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and P. lindas in Japanese Waters
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Abstract Twenty-five specimens of Pyramodon ventralis from Japanese waters and seven specimens of P.
lindas recorded for the first time from Japanese waters were examined and compared with the holotypes
of both species. The two species are distinguished by differences in coloration of the dorsal and anal fins,
number of dorsal-fin rays to the anal-fin origin as previously indicated. We present two additional
characters differentiating the species: morphology of the dorsal surface of the cranium, and relative length
from the pelvic-fin base to the middle of the vent. Counts of pectoral-fin rays and precaudal vertebrae in
both species exhibit wider intraspecific variation than previously reported. Some morphometric characters

are discussed in relation to head length.

According to the recent revision of the Carapidae
by Markle and Olney (1990), the genus Pyramodon
contains four nominal species, P. ventralis Smith et
Radcliffe, 1913, P. punctatus (Regan, 1914), P.
lindas Markle et Olney, 1990, and P. parini Markle et
Olney, 1990. Only one species, P. ventralis, originally
described from a single specimen from near Doworra
Island, Indonesia (Radcliffe, 1913), has been known
from Japanese waters (Markle and Olney, 1990).

Although P. ventralis is widely distributed in
the Indo-Pacific from the equator to about 35°N
(Markle and Olney, 1990), relatively few specimens
are known. In an earlier revision of the genus, Smith
(1955) listed only eight specimens, and Gordon et al.
(1984) presented meristic details from ten speci-
mens. Markle and Olney (1990) examined 12 juve-
nile and adult P. ventralis, comparing their meristic
and proportional characteristics with those of other
nominal Pyramodon species. They reported that the
precaudal vetebrae of P. ventralis varied in numbers
from 14 to 15, whereas Gordon et al. (1984) noted a
range of 15 to 18. Gordon et al. followed Williams
(1983) and included P. punctatus, which has 16 or
more precaudal vertebrae, in the precaudal vertebral
count for P. ventralis.

Pyramodon lindas was previously known from six
adults and one vexillifer larva, all from the northern
coast of Australia from depths of 300-385m
(Markle and Olney, 1990). It differs from its con-
geners in having dorsal and anal fins edged in black
over entire length, lower pectoral-fin ray counts (22—

23), and 11-18 dorsal-fin rays to the anal-fin origin
(Markle and Olney, 1990: 322).

In this study, we examined seven large specimens
of Pyramodon collected from the Pacific off Tosa
Bay, Kochi Prefecture, southern Japan. The com-
parison of these specimens with 26 specimens, in-
cluding the holotype, of P. ventralis and the holotype
of P. lindas revealed that our material is P. lindas. In
this paper, we present detailed meristic and mor-
phometric data on the two sympatric species, P.
ventralis and P. lindas, from the Pacific Ocean off the
central to southern coasts of Japan, and discuss
diagnostic characteristics and allometric growth of
the two species. A new Japanese name, Bake-
onikakureuo, is given for P. lindas.

Materials and Methods

Specimens examined are listed below. Institu-
tional symbolic codes follow Leviton et al. (1985).

Pyramodon ventralis (26 specimens). USNM 74155,
holotype, 185+ mm standard length (SL), 32.0 mm head
length (HL), sex unknown, 128°12°00"’E, 00°50°00°’S,
Albatross sta. 5629, Doworra Island, Indonesia, 369 m.
Eleven BSKU specimens caught by commercial bottom
trawlers from Tosa Bay, southern Japan, at depths ranging
from about 250 to 350m, and 1 BSKU specimen (BSKU
46725) from Suruga Bay, central Japan: BSKU 145, 136
mm SL, 25.7mm HL, sex unknown, 7 Feb. 1951; BSKU
3405, &, 140mm SL, 26.0mm HL, 27 Nov. 1953; BSKU
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3474, 163 mm SL, 28.3mm HL, &7, 21 Dec.1953; BSKU
4487, 171 mm SL, 30.3mm HL, &, 25 Jan. 1955; BSKU
5810, 152mm SL, 27.1 mm HL, %, date unknown; BSKU
7195, 153mm SL, 29.3mm HL, &7, 10 Apr. 1957; BSKU
7844, 164 mm SL, 27.3mm HL, %, cleared and stained, 20
May, 1958; BSKU 9897, 134 mm SL, 31.3mm HL, %, date
and month unknown, 1955; BSKU 9898, 158 mm SL, 26.1
mm HL, o7, date and month unknown, 1955; BSKU 10002,
178 mm SL, 33.6mm HL, $, 10 Feb. 1958; BSKU 13813,
157 mm SL, 28.0 mm HL, %, Jan.—Mar. 1968; BSKU
46725, 157mm SL, 27.2mm HL, %, 23 Sep. 1980. Thir-
teen FAKU specimens from the Kumano-nada Sea, south-
ern Japan: FAKU 21148, 196-239 mm SL, 30.1-41.1 mm
HL, each 14, 1%, and 1 sex unknown, 5 Nov. 1953;
FAKU 24334-24341, 119-248 mm SL, 23.0-41.7mm HL,
167, 3%, and 4 sex unknown, 25 Oct.—10 Nov. 1954;

