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Abstract:
Liberated tetraspores from Catenella nipae Zanardini ((Rhodophyta, Gigartinales) collected from Kyaikkhami (Lat. 16º 
05' N, Long. 97 º 34' E) and Setse (Lat. 15º 52' N, Long. 97 º 38' E) coastal areas had been cultured under the laboratory 
conditions to investigate the germination pattern of this species based on the early stages of cell divisions and devel-
opment of tetraspores in culture. In the tetraspores germination of C. nipae, primary rhizoid developed from lower cell 
after second cell division during 2 days in culture. After 5-10 days, tetraspore germlings continued cell divisions from 5 
to 18 cells and the rhizoid cells divided into 2-4 cells reaching a length of 10-150 µm. The 15 days old germlings were 
observed with several cell divisions and produced another rhizoid. The initial of erect blade was observed when the 
lengths of rhizoids were 800 µm during the experimental period of 1 month. In addition, effects of salinity and medium 
on spore germination were briefly discussed.  
Keywords:  Catenella nipae Zanardini; Gigartinales; Kyaikkhami and Setse; Laboratory culture; Myanmar; Rhodophyta; 
Spore germination

Introduction

The alga Catenella (Rhodophyta, Gigartinales) is the most widespread species throughout 
the tropic and subtropic regions of the world (Guiry and Guiry 2016). There are only 5 spe-
cies of genus Catenella recorded around the world, viz., C. caespitosa (Withering) Irvine, 
C. fusiformis (Agardh) Skottsberg, C. impudica (Montagne) Agardh, C. nipae Zanardini, 
and C. subumbellata Tseng. Amoung these species, the two species of Catenella, namely 
C. impudica (Montagne) Agardh and C. nipae Zanardini were recorded from the coastal 
regions of Myanmar (Kyi Win 1972, Kyaw Soe and Kyi Win 1977, Myint Than 1982, 
Soe-Htun 1998, Soe-Htun et al. 2009, Hlaing Hlaing Htoon 2009, Thet Htwe Aung 2013 
and Guiry and Guiry 2016). Of these two species, C. nipae Zanardini is one of the most 
abundant species of Kyaikkhami and Setse coastal areas, Thanbyuzayat Township, Mon 
State, Myanmar. The plants C. nipae abundantly grow on the rocks and pneumatophores of 
mangroves especially during the pre- to post-monsoon seasons. C. nipae, commonly called 
Kyaukpwint in Myanmar, is commercially important species because it is traditionally eat-
en as salads mixing with other vegetables and can be utilized for carrageenan extraction 
(Zaneveld 1955 and Soe-Htun 1998). 
	 Concerning the culture studies of present species, Kyi Shwe (1973) firstly studied 
the habit field culture of C. nipae. Concenquently, the life history of C. nipae was carried 
out in laboratory culture by Aung Myint in 1980. He concluded that the genus Catenella has 
a life history of Polysiphonia type in which this species undergoes alternation of isomor-
phic tetrasporophyte and gametophyte with the carposporophyte occurring on the female 
gametophyte. Moreover, Myint Than (1982) also studied the effect of environmental factors 
on spore germination, thallus growth and reproduction of C. nipae species. It was the first 
which gave details to germination of spores in different salinity, light quality, standard cul-
ture media and temperature.

List of Abbreviations: ROS: Reactive 
Oxygen Species; BBM: Bold’s Basal 
Medium; LL: Low Light; MLS: Mod-
erate Light Stress; SLS: Severe Light 
Stress, HL: High Light
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	 In 1984, Soe-Htun, Htay Htay Mon and Win Latt stud-
ied the relative abundance of vegetative and reproductive phases 
of C. nipae in the mangrove swamps at Setse during monsoon 
season. They described the different occurrence of C. nipae 
during the monsoon to the out of monsoon seasons by counting 
the vegetative and reproductive plants in those seasons. They 
concluded that the reproductive plants were more common than 
the vegetative plants in premonsoon and peak occurrence of 
vegetative growth was observed in the post-monsoon season. 
Soe-Htun (1998) described that Catenella was economically im-
portant seaweed and experimental cultivation on Catenella and 
Gracilaria was being carried out to produce food, agar-agar and 
carrageenan in Myanmar. 
	 In the present study, liberated tetraspores from C. nipae 
collected from Kyaikkhami and Setse coastal areas were cul-
tured to observe spore germination under the laboratory condi-
tions.  The objective of this study is to know germination pat-
terns of C. nipae.

