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Abstract 

 

This study examined parturition timing, reproductive patterns, offspring morphology, and post-parturition maternal 

condition in the viviparous surfperch Ditrema temminckii temminckii, using pregnant females collected from Uwajima Bay, 

Ehime Prefecture, Japan. Under captive conditions, parturition occurred from late March to late April, with a peak between 

April 10 and 26, and was more frequent at night than during the day. The offspring obtained from the 24 females included 

normal, premature, and morphologically malformed individuals. The normal offspring had greater mean body length and 

weight than the premature and malformed offspring. The premature offspring lacked swimming ability. Variation in body 

size was also observed among normal offspring, with multiple size groups identified. All females died within 18–20 days 

after completing parturition, and almost no offspring remained in the ovary. These findings clarify the characteristics of 

parturition timing, variation in offspring size, and the relationship between parturition and post-parturition mortality in this 

species, providing insight into reproductive strategies in viviparous marine fishes. 
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Introduction 

Surfperches (family Embiotocidae) are distributed 

along the coasts of the northeastern Pacific Ocean and 

the coastal waters of Japan and Korea in the 

northwestern Pacific Ocean (Tarp 1952). Nineteen 

species have been reported along the northeastern 

Pacific coast and have been classified into three 

distinct size groups (small species, < 215 mm; medium 

species, 275–335 mm; and large species, 380–470 

mm). In addition to deep-sea species, this group also 

includes freshwater species (Balts 1984). In Japanese 

waters, one species of the genus Neoditrema 

(Neoditrema ransonetii) and three species of the genus 

Ditrema (Ditrema temminckii, Ditrema jordani, and 

Ditrema viride) are present. Two subspecies have been 

recognized within Ditrema temminckii: Ditrema 

temminckii temminckii and Ditrema temminckii 

pacificum (Katafuchi and Nakabo, 2007). 

Members of Embiotocidae are viviparous marine 

teleosts that give birth to relatively large offspring, 

which is a rare reproductive trait among marine teleost 

fish. They typically inhabit rocky coastal reefs and 

seagrass beds. In three Japanese species (Ditrema 

temminckii temminckii, Ditrema viride, and 

Neoditrema ransonetii), males establish breeding 

territories during the reproductive season, and females 

visit these territories and mate with males during the 

mating period (Nakazono et al. 1981). Based on these 

observations, females are considered to mate with 

multiple males (Sakurai 2023). Parentage analyses 

using microsatellite DNA polymorphisms have shown 

that in Ditrema temminckii temminckii, females carry 

offspring sired by a small number of males (one to four 

offspring) (Takagi and Taniguchi 2001; Takagi et al. 

2008; Izumiyama et al. 2020a), whereas in Neoditrema 

ransonetii, females carry offspring from one to three 

males (Takagi et al. 2008). In addition, multiple 

paternity has been confirmed in three North American 

surfperch species (LaBrecque et al. 2014; Izumiyama 

et al. 2020b). 
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Table 1. Morphometry of female Ditrema temminckii temminckii at the time of death. 

Among Japanese embiotocid species, Ditrema 

temminckii temminckii, which has the widest 

distribution range, shows regional variation in 

parturition timing depending on water temperature. In 

the Tohoku region, parturition occurs from July to 

early August (Sakurai and Arai, 2001). Meanwhile, it 

occurs from May to June in the regions west of the 

Kanto area (Mizue, 1961; Takizawa et al. 2013). The 

number of embryos increases with maternal body size, 

and large females with a standard length of 20 cm or 

more may carry more than 60 embryos (Takagi et al., 

2008; Sakurai et al., 2008). Although embryo body 

sizes tend to be uniform within a single brood, 

substantial variations in embryo body size have been 

observed between different females (Hayase and 

Tanaka 1980b; Sakurai et al., 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We collected and reared pregnant females of Ditrema 

temminckii temminckii from Uwajima, Ehime 

Prefecture, the southernmost limit of species 

distribution in Japan (Katafuchi and Nakabo, 2007; 

Takagi et al., 2012). Successful parturition was 

confirmed, and the period, timing, and number of 

births, as well as the post-parturition condition of the 

females, were determined. In addition, variation in 

offspring body size, along with the occurrence of 

premature and malformed offspring, was observed and 

is reported here. 

 

Materials and Methods 

A total of 36 D. temminckii temminckii individuals 

were collected by angling from a breakwater in 

Uwajima Bay, Ehime Prefecture, between March 10 
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Fig. 1. Relationship between body length and body 

weight in parturiated females. 

and March 23, 2021. Sex was determined based on the 

shape of the anal fin, with 27 females and nine males. 

