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First record in Peninsular Malaysia and morphological redescription 
of Lychnorhiza malayensis (Scyphozoa: Rhizostomeae: Lychnorhizidae)

Wan Mohd Syazwan1,4, Liang Boon Low2,3 & Mohammed Rizman-Idid3*

Abstract. This study presents the first record of Lychnorhiza malayensis Stiasny, 1920, in Malaysian waters since its 
first discovery in the Java Sea of Indonesia nearly a century ago. Better representation of the species was achieved 
by the collection of more specimens than previous studies. Thirteen specimens were collected from the midwestern 
and northeastern coasts of Peninsular Malaysia and their morphology was examined in detail. Morphological 
descriptions of L. malayensis from outside Malaysia and our collection in Malaysia were compared, reviewed and 
updated. All Lychnorhiza species were also compared and differences highlighted. Lychnorhiza malayensis can be 
distinguished from its congeners primarily by the presence of subumbrellar papillae, higher counts of the centripetal 
canal which tends to anastomose, and the distinctive colour patterns and markings of the umbrella. Intraspecific 
variations were observed among specimens in terms of different papillae and centripetal canal forms, inter-rhopaliar 
canals that extend beyond or terminating at the circular canal, various colour patterns and markings, the number 
of velar lappets and size (length and width) of oral arms that were also different from previous descriptions. The 
morphological redescription of this species will facilitate the identification of this bloom-forming species and 
contribute to the inventories of marine biological resources in Malaysia.

Key words. jellyfish, taxonomy, intra-species variation, bloom, geographic distribution

RAFFLES BULLETIN OF ZOOLOGY 68: 32–49
Date of publication: 5 March 2020
DOI: 10.26107/RBZ-2020-0004 
http://zoobank.org/urn:lsid:zoobank.org:pub:78515DDE-DC17-4EBA-94CB-6EC834642D66

INTRODUCTION

Over the past two decades, a noticeable increase in 
scyphozoan jellyfish blooms has been occurring in marine 
ecosystems worldwide (Graham et al., 2001; Mills, 2001; 
Purcell, 2005; Purcell et al., 2007; Richardson et al., 2009). 
Jellyfish blooms are known for their detrimental impacts on 
anthropogenic activities related to the sea, including coastal 
tourism, power plant operation, marine aquaculture industry, 
and commercial fishing activities (Arai, 2001; Mills, 2001; 
Purcell et al., 2007; Graham & Bayha, 2008; Richardson et 
al., 2009; Purcell, 2012). For example, in southeastern Brazil 
and northern Argentina, the episodic blooms of Lychnorhiza 
lucerna Haeckel, 1880, the most common species of the 
genus, have affected local fisheries by reducing fishery stocks 
and catch quality, damaging nets, and preventing fishermen 
from operating effectively (Schiariti et al., 2008; Nagata et 
al., 2009; Brotz et al., 2017).

Despite the potential threats of scyphozoan blooms to the 
local marine ecosystem, taxonomic inventories of scyphozoan 
jellyfishes in Malaysian waters are still relatively limited. 
Most available records have been made opportunistically, or 
as coincidental by-products from non-taxonomical studies, 
such as envenomation (Williamson et al., 1996), toxicology 
(Azila & Othman, 1993), symbiotic relationship (Ohtsuka 
et al., 2010), ingression into power plant (Azila & Chong, 
2010) and fisheries (Rumpet, 1991; Omori & Nakano, 2001; 
Awong et al., 2010; Yusoff et al., 2010; Nishida & Nishikawa, 
2011). Some occurrences were also mentioned briefly in book 
chapters, encyclopaedia and field guide entries (e.g., Nicholas 
& Yong, 2012).A recent update of taxonomic inventories 
of scyphozoan jellyfish in Malaysian waters (i.e., Straits 
of Malacca, South China Sea and Sulu-Sulawesi Sea) has 
documented a total of 10 species (Rizman-Idid et al., 2016), 
which represent approximately 5% of the globally known 
scyphozoan richness (i.e., ~ 200 species; Appeltans et al., 
2012; World Register of Marine Species, WoRMS, 2018). 
However, this number is likely to be a gross underestimate 
due to several reasons, including that (1) many scyphozoan 
species in the field are yet to be discovered, described and 
identified; and 2) species identification is challenging because 
of poor collections and preservation of voucher specimens, 
and inadequate reliable taxonomic keys for reference 
(Rizman-Idid et al., 2016). Nevertheless, Gómez-Daglio and 
Dawson (2017) have recently provided a robust identification 
method using detailed morphometric and meristic descriptions 
of jellyfish morphology. This method can be applied to 
facilitate species identification of local scyphozoans.The 
genus Lychnorhiza Haeckel, 1880, belongs to the family 
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Lychnorhizidae Haeckel, 1880, suborder Daktyliophorae 
Stiasny, 1921, and order Rhizostomeae Cuvier, 1799. The 
most distinct feature distinguishing Lychnorhiza from other 
two Lychnorhizidae genera (Anomalorhiza Light, 1921, and 
Pseudorhiza von Lendenfeld, 1882) is the presence of two 
to four intra-circular centripetal canals between adjacent 
radial canals and the absence of terminal appendage on 
the axial side of oral arm (Kramp, 1961). There have been 
three Lychnorhiza species described to date: Lychnorhiza 
lucerna Haeckel, 1880; Lychnorhiza arubae Stiasny, 1920; 
and Lychnorhiza malayensis Stiasny, 1920 (WoRMS, 2018). 
Another Lychnorhiza species from the Colombian Caribbean 
has recently been discovered and named Lychnorhiza sp. 
aff. L. lucerna because this new undescribed species bears 
some resemblance to L. lucerna (Cedeño-Posso & Pérez, 
2013).Taxonomical confusion has persisted over the genus 
Lychnorhiza and its species. For example, three doubtful 
genera (Rhacophilus, Crambessa, and Cramborhiza) and 
two nominal genera (Rhizostoma and Catostylus) have 
been used to refer to the genus Lychnorhiza (Kramp, 
1961; Morandini, 2009). However, since Lychnorhiza and 
its type species, L. lucerna, are more widely used among 
these synonyms, Morandini (2009) proposed that both the 
generic and specific names should be conserved in order 
to maintain nomenclatural stability.The distribution of the 
genus Lychnorhiza is restricted to shallow tropical waters. 
Lychnorhiza lucerna is widely distributed along Argentinian 
and Brazilian coasts (Stiasny, 1932; Kramp, 1961; Mianzan 
& Cornelius, 1999; Morandini et al., 2005; Schiariti et al., 
2008). Lychnorhiza arubae has only been recorded in Aruba 
Island, off the coast of Venezuela (Stiasny, 1920, 1921), and 
has never been found again since the earliest descriptions.

