, postocular, tympanic and parietal spines; inter-
orbital space flat; anterior and posterior lacrimals without 
distinct spines, forming two blunt lobes; dorsal fin usually 
with 13 spines and 12–13 soft rays; pectoral-fin rays usually 
17, ventral 7–9 rays unbranched and somewhat thickened; 
caudal fin rounded; pored lateral-line scales usually 30–35.

Description. Body oblong, relatively high. Nape rounded. 
Dorsal profile of head straight or slightly convex. No tenta-
cles on head and body, except for nostril tentacle.

Mouth terminal, large, slightly oblique. Posterior margin 
of maxilla variable, extending from just short of to beyond 
level of posterior margin of orbit. Maxilla covered with 

Table 1   Selected counts of genetically examined specimens of the Sebastes vulpes complex

*Number of dorsal-fin spines without minute basal scales

Pored lateral-line scales

28 29 30 31 32 33 34 35 36

S. vulpes 1 1 14 17 16 15 3 – –
S. zonatus 1 – 8 5 15 19 14 4 4
Hybrids – 3 10 20 18 16 8 4 –

Gill rakers

24 25 26 27 28 29

S. vulpes 3 14 40 9 1 –
S. zonatus – 6 25 18 20 –
Hybrids – 10 41 19 8 1

Dorsal-fin spines without scales*

1 2 3 4 5 6 7 8 9 10 11 12

S. vulpes 6 – 1 1 2 4 4 9 20 8 1 6
S. zonatus 33 2 1 1 1 5 6 9 6 2 2 2
Hybrids 16 5 1 – 1 – 2 6 7 14 10 15

Fig. 2   Distributions of canonical discriminant function (CDF) values 
derived from 13 morphometric characters of genetically examined 
specimens of Sebastes vulpes, S. zonatus and their hybrids. Data is 
presented as box plots with medians represented by horizontal lines 
with the 75th and 25th percentiles at the top and bottom of the boxes, 
respectively. The bar extends to 1.5 times the inter-quartile range 
(equivalent to box length). Outliers are represented as open circles 
that extend beyond 1.5 times the inter-quartile range
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thick skin. Lower jaw may or may not protrude beyond tip of 
upper jaw, with weak symphysial knob in larger specimens 
(over ca. 250 mm SL). Upper and lower jaws with bands of 
villiform teeth. Palatines and vomer with villiform teeth, 
latter forming V-shaped patch.

Nasal spine simple, sharp, directed dorsoposteriorly. 
Preocular spine simple, directed dorsoposteriorly, embed-
ded, except for tip, which may or may not reach level with 
anterior margin of pupil. Postocular spine well developed, 
directed dorsoposteriorly, embedded, except for tip. Tym-
panic spine simple, directed dorsally. Interorbital space flat 
with weak ridge. Parietal spine well developed, somewhat 
divergent posteriorly in dorsal view. Supracleithral spine 
flattened, moderate or weak, directed posteriorly. Upper 
posttemporal spine well developed, embedded, except for 
dorsoposteriorly directed tip. Lower posttemporal, sphe-
notic, supraocular and pterotic spines absent. Lacrimals 
without distinct spines, forming a single or two rounded 
lobes (if latter, posterior lobe below anterior part of orbit). 
Suborbital without spines or ridge. Preopercle with five 
spines; upper two spines large, directed dorsoposteriorly; 
third and fourth moderate, blunt, directed posteriorly; fifth 
small, blunt, directed ventroposteriorly. Opercle with two 
simple flattened spines; upper spine larger, directed dor-
soposteriorly, lower spine directed posteriorly.

Dorsal-fin origin slightly anterior to anterodorsal portion 
of gill slit. Posterior margin of soft dorsal fin rounded. Anal-
fin origin below soft-rayed portion of dorsal fin, slightly 
anterior to midpoint. Posterior margins of anal, caudal and 
pectoral fins rounded.

Sebastes vulpes Döderlein in Steindachner 
and Döderlein 1884

(Standard Japanese name: Kitsune-mebaru) (Figs. 1, 2, 3a–e, 
4a, 5a, b, 6a; Tables 1, 2)

Sebastes vulpes Döderlein in Steindachner and Döderlein 
1884: 203 (type locality: Tokyo, Japan); Steindachner and 
Döderlein 1887: pl. 2; Kanayama and Kitagawa 1983: 39, 
unnumbered fig. (upper color photo) (in part; Iwate, Japan); 
Lindberg and Krasyukova 1987: 70, fig. 29 [illustration 
after Steindachner and Döderlein (1887)] (Japan and Busan, 
Korea); Nakabo 1993: 516 (in part; Japan); Nakabo 2000: 
593 [in part; followed Nakabo (1993)]; Nakabo 2002: 593 
[in part; followed Nakabo (1993)]; Kitagawa et al. 2008: 59, 
unnumbered fig. of blackish individual (in part; Pacific coast 
of Tohoku district, Japan); Muto et al. 2011: 431, fig. 2-A 
(Ishikawa, Japan); Muto et al. 2013: 1755 (Hokkaido, Iwate 
and Ishikawa, Japan); Nakabo and Kai 2013: 679 (in part; 
Japan and southern and eastern Korean Peninsula).

Sebastes (Neohispaniscus) ijimae: Matsubara 1943: 231, 
fig. 81 (in part; Busan, Korea).

Sebastes ijimae: Chen and Barsukov 1976: 4, fig. 1-B (in 
part; Japan and Busan, Korea); Lindberg and Krasyukova 
1987: 67, fig. 28 [illustration after Jordan and Metz (1913)] 
(Japan and Busan, Korea); Amaoka 1988: 298, pl. 360-A 
[illustration after Jordan and Metz (1913)] (Japan and south-
ern Korean Peninsula); Nakabo 1993: 516, unnumbered fig. 
(Japan and southern Korean Peninsula); Nakabo 2000: 593, 
unnumbered fig. [followed Nakabo (1993)]; Nakabo 2002: 
593, unnumbered fig. [followed Nakabo (1993)]; Youn 2002: 
250 (Korea); Kim IS et al. 2005: 220, unnumbered fig. (east-
ern and southern coasts of Korea and Japan); Nakabo and 
Kai 2013: 679, unnumbered fig. (Japan and Busan, Korea).

Sebastes (Sebastodes) vulpes: Barsukov 2003: 260 (in 
part; 35º32’N, 140º50’E).

Sebastes zonatus: Chen and Barsukov 1976: 3 (in part; 
Japan).

Sebastichthys vulpes: Jordan and Starks 1904: 113 (in 
part; Japan).

Sebastodes vulpes: Jordan and Evermann 1898: 1835 (fol-
lowed original description).

Sebastodes ijimae Jordan and Metz 1913: 49, pl. IX-1 
(type locality: Busan, Korea).

Lectotype (new designation; Fig. 5a). NMW 75386, 
256.8 mm SL, Tokyo, Japan (purchased at Tokyo Fish Mar-
ket), January 1883, collected by Franz Steindachner.

Paralectotypes. NMW 58146, 162.9 mm SL, collected 
with lectotype; ZMB 12069, 224.7 mm SL, Tokyo, Japan, 
collected by Ludwig Döderlein.

Paralectotype (Sebastes vulpes or Sebastes zona-
tus: excluded from following description). NMW 5878, 
158.7 mm SL, Tokyo, Japan, 1885, collected by Franz 
Steindachner.

