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Abstract

One of the most striking sights at the Kosgoda turtle hatchery is a Green turtle showing an
unusual white colouration. While anomalous colouration occurs in many tropical vertebrates, they
are considered rare in wild populations. Using the classification by Fertl and Rosel (2002), Miller
(2005) and Acevedo and Aguayo (2008), the specimen was identified as a Green turtle with
leucism. The Green turtle lacked pigmentation in most parts of the body but some pigmentation
was seen on the carapace while dark colouration was present in the eyes. The turtle also showed
variations 1n the number and arrangement of the central/vertebral scutes while the other scutes
were normal in number and arrangement. Although this turtle was hatched from eggs buried from
nesting sea turtles at the Kosgoda beach, it has a relation of sorts to the Green turtle in Oman and
Kuwait/ Northwestern Arabian Gulf. The mitochondrial DNA (mtDNA) analysis of a ~420bp
control region sequence of the Green turtle with leucism (EF546380) from Sri Lanka showed
100% sequence similarity to a Green turtle from Oman (AJ831526) and Kuwait/ Northwestern
Arabian Gulf (EU499302). Molecular level observation of 100% homology of mtDNA D-loop
sequence between the mtDNA sequences of Green turtle with leucism from Kosgoda, Sri Lanka
and the mtDNA sequence of a Green turtle from Oman and Kuwait/ North Western Arabian Gulf
suggests that the specimen could be from the same breeding stock from Oman. It further confirms
that the Indian Ocean Green turtle population 1s distributed right up to the Persian Gulf.

A UPGMA tree was generated after randomly selecting Green turtle (Chelonia mydas) sequences
from Atlantic Mediterranean as well as Indo-Pacific together with the leucistic Green turtle
sequence and two other Green turtle sequences from Sri Lanka to analyze the evolutionary
position of the Green turtle with anomalous colouration with respect to the species from Indo
Pacific and Atlantic Mediterranean region. The UPGMA tree was consistent with the historical
bifurcation of Green turtles into two major clades, the Mediterranean and Atlantic, and Indo
Pacific. Further the Green turtle sequences from Sri Lanka fell into a sister clade with the Green
turtle sequences from Indian-Pacific supporting the idea of the presence of a major group of
Chelonia mydas; the Indian-Pacific. Further, the results are consistent with the presence of
geographic barriers between the Atlantic and Indian Oceans.
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Introduction

Studies on mitochondrial DNA (mtDNA) have proven to be particularly effective in
detecting the origin of marine turtles. Some of the umque teatures of mtDNA, such as its
maternal mode of inheritance and relatively rapid rate ot evolution (Brown et al., 1979)
make this molecule particularly appropriate for investigating patterns of gene flow i1n
nesting populations of sea turtles. In the present study, mtDNA polymorphism was used
to determine the evolutionary position of the Green turtle with anomalous colouration,

which is important to the conservation of this endangered species.

Although anomalous colourations are found in many tropical vertebrates, they are
considered rare in wild populations, with few records for the majority of animal taxa.
The two factors that determine colour patterns in mammals are the presence and
distribution of pigmentation in the skin, hair and eyes (Fertl and Rosel, 2002; Hofreiter
and Schoneberg, 2010). Anomalous colour can occur occasionally due to an excess or
lack of production of melanin in some regions or throughout the entire body (Acevedo
and Aguayo, 2008). According to summers (2009), the terms "partial” and "total” for the

two different levels of albinism (hypopigmentation) have become out of date.

According to current zoological studies (Fertl and Rosel, 2002; Miller, 2005; Acevedo
and Aguayo, 2008) there are four categories of anomalous colouration; piebaldism,
leucism (or partial albinism), albmism and melanism. There 1s, however, still some
diécrepancy between authors, mainly because some studies do not take into account the
difference between piebaldism and leucism (eg. Geige and Pacheco, 2006; Oliveira,
2009). Piebaldism 1s lack of pigmentation in some parts of the body, but presenting
normal cplouratio-n in the eyes (Fertl & Rosel, 2002). Miller (2005) used the term partial
albinism to refer to this phenomenon. Leucism is characterized by total or partial absence
of pigrﬁentation in the whole body (the individual has a body that is white, whitish or
yellowish white colour), but the eyes and/or body extremities still show dark or blue
pigmentation (Fertl and Rosel 2002; Miller 2005; Acevedo and Aguayo, 2008) whereas
in albinism, individuals present a total absence of pigmentation in the whole body
(white, whitish or yellowish white colour) including the eyes which show no traces of

pigmentation, but instead red or pink polouration (Fertl and Rosel, 2002; Miler, 2005;

81



Journal of the National Aquatic Resources Research and Development Agency, Vol 42,2013

Acevedo and Aguayo, 2008). At the other extreme, overproduction of the pigment

melanin results in melanism, or overly dark animals (Visser et al., 2004).