Lychnorhiza malayensis was discovered within the Malay 
Archipelago (Stiasny, 1920, 1921), specifically in the Java 
Sea, Indonesia. Since then, the occurrence of L. malayensis 
has been reported several times in the same region (Stiasny, 
1932; Mujiono, 2010) and along the Indian coasts, including 
Madras, Thiruvananthapuram, and Goa (Menon, 1930; Nair, 
1951; Jeyabaskaran et al., 2016). Recently this species has 
been documented in Andaman Sea and Gulf of Thailand 
(Department of Marine and Coastal Resources Thailand, 
2018). Unfortunately, the historical descriptions of L. 
malayensis by Stiasny (1920, 1921, 1932), Menon (1930) 
and Nair (1951) were based on only a few specimens, and 
sometimes the number of specimens was not mentioned. 
The specimens could also be either difficult to trace or badly 
damaged. Apart from these historical descriptions, the identity 
of L. malayensis mentioned in recent literature (e.g., Mujiono, 
2010; Jeyabaskaran et al., 2016) is often dubious and not 
substantiated by good descriptions, pictures, or voucher 
specimens. Therefore, the present study does not examine 
museum collections but relies on species descriptions from 
the older, more robust literature. Furthermore, specimens 
from the type locality have not been sampled, since the Java 
Sea is beyond the geographic scope of this study.

Here we present the first record of L. malayensis in Malaysian 
waters. In order to update and complement the historical 
descriptions of the species, we re-examined morphological 

features in detail and re-described the species based on 
specimens collected from two different localities in Malaysia.

MATERIAL & METHODS

Field collections were made at two localities (Fig. 
1), Klang Strait (midwestern Peninsular Malaysia, 
3°10′06.8″N 101°16′44.4″E) on 4 October 2010, and 
Kuala Besar (northeastern Peninsular Malaysia, 6°14′18.4″N 
102°14′46.4″E) on 20 February 2014 during the flood tide 
in daylight. Samples from Klang Strait were collected from 
stationary commercial bag nets (known locally as “pompang”) 
that were set against the currents covering the whole water 
column. The mesh size ranges from 20 mm to 50 mm, with 
mouth opening width of approximately 6 m and vertical 
opening that changes proportionally with tidal water height 
(< 10 m). Samples from Kuala Besar were collected at depth 
approximately 1 m from surface using dip net with mesh size 
of 5 mm. Although collection by hand or diving is the best 
jellyfish sampling method to minimise damage, the use of the 
bag net is more suitable in the muddy and highly turbid waters 
of Klang Strait. More samples could also be collected from a 
wider depth range using this method.Samples were handled 
with care to minimise damage. Jellyfish were unloaded 
from the nets into containers filled with seawater still on 
the boat. On land, samples were instantly photographed to 
record live colouration and then transferred into individual 
plastic bags filled with 5% formalin (neutralised) seawater 
solution for further morphological observation. Only samples 
in good condition with no or minimal damage were retained 

Fig. 1. Map showing sampling locations of Lychnorhiza malayensis 
in Peninsular Malaysia, comprising Klang Strait (3°10′06.8″N 
101°16′44.4″E) and Kuala Besar (6°14′18.4″N 102°14′46.4″E).
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as voucher specimens. Specimens were tagged, catalogued 
and deposited in the Zoological Museum, Institute of 
Biological Sciences, of University of Malaya (MZUMCS).
Ninety-two detailed morphological characters including 
colouration of preserved specimens were analysed and 
measured, and their respective character states were recorded 
within a week after preservation (Appendix 1). A set of 
photographs were taken for those structures to facilitate the 
morphological examination and collection of morphological 
data (Appendix 2). All morphological examinations and 
photographic procedures were modified from Gómez-
Daglio and Dawson (2017). Specimens were photographed 
using a digital camera (Olympus PEN Lite E-PL5, lens 
18–105 mm) against a colour reference chart (Tiffen Q-13 
Colour Separation Guide), scale, and reference number for 
identification. Briefly, each specimen was photographed 
using two methods. Firstly, the specimen was suspended 
using wires in a transparent glass aquarium (50 cm × 30 
cm) filled with water against a black background, so that 
the specimen appeared to be floating naturally. Secondly, 
the specimen was placed on a flat transparent acrylic stage 
and two images of each specimen were recorded: (1) with 
the exumbrellar surface facing upward; and (2) with the 
subumbrellar surface facing upward.

Compound microscope or magnifying glass was used to 
observe minute structures (e.g., rhopalium, gastric filaments 
and muscle folds). Visualisation of canal networks was 
enhanced by carefully injecting red food dye into the canals. 
To determine the sex and maturity status, a thin sheet of 
gametogenic tissue was dissected from gonad, laid on a 
glass slide and examined using a compound microscope.
The morphological data was tested for normality and 
homoscedasticity and invariant characters were excluded 
from subsequent analyses. To facilitate analysis of data 
recorded in different units (e.g., length and number) and 
scales (e.g., shape and colour), all data were standardised 
prior to analyses using default functions in Primer V6 (see 
Clarke & Warwick, 2001). Morphological similarity was 
tested and plotted using principal component analysis (PCA) 
in PRIMER V6 software (Clarke & Gorley, 2006).

