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Abstract Litter size and details of the reproductive

biology of female brown guitarfish Rhinobatos schlegelii

from the Penghu Islands, Taiwan, are provided for the first

time. Litter size ranged 1–14 (mean 8.5), with an embry-

onic sex ratio of 1:1. Vitellogenesis proceeded in parallel

with gestation.
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Introduction

The elasmobranch fishes (sharks and rays) are known to be

susceptible to overexploitation due to their life history

parameters, which result in limited productivity (Dulvy

et al. 2014). Moreover, many species face unregulated

harvest, with heavy exploitation in Asia (Lam and Sadovy

de Mitcheson 2011). A large proportion of elasmobranch

species are considered to be Data Deficient (Dulvy et al.

2014), in part due to a lack of information on life histories.

To effectively manage exploited species, an understanding

of a species’ ecology and life history parameters is

paramount.

The elasmobranch diversity of Taiwan is one of the richest

in the world (Ebert et al. 2013); however, there remains

taxonomic uncertainty regarding aspects of the fauna, and

information on the life history of many species remains

scant. The status of the guitarfish fauna (family Rhinobati-

dae) of Taiwanese waters is also somewhat unresolved (see

Ebert et al. 2013), but includes the brown guitarfish Rhin-

obatos schlegelii. This species occurs in the Northwest

Pacific around Japan and in the East China and South China

Seas (Compagno and Ishihara 2009). The habitat and ecol-

ogy of this species are poorly understood. There is only

limited published information on the reproductive biology of

R. schlegelii, which is aplacental viviparous (Huizhen and

Yunyi 1987) as are other members of the genus (Kyne and

Bennett 2002; Grijalba-Bendeck et al. 2008).

Here, further information is presented on the reproduc-

tive biology of female R. schlegelii, based on limited

opportunistic sampling at a Taiwanese fish landing site. As

a species assessed as Data Deficient on the IUCN Red List

of Threatened Species (Compagno and Ishihara 2009), new

information on life history as presented here can help

assess the species’ productivity and vulnerability.
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Materials and methods

Thirteen mature female Rhinobatos schlegelii

(740–985 mm total length, LT; 224–300 mm disc width,

WD) were collected from the local fish market in Makung,

Penghu Islands, Taiwan (23�33’57’’N, 119�34’32’’E).

Local fisheries utilize a variety of gear (e.g., demersal

longline, gillnet, handline) to target a range of inshore

marine species, undertaking daily trips around the archi-

pelago. Guitarfish specimens were sampled opportunisti-

cally from the market on 29 May 2005 and between 4 and

25 April 2006. Upon landing, individuals were photo-

graphed (Fig. 1), basic morphometric data taken (to the

nearest 1 mm) and reproductive status assessed through

dissection. If ovarian follicles or embryos were present,

these were counted and measured, and embryos sexed.

Means are given ± standard deviation. Regressions

examining the relationship between maternal size and

number of follicles/embryos were undertaken using WD for

maternal size as the trunk was removed from one indi-

vidual prior to examination.

Results

Both left and right ovaries and uteri are functional;

developing follicles and embryos were found in both

ovaries and uteri, respectively. The number of vitellogenic

follicles (yellow-yolked follicles C 4 mm) ranged from 11

to 29 and averaged 18.8 ± 5.8. There was no significant

difference in the number of follicles observed in the right

versus the left ovary (t test, n = 12, d.f. = 22, P = 0.884).

Maximum follicle diameter (DFmax) ranged 7–28 mm. The

number of vitellogenic follicles was not correlated with

maternal size (WD) (R2 = 0.149, P = 0.216).

Of the 13 females sampled, 10 were gravid [Electronic

Supplementary Material (ESM) Table S1]. Litter size

(number of embryos per female) ranged 1–14, with a mean

of 8.5 ± 4.8. There was no significant difference in the

number of embryos observed in the right versus the left uteri

(t test, n = 10, d.f. = 18, P = 1.000). Embryos ranged in

size from 26–207 mm LT. All embryos had well-developed

yolk sacs, consistent with the aplacental (lecithotrophic)

viviparous reproductive mode. Of the 85 embryos exam-

ined, 40 were female, 37 were male and 8 were unsexed.

The overall embryonic sex ratio did not differ from parity

(v2 = 0.117, P = 0.732). Litter size was significantly cor-

related with maternal size (WD) (R2 = 0.490, P = 0.036)

(Fig. 2). Litter size = -37.850 ? 0.182WD (a large female

with a single embryo was removed from this analysis, as the

likelihood that she had aborted most of her litter was high).

