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Abstract
Ontogenetic development in the snailfish Crystallichthys matsushimae (Jordan and Snyder 1902), including body propor-
tions, pigmentation, tooth pattern and barbels, is described from specimens reared for 180 days after hatching. Newly hatched 
individuals, obtained 157 and 190 days after artificial fertilization of eggs [4.4 ± 0.22 (mean ± standard deviation) mm in 
diameter], had a flexed notochord, yolk sac, adhesive pelvic disk, and full complement of counts, including fin rays, gill 
rakers, and branchiostegal rays. Several dermal tubercles apparent on the nasal, maxillary, and mandibular regions in day 
110 (20.7 ± 0.6 mm SL) had increased in length to form barbels by day 180 (33.2 mm SL).
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Introduction

Snailfishes of the family Liparidae comprise about 32 genera 
with 450 species worldwide (Chernova et al. 2021; Murasaki 
et al. 2021; Orr 2021). The family is widely distributed from 
the shallowest waters to near the deepest parts of the ocean, 
essentially limited to cool-temperate and cold waters (Orr 
et al. 2019). In addition, the fecundity of snailfish adapted to 
the deep sea tends to be low and eggs correspondingly large, 
probably being indicative of direct development without a 
planktonic stage (Chernova et al. 2004). Therefore, available 
information on early life history stages is very limited due to 
the rarity of material (Able et al. 1984; Kojima 2014), with 
morphological development having been described only for 
the species of Allocareproctus Pitruk and Fedorov 1993, 
Careproctus Krøyer 1862, Liparis Scopoli 1777, Paraliparis 
Collett 1879, and Rhinoliparis Gilbert 1896 (Kido and Kita-
gawa 1986; Ambrose 1996; Fahay 2007; Takami and Fukui 
2012; Kojima 2014; Overdick et al. 2014).

The genus Crystallichthys Jordan and Gilbert in Jordan 
and Evermann 1898, diagnosed by round or subround, large 
blotches on the body and dorsal and anal fins (not varie-
gated), a single nostril, well-developed sucking disk, and six 
branchiostegal rays (Kido 1988; Mecklenburg et al. 2002), 
comprises only four species: Crystallichthys cameliae (Nal-
bant 1965), Crystallichthys mirabilis Jordan and Gilbert in 
Jordan and Evermann 1898, Crystallichthys cyclospilus 
(Gilbert and Burke 1912), and Crystallichthys matsushimae 
(Jordan and Snyder 1902). Crystallichthys matsushimae, 
known from continental slopes of the Sea of Japan, south-
ern Sea of Okhotsk (including coasts of Hokkaido, Japan 
and southeastern Sakhalin, Russia), and the Pacific coast of 
northern Japan (Nakabo and Kai 2013), is distinguishable 
from congeneric species by having 20–30 barbels on the 
snout and both jaws (Kido 1988). Because morphological 
development in the species of Crystallichthys has at no time 
been described, a detailed description of such in Cr. mat-
sushimae, based on laboratory-reared samples, is provided 
herein.

Materials and methods

Parental fishes and egg collection. For observations of early 
development, eggs were obtained by artificial fertilization 
utilizing mature individuals [one male, 287.0 mm in stand-
ard length (SL), and two females, 305.0 mm and 319.0 mm 
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SL, see Electronic Supplementary Materials (ESM) Fig. S1 
and ESM Table S1] collected by commercial gillnets from 
the Nemuro Strait, southern Sea of Okhotsk, Hokkaido, 
Japan, at depths of 200–300 m on 25 December 2019. The 
specimens were kept in a 1,500-l tank (2 m × 1 m, 75 cm 
depth) maintained at a water temperature of 3.1–4.0 °C 
(average 3.6 °C). After the abdomens of the females had 
become bloated, eggs were stripped and artificially fertilized 
with sperm diluted in seawater, on 17 March 2020. The eggs 
were subsequently incubated in two aerated 30-l columnar 
hatching tanks (35 cm diameter × 35 cm depth) at 1.9–3.9 
°C (average 2.8 ºC).