TAXONOMY

Phylum Cnidaria Verrill, 1865

Subphylum Medusozoa Petersen, 1979

Class Scyphozoa Goette, 1887

Subclass Discomedusae Haeckel, 1880

Order Rhizostomeae Cuvier, 1799

Family Lychnorhizidae Haeckel, 1880

Lychnorhiza Haeckel, 1880

Type species. Lychnorhiza lucerna Haeckel, 1880.

Diagnosis. Oral arms without axial terminal clubs, with or 
without filaments, eight radial canals reaching bell margin, 
while another eight radial canals only reaching circular 
canal; two to four centripetal canals between the adjacent 
radial canals.

Lychnorhiza malayensis (Stiasny, 1920)
(Figs. 2–4)

Lychnorhiza malayensis – Stiasny, 1920: 226 (type locality: Java 
Sea, Indonesia); Stiasny, 1921: 122, pl. 2, fig. 9 (redescription of 
the type specimen); Menon, 1930: 17, pl. 2, fig. 8a–c (Madras, 
India); Stiasny, 1932: 89–95, figs. 1–4 (Java Sea, Indonesia); 
Nair, 1951: 74 (Trivandrum, India).

Material examined. 6 mature males, 2 mature females (bell 
diameter 98–155 mm) (MZUMCS 0255–0262), Klang Strait 
(3°10′06.8″N 101°16′44.4″E), bag net, coll. W.M. Syazwan, 
4 October 2010. 1 immature male, 2 immature females, 
2 sex-unidentified (bell diameter 45–60 mm) (MZUMCS 
0264–0268), Kuala Besar (6°14′18.4″N 102°14′46.4″E), dip 
net, coll. W.M. Syazwan, 20 February 2014.

Description. Bell hemispherical in live specimens, more 
flattened in preserved ones (Fig. 2A). Bell diameter ranges 
from 45 to 155 mm. Exumbrellar surface with fine granules. 
At the margin, generally eight (four pairs) of almost 
symmetrical, slightly tapered velar lappets in each octant (Fig. 
2C). Velar lappets separated by clefts formed by furrows with 
thin membranous base; each pair are separated by shorter 
and shallower furrows. Eight tear-drop shaped rhopalia; 
four perradial and four interradial. Each rhopalium situated 
in a bell-shaped rhopaliar pit with radiating furrows at the 
marginal cleft; flanked laterally by two rhopaliar lappets, more 
pointed, shorter and narrower than velar lappets (Fig. 2E).

Oral disc almost quadratic in shape; perradial and interradial 
diameters are ⅓ and ½ as wide as the bell diameter, 
respectively (Fig. 2C). Oral disc without appendages; 
supported by four interradial, broad-based pillars (Fig. 2C). 
Four perradial ostia lead from the subgenital cavity; located 
between two pillars, crescent-shaped, about as wide as the 
oral pillar.Three to five subumbrellar papillae projected 
around each ostium: two or three papillae positioned at the 
medial part, while one or two at the periphery (Fig. 2C, see 
also Fig. 3). Medial papillae resting on the rhopaliar canal at 
the centre of ostium, highly varied in shape (oblong, ovoid, 
trapezoid, hammer-shaped) and not uniform in size. The 
peripheral papillae (one on each ostium’s margin) lie mostly 
within the ostium, uniform, smaller and shorter than the 
medial papillae; absent in some juvenile specimens. Papillae 
surface generally smooth or finely granulated.

Gastrovascular cavity cruciform in shape; with rounded 
corners, more dilated peripherally; diameter at perradial axis 
always slightly less than half the diameter at interradial axis 
(Fig. 2D). Perradial diameter of gastrovascular cavity about 
¼ as wide as bell diameter.Gonad four in number, perradial, 
crescentic with concavity facing outward toward bell margin, 
entirely closed (Fig. 2D). Each gonad comprised of heavily 
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Fig. 2. Photographs showing different views and morphological characters of Lychnorhiza malayensis (fixed with 5% formaldehyde). A, 
lateral view of the whole body; B, exumbrellar view of the smooth bell surface; C, subumbrellar view of the bell showing main visible 
characters; D, subumbrellar view of the bell showing the exposed gastrovascular cavity; E, close-up subumbrellar view of the rhopalium 
and lappets. b, bell; oa, oral arm; od, oral disc; op, oral pillar; os, ostium; ext, extra-circular canal; cir, circular canal; cen, centripetal 
canal; rho, rhopaliar canal; int, inter-rhopaliar canal; gc, gastrovascular cavity; g, gonad; r, rhopalium; lv, velar lappet; lr, rhopaliar lappet. 
Black arrow, medial papillae; white arrow, peripheral papillae. Scale bars = 20 mm.

folded tissue sheets, lying in the floor of gastrovascular 
cavity, associated with the inner side of oral disc and pillars. 
Gastric cirri (i.e., filaments) line the inner side of the gonad 
folds. Gonad visible as a cruciform-shaped structure from 
exumbrellar side. Matured gonads plump, immature ones 
thinner. Maturity reached when bell diameter ~ 90 mm. 
All specimens from Klang Strait mature (two females, six 
males); all specimens from Kuala Besar immature (two 
females, one male, two sex-unidentifiable).

A circular canal at ⅓ of radial distance from the bell margin 
(Fig. 2C). 16 irregularly-sized, bottle-shaped radial canals 
present, comprising eight rhopaliar canals (also known as 
perradial canals) extending to the bell margin, and eight 
slightly broader inter-rhopaliar canals (inter-radial canals) 
terminating at the circular canal. Some inter-rhopaliar canals 
appear to extend beyond the circular canal (as shown by 
the rhopaliar canals), but on closer inspection are thinner, 
and seem to be more subdivided than those of the rhopaliar 
canals. Rhopaliar canals broader at intra-circular than those 
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at extra-circular part. Intra-circular network between adjacent 
radial canals comprises centripetal canals which communicate 
with the circular canal, but not with the adjacent rhopaliar 
and inter-rhopaliar canals. Number of centripetal canals 
(adradial canals) in between adjacent radial canals ranges 
from two to five in adults (Fig. 3), and from one to five in 
juvenile specimens. Centripetal canals generally proportional 
to bell diameter in terms of width; always narrower than 
radial canals; more or less parallel; not uniform in length, 

terminating abruptly, but occasionally showing tendency 
to anastomose. Extra-circular canal network finely meshed, 
uniformly anastomosed, and becoming denser and narrower 
towards the periphery of bell. The penetration of this 
anastomosis network reaches the marginal lappets, but not 
all the way to the tips.

