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Fishes of Neoclinus from Okinawa with Notes on the Traits of Their Habitats

Ryuzo Fukao

National Research Institute of Fisheries Science, 6-31-1, Nagai, Yokosuka 238-03, Japan

Abstract All the fish specimens of Neoclinus bryope species complex collected from Okinawa Island
including the 2 specimens already reported as N. bryope are referable to N. okazakii. Neoclinus nudus,
hitherto known only from Taiwan, is newly recorded from Okinawa Island. These two species are
redescribed on the basis of the specimens from Okinawa Island. The specimens from Okinawa are
compared with those from Shirahama in the case of N. okazakii and with specimens from Taiwan as well
as N. lacunicola and N. toshimaensis specimens from Shirahama in the case of N. nudus. The habitats of
N. okazakii and N. nudus are clearly separated in the waters of Heshikiya, Okinawa Island and the habitat
of either species is rather particular in that it is exceptionally unoccupied by blenniids which are flourishing

in the coastal waters of the Okinawa [slands.

Among fishes of Neoclinus, only two specimens of
“Neoclinus bryope (National Museum of Natural
History, Smithsonian Institution, Washington, D.C.,
USNM 132808 and 195823)” have hitherto been
reported from Okinawa (Stephens, 1961). Fukao
(1987) noted that these two specimens may belong to
N. okazakii, N. chihiroe, or to a fourth form of N.
bryope species complex (Fukao and Okazaki, 1987).
The present study revealed that they were referable
to N. okazakii. Moreover, four specimens of Neo-
clinus nudus were discovered in the collection of the
Department of Marine Sciences, University of the
Ryukyus (URM-P 10186 and 20341). During the
period from April 28 to May 2, 1985, the author also
collected 15 specimens of N. nudus and 36 specimens
of N. okazakii from the waters of Heshikiya, Katsu-
ren Peninsula, Okinawa Island, Japan (26°18 N,
and 127°56’ E). These two species from Okinawa
are described based on the specimens noted above.
N. nudus are recorded for the first time from Japan.
In the case of N. okazakii, the data in Fukao (1987)
derived from 47 specimens from Shirahama were
used for comparison. In the case of N. nudus, 2 of
the 10 paratypes of N. nudus (USNM 205218) from
Taiwan, 133 specimens of N. lacunicola including the
holotype (Faculty of Agriculture, Kyoto University,
FAKU 49521) from Shirahama, and 161 specimens
of N. toshimaensis including the holotype (FAKU
48522) from Shirahama were examined for compar-
ison. The methods of counts and measurements
followed Fukao (1987). Dentition, gill rakers, and
caudal skeleton were examined for 5 cleared and
stained specimens of each of N. okazakii and N.

nudus from Okinawa. Proportional measurements
are expressed in percent of standard length. Re-
gression line formulae of each proportion to stand-
ard length were calculated. A special reference is
also made on the traits of their habitats from the
observation in the waters of Heshikiya.

Neoclinus okazakii Fukao, 1987
(Japanese name: Araiso-koke-ginpo)
(Fig. 1A)

Neoclinus bryope: Stephens, 1961: 484; Fukao, 1980: 193
(in part).
Neoclinus okazakii Fukao, 1987: 294.

Specimens examined. USNM 132808, female, 36.6 mm
in SL, Hiza, Onna, Okinawa Island, Sept. 8, 1945, collected
by J. R. Simon; USNM 195823, male, 37.0 mm, East coast
of Kimmu Wan Bay (=Kin Bay), Okinawa Island, Sept. 1,
1945, collected by J. R. Simon; FAKU 112023, female,
52.2 mm, May 2, 1985; FAKU 112024, male, 52.1 mm, May
2, 1985; FAKU 112025, female, 48.7mm, May 2, 1985;
FAKU 112026, male, 46.2mm, May 2, 1985; FAKU
112027, female, 45.5mm, May 2, 1985; FAKU 112028,
male, 33.2mm, May 2, 1985; FAKU 112029, female, 49.3
mm, May 2, 1985; FAKU 113025, 25 males, 34.0-58.0 mm,
4 females, 42.6-49.1 mm, Apr. 28 to May 1, 1985. Speci-
mens of FAKU were all collected by R. Fukao from
Heshikiya, Katsuren Peninsula, Okinawa Island.

Description.  Dorsal fin, XXIII-XXVI, 15-18;
anal fin, II, 27-30; caudal fin, 5-6+13+4-6, a
minimal hypural present, epural 1 or 2; pectoral fin,
12-13; pelvic fin, I, 3; vertebrae, 12+33-35=45-47;
gill rakers, 5-10+ 11-17=18-27; lateral line pores
35-49; cephalic sensory pores: total, 60—73; occipital
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Fig. 1.

Neoclinus from Heshikiya, Okinawa Island. A, N. okazakii, barred pattern (FAKU 112023); B, N.

nudus, barred pattern, reddish phase (FAKU 112030); C, N. nudus, plain pattern, blackish phase (FAKU

112032).

series, 7-10; preopercular series, 11-15; mandibular
series, 4-6; posttemporal series, 3—4; temporal series,
3-7; nasal series, 3; infraorbital series, 12—18; su-
praorbital series, 6—11; frontal 1 series, 1-5; frontal 2
series, 1-5. Mean values of meristic counts are
shown in Tables 1 and 2.