Rearing of juveniles. Hatching occurred between 157 and 
190 days after fertilization, 150 juveniles being obtained. 
Two tanks (each tank reared 59 individuals hatching on day 
157 and 34 individuals hatching on day 190) were used for 

rearing observation. For each tank, 50 ml of Artemia sp. 
nauplii (2–3 individuals/ml) were provided daily from day 3 
and 10 g frozen copepods (China cope L: Pacific trading Co., 
Ltd) daily from day 10, respectively. Incubation and rearing 
temperatures ranged from 1.9 to 3.9 °C (average 2.8 ºC).

Observations and measurements. Seven fertilized eggs 
and nine newly hatched individuals (corresponding to day 
0) were sampled, five having hatched on day 157 follow-
ing fertilization (see above) and the remainder on day 190. 
Subsequently, hatched juveniles on day 157 were sampled 
on days 10, 20, 30, 40, 50, 60, 85, 110, 150 and 180, being 
preserved in 10% formalin for a few days and thereafter 
transferred to 50% isopropyl alcohol. For comparison, a 
wild juvenile (20.0 mm SL), collected by diving at a depth 
of 28 m (water temperature −0.2 °C) off the coast of Rausu, 
Hokkaido, Japan on 19 March 2021, was also examined. The 

Table 1   Counts and measurements of Crystallichthys matsushimae 

a AMF-116-3–5, AMF-117-4; bAMF-116-1–2, AMF-117-1–3; cAMF-121-3; dAMF-121-1–2; eAMF-122-1–3; fAMF-128–130

Yolk sac (day 0) Yolk sac (day 40) Juvenilee (day 50) Adultf (parental fishes)
Number of specimens n = 9 n = 3 n = 3 n = 3

Standard length (mm) 10.2–13.0 16.2–16.4 16.4–17.8 287.0–319.0
Counts n = 4a n = 1c

 Dorsal-fin rays 54–58 56 56–57
 Anal-fin rays 45–50 48 48–49
 Pectoral-fin rays (upper lobe) 25–26 28 26–27
 Pectoral-fin rays (lower lobe) 6–8 6 7–9
 Caudal-fin rays 2 + 5/6 + 1 2 + 5/5 + 1 2 + 5–6/6 + 1
 Vertebrate 12–14 + 48–52 11 + 50 11–13 + 49–52
 Gill rakers 8–9 8 8–9
 Branchiostegal rays 6 6 6

Measurements
 In % of standard length n = 5b n = 2d

 Head length 23.5–25.0 25.8–28.0 26.1–27.5 18.7–20.1
 Head width 24.3–25.8 29.3–30.9 29.1–30.4 8.8–10.2
 Body depth 25.9–27.6 25.0–25.4 24.9–25.7 19.4–20.8
 Snout length 5.8–7.8 8.6–10.4 8.7–8.8 8.8–11.4
 Eye diameter 7.0–8.2 7.4–7.8 6.1–6.7 3.6–4.1
 Gill slit length 4.3–5.0 4.9–6.1 4.3–6.0 3.8–4.7
 Upper jaw length 6.7–7.8 7.3–10.5 9.8–10.4 7.9–13.0
 Predorsal length 30.0–30.4 31.1–34.0 33.2–35.2 21.5–24.6
 Snout to disk length 23.3–23.5 20.7–21.5 19.0–20.3 13.2–16.7
 Snout to anus length 44.2–44.3 35.4–38.3 38.0–40.1 21.7–25.1
 Pre-anal length 42.5–42.6 38.4–42.0 42.9–43.5 31.9–37.6
 Disk to anus length 19.1–20.0 7.4–8.5 9.9–10.3 1.4–2.6
 Anus to anal length 4.2–5.2 6.1–7.4 6.0–7.1 9.9–15.0
 Upper pectoral-fin lobe length 17.5–19.1 18.3–19.1 19.2–20.1 17.4–20.0
 Lower pectoral-fin lobe length 7.5–8.7 9.2–9.8 8.7–8.8 7.4–9.5
 Disk length 8.7–12.3 9.9–11.1 10.8–12.6 7.1–9.0
 Disk width 11.3–12.5 11.0–11.7 10.3–11.5 6.1–7.4
 Caudal-fin length 15.0–15.7 16.6–17.3 15.9–17.4 13.3–14.9
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fertilized eggs and juveniles were deposited in the Marine 
Science Museum, Fukushima Prefecture, Aquamarine Fuku-
shima (AMF) (see ESM Table S1).