Other material: 95 specimens (including holotype 
of Sebastodes ijimae), comprising 67 subjected to mer-
istic, morphometric and genetic examination [indicated 
by asterisk (*)], plus 28 subjected to meristic and mor-
phometric examination only [indicated by double aster-
isk (**)]. JAPAN: FAKU 50136–50138**, 96152*, 
96156*, 96161*, 96163*, 96164*, 96238*, 96239*, 
96257*, 157.6–199.7 mm SL, Miyako, Iwate; FAKU 
59316–59318**, 154.0–194.8 mm SL, Enome, Ishikawa; 
FAKU 74454**, 82514*, 83188–83197*, 151.1–243.2 
mm SL, Noto, Ishikawa; FAKU 84026*, 84027*, 84029*, 
84033**, 84035**, 158.7–199.2 mm SL, Otaru, Hok-
kaido; FAKU 84101*, 150.7 mm SL, Taro, Iwate; FAKU 
96073*, 96074*, 96075**, 96076–96078*, 96097*, 96099*, 
96100*, 131566*, 131567*, 131569*, 156.4–249.9 mm SL, 
Ushitsu, Ishikawa; FAKU 96082–96088*, 96090–96094*, 
159.8–230.9 mm SL, Matsunami, Ishikawa; FAKU 97669*, 
97672*, 199.9–203.1 mm SL, Tomakomai, Hokkaido; 
FAKU 97679–97681*, 239.6–262.3 mm SL, Rausu, Hok-
kaido; FAKU 98758–98760*, 206.6–216.3 mm SL, Sha-
kotan, Hokkaido; FAKU 103040**, 204.5 mm SL, locality 
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unknown; FAKU 130099*, 182.1 mm SL, Ukawa, Ishikawa; 
FAKU 130347*, 130348*, 165.2–179.1 mm SL, Fujinami, 
Ishikawa; FAKU 131533–131535*, 161.0–175.4 mm SL, 
Ogi, Ishikawa; FAKU 131536–131538*, 170.6–192.4 mm 
SL, Hime, Ishikawa; NSMT-P 74206**, 141.6 mm SL, 
locality unknown; NSMT-P 74458**, 94.4 mm SL, Aomori; 
NSMT-P 78914**, 126.3 mm SL, Sawara, Hokkaido; SIO 
03-90** (1 of 2 specimens), 140.2 mm SL, Tokyo; SIO 
75-481** (2 of 3), 171.5–198.8 mm SL, Hakodate, Hok-
kaido; UMMZ 142653**, 102.7 mm SL, Otaru, Hokkaido; 
UMMZ 191954**, 203.7 mm SL, Oki Island, Shimane; 
UMMZ 191982** (1 of 2), 192.2 mm SL, Obama, Fukui; 
UMMZ 197588**, 197.4 mm SL, Asamushi Marine Biol-
ogy Station, Aomori; UMMZ 197589**, 220.6 mm SL, 
Setogashima, Hamada, Shimane; UMMZ 191984** (2 
specimens), 218.5–233.7 mm SL, Tottori. KOREA: FMNH 
55437**, 157.5 mm SL, Busan (holotype of Sebastodes 
ijimae); PKU 2492*, 193.1 mm SL, Wando, Jeollanamdo; 
PKU 4070*, 4072*, 143.3–160.3 mm SL, Tongyeong, Gyeo-
ngsangnamdo; PKU 4314*, 159.7 mm SL, Uljin, Gyeong-
sangbukdo; UMMZ 191951**, 238.9 mm SL, Kori Bay; 
UMMZ 197590** (2 of 4), 225.2–241.3 mm SL, Busan.

Diagnosis. Posterior part of lower jaw usually without 
scales; gill rakers usually 25–27, spinous dorsal-fin mem-
brane usually naked basally from first to ninth spine, some-
times with minute scales from first to last spine; body and 
head dark brown but varying from light to dark gray dor-
sally, usually with white mottling dorsally and laterally, 
sometimes uniformly dark gray or black laterally, whitish or 
light gray ventrally; rarely two indistinct dark brown or dark 
gray saddles on body, enclosing small white mottles; dorsal, 
anal, caudal and pectoral fins dark brown, light or dark gray, 
bluish-gray or black, with small irregular white markings on 
membranes; pelvic fin brown or light gray.

Description. Counts and proportional measurements 
given in Table 2. Body relatively wide, usually greater 
than 50 % of head length at uppermost point of pectoral-fin 
base. Head covered with ctenoid scales, except for snout 
tip, chin, maxilla, upper and lower lips, and branchiostegal 
rays. Posterior part of maxilla usually with minute cycloid 
scales (including lectotype). Posterior part of lower jaw usu-
ally naked (including lectotype), sometimes with patches 
of minute cycloid scales. Body covered with ctenoid scales 

with some accessory scales posteriorly; embedded cycloid 
scales covering thorax. Spinous dorsal-fin membrane usually 
naked basally from first to ninth spine, sometimes with min-
ute cycloid scales from first to last spine (naked from below 
first to 11th spine in lectotype), posteriorly gradually spread-
ing distally. Entire soft dorsal-fin membrane covered with 
minute cycloid scales. Spinous anal-fin membrane covered 
basally with minute cycloid scales, sometimes spreading 
distally. Entire soft anal-fin membrane covered with minute 
cycloid scales. Pectoral-fin rays covered with minute cycloid 
scales, except for tips of lowermost 7–9 rays; membrane 
naked. Pelvic-fin rays covered with minute cycloid scales, 
fin base and membrane naked.

Dorsal fin with 13 (rarely 14) spines and 12–13 (rarely 
14) soft rays (13 spines and 13 soft rays in lectotype); all 
soft rays branched. Dorsal-fin spines gradually increasing 
in length to fourth spine, fourth and fifth spines subequal, 
thereafter shortening to penultimate spine; last spine longer 
than penultimate spine (shorter in lectotype), forming ante-
rior support of soft-rayed portion of dorsal fin. Anal fin 
with 3 spines and 6 (rarely 5 or 7; 6 in lectotype) soft rays. 
Second and third anal-fin spines usually subequal in length 
(including lectotype), second spine sometimes longer than 
third spine. Second anal-fin soft ray longest, posterior rays 
gradually shortening. Tip of pectoral fin reaching or nearly 
reaching (rarely extending beyond; nearly reaching in lec-
totype) anus; uppermost ray unbranched, next 7–9 (usually 
8; 9 in lectotype) rays on upper half branched, lowermost 
7–9 (usually 8, including lectotype) rays unbranched and 
somewhat thickened. Posterior tip of depressed pelvic fin 
slightly anterior to tip of pectoral fin, usually not reaching 
anus (including lectotype).

Gill rakers on ceratobranchial 6–8 (usually 7, including 
lectotype), on hypobranchial usually 18–20 (rarely 17 or 21; 
23 in lectotype). Rakers on angle between ceratobranchial 
and hypobranchial slender, longish; adjacent rakers progres-
sively shorter, blunter; two uppermost and lowermost rakers 
sometimes united.

Color when fresh (Fig. 3a–e). Body and head dark brown 
but varying from light to dark gray dorsally, usually with 
white mottling dorsally and laterally, sometimes uniformly 
dark gray or black laterally, whitish or light gray ventrally. 
Head with two indistinct irregular dark gray or dark brown 
bands radiating from eye; upper band extending onto sub-
opercle. Lower part of maxilla margined with dark brown 
or dark gray. Lower jaw, preopercle, interopercle and pecto-
ral-fin base light or dark gray. Thorax and pectoral-fin base 
sometimes with irregular dark brown or dark gray markings. 
Two indistinct dark brown or dark gray saddles sometimes 
present on body, enclosing small white mottles, extending 
onto dorsal-fin membrane; anterior saddle under fourth to 
12th dorsal-fin spine, posterior saddle under soft dorsal fin; 
when saddles present, a third indistinct dark brown or dark 

Fig. 3   Photographs of Sebastes vulpes (a–e) and S. zonatus (f–j) 
when fresh. a FAKU 96156, 191.0 mm SL, Miyako, Iwate, Japan; b 
FAKU 97669, 203.1 mm SL, Tomakomai, Hokkaido Japan; c FAKU 
96099, 195.3 mm SL, Noto, Ishikawa, Japan; d FAKU 96100, 170.0 
mm SL, Noto, Ishikawa, Japan; e FAKU 130099, 182.1 mm SL, 
Noto, Ishikawa, Japan; f FAKU 97079, 174.2 mm SL, Noto, Ishi-
kawa, Japan; g FAKU 96275, 139.5 mm SL, Miyako, Iwate, Japan; h 
FAKU 97538, 198.1 mm SL, Tomakomai, Hokkaido, Japan; i FAKU 
97671, 217.5 mm SL, Tomakomai, Hokkaido, Japan; j FAKU 97541, 
288.6 mm SL, Otaru, Hokkaido, Japan

◂
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gray saddle often apparent on caudal peduncle. Dorsal fin 
dark brown, light or dark gray, bluish-gray or black, with 
small irregular white markings. Anal fin dark brown, light 
gray, dark gray, bluish-gray or black, with white mottling. 