Discussion

The largest embryos (196–207 mm LT) retained large yolk

sacs and could not be considered near term. As such, size at

birth for this species is [ 210 mm LT, probably consider-

ably greater. Within the uteri, embryos and yolk sacs were

enclosed in thin translucent ‘candles’. Larger embryos had

the ‘blotchy’ dorsal pigmentation of adults (often weaker in

adults). One female had begun to abort after capture,

showing a pup emerging from the cloaca anterior end first,

as has been shown in the ringstraked guitarfish Rhinobatos

hynnicephalus (see Wenbin and Shuyuan 1993).

The presence of large (to 27 mm diameter) follicles in

the ovaries of gravid females carrying well-developed

embryos indicates that vitellogenesis proceeds in parallel

with gestation, as observed in all species of Rhinobatos

whose reproductive biology has been examined (see Kyne

and Bennett 2002; Grijalba-Bendeck et al. 2008). Ovula-

tion likely occurs soon after parturition, and these activities

together with copulation are not seasonally distinct. This

contrasts with studies from other rhinobatid genera, i.e.,

Aptychotrema (see Kyne and Bennett 2002) and Zapteryz

(see Villavicencio-Garayzar 1995; Colonello et al. 2011),

in which parturition and copulation were seasonally

Fig.1 Rhinobatos schlegelii, female, 925 mm total length, Penghu

Islands, Taiwan, 25 April 2006

Fig.2 Linear regression analysis of litter size (number of embryos)

(R2 = 0.490, P = 0.036) with respect to maternal size (disc width) of

Rhinobatos schlegelii. Dashed lines show 95 % confidence intervals
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distinct. Synchronization of parturition and copulation is

important for species which sexually segregate for most of

their life cycle. Although direct information on sexual

segregation in R. schlegelii is not available, all market

landings examined during May 2005 and April 2006 were

females, with no males observed.

The number of vitellogenic follicles was not found to be

correlated with maternal LT, but this has been demonstrated

in the common guitarfish Rhinobatos rhinobatos (see Ab-

del-Aziz et al. 1993). Counts of vitellogenic follicles do not

provide an accurate assessment of reproductive output,

given that not all follicles may ovulate, some will atrophy,

and that the time period of follicle production is unknown.

As with elasmobranchs in general, rhinobatids have low

fecundity (Kyne and Bennett 2002). The litter size of R.

schlegelii recorded here (range 1–14, mean 8.5) falls within

the range demonstrated for other species of Rhinobatos and

is close to the highest litter sizes in the genus which have

been observed in R. rhinobatos (range 8–14, mean 12)

(Abdel-Aziz et al. 1993) and the shovelnose guitarfish

Rhinobatos productus (range 6–16, mean 9) (Villavicencio-

Garayzar 1993). The mean litter size observed in the current

study from the Penghu Islands is higher than that reported

for R. schlegelii from near Diaoyu Island, East China Sea,

by Huizhen and Yunyi (1987); they stated ‘in most pregnant

females, two embryos are found each side…’

Litter size was related to maternal size in R. schlegelii,

as has been shown in other species of Rhinobatos including

R. hynnicephalus (see Wenbin and Shuyuan 1993; Kume

et al. 2009), Rhinobatos lentiginosus (see Hensley et al.

1998) and Rhinobatos percellens (see Rocha and Gadig

2013), although it is acknowledged that only a low sample

size was available in the current study. It is possible that

abortion induced during capture accounted for some of the

lower litter sizes of R. schlegelii examined in landings

(most certainly, for the large individual who contained only

a single embryo; ESM Table S1), which would affect the

maternal size–litter size relationship found in this study.

The inshore waters of the Penghu Islands are heavily

exploited by multi-species, multi-gear artisanal and

industrial fisheries (Schluessel et al., unpublished data).

There has been very limited regional assessment of the

biology of many species landed. Here, limited results

obtained from opportunistic sampling demonstrate the low

reproductive output of R. schlegelii, consistent with other

rhinobatids. While only a small number of individuals

could be sampled, reasonably large numbers of this species

were observed to be landed in May 2005 and April 2006.

All individuals observed were females, and in May 2005 all

were observed to be gravid. Rhinobatids have been shown

to utilize shallow inshore waters for parturition and copu-

lation (e.g., Villavicencio-Garayzar 1993), and our obser-

vations suggest that local fisheries may be harvesting

reproductive aggregations of R. schlegelii. This fishing

pressure, together with a suspected low population growth

rate, highlights the need to reassess the conservation status

of the species.
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