Table 1. Counts and measurements of Pyramodon
ventralis and P. lindas

Character® P. ventralis P. lindas
(26 specimens) (8 specimens)
SL (mm) 114+ -248 247-348
HL (mm) 24.5-41.7 41.9-61.2
Counts
Dy 48-52 48-53
Ay 48-52 44-50
PCV 14-15 15-16
DRAO 1-3 10-13
VDO 67 67
VAO 6-8 10-12
ARDO — —
Pectoral-fin rays 25-28 21-25
Pelvic-fin ray 1 1
Branchiostegal rays 7 7
Developed gill rakers
3 3
on Ist arch
Pseudobranchial fila- ) )
ments
Pyloric caeca 2 2
In % of HL
Body depth 70.8-117.1 79.4-96.5
Predorsal length 113.4-125.7 119.2-127.0
Preanal length 118.3-140.6 156.5-177.6
Gnathoproctal length 114.5-137.0 149.6-177.6
Lower jaw tip to 64.8-84.2 67.3-76.9
pelvic-fin base
Pelvic-fin base to vent 42.3-64.5 87.2-106.8
Snout length 17.9-22.7 19.3-21.9
Eye diameter 18.1-23.6 17.9-20.0
Interorbital width 12.1-18.5 16.8-19.1
Upper jaw length 46.9-52.8 49.9-53.2
Lower jaw length 51.5-56.8 55.1-59.1
Pectoral-fin length 86.8-110.3 71.2-83.4
Pelvic-fin length 21.0-33.9 12.0-29.2

* See text for abbreviations.

FAKU 24497-24498, 114+ -171mm SL, 24.5-28.7mm
HL, 2 sex unknown, 25 Oct.—10 Nov. 1954.

Pyramodon lindas (8 specimens). AMS 1. 22825011,
holotype, 273mm SL, 51.7mm HL, 18°59’S, 117°10'E,
Northwest Shelf, Indian Ocean, coll. by J. Paxton, 300326
m, 13 Apr. 1982. Seven BSKU specimens caught by com-
mercial bottom trawlers from Tosa Bay, at depths ranging
from about 250 to 350 m: BSKU 3404, 276 mm SL, 42.1
mm HL, %, 27 Nov. 1953; BSKU 4408, 315mm SL, 51.8
mm HL, %, cleared and stained, 26 Dec. 1954; BSKU
13625, 348 mm SL, 61.2 mm HL, %, Jan.—Mar. 1968;
BSKU 29145, 336 mm SL, 60.2mm HL, %, 27 Oct. 1976;
BSKU 37165, 332mm SL, 54.7mm HL, %, 21 Apr. 1982;
BSKU 39669, 328 mm SL, 59.4mm HL, %, 8 Nov. 1983;
BSKU 40022, 247 mm SL, 41.9mm HL, ¢, 10 Feb. 1974.

All measurements were taken point to point, as in
Hubbs and Lagler (1958). Gnathoproctal length was
measured from the tip of the lower jaw to the middle
of the vent. Distances from the tip of lower jaw to
the pelvic-fin base, and from the pelvic-fin base to the
middle of the vent are abbreviated as LJ-P, and P,-
Vent in the text.

Counts of vertebrae, and dorsal- and anal-fin rays
were taken from radiographs. Morphometric data
were compared in relation to head length, because
most specimens had a damaged and regenerated tail.

Precaudal vertebrae are abbreviated as PCV.
Counts for Dy, Aj, DRAO, VDO, VAO, and
ARDO follow Markle and Olney (1990) as follows:
D;;—dorsal-fin rays anterior t-- 31st vertebra, A—
anal-fin rays anterior to 3ls. vertebra, DRAO—
dorsal-fin rays anterior to anal-fin origin, VDO—
vertebrae anterior to dorsal-fin origin, VAO—verte-
brae anterior to anal-fin origin, and ARDO—anal-fin
rays anterior to dorsal-fin origin.