Of the females, 24 were determined to be pregnant 

based on abdominal distension and were selected for 

use in the rearing experiment. 

The rearing experiment was conducted at the South 

Ehime Fisheries Research Center, Ehime University, 

Ainan Town, Ehime Prefecture, Japan. The fish were 

housed in three round polyethylene tanks (tanks 1–3; 

capacity: 1,000 L, effective water volume: 800 L) with 

continuous flow-through-filtered seawater (daily 

turnover rate: 54 times). In three tanks, eight pregnant 

females were housed in each and reared for 

observation of parturition.  

The rearing period lasted from March 25 to May 17, 

2021, under a 12 h light:12 h dark photoperiod with 

incandescent lighting. Feeding was performed twice 

daily at 09:00 and 17:00 with satiated feeding of krill. 

Uneaten feed and feces were removed from the bottom 

of the tank using a siphon. 

During the rearing period, water temperature 

remained stable at around 18 °C from April 1 to April 

21, then gradually increased, staying within the 19 °C 

range until May 14. From May 15 onward, the water 

temperature continued to increase, exceeding 22 °C by 

the end of the experiment on May 17. 

Offspring were collected as soon as they were found 

during feeding, their swimming condition was 

checked, and their standard length and body weight 

were measured. In this study, premature offspring  

 

 

 

 

 

 

 

 

 

 

 

were defined as those lacking an abdomen or having a 

clearly smaller body length, whereas malformed 

offspring were defined as those with a noticeably stout 

body shape and high body depth. The female was 

measured for total length, standard length, and body 

weight at the time of death. In addition, body depth 

was also measured for the offspring in Tank 3 at 9:00 

on April 18, in which normal, premature, and 

malformed offspring were concurrently observed. 

 

Results 

Body size for maternal females is shown in Table 1 

and Fig. 1. One female in Tank 3 (T3-F1) was 

exceptionally large (175.0 mm in standard length and 

113.3 g in body weight), while the other females 

ranged from 122.7 mm to 147.0 mm in standard length 

and from 43.6 g to 81.7 g in body weight. 

Parturition occurred between March 29 and April 28. 

In all the tanks, most births occurred between April 10 

and 26 (Table 2 and Fig. 2). Offspring included 

normal, premature, and morphologically malformed 

individuals. The dates and periods of the observed 

births in each tank are shown in Table 2. 

The timing of parturition showed that, in Tank 1, 

91offspring were born at night and 41 during the day; 

in Tank 2, 95 at night and 35 during the day; and in 

Tank 3, 113 at night and 25 during the day. In all tanks, 

the number of offspring delivered was higher at night 

than during the day (binomial test, p < 0.05). 

The relationship between the number of offspring 

and number of surviving maternal females is shown in 

Fig. 2. As the number of births and rearing period 

increased, the number of female deaths also increased. 

All maternal females died within 18–20 days of the 

last parturition was recorded (Fig. 2). 

Upon dissection of the deceased females, no 

offspring remained in the ovary of 23 of the 24 

offspring. One female (T1-F1), which was the first to  
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Table 2. Date of parturition and number of offspring of Ditrema temminckii temminckii. 

*indicates the premature offsprings in the deceased mother's ovary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

die in tank 1, produced four premature offspring 

(Tables 1 and 2). The numbers of normal, premature, 

and morphologically malformed offspring produced in 

each tank during the rearing period, along with the 

number of surviving maternal females, were as 

follows: in Tank 1, 132 offspring were born, including 

21 premature offspring; in Tank 2, 130 offspring were 

born, including 27 premature offspring; and in Tank 3, 

138 offspring were born, including four premature and 

nine morphologically malformed offspring (Table 2, 

Fig. 2).  

The morphometric measurements of the offspring in 

each tank are presented in Table 3. The normal 

offspring had a mean standard length of 38.19 ± 3.66 

mm and a mean body weight of 1.60 ± 0.37 g, which 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

were significantly larger than those of the premature 

offspring (a mean standard length of 24.84 ± 3.91 mm 

and a mean body weight of 0.26 ± 0.16 g). 

Morphologically malformed offspring also had a 

smaller mean standard length of 32.32 ± 2.73 mm than 

the normal offspring (Table 3). Fig. 3 shows the 

offspring born in tank 3 at 9:30 on April 18, when all 

three categories, that is, normal, premature, and 

morphologically malformed, were observed. The 

relationship between standard length and body depth 

for these offspring is shown in Fig. 4. Among the 

offspring, four premature offspring had no swimming 

ability and were found at the bottom of the tank. 