Proportional measurements are presented in Table
3. The proportional changes with growth are ob-
served in the following 5 morphometric characters.
Predorsal length, head length, orbital length, longest

pectoral ray length, and longest pelvic ray length
show negative allometry. Besides these, significant
difference between sexes was observed in the fol-
lowing 2 morphometric characters. While upper jaw
length of male shows rather positive allometry, that
of female shows negative allometry (in specimens
over 45 mm in SL, males larger than females). While
longest dorsal spine length of male show positive
allometry, that of female is regarded as isometry (in
specimens over 45mm, males mostly larger than
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females).

Nasal cirri 2 to 6 on posterior rim of each anterior
nostril. Orbital cirri 3 arranged in single row, much
branched; usually first cirrus longest and most
branched.

Upper jaw with 22 to 26 teeth on each side in outer
row; anterior 6 to 7 larger incisorlike teeth; poste-
rolateral 15 to 20 smaller conical teeth; a patch of
minute villiform teeth posterior and medial to ante-
rior outer row. Lower jaw with 21 to 25 teeth on
each side in outer row; anterior 6 to 8 larger inci-
sorlike teeth, followed 2 to 3 moderately developed
canines; 13 to 16 posterolateral smaller conical teeth;
a patch of small villiform teeth posterior and medial
to anterior outer row. Vomer with 4 to 6 conical
teeth. Palatine with 9 to 10 uniserial conical teeth.

Raised, distinct lateral line on body running pos-
teriorly from upper margin of opercle to a point
below 10th to 12th dorsal spine; first O to 2 (mostly
1) single median pore, followed 15 to 23 paired
pores, sometimes the row of paired pores interrupted

Table 1.

Mean values with standard deviation of meristic characters in Neoclinus okazakii.
parentheses are the number of the specimens examined.

by 1 to 5 unpaired pores, lasting 1 to 2 single median
pore (mostly 1).

Head and all fins naked. Scales on body nonim-
bricated and somewhat difficult to observe; areas
above lateral line, below the line from anus to upper
edge of opercle, and areas covering inclinater muscle
of dorsal and anal fins almost scaleless.

Dorsal fin spine soft and flexible except for last 1
(12 inds.), 2 (22 inds.), or 3 (1 ind.) ones which are
stiff and noticeably shorter; last dorsal spine not or
reaching margin of fin membrane.

Color in life: Color pattern varies from almost
plain to strongly barred. Body light tan to dusky tan,
sometimes slightly tinged with orange. In barred
pattern specimens, 8 to 10 darker vertical irregular
or diamond like bars and sometimes 2 to 5 less
distinct intermediate ones; rarely the upper middle
broadest part of bar coalesced with each other to
make a longitudinal stripe. Seven to 8 saddlelike bars
across the dorsal base. Opercular membrane mar-
gined with black and the upper edge distinctly black.

Numerals in
Significantly different (p<0.01) mean values

between the two local populations are expressed by bold-faced letters.

Dorsal spines

Dorsal soft rays

Total dorsal elements Anal soft rays

USNM 132808 24 16 40 28
USNM 195823 25 16 41 29
Okinawa 24.3+0.6 (37) 16.40.6 (37) 40.7%0.6 (37) 28.7%0.7 (37)

Shirahama 24.5+0.5 (47) 16.5%0.7 (47) 41.0%0.6 (47) 28.8+0.7 (47)
Total pectoral rays Vertebrae Nasal cirri Lateral line pores

USNM 132808 26 46 6 46

USNM 195823 26 47 9 43

Okinawa
Shirahama

26.0+0.2 (36)
25.9%0.6 (47)

46.510.6 (38)
46.510.6 (47)

73%1.5 (31)
9.8+ 1.8 (47)

44.6+2.7 (37)
47.2+2.3 (45)

Table 2. Mean values with standard deviation of cephalic sensory pore counts in Neoclinus okazakii. OC,
occipital series; PO, preopercular series; M, mandibular series; PT, posttemporal series; T, temporal series;
N, nasal series; 10O, infraorbital series; SO, supraorbital series; F 1, frontal 1 series; F 2, frontal 2 series.

n ocC PO M PT T
USNM 132808 1 7 14 5 4 5
USNM 195823 1 8 13 5 4 4
Okinawa 38 8.1+0.7 13.3£0.9 5.0%+0.4 3.8+0.4 4.7%+09
Shirahama 48 7.61+0.7 13.7x1.2 5.61+0.5 4.0%0.5 43%1.0

N I0 SO F1 F2 Total
USNM 132808 3 13 11 3 3 68
USNM 195823 3 13 6 4 3 63
Okinawa 3.0 13.7+1.2 8.2%1.1 3.2+0.8 3.1£1.0 66.1£2.9
Shirahama 3.0 13.9+1.0 8.1f1.1 34%1.1 2.5+0.9 66.11+3.7
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One black ocellus with or without paler margin on
anterior dorsal fin; margined ocellus observed in
larger specimens of both sexes. Anal fin with or
without submarginal dusky band; complete band
mostly observed in larger male; some smaller speci-
mens with other markings (several oblique dot lines,
random dot, or no marking).