Counts, measurements and descriptive terminology fol-
lowed Stein et al. (2001). Adults were measured with digital 
calipers to the nearest 0.1 mm. Body depth was measured 
from the posterior margin of the pelvic disk to the base of the 
dorsal fin. Counts and measurements [using a micrometer 
under a stereomicroscope (SteREO Discovery.V12; ZEISS, 
Germany)] were made on seven eggs and 2–4 juveniles sam-
pled periodically as above, totaling 39 juveniles (10.0–34.4 
mm SL). The juveniles were stained in Aniline Blue (Wako 
Chemicals) to observe fin rays and head sensory pores, and 
sketched using a stereomicroscope. For teeth observations 
and vertebral counts, day 0 YS juveniles (n = 4; 10.2–12.0 
mm SL, AMF-116-3–5, AMF-117-4) were stained with 
alcian blue 8 GX and alizarin red (Wako Chemicals), follow-
ing Kawamura and Hosoya (1991), and radiographs taken of 
parental individuals (n = 3).

For observations of barbel development, ventral lower 
jaw views of each of the specimens collected on day 110 
(21.4 mm SL), 150 (25.3 mm SL), and 180 (33.2 mm SL) 
were photographed.

Result and discussion

Adults. Counts and measurements of the parental indi-
viduals are shown in Table 1. Body somewhat compressed, 
gradually tapering posteriorly; nostril single; snout of male 
protruded (ESM Fig. S1a); teeth trilobed with small lateral 

cusps; snout and both jaws with 25 or 26 barbels in total; 
cephalic lateralis pores: nasal pores 2, maxillary pores 5, 
preoperculo-mandibular pores 6, suprabranchial pore 1 
(cephalic pore pattern 2-5-6-1); head and body with round 
reddish markings (ESM Fig. S1).

Remarks. Tohkairin et al. (2014) reported two color mor-
photypes of Crystallichthys matsushimae, a yellow morpho-
type distributed in southern Sea of Japan and red morpho-
type in Sea of Okhotsk, northern Sea of Japan, and Pacific 
coast of northern Japan. The parental individuals (AMF-128, 
-129 and -130) used in this study conformed to the red mor-
photype of Tohkairin et al. (2014), owing to the rounded 
reddish markings and collection locality in the southern Sea 
of Okhotsk (ESM Fig. S1).

Eggs. A total of 2,335 eggs was obtained from the 2 
females. The eggs were demersal, almost spherical in shape, 
transparent and unpigmented; the yolk was pale yellow with 
350–660 oil globules (Fig. 1). Egg size was 4.4 ± 0.2 mm 
(mean ± SD, n = 7) in diameter, with small perivitelline 
space (ca. 0.1 mm).

Juveniles. Individuals at hatching possessed a flexed 
notochord tip and full complement of fin rays, although still 
retaining yolk [yolk-sac (YS) juveniles] (Fig. 2a). Standard 
lengths of juveniles from day 0 to 180 are shown in Fig. 3, 
with counts and measurements of YS juveniles (on day 0 and 
day 40) and measurements of juveniles (on day 50) shown 
in Table 1.