A well-developed circular muscle area of ca. 42–72 
muscle folds extends distally from the outer base of pillars 

Fig. 3. Morphological variation among individuals observed in medial papillae (white box), centripetal canals between radial canals (black 
circle) and radial canal (i.e., rhopaliar and inter-rhopaliar canal) as shown in the subumbrellar view of specimens MZUMCS 0255–0258. 
A, specimen MZUMCS 0255 showing the ovoid-shaped papillae, two centripetal canals that terminate abruptly, entirely coloured rhopaliar 
canals and partially coloured inter-rhopaliar canals (near the gastrovascular cavity). B, specimen MZUMCS 0256 showing the oblong-
shaped papillae, three centripetal canals that terminate abruptly, entirely colourless rhopaliar canals and partially coloured inter-rhopaliar 
canals (only coloured near the gastrovascular cavity). C, specimen MZUMCS 0257 showing the trapezoid-shaped papillae, three lightly 
anastomosed centripetal canals, faintly coloured rhopaliar and inter-rhopaliar canals. D, specimen MZUMCS 0258 showing the oblong-
shaped papillae, four highly anastomosed centripetal canals, partially coloured rhopaliar canals (near the circular canal) and entirely 
colourless inter-rhopaliar canals. rho, rhopaliar canal; int, inter-rhopaliar canal. Scale bars = 20 mm.
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till the marginal lappets, covering approximately ⅔ of 
the subumbrellar surface (Fig. 2C). The musculature not 
interrupted over the 16 radial canals.

Eight oral arms, adradial, not coalesced with each other; 
each slightly shorter than the radius of the bell. Proximal 
portion half of the arm’s total length, laterally flattened, outer 
margin without frills. The remaining portion divided into 
three broad wings (one inner and two outer), more flattened 
than the proximal part (Fig. 4A). The edges of the three 
wings much-folded with frills containing numerous mouthlets 
among them. Mouth frills of inner wings reaching upward 
to inner margin of proximal portion and centre of oral disc. 
Oral arms lacking appendages. Oral arms of all immature 
specimens (bell diameter < 60 mm) not well-developed.

Live and preserved individuals display minimal differences 
in colouration. Bell whitish. Exumbrellar surface in some 
specimens ornamented with reddish-brown spots or markings 
along the interradial and perradial axes that radiate from 
apex towards bell margin (Fig. 2A, B). Rhopaliar canals 
either colourless (Fig. 3B) or reddish-brown, with intense 
markings when adjoining circular canals (Fig. 3A, C, D). 
Inter-rhopaliar canals only coloured in parts, specifically when 
adjoining the gastrovascular cavity (Fig. 3A–C); generally 
fainter than the rhopaliar canal, while colourless in some 
specimens (Fig. 3D). Oral arms whitish, mouth frills whitish 
to faintly brown. Gonads whitish to faintly brown.

Morphological variation. A remarkable variation among 
individuals was observed in some key characters: (1) number 
of velar lappet per octant; (2) number, length and formation 
of centripetal canals; (3) number and shape of subumbrellar 
papillae; (4) the extension of inter-rhopaliar canal beyond 

circular canal; and (5) colouration of live and preserved 
specimens. The intraspecific morphological variations were 
persistent in both localities (Klang Strait and Kuala Besar) but 
individuals did not differ between sites. Principal component 
analysis (PCA) of these key characters did not suggest a 
clear separation between L. malayensis individuals from 
Klang Strait and Kuala Besar (Fig. 5).

Other remarks. During a subsequent monthly ecological 
survey in Klang Strait from January until December 2011, L. 

Fig. 5. Two-dimensional principal component analysis (PCA) 
of 10 meristic characters (f4, f27, f29–33, f44, f45, f90) and 11 
categorical characters (f51, f52, f80, f81, f83, f84, f87–89, f91, f92) 
indicating morphological similarity among Lychnorhiza malayensis 
individuals from Klang Strait (n = 7) and Kuala Besar (n = 5). 
PC1 explains 31.2 % of observed variation. PC2 explains 16% of 
observed variation. The character states are listed in Appendix 1.

Fig. 4. Differences in oral arm morphology between Lychnorhiza malayensis from Klang Strait and the Java Sea. A, lateral view of 
specimen MZUMCS 0256 from Klang Strait showing four of eight oral arms. B, illustration of a single oral arm of L. malayensis from 
the Java Sea by Stiasny (1932) (scale not available). The length of the winged portion of L. malayensis from Klang Strait is shorter (half 
of total arm’s length) than those described from the Java Sea (3/4 of total arm’s length). pp, proximal portion of oral arm; wp, winged-
portion of oral arm; mo, frills of mouthlet. Scale bars = 20 mm.
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malayensis occurred during May 2011 (Southwest Monsoon) 
and later during October–November 2011 (Northeast 
Monsoon). Abundance was significantly greater during the 
latter period. This species also forms part of the commercial 
fisheries by-catch along with other scyphozoan jellyfishes, 
such as Cyanea sp., Phyllorhiza punctata, Lobonemoides 
robustus, and Rhopilema esculentum. At the northwestern 
Peninsular Malaysia (i.e., Langkawi Island and Penang 
Island), this species is commonly encountered in swarms 
with Acromitus flagellatus.