Meanwhile, five morphologically malformed 

offspring had swimming ability but were short in 
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Fig. 2. Dates of parturition, numbers of offspring for 

normal, premature, malformed offspring, and numbers 

of surviving females produced in each tank during the 

rearing period. 

length. Four distinct groups were identified among the 

27 normal offspring based on differences in body 

length and shape (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

Along the northern Kyushu coast, female D. 

temminckii temminckii with distended abdomens 

appeared near coastal rocky reefs in early spring 

(Sakurai and Nakazono 1990). On the Miura Peninsula 

in Kanagawa Prefecture, they enter the mouths of bays 

in February and remain there until November (Hayase 

and Tanaka 1980a). At the breakwater in Uwajima Bay, 

the collection site of this study, D. temminckii 

temminckii can be caught regularly from early to mid-

March, but not afterward. Here, no individuals were 

captured after late March 2021. These observations 

suggest that D. temminckii temminckii may change 

habitats during different reproductive phases, such as 

mating, gestation, parturition, and recovery periods. 

Although the sex ratio at the collection site was 

skewed toward females (27 females and nine males), 

mature males that were not directly involved in 

parturition were also captured at the same site. Similar 

observations have been reported in Otsuchi, Iwate 

Prefecture, where purse seining yielded 14 females 

and five males (Sakurai and Arai 2001). This suggests 

that some males may remain near birthing females in 

preparation for the upcoming mating season. 

A previous rearing study using D. temminckii 

temminckii collected from northern Kyushu reported 

that all four observed females gave birth during the day, 

with parturition lasting from 5 to 24 h (Sakurai and 

Nakazono 1990). In contrast, our study recorded more 

frequent births at night than during the day: 91 vs. 41 

offspring in Tank 1, 95 vs. 35 offspring in Tank 2, and 

113 vs. 25 offspring in Tank 3. However, since 

parturition can take 5–24 h to complete, it is likely that 

ongoing fetal movement and maternal activity cause 

births to continue into the daytime. In ovoviviparous 

species, such as guppies, no studies have reported a 

bias in the timing of parturition. In viviparous 

cartilaginous fishes, observational data are scarce, and 

research remains limited. Similarly, no previous 

studies have addressed this issue in surfperches 

(family Embiotocidae). Thus, the present study, based 

on aquarium observations, provides the first evidence 

that viviparous teleosts of this family primarily give 

birth at night. One possible explanation for the 

predominantly nocturnal parturition in D. temminckii 

temminckii is that newborns, which are approximately 

40 mm in length and susceptible to predation, may 

reduce predation risk immediately after birth by being 

released at night. 
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Table 3. Morphometry of offsprings Ditrema temminckii temminckii at the parturition. 

 
Fig. 3. Offspring born in Tank 3 at 9:30 am on April 18, when the births of normal, premature, 

and malformed offspring were all confirmed. P: premature offspring, MA: malformed offspring, 

EL: extra-large offspring, L: large offspring, M: medium offspring, S: small offspring. 
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Fig. 4. Relationship between standard length and 

body depth of offspring in Tank 3 at 9:30 am on April 

18, when the births of normal, premature, and 

malformed offspring were confirmed. 

Parturition period varies with latitude. In Iwate 

Prefecture, D. temminckii temminckii gives birth from 

early to late July (Sakurai et al. 2011). Meanwhile, in 

northern Kyushu, births occur from mid to late May 

(Sakurai and Nakazono 1990). Most births in all tanks 

occurred between April 10 and April 26, suggesting 

that parturition occurred from mid to late April in the 

Uwajima region. This is earlier than any previously 

reported region, likely because Uwajima represents 

the southernmost limit of species distribution 

(Katafuchi and Nakabo 2007; Takagi et al. 2012). 

Based on scale annual ring analysis in D. temminckii 

temminckii from Fukushima Prefecture, one-year-old 

fish (age 1) ranged from 117 to 165 mm in standard 

length, age 2 fish from 153 to 168 mm, age 3 from 155 

to 182 mm, age 4 from 180 to 190 mm, age 5 from 189 

to 194 mm, age 6 from 193 to 215 mm, and age 7 from 

224 mm (Sakurai et al., 2008). The females used in this 

study, excluding one large offspring (175.0 mm), 

ranged from 122.7 to 147.0 mm in standard length. 