General morphology. Head and body somewhat com-
pressed, moderately elongate and thin posteriorly. Skin 
relatively thick, with gelatinous tissue. Body depth great-
est at position of yolk sac or at posterior margin of pelvic 
disk, becoming gradually shallower posteriorly. Snout deep, 
rounded. Mouth horizontal, subterminal, posterior margin 
below center of pupil. Eye rounded; dorsal margin of eye at 
level of upper pectoral-fin base; suborbital distance (least 
distance between eye and upper jaw) ca. 1/2 eye diameter at 
hatching. Conical teeth arranged in two (upper jaw) or three 
(lower jaw) rows at hatching (10.2–13.0 mm SL), becoming 
shouldered by day 85 (20.3 mm SL) and distinctly trilobed 
by day 180 (33.2 mm SL), being arranged in three (upper 
jaw) or four (lower jaw) rows. A single nostril horizontally 
level with center of eye, with distinct tube. Counts of nasal, 
maxillary, preoperculo-mandibular and suprabranchial 
pores 2-5-6-0 in newly hatched YS juveniles (Fig. 2b, c), 
attaining full adult counts (2-5-6-1) in day 10 YS juveniles 
(10.0–11.4 mm SL). Gill slit small, lower margin slightly 
lower than origin of pectoral-fin base. Origin of anus posi-
tion vertically below twelfth dorsal-fin ray and moved more 
anteriorly to ninth dorsal-fin ray with development until day 
50 (16.4–17.8 mm SL). Indistinct tubercles appearing on 
ventral aspects of snout, maxillary and mandibular regions 
by day 110 (21.4 mm SL, Fig. 4a). Tubercles evident by day 
150 (25.3 mm SL, Fig. 4b), ten on ventral aspect of snout, 

Fig. 1   Fertilized egg of Crystallichthys matsushimae after 1 day. Bar 
1 mm
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three on maxillary, eight on mandibular regions (Fig. 4b); 
increasing in size forming barbels by day 180 (33.2 mm SL), 
10 on ventral side of snout, three on maxillary, and eight on 
mandibular regions (Fig. 4c).

Dorsal, anal, pectoral and caudal fins with full adult fin 
ray complement in newly hatched YS juveniles (Table 1). 
Dorsal-fin origin vertically above or slightly behind level of 
gill slit, anal-fin origin below eleventh to twelfth dorsal-fin 
rays. Posteriormost rays of dorsal and anal fins continuous 
with fin membrane of caudal-fin rays. Pectoral fin slightly 
notched, upper lobe extending vertically to eighth dorsal-
fin ray; lower lobe slightly elongate, fifth or sixth ray from 

ventral longest, extending to center margin of pelvic disk. 
Pelvic disk pear-shaped (not round), flat with broad mar-
gin. Yolk sac occupying most of abdominal cavity in newly 
hatched YS juveniles (10.8–11.4 mm SL), absorbed entirely 
in juveniles by day 50 (16.4–17.8 mm SL). Gill rakers (0 + 
8–9) and branchiostegal rays (6) (full complements attained 
in newly hatched YS juveniles).

Body proportions (Fig. 5). Head length to standard length 
(HL/SL) initially 22.1–25.0% SL in newly hatched YS juve-
niles (10.2–13.0mm SL), subsequently decreasing slightly to 
21.9% SL on day 20 (12.2–12.7 mm SL), increasing there-
after to ca. 35% SL on day 150 (24.5–25.3 mm SL, Fig. 5a). 
Snout length to standard length (SNL/SL) initially 5.8–8.3% 
SL in YS juveniles (10.0–14.9 mm SL, days 0–30), increas-
ing to ca.10% SL until day 85 (19.3–20.3 mm SL, Fig. 5b). 
Body depth to standard length (BDA/SL) varying from 21.6 
to 27.6% SL in all YS juveniles and juveniles (10.0–34.4 mm 
SL, Fig. 5c). Lower jaw tip to anus distance to head length 
(LJT/HL) 109.7–155.6% HL in YS juveniles (10.0–11.4 mm 
SL, days 0–10), thereafter gradually decreasing to ca. 90% 
HL (Fig. 5d). Pre-anal length to standard length (PAL/SL) 
varying from 35.5 to 45.9% SL in all YS juveniles and juve-
niles (10.0–34.4 mm SL, Fig. 5e). Eye diameter to stand-
ard length (ED/SL) varying from 6.2–9.2% SL in all YS 
juveniles and juveniles (10.0–34.4 mm SL, Fig. 5f). Pelvic 
disk length to standard length (DL/SL) varying from 8.7 to 
13.5% SL in all YS juveniles and juveniles (10.0–34.4 mm 
SL, Fig. 5g).