Results and Discussion

Meristic counts and proportional measurements
for each species are given in Table 1.

Dorsal surface of the cranium in both species are
shown in Figure 1. The top of the frontal and
supraoccipital of Pyramodon ventralis are knobby
and very rough (Fig. 1A), in contrast to the frontal
of P. lindas, which is rather smooth, and bears very
low, longitudinal ridges, and no distinct ridges on the
supraoccipital (Fig. 1B). The condition of the dorsal
surface of the cranium in both species can be seen
through the translucent skin, or the ridges or bumps
can be felt by touching the top of the head of large
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Fig. 1. Dorsal view of the cranium of Pyramodon species. A) P. ventralis. BSKU 7844; B) P. lindas. BSKU

4408.

specimens.

Specimens of P. ventralis preserved in alcohol had
the head and body lightly pigmented, and fins with-
out pigmentation. P. lindas specimens have the head
rather darkly pigmented, body pale, and the dorsal
and anal fins edged in black along their entire length.

The two species are easily distinguished from each
other by morphology of the dorsal surface of the
cranium, which has not been mentioned in previous
studies. The coloration of dorsal and anal fins differs
between the two species as previously mentioned by
Markle and Olney (1990: 322).

Markle and Olney (1990: table 4, 322) noted that
P. lindas differs from its congeners by the lower
pectoral-fin ray counts (22-23): 24-26 in P. ventralis,
26-28 in P. punctatus, and 28-30 in P. parini. How-
ever, it was hardly possible to separate P. lindas from
P. ventralis in this character in the present material
(Tables 1 and 2), and intraspecific variation in this

character in both species was greater than that re-
ported by Markle and Olney (1990).

Markle and Olney (1990: table 4) showed that
intraspecific variation in PCV was small in all Pyra-

Table 2. Frequency distributions of pectoral-fin
rays and PCV in Pyramodon ventralis and P.
lindas

Pectoral-fin rays

21 22 23 24 25 26 27 28

P. ventralis 4 12¥ 9 1
P. lindas 1 4 1 1

PCV

14 15 16

P. ventralis 1* 15
P. lindas 1 T7*

* Counts from holotype.
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modon species: 14-15 in P. ventralis, and 16 in P.
lindas. We found a single specimen of P. lindas with
15 PCV (Table 2). Thus, P. ventralis and P. lindas
were not completely separable by counts of pectoral-
fin rays and PCV.

Counts for Dyy, A3, VDO, and VAO in this study
(Table 1) agreed well with the following taken from
Markle and Olney (1990: table 4): 48-51, 49-53, 6—
7, and 5-8 for P. ventralis, and 50-53, 45-50, 6-7,
and 10-13 for P. lindas. According to Markle and
Olney (1990: table 4, 322), DRAO counts in P.
ventralis are 0—4, and 11-18 in P. lindas. We re-
corded 1-3 and 1013, respectively, slightly increas-
ing the range of variation for P. lindas.

There are dramatic allometric changes in carapid
development (Markle and Olney, 1990: 273). We
examined 13 morphometric characters in relation to
HL (Table 3). Predorsal length was fairly constant,
113-126% HL in P. ventralis and 119-127% in P.

lindas (Tabel 1), in the study material, regardless of
HL. In fact, predorsal length was found to be
isometric in relation to HL (Table 3). Markle and
Olney (1990: 322) noted that the distance between
snout to anus, one of the diagnostic characters of P.
ventralis, ranged from 0.99-1.33 times HL. They
also showed that the preanal length of P. lindas was
1.6-1.7 times HL (Markle and Olney, 1990: table
10). Our data for preanal length, 1.18-1.41 times
HL in P. ventralis and 1.57-1.78 times HL in P.
lindas (Table 1), generally agree with their results,
indicating the anal-fin origin of P. lindas being more
posteriorly positioned than in P. ventralis (Fig. 2).
The anal-fin origin changes position with increasing
size, being relatively more distant from the snout tip
in large specimens (Fig. 3).