Caudal fin dark brown, light gray, dark gray, bluish-gray or 
black, with white mottling. White margins of soft-rayed por-
tions of dorsal and anal fins, and caudal fin usually narrow 
or absent. Pectoral fin dark brown, dark gray, bluish-gray or 

Fig. 4   Schematic diagrams of 
Sebastes vulpes and S. zonatus 
showing dorsal-fin membrane 
and lower jaw squamation pat-
terns. a S. vulpes, FAKU 96075, 
218.5 mm SL, Ushitsu, Noto, 
Ishikawa, Japan; b S. zonatus, 
FAKU 97084, 154.1 mm SL, 
Noto, Ishikawa, Japan
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black; ventroposterior part sometimes pale. Pelvic fin brown 
or light gray; membrane darker.

Color in preserved specimens (Fig. 5a, b). Head and 
body dark brown dorsally and laterally, lighter ventrally, 
uniformly dark brown or with light mottling laterally (with 
light mottling in lectotype). Indistinct saddles on body and 
caudal peduncle when fresh remain darker following preser-
vation (absent in lectotype). Lower jaw light or dark brown 
(dark brown in lectotype), thorax light brown. Head some-
times with two faintly darker irregular bands radiating from 
eye (absent in lectotype). Lower part of maxilla sometimes 
with darker margin. Dorsal, anal and caudal fins dark brown 
with irregular lighter markings. White margins of soft-rayed 
portions of dorsal, anal, and caudal fins when fresh remain 
lighter following preservation (only caudal fin with narrow 
light margin in lectotype). Pectoral fin dark brown, some-
times lighter posteroventrally (including lectotype). Pelvic 
fin light brown; membrane darker.

Distribution and habitat. Sebastes vulpes is pres-
ently known from Japanese waters, from coastal Hokkaido 
southward to Shimane and Sagami Bay, and off the south-
ern and eastern coasts of the Korean Peninsula (Fig. 6a), 
most specimens having been collected from 0–50 m depth. 
Two records from Akita, Japan (KPM-NR 0047234 and 

KPM-NR 0047235, both registered as S. ijimae) are avail-
able on FishPix.

Remarks. The above description was based on 67 speci-
mens genetically assigned by the STRU​CTU​RE analysis 

Fig. 5   Type specimens of nominal species of Sebastes vulpes com-
plex. a Lectotype of Sebastes vulpes (designated herein), NMW 
74386, 256.8 mm SL; b holotype of Sebastodes ijimae, FMNH 
55437, 157.5 mm SL; c holotype of Sebastes zonatus, SIO 75-475, 
166.1 mm SL

Fig. 6   Distributions of Sebastes vulpes, S. zonatus and their hybrids. 
Closed circles based on specimens examined in this study; open cir-
cles based on unequivocal literature records. a Sebastes vulpes; b S. 
zonatus; c hybrids. Gray arrows indicate major ocean current routes
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based on AFLP, plus additional specimens not subjected to 
the genetic analysis. The former included examples of S. 
vulpes examined by Muto et al. (2011, 2013), with the latter 
being regarded as conspecific due to having one or more of 
the following characters: lower CDF value (< -1.85); body 
with grayish to black ground color, without dark saddles on 
dorsum; minute scales absent posteriorly on lower jaw and 
basally on spinous dorsal-fin membrane from first to ninth 
spine.

Döderlein in Steindachner and Döderlein (1884) origi-
nally described S. vulpes based on several specimens from 
Tokyo, Japan, the number of specimens being unknown. 
Because a holotype was not designated at that time, all of 
the specimens used in the description are automatically con-
sidered to be syntypes of S. vulpes, according to Article 73.2 
of ICZN (1999).

In the ZMB type catalog, Paepke and Fricke (1992) listed 
ZMB 12069 as one of the syntypes of S. vulpes. Subse-
quently, Amaoka and Fujii (1999) conducted a preliminary 
taxonomic and historical study on Döderlein’s collection of 
Japanese animals deposited at several European museums, 
noting as follows: “ZMB 12069: Sebastes vulpes Döderlein, 
Yedo, Döderl., syntype?”. Eschmeyer et al. (2016) listed four 
specimens as syntypes of S. vulpes, as follows: “Syntypes: 
(several) NMW 5878 (1), 58146 (1), 75386 (1); ?ZMB 
12069 (1)”, all of which were available for morphological 
examination during the present study. These specimens, 
deposited as syntypes in their respective collections, are 
herein considered to have been used in the original descrip-
tion of S. vulpes by Steindachner and Döderlein (1884), and 
are accordingly regarded as syntypes.

The body coloration of the four syntypes has faded dur-
ing their long period of preservation and the CDF values for 
these specimens were equivocal with respect to the two spe-
cies recognized here. Nevertheless, three of the four syntypes 
(NMW 58146, NMW 75386 and ZMB 12069) lacked minute 
scales posteriorly on the lower jaw and basally on the spinous 
dorsal-fin membrane from the first to 11th spines, characters 
agreeing closely with the genetically assigned specimens 
used for the present description. Steindachner and Döder-
lein’s (1887) illustration of S. vulpes, in the succeeding part 
of the article in which S. vulpes was originally described, 
indicated the absence of dark saddles on a specimen of ca. 
260 mm SL, [which clearly matched NMW 75386 (256. 8 
mm SL)], dorsal fin with 13 spines and 13 soft rays, anal 
fin with three spines and six soft rays, pectoral fin with nine 
unbranched rays and nine distally branched rays, and the last 
dorsal-fin spine shorter than the penultimate dorsal-fin spine. 
Although the last-mentioned character of NMW 75386 is 
rather unusual in the S. vulpes complex, the other charac-
ters and body coloration are consistent with other specimens 
identified as that species. In order to forestall any further 
taxonomic problems, NMW 75386 is designated as the 

lectotype of S. vulpes, in accordance with Recommendation 
74B (ICZN 1999). Although the number of hypobranchial 
gill rakers (23) in the lectotype was greater than in other 
specimens (17–21), such was considered as an intraspecific 
variation. The remaining syntypes become paralectotypes.

Among the paralectotypes, NMW 58146 and ZMB 12069 
are most likely S. vulpes, based on the dorsal-fin and lower-
jaw squamation patterns. However, NMW 5878 was dam-
aged and cannot be identified with certainty as either of the 
species recognized here. Nonetheless, it was clearly a mem-
ber of the S. vulpes complex, having the head with nasal, 
preocular, postocular, tympanic and parietal spines; interor-
bital space flat; lacrimal without a distinct spine; dorsal fin 
with 12 spines and 13 soft rays; anal fin with three spines 
and six soft rays; pectoral fin with nine unbranched rays and 
nine distally branched rays; pelvic fin with one spine and five 
soft rays; and lateral-line pores 33.

Jordan and Metz (1913) originally described Sebastodes 
ijimae from a single specimen (FMNH 55437, formerly CM 
4172) from Busan, Korea, designating it as the “type” [now 
“holotype” of S. ijimae, according to Article 73.1 (ICZN 
1999)]. Although the specimen had an equivocal CDF value 
with respect to the two species recognized here, it possessed 
25 gill rakers and lacked minute scales posteriorly on the 
lower jaw, significant features of S. vulpes recognized here 
(Table 1). In addition, Jordan and Metz (1913) described 
the coloration of S. ijimae as follows: “color dusky, lighter 
below; fins all black, tipped with black, except the lower half 
of pectoral which has a broad, white margin; snout and top 
of head almost black”. The accompanying illustration (pl. 
IX-1) also clearly showed a uniformly dark body color, fall-
ing within the range of color variation of S. vulpes as pres-
ently recognized. Accordingly, S. ijimae (Jordan and Metz 
1913) is considered a junior synonym of S. vulpes Döderlein 
in Steindachner and Döderlein 1884, the holotype of the 
former being conspecific with the latter.