Remarks. Three members of Neoclinus bryope
complex closely resemble one another superficially,
but are separable primarily by the combination of
two meristic characters, the number of vertebrae and
the total number of cephalic sensory pores, i. e., N.
bryope has 47 to 49 vertebrae and 49 to 57 pores, N.
chihiroe has 44 to 46 vertebrae and 49 to 55 pores,
and N okazakii has 45 to 47 vertebrae and 58 to 78
pores (Fukao, 1987). Present study revealed that the
two specimens (USNM 132808 and 195823) report-
ed as N. bryope from Okinawa by Stephens (1961)
were referable to N. okazakii, having 46 and 47
vertebrae, respectively and 68 and 63 total cephalic
sensory pores, respectively. All the other 36 speci-
mens of N. bryope complex from Okinawa examined
in this study were also referable to N. okazakii,

having 45 to 47 vertebrae and 60 to 73 pores. This is
supported by electrophoretic data (Fukao and Oka-
zaki, in press). It is well known that meristic char-
acters are often variable among populations from
different localities. In the case of vertebrae, espec-
ially, the number is generally influenced by the am-
bient water temperature during the development
(Garside, 1966). Although breeding of this species
could not be observed in the present study, repro-
duction is considered to occur during the cold
months like that of “N. bryope” (Kimura et al., 1984;
Shiogaki and Dotsu, 1972; Usuki, 1979) in the tem-
perate waters of Shirahama judging from the fol-
lowing facts.

Two presumably newly settled young (under 30
mm in SL, cf. Shiogaki and Dotsu, 1972) were
collected in May (out of 6 specimens collected) and
another in middle June (out of 16 specimens col-
lected), but none in late June to early July in spite of
the most intensive collection (36 specimens collected;
minimum 33.9mm in SL). On the other hand, a
young of 35.2mm in SL was collected in middle
April (out of 2 specimens collected). These condi-

Table 3. Ranges and mean values with standard deviation of proportions, and regression lines of proportions
to standard length in Neoclinus okazakii from Okinawa.
n Range Mean*SD Regression line r p
Standard length (in mm) 38 33.2- 58.0 46.8+5.7
Total length 31 111.4-115.8 113.9£09 Y=-0.041X+115.9 —0.236 0.201
Body depth 37 14.3- 17.1 15.6+0.7 Y=-0.015X+ 163 —0.121 0.475
Body depth at anal origin 37 12.6- 15.4 14.2+0.7 Y=—-0.026X+ 15.4 —0.221 0.189
Caudal peduncle depth 37 6.2- 7.7 7.0+04 Y= 0.008X+ 6.6 0.125 0.459
Caudal peduncle length 37 48- 64 5704 Y= 0.003X+ 5.5 0.046 0.788
Predorsal length 38 16.6- 21.2 18.8+09 Y=-0.117X+ 243 —0.753 0.000
Preanal length 38 42.6- 48.3 453+14 Y= 0.007X+ 449 0.032 0.847
Anal origin to pelvic insertion 27 22.6- 28.8 25.6+1.4 Y= 0091X+ 213 0.361 0.064
%9 23.0- 27.5 253+14 Y= 0.023X+ 242 0.075 0.847
Head length 38 23.4- 270 25.1£09  Y=-0.094X+ 29.6 —0.588 0.000
Head width 9 13.8- 18.7 16.8+1.9 Y= 0.072X+ 13.6 0.267 0.487
Postorbital length of head 38 13.8- 16.7 15.2£0.6 Y= 0.013X+ 145 0.120 0.471
Orbital length 38 5.6- 7.6 6.4+0.5 Y=-0.064X+ 9.4 —0.811 0.000
Upper jaw length 29 12.7- 152 140+0.5 Y= 0.026X+ 12.7 0.295 0.120
%09 12.5- 145 13.2+0.6 Y=-0.124X+ 19.0 —0.924 0.000
Dorsal fin base length 37 74.7- 83.1 79.6+1.8 Y= 0.096X+ 75.0 0.293 0.078
Anal fin base length 428 48.8— 55.7 52515 Y=-0.030X+ 54.0 —-0.119 0.547
%8 51.1- 55.5 53.2+1.3 Y=-0.186X+ 61.9 —0.681 0.062
Longest dorsal spine length 28 8.9- 13.6 11.2%1.1 Y= 0.083X+ 73 0.413 0.029
£ 7 8.0~ 10.5 9.3+09 Y=-0.061X+ 12.2 —0.331 0.468
Longest dorsal soft ray length 33 9.6- 12.4 10.7%+0.7 Y=-0.002X+ 10.8 —0.023 0.899
First anal spine length 38 39- 53 44+t03 Y=-0.011X+ 4.9 —0.206 0.215
First anal soft ray length 38 6.1- 89 7.0+0.6 Y=-0.012X+ 7.6 —0.118 0.481
Longest pectoral ray length 35 12.4- 16.7 14.2+0.9 Y=-0.105X+ 19.1 —0.658 0.000
Longest pelvic ray length 33 10.4- 14.2 12.1%£1.1 Y=-0.082X+ 16.0 —0.439 0.010
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Fig. 2. Comparison of proportions of some morphometric characters in two local populations of Neoclinus

okazakii.
orbital length. OK, Okinawa; SH, Shirahama.