DISCUSSION

This first record of L. malayensis from Peninsular Malaysia 
underscores the general lack of taxonomic and ecological 
study of jellyfish in the country. The species may not be rare 
in Malaysian waters because after finishing the present study, 
our team has recently collected specimens in Langkawi Island 
and Penang Island, located in the northwestern Peninsular 
Malaysia (Fig. 1). Therefore, the geographical distribution 
of L. malayensis now extends from the western and eastern 
coasts of India (Menon, 1930; Nair, 1951; Jeyabaskaran et al., 
2016), the Andaman Sea and Gulf of Thailand (Department 
of Marine and Coastal Resources Thailand, 2018), the Java 
Sea (Stiasny, 1920, 1921, 1932), to the Strait of Malacca and 
the South China Sea (present study). While L. malayensis 
has a wide distribution area, it is geographically separated 
and distant from another large marine area (Central and 
South America) that currently harbours three Lychnorhiza 
species (Table 2).

Morphological distinction among Lychnorhiza species is 
primarily based on the exumbrellar surface, number of velar 
lappets, presence of subumbrellar papillae, formation of 
centripetal canals, interruption of circular musculature on 
radial canals, size of oral arms, and live colouration (Table 
2). Lychnorhiza malayensis shares more similarities with L. 
arubae by having eight velar lappets (fewer in L. lucerna 
and Lychnorhiza sp. aff. L. lucerna), circular musculature 
that is not interrupted over radial canals (interrupted over 
radial canals in some L. lucerna and Lychnorhiza sp. aff. L. 
lucerna), and smaller proportion of oral arms to bell diameter 
relative to L. lucerna and Lychnorhiza sp. aff. L. lucerna 
(Table 2). Lychnorhiza lucerna is similar to L. arubae by 
the presence of appendages and filaments on oral arms and 
oral disc (absent in L. malayensis and Lychnorhiza sp. aff. 
L. lucerna). However, the presence (or absence) of oral 
appendages is not a reliable characteristic to distinguish 
Lychnorhiza species. It is known that the oral appendages 
and filaments in many scyphozoans including L. lucerna 
are deciduous and easily detached when forceful collection 
techniques such as the trawl net and bag net are used (Mianzan 
& Cornelius, 1999; Morandini, 2003).

Lychnorhiza malayensis can be distinguished from other 
Lychnorhiza species based on the following characteristics: 
(1) smooth exumbrellar surface (the exumbrella of other 
species is usually with granulation or fine projections); 
(2) presence of subumbrellar papillae close to the genital 

ostium (absent in other species); (3) centripetal canals more 
numerous, narrower, and tend to anastomose (fewer, broader, 
and rarely anastomose in other species); and (4) distinctive 
colour patterns and markings on subumbrella and exumbrella.

Scyphozoans often display considerable intraspecific variation 
between geographically isolated populations (Dawson & 
Martin, 2001; Bolton & Graham, 2004; Dawson, 2005) and 
among individuals within the same population (Neethling 
et al., 2011; Nishikawa et al., 2015). Although individuals 
of L. malayensis in the present study were collected from 
Klang Strait and Kuala Besar, no clear morphological 
differences were observed between samples from the two 
locations. However, inter-individual differences were evident 
for each site.

The first character with intraspecific variation is the 
subumbrellar papillae. This feature (often found within 
ostium) is exclusive to L. malayensis and absent from 
congeners. This character varies in number and shape (Figs. 
2C, 3). Total number of medial and peripheral papillae per 
ostium ranges from three to five but may be lower when some 
immature specimens lack the peripheral papillae. This number 
agrees with the number of papillae (per ostium) observed in 
the type specimen of L. malayensis (0–3 papillae; Stiasny, 
1921) and other specimens that were later reported from 
the Indian coasts (four papillae; Menon, 1930) and Java, 
Indonesia (0–4 papillae; Stiasny, 1932) (see Table 2). We 
also detected more papillae shapes in the current specimens 
than previously described (i.e., ovoid and oblong; Stiasny, 
1932), with the addition of trapezoid- and hammer-like 
shapes.Inter- and intraspecific variations of centripetal canal 
persist among L. malayensis and its congeners (Tables 1, 2). 
Previously, Stiasny (1932) has reported large variations of 
the centripetal canals among the L. malayensis individuals 
from the Java Sea in terms of number (between adjacent 
radial canals), length and formation, ranging from two 
to five canals; with inconsistent length; canal formations 
that tend to anastomose or terminate abruptly at the end. 
The description is consistent with the current observation 
(Fig. 3). Some juvenile individuals from Kuala Besar were 
also observed to have a single centripetal canal between 
adjacent radial canals, suggesting a possible ontogenetic 
change, rather than an intraspecific variation. The number 
of centripetal canals (between adjacent radial canals) in 
observed specimens apparently overlaps with those described 
for other Lychnorhiza species (Table 2), being two in L. 
arubae (Stiasny, 1921), three to four in Lychnorhiza sp. aff. 
L. lucerna (Cedeño-Posso & Pérez, 2013) and two to four in 
L. lucerna (Morandini, 2003). For L. lucerna, the centripetal 
canals were also reported to form unusual “bifurcations and 
fusions” (Morandini, 2003), which were also observed in L. 
malayensis.Another interspecific variation is the extension of 
inter-rhopaliar canals. Lychnorhiza is characterised by inter-
rhopaliar canals that terminate at the circular canal (Kramp, 
1961). In the current specimens, the staining patterns of 
inter-rhopaliar canals sometimes extend beyond the circular 
canal until the bell margin. However, these extensions are less 
prominent, thinner, and more subdivided than the rhopaliar 
canal extensions. Similar variation was previously highlighted 
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in the description of one of the three L. malayensis specimens 
from the Java Sea (Stiasny, 1932). However, such variation 
was not mentioned in the descriptions of the type specimen 
(Stiasny, 1920, 1921) and L. malayensis from the Indian 
coasts (Menon, 1930). Colour variations also persist in the 
radial canals (colourless to reddish-brown), mouth frills 
(whitish to slightly brownish) and gonad (whitish to slightly 
brownish), with minimal colouration differences between 
live and preserved specimens. There were more colour 
variations, patterns and markings observed than previously 
reported (Stiasny, 1921, 1932; Menon, 1930; see Table 1). 
The prominent colouration of radial canals (i.e., rhopaliar 
canals and inter-rhopaliar canals) on subumbrellar surface 
was previously described by Menon (1930) as “the rhopaliar 
canals are entirely coloured in reddish-brown, with intense 
markings when rhopaliar canals meet the adjoining canals 
(i.e., circular canal), whereas inter-rhopaliar canals only 
coloured in parts”. We found that the description above is 
not entirely accurate, since some of the rhopaliar and inter-
rhopaliar canals of our specimens were entirely colourless 
(Fig. 3B, D). As for the inter-rhopaliar canals, the colouration 
is only present at the connection with the gastrovascular 
cavity, and generally fainter than those of the rhopaliar canals 
(Fig. 3A–C). In some specimens, the colouration and patterns 
can also be seen through the exumbrellar surface, which in 
fact are colour patterns and radiating markings of the radial 
canal on the subumbrella, appearing from apex towards 
the margin (Fig. 2A, B). Despite the intraspecific colour 
variation, L. malayensis is easily distinguishable from other 
Lychnorhiza species based on the whitish bell background 
and the distinctive colouration of radial canals (Table 2).It 
is noteworthy that all L. malayensis specimens (whether live 
or preserved) in the present study have colourless lappets, 
similar to the specimens collected from the Java Sea (Stiasny, 
1920, 1921) and eastern India (Menon, 1930). Interestingly, 
images of L. malayensis specimens from southwestern India 
showed blue lappets (Jeyabaskaran et al., 2016), but there 
was no morphological description or voucher specimens 
for reference. Therefore we question their identification 
because blue-coloured lappet is a common feature for L. 
lucerna (Stiasny, 1921, 1932; Mianzan & Cornelius, 1999; 
Morandini, 2003).