Although Okada and Matsubara (1938), followed by Mat-
subara (1955), discriminated between S. vulpes and S. ijimae 
(placed in genus Sebastichthys by the former) on the basis of 
head length relative to longest dorsal-fin spine and pelvic-fin 
length, these characters were not found to be significant in 
this study.

Sebastes (Neohispaniscus) vulpes (sensu Matsubara 
1943) was characterized on the basis of 31 specimens (no 
catalog numbers given) from Hakodate (5 specimens), 
Miyako (1), Fukushima (4) and Misaki (17) (Japan), and 
Wonsan (1) and Busan (3) (Korea). He suggested that the 
species included two color morphotypes, one having a light 
brown, light gray or dark brown ground color with three 
irregular blackish-brown cross bands (pl. I-1 of Matsub-
ara 1943), and the other, a light brown ground color with 
many small white blotches, but lacking blackish bands (pl. 
I-2). The former morphotype was clearly consistent with 
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specimens identified herein as S. zonatus, whereas the lat-
ter was equivocal, specimens lacking dark bands but having 
small white blotches being found in both S. vulpes and S. 
zonatus in the present study, although much more commonly 
in the former. Matsubara (1965) continued to recognize two 
morphotypes within S. vulpes, but provided an illustration 
for only the saddled form, reproduced from pl. I-1 of Mat-
subara (1943).

Matsubara’s (1943) redescription of Sebastes (Neohispa-
niscus) ijimae was based on four specimens (catalog num-
bers not given) from Busan, Korea, the color description 
stating “in formalin dark brown with 3 indefinite darker 
blotches, the first of which is under the base of the fourth 
to the ninth dorsal spines, the second below the entire base 
of the soft dorsal, and the last on the caudal peduncle”. A 
specimen with “indefinite darker blotches” (= indistinct dark 
saddle, as recognized here) was largely consistent with S. 
zonatus, although that condition is sometimes found in S. 
vulpes. On the other hand, the illustration of the species 
(fig. 81 of Matsubara 1943) is like S. vulpes as presently 
recognized, showing a black ground body color with a small 
number of somewhat lighter blotches and no saddles.

Chen and Barsukov (1976) recognized three species 
within the S. vulpes complex: S. vulpes, S ijimae and their 
new species, S. zonatus. They characterized S. vulpes based 
on 25 specimens as having a grayish body with dense lighter 
spots and 28–30 gill rakers. However, our examination of 14 
of those specimens confirmed that nine represented S. zona-
tus as presently recognized (ESM Table S2). These include 
CAS-SU 53416, one of two specimens of SIO 75-478 (302.7 
mm SL), two of four specimens of SIO 75-480 (156.6 mm 
and 198.8 mm SL), UMMZ 191983, UMMZ 191985, 
UMMZ 197585, and one of three specimens of USNM 
71787 (155.4 mm SL), having two distinct dark saddles on 
the dorsum: and UMMZ 191953, having minute scales on 
the entire basal part of the spinous dorsal-fin membrane 
and posteriorly on the lower jaw (see also Remarks under S. 
zonatus for identification of UMMZ 197585). On the other 
hand, five specimens could not be identified to either species 
due to a lack of definitive characters or character inconsist-
ency. These include one of two specimens of SIO 75-479 
(281.6 mm SL), two of four specimens of SIO 75-480 (215.0 
mm and 191.2 mm SL), USNM 48143, and one of three 
specimens of USNM 71787 (151.0 mm SL). The remaining 
11 specimens, viz., one of two specimens of SIO 75-479, 
ZIN 37490, ZIN 37491, ZIN 42100, and seven specimens 
of ZIN 42099, were not available here. Chen and Barsukov’s 
(1976) photograph of S. vulpes, presently unidentifiable due 
to the equivocal body coloration, lacked a specimen registra-
tion number.

Chen and Barsukov (1976) characterized S. ijimae as 
having a uniformly blackish or grayish body, dark sad-
dles indistinct if present, and 25–27 gill rakers, based on 

25 specimens including the holotype. Examination of 20 
of the non-type specimens showed 11 to be S. vulpes (ESM 
Table S2). These include one of three specimens of SIO 
75-481 (198.8 mm SL: miswritten as “SIO 57-481” in Chen 
and Barsukov 1976), UMMZ 191954, one of two specimens 
of UMMZ 191984 (218.5 mm SL), UMMZ 197588, and two 
of four specimens of UMMZ 197590 (225.2 mm and 241.3 
mm SL), having a uniformly dark body; UMMZ 191951, 
one of two specimens of UMMZ 191984 (233.7 mm SL), 
and UMMZ 197589, having a CDF value < -1.85; and one 
of three specimens of SIO 75-481 (171.5 mm SL) and one 
of two specimens of UMMZ 191982 (192.2 mm SL), hav-
ing a relatively low CDF value and minute scales absent 
posteriorly on the lower jaw. Six specimens were identified 
as S. zonatus as follows (ESM Table S2): two specimens of 
UMMZ 191947, one of two specimens of UMMZ 191982 
(230.7 mm SL), two of four specimens of UMMZ 197590 
(144.1 mm and 155.0 mm SL), having two distinct dark 
saddles on the dorsum; and UMMZ 191948, having minute 
scales basally on the spinous dorsal-fin membrane and pos-
teriorly on the lower jaw. The remaining three specimens, 
viz., one of three specimens of SIO 75-481 (182.6 mm SL), 
UMMZ 191950 and UMMZ 191952, were unidentifiable 
due to a lack of definitive characters. ZIN 42401 and 42402 
(three specimens) were unavailable for examination.

Nakabo (1993, 2000, 2002) also recognized S. vulpes, S. 
ijimae and S. zonatus, but noted that their taxonomy should 
be reviewed. He characterized S. vulpes as having 26–29 
gill rakers, indistinct vertical dark bands on the body, an 
extremely narrow (or absent) white margin on the caudal fin 
and a moderately compressed body (based on three FAKU 
specimens). One of these (FAKU 103040, locality unknown) 
was herein identified as S. vulpes, having a CDF value < 
-1.85. FAKU 42115, on which an illustration by Nakabo 
(1993, 2000, 2002) was based, could not be identified une-
quivocally as either S. vulpes or S. zonatus, being character-
ized by faint dark saddles on the body with numerous white 
blotches. FAKU 103039 was also unidentifiable.

Nakabo’s (1993, 2000, 2002) description of S. ijimae was 
based on three specimens (FAKU 59316–59318), each hav-
ing a uniformly dark body and identified herein as S. vulpes. 
Diagnostic characters for S. ijimae proposed by Nakabo 
(1993, 2000, 2002), including 24–26 gill rakers and almost 
uniformly black body, match those established here for S. 
vulpes.

Sebastes zonatus (sensu Nakabo 1993, 2000, 2002), rede-
scribed on the basis of FAKU 36310, FAKU 59312–59315, 
FAKU 58088–58090, FAKU 58206 and FAKU 103038, was 
characterized as having 26–29 gill rakers, usually distinct 
vertical dark bands on the body, a relatively broad white mar-
gin on the caudal fin and a strongly compressed body. Color 
variants (including an almost uniformly light body) were 
also noted and illustrated (FAKU 59313 and FAKU59315, 
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almost uniformly light body and distinct dark lateral bands, 
respectively). Nakabo’s specimens (except FAKU 36310 and 
FAKU 58206) were herein identified as S. zonatus owing 
to their light ground body color with distinct dark saddles 
(indistinct saddles in FAKU 59313, which also had minute 
scales posteriorly on the lower jaw and on the entire basal 
portion of the spinous dorsal-fin membrane). Identifications 
of FAKU 36310 and FAKU 58206 were uncertain due to a 
lack of definitive characters.