tions were nearly identical with the occurrence of
young of N. bryope. In the present study, only 2
males were collected during the cold months (61.9
mm in SL, Dec. 4, 1976; 49.2mm in SL, Feb. 3,
1977). These 2 males have somewhat distended
blade-like tips of anal soft rays which are not ob-
served in males collected during the warm months.
The similar modification in anal fin is sometimes
observed characteristically in nuptial males of blen-
niids (Smith, 1974; Smith-Vaniz, 1976; Springer and
Gomon, 1975; Zander, 1975). In adult specimens
collected during warm months (12 males and 10
females examined), testes were thread-like and no
ripe egg was observed in the ovaries which were
small and undifferentiated.

In Okinawa Island, water temperature falls down
to about 19°C in mid-winter (Nakamura, 1983,
1984). In Shirahama, it falls down to about 14°C in
mid-winter and is under 19°C during the period from
middle November to middle April (data from Seto
Marine Biological Laboratory). Thus, the ambient
water temperature during the development is ex-
pected to be considerably different between these two
localities. Nevertheless, the above noted two me-
ristic characters fall within the same diagnostic range
in both the local populations. These two characters

A, predorsal length; B, preanal length; C, head length; D, postorbital length of head; E,

are presumably fixed genetically in the range of the
species and are effective diagnostic ones. On the
other hand, significant differences between these two
local populations were noticed in the total free tips of
nasal cirri (t=6.82, p<0.01) and in lateral line pore
counts (t=5.15, p<0.01) (Table 1). Significant
differences were also observed in proportions of some
morphometric characters. Proportions of orbital
length, postorbital length of head, head length, pre-
dorsal length, and of preanal length in Okinawan
specimens were slightly larger than those in Shira-
hama specimens (Fig. 2). In general, northern,
slowly growing races of a species usually have small-
er head, eyes, maxillaries, and fins than do their
counterparts (Barlow, 1961). The above noted
differences suggest that the fish from these two lo-
calities may be treated as the different geographical
races.

Neoclinus nudus Stephens et Springer, 1971
(New Japanese name: Hadaka-koke-ginpo)
(Fig. 1B, C)

Neoclinus nudus Stephens and Springer, 1971: 65.

Specimens examined. URM-P 10186, male, 36.5mm in
SL, female, 41.2 mm, Katsuren Peninsula, Okinawa Island,
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collected by M. Oshiro; URM-P 20341, 2 females, 34.0-35.9
mm, Sept. 9, 1979, Heshikiya, Katsuren Peninsula, Oki-
nawa Island, collected by M. Oshiro; FAKU 112030, male,
51.9mm, May 2, 1985; FAKU 112031, female, 39.1 mm,
May 2, 1985; FAKU 112032, male, 44.0 mm, May 2, 1985;
FAKU 113026, 9 males, 39.8-46.1 mm, 2 females, 38.8—
45.9mm, 1 unknown sex, 38.8 mm, Apr. 30 to May 1, 1985.
Specimens of FAKU were all collected by R. Fukao from
Heshikiya, Katsuren Peninsula, Okinawa Island.

Description. Dorsal fin, XXIV-XXVI, 16-18; anal
fin, II, 28-30; caudal fin, 67+ 13+ 5-6, a minimal
hypural present, epural 1 or 2; pectoral fin, 12-14;
pelvic fin, I, 3; vertebrae, 13+34-36=47-49; gill
rakers, 6-7+11-13=17-19; lateral line pores, 26—
38; cephalic sensory pores: total, 45-51; occipital
series, 5-6; preopercular series, 11-13; mandibular
series, 5—-6; posttemporal series, 3; temporal series,
2-3; nasal series, 2-3; infraorbital series, 12—13; su-
praorbital series, 3-6; frontal 1 series, 1; frontal 2
series, 0— 1. Mean values of meristic counts are
shown in Tables 4 and 5.

Proportional measurements are presented in Table
6. The proportional changes with growth are ob-
served in the following 6 morphometric characters.
Total length (i.e., caudal fin length), predorsal
length, preanal length, head length, longest pectoral
ray length and longest pelvic ray length show nega-
tive allometry.

Nasal cirri slender, sometimes bifurcated; 3 to 8
free tips on posterior rim of each anterior nostril.
Orbital cirri 7 arranged in 2 rows; 4 cirri on outer
row, 3 cirri on inner row; cirri on outer row with
long slender branches; anterior 2 cirri on inner row
with or without short blunt branches; last cirrus on
inner row with long slender branches and with or
without short blunt ones (Fig. 3).