This suggests that they were mostly age 1. Given that 

fish growth rates vary latitudinally (Yamahira 2001), 

and that Uwajima is a warmer region than Fukushima, 

one large offspring may have been age 2 or age 3. 

The number of embryos per brood increases with 

maternal size. In females over 20 cm in standard length, 

more than 60 embryos have been reported (Takagi et 

al. 2008; Sakurai et al. 2008). The total number of 

offspring per tank was 132 (Tank 1), 130 (Tank 2), and 

138 (Tank 3). Given that each tank contained eight 

females, the average numbers of offspring per female 

were 16.5, 16.3, and 17.3. The slightly higher number 

in Tank 3 may be attributed to the presence of one large 

female. In Fukushima, one-year-old females of 

comparable size have 3–15 embryos, with an average 

of 9.0 (Sakurai et al., 2008). Therefore, the average 

brood number, comprising approximately 16 offspring 

per female, of Uwajima females suggests a higher 

reproductive output than that in the northeastern 

populations. In a previous study on northern Kyushu 

females (Sakurai and Nakazono 1990), the brood size 

 

 

 

 

 

 

 

 

 

 

 

 

 

size per female (total length: 153‒162 mm) ranged 

from 6 to 10 offspring, with average standard length of 

the offspring being 41.9–45.1 mm. Here, the average 

number of offspring per female (Tanks 1 and 2) was 

16.4, which may be due to the slightly larger maternal 

size (155.8‒181.4 mm), but also the smaller size of 

offspring (mean standard length: 37.0–40.0 mm).  

In Fukushima populations, older and larger females 

up to age 7 have been observed (Sakurai et al. 2008). 

Meanwhile, in Kanagawa, a region west of Kanto, 

females up to age 4 have been reported (Abe 1969). In 

this study, all the reared maternal females died within 

10–20 days after parturition. Because most females in 

Uwajima were one-year-olds, with two- or three-year-

olds rare, it is suggested that D. temminckii temminckii 

in Uwajima reproduces earlier than in other regions. 

Most offspring appear to reach maturity during the 

mating season; primarily, first-year females become 

pregnant and die after parturition. A small number of 

offspring that do not become pregnant in their first 

year may survive to the age of 2+ years and 

subsequently undergo pregnancy and parturition. 

Genetic studies using DNA markers have shown low 

genetic variation within populations and high 

differentiation among populations of D. temminckii 

temminckii (Takagi et al. 2012) and D.  jordani 

(Katafuchi et al. 2011). This indicates that 

reproductive ecology may vary with population. 
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Further research involving long-term observations is 

needed to determine whether surviving females can 

reproduce in subsequent years and to assess the role of 

males in the reproductive cycle. In the present study, 

aquarium experiments were conducted on a population 

from the Uwajima area, located at the southern limit of 

the species distribution, where only D. temminckii 

temminckii occurs. However, the ecological traits and 

reproductive capacity of surfperches (family 

Embiotocidae) vary among genera and species (Balts 

1984; Izumiyama et al. 2020b; Westphal 2020). In 

addition, interspecific interactions between sympatric 

species are likely to occur. Therefore, further captive 

and ecological studies of other species are required. 

In Fukushima populations, a positive relationship 

was reported between maternal size and offspring size 

when offspring collected on the same day (Sakurai et 

al. 2008). In our study, on the morning of April 18, 

premature and morphologically malformed offspring 

were observed along with 27 normal offspring, which 

could be classified into four morphologically distinct 

groups. Morphologically malformed offspring exhibit 

short-bodied deformities from vertebral fusion based 

on their external appearance. It remains unclear 

whether these differences are due to multiple maternal 

offspring or whether they reflect half-sibling 

differences from multiple paternal contributions. Here, 

multiple females were housed in a single tank. To 

better assess the maternal and paternal effects on 

offspring traits, future research should involve rearing 

females individually until paturition, followed by 

parentage analysis using microsatellite DNA markers 

to estimate paternal genotypes and evaluate variation 

among offspring. 

Differences in the traits of larvae and juvenile fish 

arise owing to environmental and genetic factors. 

These effects are difficult to disentangle in oviparous 

species. However, in viviparous species, such as D. 

temminckii temminckii, in which offspring develop 

within the female ovary, environmental variability is 

reduced. Given that this species produces large, well-

developed offspring, surfperches (family 

Embiotocidae) are a valuable model organism for 

investigating paternal effects in fish. 
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