Subsequently, Nakabo and Kai (2013) recharacterized S. 
vulpes, S. zonatus and S. ijimae, generally following Nakabo 
(1993, 2000, 2002), but modifying the gill raker counts fol-
lowing Muto et al. (2011), whose specimens are also appli-
cable to the present study.

Youn’s (2002) account of S. vulpes, S. ijimae and S. zona-
tus from Korean waters apparently followed Nakabo (1993, 
2000, 2002), with slight modifications. Sebastes ijimae was 
described as having a uniformly dark grayish body and 
maxilla extending beyond the posterior margin of the orbit. 
Sebastes vulpes and S. zonatus were distinguished from each 
other by aspects of the white margin on the caudal fin, only 
the upper and lower tips of the caudal fin being white in the 
former, compared with the entire posterior margin white in 
the latter. However, the caudal-fin margin varies consider-
ably within the species recognized here. Accordingly, S. 
vulpes and S. zonatus (sensu Youn 2002) cannot be identi-
fied with certainty, whereas S. ijimae (sensu Youn 2002) 
body coloration is consistent with the present specimens of 
S. vulpes.

Sebastes (Sebastodes) ijimae (sensu Barsukov 2003) 
was described as having 25–27 gill rakers and uniformly 
dark body color, agreeing well with S. vulpes as presently 
recognized. However, the accompanying illustration based 
on a specimen collected from Tokyo, Japan, is problematic, 
showing several characters not attributable to the S. vulpes 
complex. These include lateral-line pores 37 (vs. 28–36 in S. 
vulpes complex), a distinct symphysial knob (vs. indistinct) 
and the soft dorsal-fin posterior margin almost straight (vs. 
rounded). Therefore, S. ijimae of Barsukov (2003) is uni-
dentifiable here.

Kanayama and Kitagawa (1983), Kitagawa et al. (2008) 
and Ishida (2009) recognized only S. vulpes as valid, regard-
ing S. zonatus and S. ijimae as conspecific with the former 
owing to the existence of equivocal specimens. Of the two 
photographs provided by Kanayama and Kitagawa (1983), 
the upper one is referable to S. vulpes as recognized here, 
owing to the black body with no saddles on the dorsum, and 
the lower one to S. zonatus, showing distinct saddles. Simi-
larly, one of the two photographs in Kitagawa et al. (2008), 
labeled “blackish individual” by the authors, was identifiable 
as S. vulpes, the other one (“brownish individual”), repro-
duced from Kanayama and Kitagawa (1983), being identi-
fied as S. zonatus. Ishida (2009) provided three photographs, 

one (an adult) being referable to S. zonatus as presently 
recognized, and the others (juveniles) being unidentifiable. 
He also noted variations in body coloration, ranging from 
distinct dark saddles on the dorsum to a complete absence 
of such.

The figures and descriptions of S. vulpes by Amaoka et al. 
(1983, 2011), Amaoka (1988), Sasaki (2003), Kim IS et al. 
(2005) and Kim YU et al. (2005) are all of uncertain iden-
tity, due to equivocal body coloration and meristic counts 
with respect to S. vulpes and S. zonatus as recognized here. 
Similarly, the photo of S. vulpes by Masuda and Kobayashi 
(1994) was also unidentifiable due to the equivocal body 
coloration.

Amaoka’s (1988) description of S. ijimae was also equiv-
ocal, although the accompanying photograph was identifi-
able as S. vulpes, based on body coloration (uniformly dark). 
Kim IS et al.’s (2005) S. ijimae was identified as S. vulpes, 
judging from both the description and coloration (photo), 
the body being uniformly charcoal gray.

Sebastes vulpes has also been reported from the follow-
ing coastal Japanese localities: Oshima, Yamaguchi, Seto 
Inland Sea (Katayama and Fujioka 1958), Ibaraki (Funa-
bashi 1998), Sea of Japan coast of Fukuoka (Nishida et al. 
2005), Choshi, Chiba (Aizawa 2003), Kasumi, Hyogo (Mori 
1956), Toyama Bay (Katayama 1940) and Aomori (Shiogaki 
et al. 2004). However, the true taxonomic status of such ref-
erences to S. vulpes remain equivocal, due to the lack of 
description. Accordingly, the listed localities have not been 
included in the present distribution of S. vulpes or S. zona-
tus. Similarly, Sebastichthys vulpes [from Hakodate, Japan 
(Snyder 1912); Busan, Korea (Jordan and Metz 1913)], 
Sebastodes vulpes [Japan (Jordan et al. 1913)] and Sebas-
todes (Pteropodus) vulpes [Otaru market, Hokkaido, Japan 
(Jordan and Hubbs 1925)] were listed without descriptions 
and remain of unknown status.

Sebastes zonatus Chen and Barsukov 1976

(Standard Japanese name: Tanuki-mebaru) (Figs. 1, 2, 3f–j, 
4b, 5c, 6b)

Sebastes zonatus Chen and Barsukov 1976: 6, fig. 1-C 
(type locality: off Furube, near Usujiri, Hakodate, Hokkaido, 
Japan); Amaoka et al. 1983: 87, unnumbered fig. (Japan); 
Lindberg and Krasyukova 1987: 66, fig. 27 (Japan); Ama-
oka 1988: 298, pl. 278-D [photo reproduced from Amaoka 
et al. (1983)] (Japan); Nakabo 1993: 516, unnumbered figs. 
(Japan); Masuda and Kobayashi 1994: 84, fig. 3 (Japan); 
Nakabo 2000: 593, unnumbered figs. [followed Nakabo 
(1993)]; Nakabo 2002: 593, unnumbered figs. [followed 
Nakabo (1993)]; Kim IS et al. 2005: 225, unnumbered fig. 
(southern coast of Korean Peninsula and Japan); Amaoka 
et al. 2011: 186, unnumbered fig. (Hokkaido, Japan); Muto 
et al. 2011: 431, fig. 2-B (Ishikawa, Japan); Muto et al. 2013: 
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1755 (Hokkaido, Iwate, and Ishikawa, Japan); Nakabo and 
Kai 2013: 679, unnumbered figs. (Japan and southern and 
eastern coasts of Korean Peninsula).

Sebastes ijimae (not of Jordan and Metz): Chen and Bar-
sukov 1976: 4 (in part; Japan and Busan, Korea).

Sebastes (Neohispaniscus) ijimae (not of Jordan and 
Metz): Matsubara 1943: 231 (in part; Busan, Korea).

Sebastes (Neohispaniscus) vulpes (not of Döderlein): 
Matsubara 1943: 230, pl. I-1 (in part; Japan).

Sebastes vulpes (not of Döderlein): Okada 1955: 314, 
unnumbered fig. [illustration after pl. I-1 of Matsubara 
(1943)] (Japan and Korea); Matsubara 1965: 426, unnum-
bered fig. [illustration after pl. I-1 of Matsubara (1943)] 
(Japan and Korea); Chen and Barsukov 1976: 2 (in part; 
Japan); Kanayama and Kitagawa 1983: 39, unnumbered fig. 
(lower color photo) (in part; Iwate, Japan); Nakabo 1993: 
516 (in part; Japan); Nakabo 2000: 593 [in part; followed 
Nakabo (1993)]; Nakabo 2002: 593 [in part; followed Nak-
abo (1993)]; Kitagawa et al. 2008: 59, unnumbered fig. of 
brownish individual [photo reproduced from Kanayama and 
Kitagawa (1983)] (in part; Pacific coast of Tohoku district, 
Japan]; Ishida 2009: 193, unnumbered fig. of adult (Hok-
kaido, Japan); Nakabo and Kai 2013: 679 (in part; Japan and 
southern and eastern Korean Peninsula).

Sebastes (Sebastodes) vulpes (not of Döderlein): Barsu-
kov 2003: 260, fig. 117 (in part; 35º32’N, 140º50’E).