Upper jaw with 17 to 21 teeth on each side in outer
row; anterior 6 to 7 recurved larger incisorlike teeth;
posterolateral 11 to 14 smaller conical teeth; a patch
of minute villiform teeth posterior and medial to
anterior outer row. Lower jaw with 15 to 21 teeth on
each side in outer row; anterior 5 to 8 recurved larger

Table 4. Mean values with standard deviation of meristic characters in Neoclinus nudus, N. lacunicola, and N.
toshimaensis. OK, Okinawa; TA, Taiwan. Numerals in parentheses are the number of specimens examined.
Significantly different (p<0.01) mean values between the two local populations of N. nudus are expressed

by bold-faced letters. * After Stephens and Springer (1971).

Dorsal spines

Dorsal soft rays

Total dorsal elements

Anal soft rays

N. nudus (OK) 24.6+0.6 (19) 16.9+0.7 (19) 41.5+0.7 (19) 28.410.6 (19)
N. nudus (TA) 254105 (11)* 16.7+0.5 (11)* 42.1+0.7 (11)* 28.8+0.4 (11)*
N. lacunicola 23.1£0.7 (133) 17.8+0.8 (133) 40.8£0.7 (133) 27.71+0.6 (132)
N. toshimaensis 24.7%0.8 (160) 18.910.9 (160) 43.61+0.7 (160) 29.410.6 (161)
Total pectoral rays Vertebrae Nasal cirri Lateral line pores
N. nudus (OK) 26.41+0.6 (19) 47.5+0.7 (19) 9.8+0.9 (15) 313134 (19)
N. nudus (TA) 28.11+09 (11)* 48.0 2) 18.0+4.2 (2) 225+2.1 (2)
N. lacunicola 26.1+0.5 (132) 46.810.7 (133) 6.411.3 (133) 18.7+3.8 (126)
N. toshimaensis 28.0%+0.5 (159) 50.1£0.6 (157) 10.6+4.0 (153) 22.2+3.8 (152)

Table 5. Mean values with standard deviation of cephalic sensory pore counts in Neoclinus nudus, N. lacunicola,
and N. toshimaensis. OK, Okinawa; TA, Taiwan. Abbreviations are the same as in Table 2.

n oC PO M PT T
N. nudus (OK) 18 5.31+0.5 11.8+0.6 52104 3.0 2.1+0.2
N. nudus (TA) 2 6.0*+1.4 11.5£0.7 6.0 3.0 2.0
N. lacunicola 128 5.0+0.3 9.7+0.7 5.1+0.3 3.0+0.2 2.1+0.3
N. toshimaensis 155 4.9+0.5 9.2t1.0 5.1+0.2 2.9+0.3 2.0£0.2
N 10 SO F1 F2 Total
N. nudus (OK) 2.8+0.4 12.71+0.5 3.710.8 1.0 0.2+04 47.61+1.6
N. nudus (TA) 3.0 13.0 3.0 1.0 0.0 48.5+0.7
N. lacunicola 3.0 11.5+0.7 4.810.6 1.0 0.9+0.3 46.0%1.5
N. toshimaensis 3.0 11.7£1.2 5.1t04 1.0%+0.1 1.0%0.1 45.8+1.9
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Fig. 3. Arrangement and shape of orbital cirri in Neoclinus nudus. INC, cirri in inner row; OC, cirri in outer
row. a, anteriormost OC; b, posterior 3 OC; c, anterior 2 INC; d, posteriormost INC.

incisorlike teeth, followed 1 to 3 moderately devel-
oped canines; 7 to 12 posterolateral smaller conical
teeth; a patch of small villiform teeth (less than those
on upper jaw in number, slightly larger in size)
posterior and medial to anterior outer row. Vomer
with 5 to 7 conical teeth in an anterior crescentic
row. Palatine with 7 to 12 uniserial conical teeth.

Raised distinct lateral line on body running pos-
teriorly from upper margin of opercle to a point
below 4th to 9th dorsal spine; first O to 1 (mostly 1)
single median pore, followed 11 to 18 paired pores,
sometimes the row of paired pores interrupted by 1
to 4 unpaired pores, lasting 1 to 2 single median pore
(mostly 1).

Head and all fins naked. A row of scales on an
extension line of lateral line from end of the lateral
line to a point below 10th or 11th dorsal spine (one

scale in each somite), where the row abruptly turns
downward to midlengthwise axis of body, and then
runs to caudal base (one or two scales on each
somite).

Dorsal fin spines soft and flexible except for last 1
(16 inds.) or 2 (3 inds.) which are stiff and slightly
shorter; a narrow membrane along anterior edge of
Ist spine. Soft dorsal fin higher than spinous dorsal
fin; last spine not or reaching margin of the fin
membrane.