Pigmentation. Cluster melanophore presented directly 
below eye, between eye and gill slit, and at the base of 
maxillary, increasing in number to form some bands 

Fig. 2   Laboratory-reared juve-
nile Crystallichthys matsushi-
mae. a Newly hatched yolk-sac 
juvenile, AMF-116-2, day 0, 
11.4 mm SL; b cephalic pores 
in lateral view of head, AMF-
116-2; c ventral view of lower 
jaw. n Nasal pores, m maxillary 
pores, pm preoperculo-mandib-
ular pores. Bars 1 mm

Fig. 3   Relationship between days after hatching and standard length 
(mm SL) in laboratory-reared juvenile Crystallichthys matsushimae 
from day 0 to 180 after hatching. Solid circles, mean values; vertical 
bars, standard deviations
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radiating from around eye by day 50 (17.8 mm SL) or 
later (Fig. 6b–g). Two dark spots above gill slit in day 
0 YS juveniles (11.4 mm SL, Figs. 2a, 6a), increasing 
in number and size (Fig. 6b–e) to form a dark band by 
day 150 (24.6 mm SL) or later (Fig. 6f–g). One or two 
dark spots appearing on pectoral-fin base in day 50 and 

60 juveniles (17.8–18.2 mm SL, Fig. 6b–c), subsequently 
forming a dark vertical band (Fig. 6d–g). Three dark spots 
on distal margin of third, ninth, and sixteenth dorsal-fin 
ray, respectively, and four dark spots on basal parts of sev-
enth, fourteenth, twenty-fifth, and forty-first dorsal-fin ray, 
respectively, in day 0 YS juveniles (11.4 mm SL, Figs. 2a, 
6a), increasing in number and size in day 50 and 60 juve-
niles (Fig. 6b–c), subsequently forming vertical bands 
as spots coalesce (Fig. 6d–g). Three dark spots on dis-
tal margin of fifth, thirteenth, and twenty-second anal fin 
and five dark spots on basal parts of seventh, fourteenth, 
nineteenth, twenty-eighth, and thirty-first anal fin in day 
0 YS juveniles (11.4 mm SL, Figs. 2a, 6a), increasing in 
number and size in day 50 and 60 juveniles (17.8–18.2 
mm SL, Fig. 6b–c), subsequently forming vertical bands 
as spots coalesce (Fig. 6d–g). Many dark spots on body in 
day 50 juveniles (17.8 mm SL, Fig. 6b), becoming larger 
in day 60–110 juveniles (18.2–20.4 mm SL, Fig. 6c–e), 
subsequently forming dark markings and vertical bands 
(Fig. 6f–g). Minute melanophores were covering the sur-
face of snout, head, dorsal fin, anal fin, body, above upper 
lobe pectoral fin; melanophores were absent on the pelvic 
fin, caudal fin, lower lobe pectoral fin, below upper lobe 
pectoral fin and yolk sac (Figs. 2a, 6a).