Sebastes (Sebastodes) zonatus: Barsukov 2003: 266, 
fig. 121 [illustration after Lindberg and Krasyukova (1987)] 
(Japan).

Sebastichthys vulpes (not of Döderlein): Jordan and 
Starks 1904: 113 (in part; Japan); Okada et al. 1935: 205, 
pl. 114 (Japan and southern Korea).

Materials examined. 140 specimens, including the 
holotype and five paratypes, comprising 70 specimens sub-
jected to meristic, morphometric and genetic examination 
[indicated by asterisk (*)], plus 70 subjected to meristic and 
morphometric examination only [indicated by double aster-
isk (**)]. JAPAN: BSKU 4996**, 179.8 mm SL, Kochi; 
BSKU 38831**, 131.0 mm SL, Yawatahama, Ehime; CAS 
34077** (2 specimens), 177.7–194.1 mm SL, off Furube 
near Usujiri, Hakodate, Hokkaido (paratypes of Sebastes 
zonatus); FAKU 50126**, 50127**, 50129–50133**, 
50139**, 84086*, 96143–96148*, 96149**, 96150*, 
96154*, 96158*, 96159**, 96234–96237*, 96260*, 96261*, 
96263–96270*, 96273–96276*, 96283*, 98032*, 98042*, 
98043*, 131.2–359.5 mm SL, Miyako, Iwate; FAKU 
58088–58090**, 271.4–305.8 mm SL, off San-in; FAKU 
59312–59315**, 145.4–217.8 mm SL, Enome, Ishikawa; 
FAKU 82516–82519*, 82520**, 82521*, 97078*, 97079*, 
97081**, 97084*, 137.3–174.2 mm SL, Wajima, Ishikawa; 
FAKU 83185–83187*, 252.1–286.4 mm SL, Noto, Ishikawa; 
FAKU 85799*, 257.5 mm SL, No, Niigata; FAKU 96095*, 
129995*, 130103–130105*, 211.3–234.4 mm SL, Toyama 

Bay, Toyama; FAKU 97538–97540*, 97671*, 162.2–217.5 
mm SL, Tomakomai, Hokkaido; FAKU 97541*, 288.6 mm 
SL, Otaru, Hokkaido; FAKU 97678*, 236.1 mm SL, Rausu, 
Hokkaido; FAKU 97981*, 274.6 mm SL, Soma, Fuku-
shima; FAKU 98755*, 98757*, 98767–98769*, 98776*, 
98782*, 98786*, 203.1–233.1 mm SL, Shakotan, Hokkaido; 
FAKU 103038**, 208.8 mm SL; FAKU 130100–130102*, 
160.1–176.2 mm SL, Mawaki, Ishikawa; HUMZ 123423**, 
123436**, 172.6–199.8 mm SL, Kinaoshi, Hokkaido; 
NSMT-P 73629**, 143.3 mm SL locality unknown; NSMT-
P 73685**, 172.9 mm SL, Motoyoshi, Miyagi; NSMT-P 
74275**, 175.0 mm SL, Natori, Miyagi; NSMT-P 74598**, 
202.8 mm SL, Miyagi; NSMT-P 74625** (2), 238.4–239.9 
mm SL, off Kamo, Yamagata; NSMT-P 74773**, 257.3 
mm SL, Higashitsugaru, Aomori; NSMT-P 92096**, 148.4 
mm SL, Usujiri, Hakodate, Hokkaido; SIO 75-475**, 166.1 
mm SL, female (holotype of S. zonatus), SIO 75-476** 
(3), 145.8–195.4 mm SL (paratypes of S. zonatus), off 
Furube near Usujiri, Hakodate, Hokkaido; SIO 75-477**, 
206.1 mm SL, 35º52’–35º48’N, 141º04’–141º08’E; SIO 
75-478** (2), 217.8–302.7 mm SL, 35º32’–35º31’N, 
140º50’–140º49’E; SIO 75-480** (2 of 4), 156.6–198.8 
mm SL, Tokyo; UMMZ 191947** (2), 123.6–150.3 mm SL, 
off Kuro-zaki, Ojika Peninsula, Miyagi; UMMZ 191948**, 
174.4 mm SL, Namerikawa, Toyama; UMMZ 191949**, 
250.6 mm SL, off ?Usetsu; UMMZ 191982** (1 of 2), 
230.7 mm SL, Wakasa bay, Coast of Oshima, near Obama, 
Fukui; UMMZ 191983**, 261.5 mm SL, Sendai, Miyagi; 
UMMZ 191985**, 198.0 mm SL, off No, Niigata; UMMZ 
197585**, 178.0 mm SL, Choshi, Chiba; UMMZ 197586**, 
214.3 mm SL, off Kyogamisaki, Kyoto; UMMZ 197587**, 
208.1 mm SL, Toyama Bay, Toyama; UMMZ 212640**, 
146.9 mm SL, Hakodate, Hokkaido; UMMZ 212687**, 
148.0 mm SL, Kesen-numa, Miyagi; CAS-SU 53416**, 
242.1 mm SL, Tokyo market; USNM 51314**, 71787** 
(2), 113.0–181.8 mm SL, Hakodate, Hokkaido; USNM 
51369–51370**, 239.3–291.3 mm SL, locality unknown; 
USNM 205460**, 91.2 mm SL, Aomori. KOREA: FAKU 
99752–99755**, 99756*, 148.1–193.8 mm SL, Busan; PKU 
2490*, 147.7 mm SL, Wando, Jeollanamdo; PKU 4315*, 
117.9 mm SL, Uljin, Gyeongsangbukdo; UMMZ 197590** 
(2 of 4), 144.1–155.0 mm SL, Busan.

Diagnosis. Posterior part of lower jaw usually with 
patches of minute scales; gill rakers usually 26–28, entire 
basal portion of spinous dorsal-fin membrane usually cov-
ered with minute scales, sometimes naked from first to last 
spine; body white, pinkish, light brown or gray dorsally and 
laterally, whitish ventrally, mottled with brown, dark brown 
or dark gray laterally; two distinct reddish-brown, dark 
brown or dark gray saddles with small white mottles on dor-
sum usually present, sometimes indistinct; dorsal, anal and 
caudal fins reddish-brown, light brown or light gray, mottled 
with light gray or white; pectoral fin pinkish, reddish-brown, 
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dark brown or dark gray; pelvic fin light brown, reddish-
brown or light gray.

Description. Counts and proportional measurements of 
examined specimens given in Table 2. Body relatively nar-
row. Head covered with ctenoid scales, except for snout tip, 
chin, maxilla, upper and lower lips, and branchiostegal rays. 
Posterior part of maxilla usually with minute cycloid scales 
(including holotype). Patches of minute cycloid scales usu-
ally present posteriorly on lower jaw (absent in holotype). 
Body covered with ctenoid scales, some accessory scales in 
posterior field; embedded cycloid scales covering thorax. 
Entire basal portion of spinous dorsal-fin membrane usually 
covered with minute cycloid scales, posteriorly gradually 
spreading distally (including holotype); sometimes naked 
from first to last spine (naked from first to seventh spine 
in holotype). Entire soft dorsal-fin membrane covered with 
minute cycloid scales. Basal portion of spinous anal-fin 
membrane covered with minute cycloid scales, sometimes 
spreading distally. Entire soft anal-fin membrane covered 
with minute cycloid scales. Pectoral-fin rays covered with 
minute cycloid scales, except for tips of lowermost 7–9 (8 
in holotype) rays; membrane naked. Pelvic-fin rays covered 
with minute cycloid scales, fin base and membrane naked.