Lychnorhiza malayensis is characterised as having eight 
velar lappets per octant (Stiasny, 1921, 1932; Kramp, 1961). 
This is true for all specimens in the present study, except 
in a mature individual (bell diameter 118 mm) from Klang 
Strait, which has seven to nine velar lappets per octant 
(Fig. 2C). Previously, variation in the number of velar 
lappets was detected among L. malayensis individuals found 
along the Indian coast, being eight or nine in number per 
octant (Menon, 1930; Table 1). Variation in the number of 
velar lappets was also reported for other members of the 
genus, and somehow overlapped with those described in L. 
malayensis (Table 2). For example, although L. lucerna was 
reported as having four velar lappets per octant, the number 
is possibly more in the larger or older specimen (Mianzan 
& Cornelius, 1999; Morandini, 2003). As for Lychnorhiza 
sp. aff. L. lucerna, the number of velar lappet per octant 

can vary from four to eight in both adults and juveniles 
(Cedeño-Posso & Pérez, 2013).The oral arms in the current 
specimens are consistent in size (in proportion with bell 
diameter) but appear to be shorter and broader than those 
previously described for L. malayensis. We found the total 
length of the oral arms to be less than half of bell diameter, 
while the length of specimens from the Indian coasts and 
Java Sea ranged from ⅔ of bell diameter (Menon, 1930) to 
as long as the bell diameter (Stiasny, 1921, 1932; Kramp, 
1961). In our specimens, the length of the winged-portion 
of oral arms (i.e., half of total arm’s length) also appear 
to be shorter than previous descriptions, which can reach 
up to ¾ of the total arm’s length (Menon, 1930; Stiasny, 
1932; see Fig. 4). The width of the winged-portion of oral 
arms appear relatively broader and laterally flattened than 
those found in the type specimen (Stiasny, 1921, 1932). 
Such discrepancies suggest intraspecific or inter-population 
variation of L. malayensis between geographic regions.

The variation among populations often represents phenotypic 
plasticity in response to variable environmental conditions, 
such as prey availability and water current (Dawson & Martin, 
2001; Bolton & Graham, 2004; Dawson, 2005). However, the 
discrepancy of morphological features found in the present 
study and those in historical literature were accounted by 
the smaller sample sizes examined by the respective authors 
(see Table 1). Undoubtedly, the intraspecific variations and 
overlapping features confound the identification of jellyfish in 
general, and the application of molecular genetic techniques 
such as DNA sequencing and barcoding can facilitate species 
identification. Nevertheless, for some jellyfish species, 
their colour variants could not be genetically distinguished 
(Rizman-Idid et al., 2016). Although L. malayensis can 
be distinguished morphologically from its congeners, it is 
important that the full range of its intra-species variation 
be documented.

Relatedly, issues regarding the unavailability of L. malayensis 
type specimen and molecular identification need to be 
addressed for the benefit of future studies. Most taxonomical 
studies rely on type specimens as reference, or alternatively, 
specimens collected from the type locality, neither of which 
have been obtained here. Therefore, despite contributing 
additional knowledge towards L. malayensis taxonomy and 
its distribution, there are still uncertainties whether: (1) L. 
malayensis could still be found in the Java Sea since the 
last collection with proper identification from the area was 
done nearly a century ago; and (2) the specimens would 
be morphologically similar to those found in Malaysia. As 
for the application of DNA sequences to facilitate species 
identification, this can only be achieved if the known species 
has been barcoded previously. To date, GenBank has no 
COI gene sequences of L. malayensis. The only Lychnorhiza 
sequences available are of L. lucerna and some unidentified 
species from South and Central America (e.g., Gómez-Daglio 
& Dawson, 2017). Therefore, future studies should aim to 
barcode L. malayensis based on specimens from the type 
locality, providing sound reference sequences for future 
identification purposes.
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Overall, our conclusions based on morphology are obvious 
and somewhat undeniable; the specimens from the coasts 
of Peninsular Malaysia are indeed L. malayensis as clearly 
shown by comparison with other Lychnorhiza species. Our 
results also agree with previous descriptions of L. malayensis. 
More broadly, future work should include more detailed 
morphological examination with greater geographical 
coverage and sample size, complemented with molecular 
genetic analysis for quantifying population differentiation 
in L. malayensis.
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APPENDIX

Appendix 1. List of morphometric, meristic and categorical morphological characters and states for Lychnorhiza malayensis and other 
Lychnorhiza species, adapted and modified from Gómez-Daglio & Dawson (2017).