We report here a Green turtle with anomalous colouration from Kosgoda, Sri Lanka.
Additionally, as the geographic distribution of mtDNA lineages in Green turtles would
provide i1nformation relevant to management and conservation of this endangered
species, we determined the evolutionary position of this Green turtle with anomalous
colouration, using mtDNA control-region-sequence-analysis to provide an insight into

the distribution of Green turtles.

Materials and Methods

Morphometric characteristics

The weight of the Green turtle (Chelonia mydas) with anomalous coluration, the length
of the carapace and the width of the carapace were measured. The colour of the skin,
carapace, plastron, and eyes, and presence or absence of deformities in the head, jaw,

eyes, nostrils, carapace, plastron and scutes were recorded.

Percentage of Green turtles with anomalous colouration
In the present study percentage of hatchlings that emerged from a single clutch of a
female Green turtle and the number of hatchlings with anomalous colouration were

recorded.

DNA isolation

Tissue samples were collected from the Green turtle with anomalous colouration (Figs 1-
4) and two other Green turtles. The samples were stored in 90% ethanol. The material

was ground to a fine powder in 5 ml of a solution containing 2% N-cetyl-N,N,N,-
trimethyl- ammonium bromide (CTAB), 1.4 M-NaCl, 20 mM-EDTA, 100 mM-Tris-
HC1(pH 8). After incubation with 2.5 ul of 20 mg/ml proteinase K at 65°C for one hour,
the suspension was extraéted once with phenol: chloroform: isoamyl alcohol (25:24:1)
and then with chloroform: isoamyl alcbhol (24:1). Nucleic acids were precipitated by

th

adding 2 %2 volumes of absolute ethanol and 1/10™ volume of sodium acetate. Following

centrifugation the pellet was washed once with 70% ethanol and air dried. The pellet
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was dissolved in 100 1of TE [10 mM-Tris-HCI, 1 mM-EDTA (pH 8.0)] and stored

frozen.

PCR amplification and sequence analysis

Amplification was done using mitochondrial control region primers. PCR primers for the
~420bp fragment were, 5' primer, 5>TTG TAC ATC TAC TTATTT ACC AC - 3 and 3’
primer, 5~GTA CGT ACA AGT AAA ACT ACC GTA TGC C- 3. PCR reactions
were performed in 10 x PCR buffer, 1.8 pL of 256 mM-MgCU, 1 pi of 10 pM primer,
and lunit of Tag polymerase (Promega). 50 ng of template DNA was added to the
reaction. The cycling conditions were 2 min at 94 °C, followed by 35 cycles of 30
seconds at 94 °C, 30 seconds at 54 °C and 40 seconds at 72 °C and a final extension step
of 2 minutes at 72 °C. PCR products were visualized on 1.4% agarose gel along with a
1Kb DNA step ladder. PCR products were purified using Ultraclean PCR clean up Kit.
Single stranded DNA sequencing was carried out by the sequencing facility at the
Institute of Biochemistry Molecular Biology and Biotechnology, University of Colombo.
Forward and Reverse sequences were aligned and the consensus sequences were created
using Bioedit version 7. Homology searches were done with the NCBI Megablast using

default conditions. Phylogenetic analyses were conducted in MEGA4.

Fig. 1. Dorsal view of the Green turtle Fig. 2. Ventral view of the Green turtle
Cream colour carapace with traces of Ventral side showing the cream colour
pigmentation and vertebral/central plastron

scute abnormalities.

83



Journal ofthe National Aguatic Resources Research and Development Agency, Vol. 42,2013

One pair
of
Prefrontal
scales

Fig. 3. Head of the Green turtle Fig. 4. Dorsal view of the head

Eye colour of the turtle i1s normal with A pair of prefrontal scales, characteristic
no abnormalities In pigmentation. of Green turtles

Results

Morphology and Morphometric characteristics

The Green turtle with anomalous colouration had a weight of 12 kg, while the carapace
was 49 cm long and 46 cm wide. The animal had silvery white colour and cream
coloured carapace and plastron. No deformities were evident In the head, skin, jaws,
eyes, nostrils, or plastron. The eyes had dark pigmentation and there were traces of
pigmentation on the carapace. Carapacial scute variations were present where there were
differences In the arrangement and the number of central scutes. The number of
central/vertebral scutes present was eight instead of five. Four costal, five vertebral, one

nuchal, eleven marginal and one supracaudal scute were present.

Percentage of Green turtles with anomalous colouration

Of the 180 eggs In the clutch, 165 eggs hatched out. Four hatchlings showed anomalous

colouration and of these, only one had survived.