Dorsal fin with 13 (rarely 12) spines and 12–13 (rarely 
11) soft rays (13 spines and 13 soft rays in holotype); all 
soft rays branched. Dorsal-fin spines gradually increasing 
in length to fourth spine, fourth and fifth spines subequal, 
thereafter shortening to penultimate spine; last spine longer 
than penultimate spine, forming anterior support of soft-
rayed portion of dorsal fin. Anal fin with 3 spines and 6 
(rarely 5 or 7; 6 in holotype) soft rays. Second anal-fin spine 
relatively long, robust, its length usually equal to or greater 
than third spine. Second anal-fin soft ray longest, posterior 
rays gradually shortening. Tip of pectoral fin reaching or 
nearly reaching (rarely extending beyond; reaching in holo-
type) anus; uppermost ray unbranched, next 7–9 (usually 8; 
9 in holotype) rays on upper half branched, lowermost 7–9 
(usually 8; 7 in holotype) rays unbranched, somewhat thick-
ened. Posterior tip of depressed pelvic fin slightly anterior 
to tip of pectoral fin, usually not reaching anus (including 
holotype).

Gill rakers on ceratobranchial 7–8 (rarely 6 or 9), on 
hypobranchial 18–20 (rarely 21, 22 or 23) (7 and 20 in 
holotype). Rakers on angle between ceratobranchial and 
hypobranchial slender, longish; adjacent rakers progres-
sively shorter, blunter; two uppermost or lowermost rakers 
sometimes united.

Color when fresh (Fig. 3f–j). Body whitish, pinkish, light 
brown or gray dorsally and laterally, whitish ventrally, mot-
tled with brown, dark brown or dark gray laterally. Head 
brown, dark brown or dark gray with two dark brown or dark 
gray irregular narrow bands radiating from eye; upper band 
extending onto subopercle. Lower part of maxilla margined 

with dark brown or dark gray. Tip of snout, upper and lower 
jaws, preopercle, interopercle and pectoral-fin base pink-
ish, light brown or light gray. Thorax and pectoral-fin base 
sometimes with irregular dark brown or dark gray markings. 
Two distinct reddish-brown, dark brown or dark gray sad-
dles with small white mottles usually present on dorsum, 
sometimes indistinct, rarely absent; anterior saddle under 
fourth to 12th dorsal-fin spine, posterior saddle under soft-
rayed portion of dorsal fin. Caudal peduncle with indistinct 
reddish-brown, dark brown or dark gray saddle. Head and 
pectoral-fin base usually with dark brown or dark gray ver-
miculations. Spinous dorsal fin white, reddish-brown or light 
brown or light gray, mottled with light gray or white, mar-
gined with white or pink in lighter specimens; dark saddle 
on dorsum extending onto membrane. Soft-rayed portion of 
dorsal fin brown, light brown or gray, mottled with white or 
light gray. Anal fin brown, light brown or gray, mottled with 
white or light gray; membrane between second and third 
spines dark gray or black. Caudal fin brown, gray or dark 
gray, mottled with white or light gray. White margins of soft-
rayed portions of dorsal and anal fins and caudal fin usually 
broad, sometimes narrow, rarely absent. Pectoral fin pinkish, 
reddish-brown, dark brown or dark gray, dorsoposterior por-
tion usually darker, ventroposterior portion usually lighter; 
uniformly pink in lighter specimens. Pelvic fin light brown, 
reddish-brown or light gray; membrane darker.

Color in preserved specimens (Fig. 4c). Head and body 
light brown laterally and ventrally, mottled with dark 
brown laterally. Two distinct saddles on dorsum when 
fresh remain darker than surrounding area following 
preservation (including holotype). Head with two darker 
irregular narrow bands radiating from eye. Lower part of 
maxilla margined with dark brown. Spinous dorsal fin 
light brown with irregular darker markings; dark saddle 
on dorsum extending onto membrane. Soft dorsal fin dark 
brown with white mottling basally. Anal fin dark brown 
with irregular light mottling; membrane between second 
and third spines darker. Caudal fin dark brown with irregu-
lar light mottling. White margins of soft-rayed portions 
of dorsal and anal fins and caudal fin when fresh remain 
lighter following preservation. Pectoral fin light brown. 
Pelvic fin light brown; membrane darker.

Distribution and habitat. Sebastes zonatus is presently 
known from Japanese waters, from coastal Hokkaido south-
ward to Tosa Bay, Yamaguchi and the Seto Inland Sea, and 
off the southern Korean Peninsula (Fig. 6b). The follow-
ing records are available on FishPix: one specimen each of 
KPM-NR 0000457 and KPM-NR 0001021 (from Kasumi, 
Hyogo, Japan), KPM-NR 0090941 (Kashiwazaki, Niigata, 
Japan), KPM-NR 0090942 (Sakata, Yamagata, Japan) and 
KPM-NR 0106833 (Pacific coast of Hokkaido, Japan), all 
registered as S. zonatus. Usually collected from 50–150 m 
depth.
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Remarks. The present description is based on 70 speci-
mens [including those examined by Muto et  al. (2011, 
2013)] genetically assigned by STRU​CTU​RE analysis, plus 
additional specimens. The latter were considered conspecific 
with the former, having the following features: high (> 2.49) 
CDF value; pinkish to light brown body color with two dis-
tinct dark saddles on dorsum; and minute scales posteriorly 
on the lower jaw or on the entire basal portion of the spinous 
dorsal-fin membrane.

Chen and Barsukov (1976) considered the two color mor-
photypes within Sebastes vulpes (sensu Matsubara 1943) 
(see “Remarks” under S. vulpes) as representing separate 
species, describing one of them as new, viz., S. zonatus. The 
holotype of S. zonatus (SIO 75-475), collected off Furube, 
near Usujiri, Hakodate, Hokkaido, Japan, exhibited distinct 
dark saddles on a light ground color (Fig. 5c), clearly agree-
ing with one of the two species genetically assigned by the 
STRU​CTU​RE analysis, on which the present description 
is based. Therefore, the species described here is identified 
as S. zonatus. Paratypes of S. zonatus, CAS 34077 (two 
specimens) and SIO 75-476 (three specimens), collected 
together with the holotype, were also considered as con-
specific with the species herein described, owing to their 
body coloration. Among the other specimens examined and 
identified by Chen and Barsukov (1976) as S. zonatus, seven 
also agreed with specimens identified here as S. zonatus, all 
having distinct dark saddles on the dorsum (ESM Table S2). 
These include one of two specimens of SIO 75-477 (206.1 
mm SL), one of two specimens of SIO 75-478 (217.8 mm 
SL), UMMZ 191949, UMMZ 197586, UMMZ 197587, 
USNM 51314, and one of three specimens of USNM 71787 
(181.8 mm SL). However, UMMZ 142653 was identified 
as S. vulpes owing to the absence of minute scales on the 
lower jaw and basal portion of the spinous dorsal-fin mem-
brane from the first to ninth spine, although the body color 
was not definitive. The second specimen of SIO 75-477 and 
material registered as ZIN 37492, ZIN 42096, ZIN 42099 
a, ZIN 42093, ZIN 42094, ZIN 42095 and ZIN 42098, plus 
three additional specimens listed by Chen and Barsukov 
(1976) (catalog numbers not given) were unavailable for 
examination.

According to Chen and Barsukov (1976), UMMZ 197585 
(identified therein as S. vulpes) and UMMZ 197587 (S. 
zonatus) were 208 mm SL and 184 mm SL, respectively. 
However, their actual lengths (178.0 mm SL and 208.1 mm 
SL, respectively) suggest that the specimens had been con-
fused. Both were identified herein as S. zonatus, having dis-
tinct dark saddles on the dorsum.

Lindberg and Krasyukova (1987) recognized S. vulpes, 
Sebastes ijimae and S. zonatus following examination of 
specimens deposited in ZIN, a subset of those examined 
by Chen and Barsukov (1976) and not available here. The 
former reproduced illustrations of S. vulpes and S. ijimae 

from those of the lectotype (designated here) (NMW 75386; 
Steindachner and Döderlein 1887) and holotype (FMNH 
55437; Jordan and Metz 1913), respectively. They also pro-
vided an illustration of S. zonatus (based on ZIN 42095, 
193 mm SL, Pacific coast of Japan), which clearly agreed in 
body coloration with that species as presently recognized. 
Because their accompanying descriptions of the three spe-
cies generally followed Chen and Barsukov (1976), S. zona-
tus (sensu Lindberg and Krasyukova 1987) was most likely 
that species as presently recognized, whereas the remaining 
two probably included both S. vulpes and S. zonatus [as did 
those of Chen and Barsukov (1976); see “Remarks” for S. 
vulpes].