Materials and Methods

The materials of the present study were collected from the Kyaik-
khami (Lat. 16º 05' N, Long. 97º 34' E) and Setse (Lat. 15º 52' 
N, Long. 97º 38' E) coastal areas, Thanbyuzayat Township, Mon 
State, Myanmar. The materials kept in an ice-box were brought 
to the laboratory at Mawlamyine University for the observation. 
The cultured apparatus such as Petri dishes, glass slides, cover 
slips, and forceps were washed with tap water and then they were 
sterilized again with boiling water. Sterile seawater was adjust-
ed to get salinity 20‰ by refretometer. And then, PES culture 
medium (Provasoli 1968) was prepared for both spore liberation 
and germination. Furthermore, Germenium dioxide (GeO2) was 
added to the medium to suppress growth of diatoms. The excise 
fertile branches were washed several times in sterile seawater 
using artist brushes. After being carefully washed with filtered 
and sterilized seawater, the plants packed with tissue paper were 
kept under the dark condition for overnight. At the next morning, 
the plants were placed in Petri dishes (60 mm x 13 mm) filled 
with prepared culture medium. These Petri dishes together with 
cover slips were placed under the white light fluorescent tube in 
laboratory for spores liberation and settlement. 
	 Cover slips with settled tetraspores were placed in each 
Petri dish containing 20 ml of culture medium at room tempera-
ture. The numbers of cell divisions were recorded and sizes of 
spores and germlings were measured under the compound mi-
croscope using ocular meter in 3 days interval. The developmen-
tal stages of tetraspore germlings were photographed by digital 
camera, processing with Adobe Photoshop 7.0. The medium was 
changed in 5 days interval. Culture studies were repeated three 
times. This study followed the classification system of Wom-
ersely (1996).

Results and Discussion

General morphology of Catenella nipae Zanardini
Phylum: Rhodophyta
  Class:     Florideophyceae 
      Order:     Gigartinales
          Family:   Caulacanthaceae

             Genus:    Catenella Greville, 1830
                 Species:   Catenella nipae Zanardini

Greville 1830: lxiii, 166; Dawson 1954: 443, fig. 52 (f); Pham-
Hong-Ho  1969: 208-209, fig. 2.140; Min-Thein and Womersley 
1976: 50-53, figs. 17 (A, B), 56 (A-C); Kyaw Soe and Kyi Win 
1977: 129-130, fig. 230 (A1-2); Silva, Menez and Moe 1987: 
48; Silva, Basson and Moe 1996: 281-282; King 2002: 110-112, 
figs. 1-5; Womersley 1996: 449-450, figs. 154G-I, 156 D; Lew-
manomont and Ogawa 1995: 97; Hlaing Hlaing Htoon 2009: 44, 
figs. 84-85; Guiry and Guiry 2016.
	 Plants dark brown to purple, segmented, forming a de-
cumbent patches with creeping and erect branches, 2-3 cm high, 
irregularly di- to trichotomuosly branched (Figure 2); terete to 
strongly compressed segments, up to 6 mm long and about 2 mm 
wide, with constricted nodes; prostrate portion attached to the 
substratum by haptera developing from the tip of branches; hap-
tera produce new segments subterminally. In transverse section, 
segments composed of loosely interlacing and anastomosing 
medulla filaments that originating from the cental axis; medulla 
filaments moniliform dichotomously branched and towards the 
periphery forming a compact cortex. Tetrasporangia scattered in 
the cortex of segments, ovoid, 40-70 µm long and 20-30 µm in 
diameter (Figure. 3). 
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Figure 1: Map showing the collection sites of Catenella nipae Zanar-
dini

Tetraspores germination of Catenella nipae Zanardini
Liberated tetraspores were reddish brown in color and globular, 
measuring 50-60 µm in diameter (Figure. 4). Liberated tetra-
spores from tetrasporangia had attached to the substrate within 
24 hrs. The first division of tetraspores formed by transverse cell 
wall forming 2 unequal cells during a few hours after they had 
attached (Figure. 5). After that, the second division occurred to 
divide and produced 2-3 cells during 2 days in cultivation (Fig-
ure. 6). Consequently, 2 days germlings gave rise to an initial of 
rhizoid, 10 µm in length, forming the 4 cells division (Figure. 
7).  After 5 days, 5-10 cells were observed. The rhizoid cells 
also divided into 2-3 cells reaching a length of 45 µm (Figures. 
8-10). After 10 days, tetrasporeling divided into 15-18 cells. The 
rhizoid produced 4 cells and reached a length of 150 µm (Fig-
ure. 11).  After 15 days, germlings continued to cell division 
and produced another rhizoid (Figures. 12-13).  At this time, 
the diameters of tetraspores were 70- 80 µm while the rhizoids 
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reached to 200 µm in length and 13 µm in width. The initial of 
erect blade, 130 µm in diameter, was observed while the length 
of rhizoid was 800 µm during 1 month in culture (Figures. 14-
15). Figure 2-15
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Figures. 2-15. Tetraspores germination of Catenella nipae Zanardini: 
Figure. 2. Mature female plant with tetrasporangia; Figure. 3. Mature 
tetrasporangia. Figure. 4. Released tetraspore; Figure. 5. The first cell 
division of tetraspores showing unequal 2 cells (after 24 hrs); Figure. 
6. The second cell division of tetraspore germling showing 3-4 cells (2 
days old); Figure. 7. Tetrasporeling consisting of 3-4 cells with initial of 
rhizoidal cell (2 days old); Figures. 8-10. Germlings consisting of 5-10 
cells with 2-3 rhizoidal cells (5 days old); Figure. 11. Germling consist-
ing of 15-18 cells with 4 rhizoidal cells (10 days old); Figures. 12-13. 
Germlings consisting of several cells with developed rhizoids (15 days 
old). Figures. 14-15. Germlings consisting of several cells with well 
developed rhizoids (1 month old).