Remarks. Within the family Liparidae, the dorsal, anal, 
pectoral and caudal fins, and pelvic disk are underdevel-
oped in early stage larval Liparis (Able et al. 1984; Ambrose 
1996; Fahay 2007; Kojima 2014). In contrast, the larvae of 
Paraliparis dipterus (Kido 1988) and Rhinoliparis barbu-
lifer (Gilbert 1896) had adult median fin ray complements, 
and the tip of notochord upturned (Kido and Kitagawa 1986; 
Takami and Fukui 2012). Similarly, newly hatched juve-
niles of Careproctus melanurus (Gilbert 1892) and Care-
proctus reinhardti (Krøyer 1862) had fully developed fin 
ray complements and a flexed notochord tip, while retain-
ing the yolk (Ambrose 1996; Fahay 2007). Compared with 
the Careproctus, Paraliparis and Rhinoliparis genera, the 
newly hatched individuals of Cr. matsushimae were similar 
development like fully developed fin ray complements and 
a flexed notochord tip, while retaining the yolk to the spe-
cies of Careproctus. In fact, Cr. matsushimae was placed 
in a monophyletic group with some species of Careproctus 
in a molecular phylogenetic tree (Orr et al. 2019). It should 
also be noted that newly hatched Cr. matsushimae yolk-sac 
juveniles were adhered to the walls of the rearing tank by the 
pelvic disk (observed during the present study) (ESM Fig. 
S2), suggesting that the pelvic disk is functional at hatching.

On the other hand, the diagnostic barbels of Cr. matsushi-
mae, being important morphological characters, are not fully 
developed at hatching, appearing first in day 110 juveniles 
(20.3–21.4 mm SL). Notably, the standard length of indi-
viduals began to increase rapidly with the development of 
barbels (Fig. 3), which can be attributed to their use for more 

Fig. 4   Barbel development in juvenile Crystallichthys matsushimae. 
Ventral view of nasal, maxillary and mandibular regions. 10 on ven-
tral aspect of snout (yellow arrows), three on maxillary (red arrows), 
eight on mandibular regions (black arrows). a AMF-125-3, day 110 
(21.4 mm SL); b AMF-126-3, day 150 (25.3 mm SL); c AMF-127-2, 
day 180 (33.2 mm SL). Horizontal bars 1 mm
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effective feeding behavior. In fact, day 300 (ca. 80 mm SL) 
juveniles were apparently searching for food with barbels 
in the aquarium (digital video image: http://​www.​momo-
p.​com/​index.​php?​movie​id=​momo2​10710​cm01b​&​embed=​
on). Other three species of larvae of the same genus have not 
yet been reported, but similar morphological juvenile need 
to be investigated this after. Larval morphology of Liparidae 
possessing a flexed notochord tip while retaining the yolk, 
in addition to a full complement of fin rays and pelvic disk 
is known for Ca. melanurus, Ca. reinhardti (Ambrose 1996; 
Fahay 2007). However, the cluster melanophore patterns 

on the head and body of Cr. matsushimae differ in those 
species.

A wild juvenile of 20.0 mm SL (Fig. 6h) corresponded to 
reared day 85–110 juveniles (20.3–20.4 mm SL, Fig. 6d–e) 
(estimated from standard length). Because the body colora-
tion of wild and reared individuals was similar, the devel-
opmental pattern of markings described herein appear to 
reflect the natural condition. In the present study, the num-
ber of specimens of larger than 25 mm SL is small. The 

Fig. 5   Relationships between 
standard length (SL) and 
selected body proportions in 
laboratory-reared juveniles 
(closed circles) and parental 
fishes (open circles). a Head 
length to standard length (HL/
SL); b snout length to standard 
length (SNL/SL); c body depth 
at posterior margin of pelvic 
disk to standard length (BDA/
SL); d lower jaw tip to anus 
length to head length (LJT/HL); 
e pre-anal length to standard 
length (PAL/SL); f eye diameter 
to standard length (ED/SL); g 
disk length to standard length 
(DL/SL)

http://www.momo-p.com/index.php?movieid=momo210710cm01b&embed=on
http://www.momo-p.com/index.php?movieid=momo210710cm01b&embed=on
http://www.momo-p.com/index.php?movieid=momo210710cm01b&embed=on
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morphological changes in specimens over 25 mm SL will 
need future study based on larger number of specimens.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10228-​021-​00853-y.
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mm SL); h AMF-131, 20.0 mm SL, wild individual, off Rausu, depth 
28 m (−0.2 °C water temperature)
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