Barsukov (2003) reproduced an illustration in Lindberg 
and Krasyukova (1987) to accompany his description of S. 
zonatus in a worldwide review of rockfishes, noting that 
it was based on a 160 mm SL specimen, collected from 
33º11’N, 133º31’E (Tosa Bay, Pacific coast of Japan), but 
without providing the registration number.

Barsukov (2003) also noted Sebastes (Sebastodes) vulpes 
as having 28–30 gill rakers and reticulated markings on the 
body sometimes aggregating to form vertical bands (= dark 
saddles). However, the supporting illustration, based on a 
specimen collected from 35º32’N, 140º50’E (off Chiba, 
Pacific coast of Japan), is attributable to S. zonatus as recog-
nized here, owing to the presence of distinct saddles. There-
fore, S. vulpes (sensu Barsukov 2003) most likely comprised 
both S. vulpes and S. zonatus.

The photographs of S. zonatus shown in Amaoka et al. 
(1983, 2011), Amaoka (1988) and Kim IS et al. (2005) are 
identifiable as that species, based on their body coloration. 
Those authors described S. zonatus as having distinct dark 
saddles on the dorsum, with the gill-raker count and body 
coloration of Amaoka’s (1988) S. zonatus apparently follow-
ing Chen and Barsukov (1976). A photograph of S. zonatus 
in Masuda and Kobayashi (1994) also matches the species as 
presently recognized, unlike a photograph labeled S. zonatus 
by Kim YU et al. (2005), which was unidentifiable owing to 
indistinct saddles on the dorsum.

Jordan and Starks’ (1904) Sebastichthys vulpes, described 
as having a “sometimes distinct broad 1/2 bar of dark brown 
under middle of spinous dorsal and a less distinct one under 
soft dorsal”, should be re-identified as S. zonatus, as should 
Okada et al.’s (1935) Sebastichthys vulpes, having a “yellow-
ish light-purplish-brown body with broad brown bands on 
lateral body”. Okada’s (1955) illustration of Sebastichthys 
vulpes is identified as S. zonatus, having been reproduced 
from Matsubara (1943: pl. I-1).

Hybrids between Sebastes vulpes and Sebastes 
zonatus

(Figs. 1, 2, 6c, 7; Tables 1, 2)
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Specimens examined (as inferred by genetic assign-
ment). 79 specimens. JAPAN: FAKU 82517, 97077, 
97080, 97082, 97083, 162.0–189.0 mm SL, Wajima, 
Noto, Ishikawa; FAKU 84028, 84034, 97542, 162.9–236.1 
mm SL, Otaru, Hokkaido; FAKU 96096, 96098, 131568, 
184.8–210.3 mm SL, Ushitsu, Noto, Ishikawa; FAKU 
96151, 96153, 96155, 96157, 96160, 96162, 96240, 96241, 
96258, 96259, 96262, 96271, 96272, 96277–96282, 98030, 
98031, 98033–98037, 136.6–362.8 mm SL, Miyako, Iwate; 
FAKU 97670, 97673, 199.1–225.5 mm SL, Tomakomai, 
Hokkaido; FAKU 97682, 245.1 mm SL, Rausu, Hok-
kaido; FAKU 97980, 274.5 mm SL, Soma, Fukushima; 
FAKU 98752–98754, 98756, 98761–98766, 98770–98775, 
98777–98781, 98783–98785, 200.7–257.1 mm SL, off 
Shakotan, Hokkaido; FAKU 98787, 220.6 mm SL, off 
Tango, Kyoto; FAKU 130235, 130236, 154.8–202.8 mm 

SL, Noto, Ishikawa; FAKU 130349–130351, 198.6–207.9 
mm SL, Toyama Bay, Toyama. KOREA: PKU 2489, 2491, 
184.4–207.7 mm SL, Wando, Jeollanamdo; PKU 4066, 
4069, 4071, 152.1–170.4 mm SL, Tongyeong, Gyeong-
sangnamdo; PKU 4895–4897, 153.5–230.7 mm SL, Dong-
hae, Gangwondo.

Description. Counts and proportional measurements 
given in Table 2. Morphological variations in hybrids 
widely overlapped characteristics of S. vulpes and S. 
zonatus: maxilla and lower jaw sometimes with minute 
cycloid scales posteriorly; basal portion of spinous dorsal-
fin membrane sometimes with minute cycloid scales from 
first to last spine; gill rakers on ceratobranchial 6–8 (usu-
ally 7), on hypobranchial 18–21 (usually 19); body and 
head of fresh specimens pinkish, light brown, dark brown, 
light gray or dark gray dorsally, usually mottled with white 
dorsally and laterally, whitish or light gray ventrally; head 
with two dark gray or dark brown irregular bands radiating 
from eye; two reddish-brown, dark brown or dark gray sad-
dles on body usually indistinct, sometimes distinct, rarely 
absent; reddish-brown, dark brown or dark gray saddle 
often present on caudal peduncle in specimens with simi-
lar saddles on body; dorsal, anal, and caudal fins reddish-
brown, dark brown, light gray, dark gray, bluish-gray or 
black, with small irregular white markings; soft-rayed 
portions of dorsal, anal and caudal fins usually with white 
margins; pectoral fin pinkish, reddish-brown, dark brown, 
dark gray, bluish-gray or black, ventroposterior part usu-
ally lighter; pelvic fin reddish-brown, light brown or light 
gray, membrane darker; head and body of preserved speci-
mens light or dark brown dorsally and laterally, lighter 
ventrally; dark saddles on body and caudal peduncle, and 
two dark bands radiating from eye when fresh remain 
darker than surrounding area following preservation; dor-
sal, anal and caudal fins dark brown with lighter mottling; 
white margins of soft-rayed portions of dorsal, anal and 
caudal fins when fresh remain light following preserva-
tion; pectoral fin light or dark brown, sometimes lighter 
posteroventrally; pelvic fin light brown, membrane darker.

Distribution. Hybrids between S. vulpes and S. zona-
tus are known from coastal Hokkaido southward to Fuku-
shima and Kyoto, Japan, and the southern Korean Peninsula 
(Fig. 6c).

Remarks. The present study found hybrids of S. vulpes 
and S. zonatus from almost the entire area of overlap 
between the two species (Fig. 6). Morphological varia-
tions of the hybrids overlapped those of S. vulpes and S. 
zonatus, including the diagnostic characters of each species 
(Figs. 2, 7; Table 2). Therefore, discrimination of purebreds 
from naturally occurring hybrids, based on morphological 
examination alone, is not completely free from error; the 
morphologically equivocal specimens that remained uniden-
tified after the present study are possibly of hybrid origin. 

Fig. 7   Photographs of hybrids between Sebastes vulpes and S. zona-
tus when fresh. a FAKU 98033, 199.2 mm SL, Miyako, Iwate, Japan; 
b FAKU 98030, 184.2 mm SL, Miyako, Iwate, Japan; c FAKU 
97673, 199.1 mm SL, Tomakomai, Hokkaido, Japan
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Nevertheless, the study satisfactorily established that pure S. 
vulpes could be distinguished from pure S. zonatus.

Interspecific hybridization between closely related spe-
cies has often been accompanied by taxonomic confusion 
(e.g., Orr and Hawkins 2008; Kai and Nakabo 2013; Fra-
ble et al. 2015), owing to its propensity to produce some-
what continuous entities among the participating taxa. The 
S. vulpes complex may be among the most difficult cases, 
extensive hybridization between S. vulpes and S. zonatus 
resulting in a considerable proportion of admixed and mor-
phologically similar individuals. Nevertheless, the present 
study successfully overcame such difficulties by employing 
a combination of individual-based genetic assignment and 
multivariate morphological analyses, such being commonly 
used in evolutionary studies, but less often in a taxonomic 
context.
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