	 Catenella nipae were found abundantly at the intertidal 
zone of Kyaikkhami and Setse coastal areas in monsoon season. 
However, mature tetrasporangial plants mostly found in Setse 
while vegetative plants grew copiously in Kyaikkhami. So, ma-
ture tetrasporangial plants of C. nipae were mainly collected 
from Setse coastal area for culture studies in where the range of 
salinity was 5-14 ‰ in monsoon season. So, released tetraspores 
from tetrasporangial were firstly cultured with salinities from 
5-20 ‰ in first experiment under laboratory condition. In all sa-
linities, the copious quantities of tetraspores were released from 
tetrasporangial in culture. However, tetraspores become a pale 
yellow in color after the first division had occurred in different 
salinity variations 5 ‰, 10 ‰ and 15 ‰. In 20 ‰ salinity, tet-

raspores divided to several cell divisions and produced rhizoids. 
Therefore, liberated tetraspores were cultured only in salinity 20 
‰ enriched with PES culture medium. The cultured Petri dishes 
were placed under the white light fluorescent tube in laboratory 
at room temperature. 
	 In present study, liberated tetraspores settled to the sub-
stratum and gave rise to a first division within a few hours of 
attachment. After 2 day, germlings showed an initial of rhizoid 
forming the 4 cells division. After 5-10 days, germlings contin-
ued cell divisions from 5-18 cells and the rhizoid cells divided 
into 2-4 cells reaching a length of 10-150 µm. The 15 days old 
plants were observed with several cell divisions and produced 
another rhizoid. After 1 month, the germlings reached 130 µm in 
diameter and the length of rhizoids were 800 µm. Tetraspolings 
grew well at the salinity 20 ‰ under white light in the present 
study. Likewise, maximum size and cells number of C. nipae 
were observed in the salinity range of 20 ‰ to 35 ‰ by Myint 
Than (1982). She observed that rates of the cell division were 
significantly higher under yellow and white light conditions than 
in others as well. She also described that spore germination was 
slightly higher in Grund medium than those of non-enriched, 
Erd-schreiber and SWM-3 media during seven days but the ger-
mination in Grund medium became similar to those of other me-
dia after seven days. Size and number of cell divisions in PES 
medium seemed to be similar with those of Grund medium. 
	 Regarding the germination pattern of this species, the 
three principle methods observed in the germination of the spore 
or of the free zygote to form initials of the blade and its hold 
fast were generally described by Dawson in 1966. Among these 
principles, Laminaria and Fucus were exemplified for the first 
type in which primary rhizoids developed from lower cell after 
first division. In the spores germination of Catenella nipae, the 
rhizoids developed from basal cell after four cell divisions as 
well.

Conclusions

Liberated tetraspores from Catenella nipae were cultured for the 
study of the spore germination under the laboratory condition. 
The plants of Catenella nipae abundantly grew along the inter-
tidal region of Kyaikkhami and Setse coastal areas where salin-
ity range was 5-15 ‰ in monsoon season. However, spores of 
this species well developed in salinity 20 ‰ and 35 ‰ than other 
salinities according to the present study and Myint Than (1982). 
So, C. nipae was supposed to be a euryhaline species but maxi-
mum size and cells number occurred in the salinity range of 20 
‰ to 35 ‰ according to observations from the present study and 
Myint Than (1982). In the tetraspores germination of C. nipae, 
two to several cell divisions occurred during 1 month in culture 
showing a primary rhizoid. The germination pattern of C. nipae  
agreed well with the those of Laminaria and Fucus in which cell 
divisions produced a primary rhizoid and erect blade. Therefore, 
it is expected that the results obtained from culture studies on 
spores germination may be helpful to understand the pattern of 
germination and to apply biological species concept. 
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