Color in life: Two color phases, reddish and
blackish ones, exist. Both phases varying in pattern
from plain to strongly barred. Reddish phase: Head
bright red; opercle mottled with darker or not (in a
specimen of three days after preserved in 109 for-
malin, opercle, opercular membrane and under side
of head turn to white: Fig. 1B). In plain pattern

Table 6. Ranges and mean values with standard deviation of proportions, and regression lines of proportions

to standard length in Neoclinus nudus from Okinawa.

n Range Mean=+SD Regression line r p

Standard length (in mm) 18 34.0- 51.9 41.714.4

Total length 13 112.0-117.1 113.6+1.3 Y=-0.150X+119.8  —0.558 0.047
Body depth 12 14.2- 16.2 15.1+£0.7 Y=-0.032X+ 164 —0.225 0.482
Body depth at anal origin 18 11.5- 14.3 12.9+0.7 Y=-0.064X+ 156 —0.419 0.083
Caudal peduncle depth 18 57- 12 64+04 Y= 0.007X+ 6.1 0.078 0.757
Caudal peduncle length 18 50- 6.6 57104 Y= 0.018X+ 49 0.187 0.456
Predorsal length 18 15.6- 18.3 169109 Y=-0.163X+ 237 —0.839 0.000
Preanal length 18 41.2- 46.9 437+1.7 Y=-0.183X+ 514 —0.488 0.039
Anal origin to pelvic insertion 17 22.0- 27.8 252*+1.6 Y=-0.111X+ 299 —0.306 0.232
Head length 18 20.5- 23.2 222+0.8 Y=-0.116X+ 27.1 —0.660 0.002
Head width 18 11.5- 16.4 14015 Y= 0.014X+ 13.4 0.043 0.865
Postorbital length of head 18 13.0- 15.0 14.1£0.5 Y=-0.040X+ 158 —0.328 0.184
Orbital length 18 52- 6.5 58+0.4 Y=-0.022X+ 68 —0.266 0.285
Upper jaw length 18 10.5- 12.8 11.8£0.7 Y= 0.007X+ 11.5 0.041 0.870
Dorsal fin base length 18 77.3- 84.2 81.7£2.0 = 0.113X+ 77.0 0.246 0.324
Anal fin base length 18 49.5- 55.0 52614 Y= 0.049X+ 50.6 0.156 0.536
Longest dorsal spine length 13 8.4- 11.0 94+09 Y=-0.029X+ 106 —0.161 0.599
Longest dorsal soft ray length 16 9.7- 11.9 10.8+0.6 Y=-0.027X+ 11.9 —0.197 0.464
First anal spine length 18 32- 55 42+0.6 Y=-0.042X+ 59 —0.319 0.195
First anal soft ray length 18 59- 79 6.7£0.6 Y=-0.021X+ 7.6 —0.166 0.509
Longest pectoral ray length 16 11.3- 14.4 12.6+0.8 Y=-0.123X+ 17.7 —0.685 0.003
Longest pelvic ray length 17 8.0- 11.8 9.7+0.9 Y=-0.098X+ 13.8 —0.491 0.045
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specimens, body uniformly yellow to reddish orange.
In barred pattern specimens, body with 10 yellow to
reddish orange bands which are coalesced with each
other ventrally; sometimes upper part of body band
bordering a whitish blotch; 9 yellow to reddish
orange saddlelike bars across the dorsal base; inter-
spaces white tinged with or without yellow. Blackish
phase: white spots on circumorbital region and pos-
terior margin of opercle. In plain pattern specimens,
body uniformly black (Fig. 1C). Banding pattern in
barred pattern specimens is about the same as that in
reddish phase specimens, but the bands are black and
the interspaces are dusky white.

Remarks. Stephens and Springer (1971) noted
that Neoclinus nudus differed from all the other
species of Neoclinus in completely lacking scales.
Specimens from Okinawa examined in this study
have a row of scales along the mid-line of body. The
scales, however, are not visible normally in the spec-
imens from Okinawa as reported for fish from
Taiwan by Stephens and Springer (1971). They are
barely discernible only after cleared and stained
(with pale blue by alcian blue in the combined
staining. of cartilaginous and ossified components).
The fish from Taiwan could not be determined to
have a row of scales along the mid-line of body. The
other characters in the specimens from Okinawa
fitted generally with those from Taiwan, though
significant differences were observed in the number
of total pectoral fin rays (t=4.96, p<0.01), total
free tips of nasal cirri (t=7.91, p<0.01), and of
lateral line pores (t=3.50, p<0.01) between them
(Table 4).

Two color phases, reddish and blackish, were
observed the living fish. These color phases did not
change about a month in captivity. Seven fish with
reddish phase included 3 males, 3 females and 1 sex
unknown. Eight fish with blackish phase were all
males. The origin of these two color phases has not
been established by the present study.