Gnathoproctal length in relation to HL was found
to show strongly positive allometry in both species
(Fig. 4, Table 3). This length was divided into two

Table 3. Relationships between each morphometric character (y) in mm and head length (x) in mm in

Pyramodon ventralis and P. lindas

P. ventralis (26 specimens)

Character Regression equation r*
Body depth logy =1.3053 logx —0.5273 0.8889
Predorsal length logy=1.0104 logx +0.0613 0.9850
Preanal length logy =1.1950 logx —0.1801 0.9703
Gnathoproctal length logy=1.2082 logx —0.2112 0.9699
Lower jaw tip to pelvic-fin base logy=1.1725 logx —0.4134 0.9630
Pelvic-fin base to vent logy =1.2462 log x —0.6302 0.8793
Snout length logy =1.1098 logx —0.8621 0.9331
Eye diameter logy =0.8757 logx —0.4788 0.9315
Interorbital width logy =0.9400 logx —0.7323 0.8120
Upper jaw length logy =1.0536 logx —0.3758 0.9825
Lower jaw length logy =0.9806 logx —0.2311 0.9883
Pectoral-fin length logy =0.8641 logx +0.1930 0.9044
Pelvic-fin length logy=1.0412 logx —0.6172 0.8171
P. lindas (8 specimens)
Body depth logy =0.8512 logx +0.2109 0.8751
Predorsal length logy =1.0567 logx —0.0106 0.9713
Preanal length logy=1.1844 logx —0.0913 0.9810
Gnathoproctal length logy =1.2074 logx —0.1415 0.9693
Lower jaw tip to pelvic-fin base logy=1.1291 logx —0.3516 0.9498
Pelvic-fin base to vent logy =1.3002 logx —0.5268 0.9642
Snout length logy =1.0660 logx —0.7967 0.9721
Eye diameter logy =0.6992 logx —0.2131 0.9496
Interorbital width logy =0.9302 logx —0.6261 0.9474
Upper jaw length logy =0.9894 logx —0.2672 0.9896
Lower jaw length logy =1.0528 logx —0.3358 0.9924
Pectoral-fin length logy =0.7829 logx +0.2622 0.9497
Pelvic-fin length logy=—0.1398 logx + 1.3121 —0.0762

* Correlation coefficient.
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Fig. 2. Lateral view of the head of Pyramodon species from Tosa Bay, Pacific off southern Japan. A) P.
ventralis BSKU 13813, 28.0mm HL; B) P. lindas BSKU 39669, 59.4 mm HL.

dimensions: LJ-P, and P,~Vent. The relationships
between these two dimensions and HL are shown in
Figures 5 and 6. All the slopes of regression equa-
tions in Figures 4-6 were greater than 1. In addition,
the slope for LJ-P, vs. HL relationship was not as
steep as that for P,~Vent vs. HL relationship in both
species, indicating a growth-related increase in the
overall gnathoproctal length mostly due to a rapid
increase in P,~Vent length. P,—Vent length is sig-
nificantly different between the two species in our
material (Fig. 6). Although we have not examined
any P. ventralis specimens larger than 42 mm HL or
P. lindas smaller than 41 mm HL, our study suggests

that the two species may be separable by the P,~Vent
length character.

Markle and Olney (1990) noted in the description
of P. ventralis: “Pectoral-fin length is also strongly
allometric, being much shorter than the head length
in juveniles and equal to or longer in adults.” This
statement conflicts with their figure 55, which illus-
trates the pectoral fin as being about 75% HL. The
pectoral-fin length of our P. ventralis material ranged
from 86.8 to 110.3% HL (Table 1). The relationship
between the pectoral-fin length and HL in our mate-
rial is shown in Figure 7. Our data indicate that the
pectoral-fin length exhibits a growth-related decrease
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and head length in Pyramodon species. Symbols
are as in Figure 3.
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lower jaw tip to the pelvic-fin base and head
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Figure 3.

6. Relationship between the distance from the
pelvic-fin base to the middle of the vent and
head length in Pyramodon species. Symbols are
as in Figure 3.
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in relation to HL in adults. The pectoral-fin length
becomes shorter than HL in adults larger than 26.3
mm HL based on a regression equation (Table 3).
The difference between our results and Markle and
Olney’s (1990) statement above cannot be explained.
The pectoral-fin length of our P. lindas material also
exhibited a growth-related decrease in relation to HL
(Fig. 7, Table 3). The pelvic-fin length of P. ventralis
in this study showed a growth-related decrease rela-
tive to HL, whereas in P. lindas there was no clear
correlation between the two dimensions (Fig. 8,
Table 3), indicating that this character is unstable in
P. lindas. Length of the pectoral fin in both species
and pelvic fin in P. ventralis in this study support
Smith’s (1955) comments on relative lengths of the
pectoral and pelvic fins in P. ventralis. Eye diameter
in both species exhibited a growth-related decrease
relative to HL (Fig. 9, Table 3). Growth feature of
the eye diameter in Pyramodon species is reported
here for the first time. In the future, attention should
be paid to the possibility of growth-related mor-
phometric variation in adults of carapid species.