f Description Character states

1 Bell diameter millimetres

2 Mass of the whole medusae grams

3 Umbrellar margin smooth and continuous (no clefts, no lappets) = 0, clefts (or peronia) 
and lappets = 1

4 Number of velar lappets count per octant

5 Number of bifurcated lappets count per octant

6 Velar lappet length millimetres

7 Velar lappet width millimetres

8 Velar lappet shape symmetric square = 1, symmetric semi-circular = 2, symmetric semi-
oval = 3, symmetric tapering = 4, asymmetric square = 5, asymmetric 
semi-circular = 6, asymmetric semi-oval = 7, asymmetric tapering = 8

9 Velar lappets in heterogenous size classes no = 0, yes = 1

10 Number of rhopaliar lappets count per rhopalium

11 Rhopaliar lappet length (cleft depth) millimetres

12 Rhopaliar lappet width millimetres

13 Rhopaliar lappet shape symmetric square = 1, symmetric semi-circular = 2, symmetric semi-
oval = 3, symmetric tapering = 4, asymmetric square = 5, asymmetric 
semi-circular = 6, asymmetric semi-oval = 7, asymmetric tapering = 8

14 Rhopalia in marginal clefts no = 0, yes = 1

15 Number of rhopalia count per octant

16 Rhopalia position perradial only = 0, interradial only = 1, adradial only = 2, perradial 
+ interradial = 3, perradial + adradial = 4, interradial + adradial = 5, 
perradial + interradial + adradial = 6

17 Rhopalia location at umbrellar margin = 0, distally on exumbrella = 2, median on 
subumbrella = 1, distally on subumbrella = 2

18 Circular muscle well-developed = 0, marginal and tiny = 1

19 Number of circular muscle folds count

20 Circular muscle covers radial septa or radial canal on 
proximal-distal axis

not at all = 0, partially = 1, exactly = 2, exceeds = 3

21 Circular muscle is continuous circularly over radial 
septae or radial canal

no = 0, yes = 1, mixed depending on position = 2

22 Radial muscles absent = 0, weakly developed = 1, strongly developed = 2

23 Radial canals absent = 0, present = 1

24 Circular canal absent = 0, weakly developed chain of enlarged branches circumscribes 
bell = 1, a primary artery easily distinguishable from other canals 
circumscribes bell = 2

25 Number of perradial canal origins at the gastrovascular 
cavity

count per quadrant

26 Number of interradial canal origins at the gastrovascular 
cavity

count per quadrant

27 Number of adradial canal origins at the circular canal count per quadrant
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f Description Character states

28 Number of terminations of perradial canals at the 
circular canal

count per quadrant

29 Number of terminations of interradial canals at the 
circular canal

count per quadrant

30 Number of adradial-adradial anastomoses in radial canals 
that are circumscribed by the circular canal

count per quadrant

31 Number of perradial-adradial anastomoses in radial canals 
that are circumscribed by the circular canal

count per quadrant

32 Number of interradial-adradial anastomoses in radial 
canals that are circumscribed by the circular canal

count per quadrant

33 Number of blind terminations of adradial canals that are 
circumscribed by the circular canal

count per quadrant

34 Circular canal diameter millimetres

35 Perradial diameter of the oral disc millimetres

36 Interradial diameter of the oral disc millimetres

37 Width of the oral pillars millimetres

38 Depth of the oral pillars millimetres

39 Number of subgenital ostium count

40 Position of subgenital ostium perradial only = 0, interradial only = 1, adradial only = 2, perradial 
+ Interradial = 3, perradial + adradial = 4, interradial + adradial = 5, 
perradial + interradial + adradial = 6

41 Width of the subgenital ostium millimetres

42 Height of the subgenital ostium millimetres

43 Distribution of subumbrellar papilla within ostium absent = 0, medial only = 1, peripheral only = 2, medial and peripheral 
= 3

44 Number of medial papilla count per ostium

45 Number of peripheral papilla count per ostium

46 Medial papilla width millimetres  

47 Medial papilla length millimetres  

48 Peripheral papilla width millimetres  

49 Peripheral papilla length millimetres  

50 Peripheral papilla length millimetres  

51 Medial papilla shape ovoid = 0, oblong = 1, trapezoid = 2, hammer-like = 3, mixed = 4

52 Peripheral papilla shape ovoid = 0, oblong = 1, trapezoid = 2, hammer-like = 3, mixed = 4

53 Shape of the gastrovascular cavity  circular = 0, cruciform = 1, pouched = 3, outfolded pockets = 4.

54 Perradial diameter of the gastrovascular cavity  millimetres  

55 Interradial diameter of gastrovascular cavity  millimetres  

56 Gastric filaments absent = 0, present = 1

57 Number of gonads count

58 Gonads are paired no = 0, yes = 1

Appendix 1. Continued.
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f Description Character states

59 Gonad position axis perradial only = 0, interradial only = 1, adradial only = 2, perradial 
+ interradial = 3, perradial + adradial = 4, interradial + adradial = 5, 
perradial + interradial + adradial = 6

60 Lateral distance from centre to most proximal portion 
of gonad

millimetres  

61 Lateral distance from centre to most distal portion of 
gonad

millimetres  

62 Gonad associated with particular structure manubrium = 0, radial canals = 1, mesogleal protrusion (gastric septa 
or quadralinga) = 2, radial septa = 3, pouch = 4, out-folded pockets = 5

63 Structural form of gonad  digitate = 1, ribbon = 2, floret = 3

64 Manubrium absent = 0, basal in arms = 1, basal and extended beyond arms = 2, 
pillars and disc = 3

65 Manubrium width at base millimetres  

66 Manubrium width at mouth millimetres  

67 Mouth lips absent = 0, simple lips = 1, gelatinous or curtain-like arms = 2, oral 
arms with suctorial mouths = 3

68 Length of the proximal, unwinged portion of the oral arm millimetres  

69 Length of the distal, winged portion of the oral arm millimetres  

70 Oral arm width millimetres  

71 Cross-sectional form of oral arm sheet-like = 1, two-winged = 2, three-winged = 3

72 Secondary structure of oral arm absent = 0, spiral =1

73 Fenestrations in oral arm absent = 0, present = 1

74 Scapulae absent = 0, present = 1

75 Terminal clubs on oral arms absent = 0, present = 1

76 Distribution of intermediate filaments on the oral arm 
and oral disc

absent = 0, oral arm exterior only = 1, oral arm interior only = 2, oral 
disc only = 3, oral arm = 4, oral arm and disc = 5