Based on the Nei’s genetic distance (D) values
obtained by the electrophoretic analysis (Fukao and
Okazaki, in press), the present species form a group
with N. lacunicola and N. toshimaensis. Morphol-
ogically, these three species are easily distinguished
from the three species of N. bryope complex in the
number and the arrangement of orbital cirri (6 to 11
cirri arranged in two or three rows instead of 3 or 4
cirri in a single row). The number and the arrange-
ment of the orbital cirri in N. nudus are the same as
those in N. lacunicola (mostly 7 cirri arranged in 2

rows) and are different from those in N. toshimaen-
sis (mostly 9 cirri arranged in 3 rows in middle part).
In that the long slender branches of the cirri over
eyes enclose the short blunt branches, the present
species is rather closer to N. toshimaensis than to N.
lacunicola. Thus, the present species shows an in-
termediate condition between N. lacunicola and N.
toshimaensis in the orbital cirri. Intermediate con-
dition is also observed in the number of vertebrae
and of anal soft rays (Table 4). Interestingly, while
specimens from Okinawa are close to N. lacunicola,
specimens from Taiwan are close to N. toshimaen-
sis in pectoral ray counts. N. nudus is also inter-
mediate in the counts of total dorsal elements, an-
other distinguishing character between N. lacuni-
cola and N. toshimaensis (Table 4). In the ratio of
dorsal soft ray counts to spine counts, however, N.
nudus is distant from N. lacunicola and N. toshima-
ensis which are very close to each other (Table 7).
Although the total counts are not so significantly
different, cephalic sensory pore counts in preoper-
cular, infraorbital, supraorbital and frontal 2 series
of the present species are also significantly different
from those of the other two species which are nearly
identical with each other (Table 5). Moreover, the
present species is clearly distinct from N. lacuni-
cola and N. toshimaensis in the absence of a pair of
nuchal cirri, the presence of a minimal hypural, the
highly degenerated squamation, and in the body
coloration. N. lacunicola and N. toshimaensis are
nearly identical in the squamation and very similar to
each other in the body coloration of reddish phase
specimens (Fukao, 1980). Although N. nudus shows
intermediate condition between N. lacunicola and N.
toshimaensis in some characters as noted above, the
similarity between the latter two species is seemingly
superior to that between N. nudus and either of the
latter two species in the morphology as a whole.

Table 7. The ratio of dorsal soft ray counts to dorsal
spine counts (expressed as percent) in Neoclinus
nudus, N. lacunicola, and N. toshimaensis. OK,
Okinawa; TA, Taiwan. *After Stephens and
Springer (1971).

n x+SD Range
N. nudus (OK) 19 68.8 3.7 61.5-75.0
N. nudus (TA)* 11 66.0+t2.2 61.5-68.0
N. lacunicola 133 77.1£4.8 66.7-86.4
N. toshimaensis 160 76.9+4.9 59.3-87.5
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Fig. 4. Study area in Heshikiya, Okinawa Island.

Key to the Japanese species of Neoclinus

Usually one ocellus (rarely obscure or
rarely two) anteriorly on dorsal fin; or-
bital cirri 3 or 4 (rarely 4) arranged in a

singlerow .......... ... ... 2

No ocellus on dorsal fin; orbital cirri 6 or

more arranged in plural rows ............ 4

Total cephalic sensory pores 58 to 76
.............................. okazakii

Total cephalic sensory pores 48 to 57 ...... 3

Total vertebrae 44 to 46; pectoral fin rays

12 to 14 (mostly 13) .............. chihiroe

Total vertebrae 47 to 49; pectoral fin rays

13to 15 (mostly 14) . ............... bryope

Nuchal cirri absent; minimal hypural

present; only a row of scales along mid-

lineofbody........................ nudus

A pair of nuchal cirri present; minimal
hypural absent; scales widely spaced on

most part of trank
Orbital cirri 6 to 7 (mostly 7) arranged
in two rows; total vertebrae 45 to 49
(rarely 49); pectoral fin rays 12 to 14
(mostly 13) lacunicola
Orbital cirri 9 to 11 (mostly 9) arranged
in three rows in middle part; total ver-
tebrae 49 to 51; pectoral fin rays 13 to 15
(mostly 14) toshimaensis

Sa.

5b.

Habitat of the two Okinawan species of Neoclinus

Both the two species, N. nudus and N. okazakii,
inhabit in rocky reefs in Heshikiya which is located
near the tip of the Katsuren Peninsula, Okinawa
Island (Fig. 4; 26°18'N, 127°56' E). Between 28
Apr. and 2 May, 1985, observations and samplings
were made on these two species there. The study
area is subtropical and is washed by the Kuroshio
Current. The water temperature rises up to nearly
30°C in summer and falls down to nearly 19°C in
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winter (Nakamura, 1983, 1984).

The observed two species clearly separated their
habitats. While N. nudus was observed exclusively in
Site A, N. okazakii was in Site B (Fig. 4).

Site A was carrying large rocks (2 to 5m in
diameter) on the rocky slope of a spur in depths
ranging from 3 to 8 m. Most of the rocks rose sheer
from the rocky floor. The rocks frequently bore
some smaller living shrub corals on the upper sur-
face. Strong current caused by waves and tides
flowed around the rocks. N. nudus was observed
exclusively in clam holes on the upper surface of the
rocks. To my surprise, 11 of 16 fishes collected were
from a single rock whose upper surface was only
about 2 square meters in area. The rock was sub-
jected to the most strong current in the observed
area.