Acknowledgments

We thank D. F. Markle (OS) and J. T. Williams
(USNM) for their critical reading of the manuscript
and providing much helpful advice. The late R. H.
Gibbs, Jr. (USNM) and N. R. Merrett (BMNH)
kindly helped the senior author during his examina-
tion of type material. We also thank H. Masuda
(Masuda Marine Production) for donation of a spec-
imen from Suruga Bay. Our sincere thanks are also
due to M. McGrouther (AMS) for the loan of the P.
lindas holotype, to S. L. Jewett (USNM) for sending
radiographs, to G. Howes (BMNH) for information
on Regan’s type material, and to 1. Nakamura
(FRSKU) and T. Nakabo (FAKU) for loaning
specimens.

Literature Cited

Gordon, D. J.,, D. F. Markle and J. E. Olney. 1984.
Ophidiiformes: Development and relationships. Pages

308-319 in H. G. Moser, W. J. Richards, D. M. Cohen,
M. P. Fahay, A. W. Kendall, Jr. and S. L. Richardson,
eds. Ontogeny and systematics of fishes. Am. Soc. Ich-
thyol. Herpetol., Spec. Publ. No. 1.

Hubbs, C. L. and K. F. Lagler. 1958. Fishes of the Great
Lakes region. Bull. Cranbrook Inst. Sci., (26). xi+213
pp.

Leviton, A. E., R. H. Gibbs, Jr., E. Heal and C. E. Dawson.
1985. Standards in herpetology and ichthyology: Part I.
Standard symbolic codes for institutional resource collec-
tion in herpetology and ichthyology. Copeia, 1985: 802-
832.

Markle, D. F. and J. E. Olney. 1990. Systematics of the
pearlfishes (Pisces: Carapidae). Bull. Mar. Sci., 42: 269-
410.

Radclifte, L. 1913. Descriptions of seven new genera and
thirty-one new species of fishes of the families Brotulidae
and Carapidae from the Philippine Islands and the Dutch
East Indies. Proc. U.S. Natn. Mus., 44: 135-176.

Smith, J. L. B. 1955. The genus Pyramodon Smith and
Radcliffe, 1913. Ann. Mag. Nat. Hist., Ser. 12, 8: 545-
550.

Williams, J. T. 1983. Synopsis of the pearlfish subfamily
Pyramodontinae (Pisces: Carapidae). Bull. Mar. Sci.,
33: 846-854.

BIFEDF = AT LIOFENTF =R LA (FF)
ETEEE - @ IR

AELBED Pyramodon ventrulis (£ =H 7 Lo A) 25 ff{AL P.
lindas (!N A =h 7 LoA) T MAOREORES, ThTho
SRR EALZD T2 KFET, kA -2+ 7)) 7DH
Lo LLHISN TV M >t P lindas D5 H{EBICHET 3 2 &
DS EI o o, R HEE B & MEERE RIS WA H B
LanTurohs, AEOEATRLICKENEE L TEL, {1
B L VAL, Ny A =h T LY 4}, L GEDRIL
BETHBEE (A=H7 L4 TRER) &, BELEL DI
H DSUEEESREN 11-18 (0-4) THBIETA=HIL AL
Xul&EnTute, AT, #itoic, Aisas & E&EAH O FRiN
BT B REEET DI L, BETRIIETOA
LN ICHT BV H 5 2 & &, EEERT D, SHLPYh
R E TOREDSHTIED AN RBEMICERV I ETHINTRETH
BIEMHIMIL 7. Kt EAZ AR & L 65, midEs b
KBV TSR A~NBEEI T2 &S hERD, C
U FICHEEE RS S NP R F ToRRRAERERICHELE L

{13 ETHHans. [, RBICB 2RURICHED £
FoitfiEEoZ{tic>WThiRmEL 1.

(F780 SHITNEN] 2-5-1 BRIKFHEFBEDFEHE)
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