77 Type of exumbrellar ornamentation none (smooth) = 0, protuberance = 1, crenulation = 2

78 Colour of bell background white = 0, light brown = 1, brown = 2, blue = 3, purple = 4

79 Colour of bell margin  no colour = 0, red = 1, brown = 2, reddish-brown = 3, blue = 4, 
purple = 5

80 Colour of markings on perradial canal no colour = 0, light reddish-brown = 1, reddish-brown = 2, dark 
reddish-brown = 3, blue = 4, purple = 5

81 Colour of markings on interradial canal no colour = 0, light reddish-brown = 1, reddish-brown = 2, dark 
reddish-brown = 3, blue = 4, purple = 5

82 Colour of markings on adradial canal no colour = 0, light reddish-brown = 1, reddish-brown = 2, dark 
reddish-brown = 3, blue = 4, purple = 5

83 Distribution of colour patterns/markings on perradial 
canal

none (colourless) = 0, entire canal = 1, at the connection with circular 
canal = 2, at the connection with gastrovascular cavity = 3

84 Dis t r ibut ion of  colour  pat terns /markings  on 
interradial canal

none (colourless) = 0, entire canal = 1, at the connection with circular 
canal = 2, at the connection with gastrovascular cavity = 3

85 Distribution of colour patterns/markings on adradial canal none (colourless) = 0, entire canal = 1, at the connection with circular 
canal = 2, at the connection with gastrovascular cavity = 3

86 Colour of oral arms white = 0, light brown = 1, brown = 2, blue = 3, purple = 4

87 Colour of mouthlets/frills on oral arms white = 0, light brown = 1, brown = 2, blue = 3, purple = 4

Appendix 1. Continued.
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Appendix 1. Continued.

f Description Character states

88 Shape of markings on exumbrellar surface none = 0, spot = 1, radiating line = 2, spot and radiating line = 3

89 Colour of markings on exumbrellar surface no colour = 0, light reddish-brown = 1, reddish-brown = 2, dark 
reddish-brown = 3, blue = 4, purple = 5

90 Number of markings on exumbrellar surface count per octant

91 Distribution of markings on exumbrellar surface none (colourless) = 0, circular = 1, radiating toward bell margin = 2, 
circular and radiating toward bell margin = 3

92 Colour of gonads white = 0, light brown = 1, brown = 2, blue = 3, purple = 4, green = 5
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Appendix 2. List of images taken of preserved Lychnorhiza malayensis specimens, including the quantitative features emphasised in each 
image. The list was adapted and modified from the photography guideline for identification of scyphozoan jellyfish by Gómez-Daglio & 
Dawson (2017).

No. Description

Tank
1 Label (catalogue number)
2 Lateral view whole animal, camera in the front
3 Lateral view whole animal, camera in the front (include a colour chart)
4 Lateral view whole animal, camera at the side
5 Whole animal, camera from top (include a colour chart)
6 Close-up front/right quadrant, camera in the front or side
7 Close-up bell margin, camera in the front or side
8 Close-up of oral arms, camera in the front or side
9 Close-up of mouthlets, camera in the front or side

Position Lift up bell/drape oral arms to expose ends of manubrium
10 Close-up of manubrium/mouth
11 Oral side up from top

Acrylic Stage
Position Subumbrella up (face up oral-aboral), tentacles/oral arms out

Measure bell diameter _____________
Measure oral disc diameter ____________

12 Whole medusae, (include a colour chart) with flash
13 Whole medusae, bottom illuminated with black background
14 Whole medusae, full transillumination

Position Move oral arms from quadrant
15 Close-up of quadrant, bottom illuminated with black background
16 Close-up of quadrant, no illumination with black background
17 Picture of centre, bottom illuminated with black background
18 Picture of centre, full transillumination
19 Close-up of velar lappets, bottom illuminated with black background
20 Close-up of velar lappets, full transillumination
21 Close-up of rhopaliar lappets, bottom illuminated with black background
22 Close-up of rhopaliar lappets, full transillumination
23 Close-up of rhopalium, bottom illuminated with black background
24 Close-up of rhopalium, full transillumination
25 Close-up of circular muscles, bottom illuminated with black background
26 Close-up of circular muscles, full transillumination
27 Close-up of gonad, bottom illuminated with black background
28 Close-up of gonad, full transillumination
29 Close-up of canals two quadrants, bottom illuminated with black background
30 Close-up of canals two quadrants, full transillumination

Position Move oral arms to top in a group – reveal oral pillars
31 Close-up of oral pillar, bottom illuminated with black background
32 Close-up of oral pillar, full transillumination

Measure depth of oral pillar _____________
Measure height of oral pillar ______________
Measure width of oral pillar _____________

33 Close-up of subumbrellar papillae, bottom illuminated with black background
34 Close-up of subumbrellar papillae, full transillumination

Position Splay half of oral arms out
35 Close-up of oral arms, bottom illuminated with black background
36 Close-up of oral arms, full transillumination

Position Splay single oral arm out (winged portion), expose fenestrations (if any)
37 Close-up of single oral arm, bottom illuminated with black background
38 Close-up of single oral arm, full transillumination
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No. Description

Position Flip animal so exumbrella faces up (face up oral-aboral)
39 Close-up of exumbrellar quadrant, bottom illuminated with black background
40 Close-up of exumbrellar quadrant, full transillumination
41 Whole animal exumbrella, bottom illuminated with black background
42 Whole animal exumbrella, full transillumination

Position If dyeing canals possible – flip animal and dye canals
43 Close-up of dyed canals two quadrants, full transillumination