Site B was a transition area from gentle rocky
slopes to the sandy bottom in depths ranging from 1
to 4m. The area was washed by somewhat turbid
waters at the time of observation and living corals
were absent there. The wave action was moderate to
weak but the current flowing in the area was rather
strong though somewhat less than that in Site A. N.
okazakii was mostly observed in clam holes on vari-
able sized boulders (0.3 to 1 m in diameter) carried
in the area. They were seldom observed in clam
holes on basal rocky slope.

In Site A, the only other fish observed in clam
holes was one individual of Ecsenius lineatus (Blen-
niidae). It was observed on a rock situated in the
deeper end of the spur where N. nudus was never
found. In Site B, no other fish was observed in clam
holes.

The above noted topography inhabited by these
two species are rather particular in the Okinawa
Islands. In the observations on the blennioid fishes
conducted in March, 1973 and October, 1974 in the
ordinary coast of coral reefs in the Okinawa Islands,
fishes of Neoclinus could not be found at all and,
instead of them, many blenniids were observed in
clam holes or barnacle tests (Fukao, 1980) or in tide
pools (Omobranchus loxozonus, Rhabdoblennius el-
lipes, Praealticus amboinensis tanegasimae, P. mar-
garitarius, Salarias luctuosus, Istiblennius edentulus,
I. cyanostigma and I. lineatus). While many blenn-
iids including small hole dwellers and tide pool
dwellers were recorded, fishes of Neoclinus were not
recorded from the waters around Sesoko Island in
spite of intensive observations and collections on
shorefishes (Yoshino and Nishijima, 1981). These

facts indicate that N. nudus and N. okazakii re-
stricted to the rather particular habitat which is
exceptionally unoccupied by blenniids in the sub-
tropical waters of Okinawa.

N. nudus also occurs in the subtropical waters of
Taiwan (Stephens and Springer, 1971). Stephens
and Springer (1971) noted that the specimens of N.
nudus (11 inds.) were collected from a single rock in
a cove and that, although several collections were
made in the same cove on different days before and
after the day the specimens were obtained, no other
specimens of Neoclinus were taken or observed. This
note is consistent with the present study. The habitat
of this species is believed to be extremely narrow. It
is very interesting that the water movement encoun-
tered there (strong laminar flow) is similar to that
encountered in cliff faces in upper subtidal of very
exposed rocky reefs (VE habitat) of temperate
Shirahama where N. lacunicola and young of N.
toshimaensis, consisting of a group with N. nudus,
exceptionally co-occurred (Fukao and Okazaki,
1987).

N. okazakii also occurs in the temperate waters of
Shirahama. In Shirahama, they mainly inhabit VE
habitat but they also occur in other habitats, espe-
cially frequently in ME-VE habitat (upper subtidal
rocky reefs with the degree of exposure intermediate
between ME (upper subtidal of moderately exposed
rocky reefs) and VE habitats) (Fukao and Okazaki,
1987). In the present study area, the condition of the
water movement around their nests is similar to that
encountered in ME or ME-VE habitats of Shira-
hama. Fukao and Okazaki (1987) estimated that
settlement site selection at the recruitment is not so
rigid in this species and the other two members of N.
bryope complex, but is rigid in N. lacunicola and N.
toshimaensis which may select settlement site at
recruitment depending on the nature of water move-
ment. If so, the status of water movement may be
a rather insignificant factor for the habitat restriction
noticed in N. okazakii. Worthy of note is that the
fish are almost restricted to the holes on boulders
instead of holes directly on the basal rocky substra-
tum as mostly observed in Shirahama. Clam holes
directly on the basal rocky substratum are frequently
occupied by a squilla, Gonodactylus chiragra in the
study area. It is plausible that the habitat width in
this species may be reduced by competition with
other animals for nest holes in the subtropical waters
of Okinawa.
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TREITSFEURBREELEZOEREAHR
FREE=
MHAREE 3 & ¥  RIB Neoclinus BERERaIar ¥ v £ N
bryope & L THIE S 2 HEDABHIS W TV, AFED
#R Cho2ikEESDHEED SRES N 38 BEOER
37 74V 345 ¥R N. okazakii TH 5 EDHIFL 7z 13h
KREREEBILOOATHBBENTWIEAT AT F VRN
nudus SHPBE X VB ONLDOT, o 2BEPEEREDELR
WHOESHIEBL, MEEDCT S v ar¥ vy RfkilEd
EEOEARE, ~"yhar¥y RIEBENEAL L UHED
A 977+ 345 F 8N lacunicola £ b9 <= a4 ¥ EN.
toshimaensis & DHEIAITIE 1. £ HHBEEHEICBVLT,
TS 2BRITOERBRERE-> XD ERICL TV 3 DHEBIE
At T LTABHAERTHEERVLFhbMEEROSHE, M
MWHEIC BV TEHRS B4 ¥~ #F Blenniidae I F» 51
TORWERTEREREFHL TV 360 EEZ SN,

(238-03 WABIITES 6-31-1 tHsUKETIFAT)
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