Mitochondrial DNA Control region sequencing

Approximately 420 bp fragment of the D loop of turtle mtDNA control region was
generated from three green turtle species including the anomalously colourd gren turtle
(FIg 5). The sequence of the turtle with anomalous colouration was named GT7 and

submitted to the GenBank (Accession number EF546380) along with two other Green
turtle sequences (EF587755, EF587754) sequenced.
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>gil146428534IgblEF546380.11 Chelonia mydas haplotype GT7 control region, partial
sequence; mitochondrial

TGTACATCTACTTATTTACCACTAGCATATGACCAGTAATGTCAACAGTTGATTT
GGCCCTAAACATGAAAATTATTGAATCCACATAAATATTTTGATAGCATGAATAT
TAAGCAGAGAATTAAAAGTGAAATGATATAGGACATAAAATTAAACCATTATAC
TCAACCATGAATATCGTCACAGTAATTGGTTATTTCTTAAGTAGCTATTCACGA
GAAATAAGCAACCCTTGTTAGTAAGATACAACATTACCAGTTTCAGGCCCATTT
AGTTTATAGCGTACATAACCTGATCTATTCTGGCCTCTGGTTGTCTTTITCAGGC
ACATACAAATAATAACGTCCATTCGTTCCTCTTTAAAAGGCCTTTGGTTGAATG
AGTTCTATACATTAAATTTATAACCTGGCATACGGTAGTT

Fig. 5. Mitochondrial control region partial sequence ~420bp

Phylogenetic relationship

The sequence of Green turtle with anomalous colouration was subsequently used to
search for similar sequences in the GenBank database with Basic Local Alignment and
Search Tool (BLAST). BLAST results showed that the sequence of the Green turtle with
anomalous colouration (GT7) is identical to the Green turtle from Oman (Accession
number AJ831526) with 100% query coverage (Fig. 6). No gaps or missing data were
present. Further 100% similarity was found with the Green turtle sequence from Kuwait

/Northwestern Arabian Gulf (EU499302) but only 99% query coverage was tfound.
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Fig. 6. NCBI -BLAST results for sequence similarity
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A UPGMA (Unweighted Pair Group Method with Arithmetic Mean) tree was generated
after randomly selecting Green turtle (Chelonia mydas) sequences from Mediterranean
as well as Indian-Pacific together with anomalously coloured Green turtle sequence from

Sr1 Lanka (GT7/EF546380) and two other Green turtle sequences also from Sri Lanka
(DQ354570 and EF587754) (Fig. 7.). The UPGMA tree showed that the anomalously

coloured Green turtle as well as the other Green turtle sequences from Sri Lanka had a

close relationship with those of the Indian-Pacific colonies.
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Fig.7. Evolutionary relationships of 25 taxa

The evolutionary history was inferred using the UPGMA method. The tree is drawn to
scale, with branch lengths in the same units as those of the evolutionary distances used to
infer the phylogenetic .tree. All positions containing gaps and missing data were

eliminated from the dataset (Complete deletion option). Phylogenetic analyses were

conducted in MEGAA4.
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Discussion

Animals that are white 1nstead of their normal colouration quickly capture our attention.
Being white doesn’t make an animal an albino. The Green turtle at Kosgoda, with
anomalous colouration had traces of pigmentation on the carapace and had dark
pigmentation 1n the eye although it showed lack of pigmentation in the body. The
distinguishing features were compared with the descriptions of Fertl and Rosel (2002),
Miller (2005), Acevedo and Aguayo (2008). Distinguishing characteristics of the skin,
plastron, carapace and eye were used to distinguish between piebaldism and albinism. As
piebaldism 1s characterized by patchy body pigmentation and leucism by dark eyed
anomalously white animals, the Green turtle with anomalous colouration in the present

study was 1dentified as a Green turtle with leucism.

Furthermore, the animal had variations in the number and arrangement of
central/vertebral scutes. The turtle had eight central/vertebral scutes instead of five
usually found 1n Green turtles, but the rest of the scutes (nuchal, marginal, costal and
supracaudal) were normal in number and arrangement. Newman (1906) argued that the
supernumerary scutes are the atavistic appearance of scutes lost during phylogeny
(Turkozan et al., 2001). Parker (1901), Hildebrend (1930) and Zangerl (1969) claim that
this abnormal situation may take place accidentally or because of a disorder during the
process of origin and development of an individual organism from embryo to adult.
There are evidences that different kinds of environmental factors play a role in scute
variation. Fluctuations in oxygen levels during incubation (Hildebrand 1938), variations
In temperature or moisture that cause stress during egg development or incubation, or
mutagenic effects of excess salinity during the incubation period (Kazmaier and Robel,
2001) may result in scute anomalies. Deviations from the normal scute formulae of

turtles may also result from embryonic mutations, specific causes of which are unknown

(Kazmaier and Robel, 2001).

As the phenomenon of anomalous colouration is rare, displays a ghostly beauty, and is

likely to have a significant influence on animal survival, the evolutionary position of this

animal 1s of importance to the conservation of this endangered species. Moreover, the
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geographic distribution of mtDNA lineages in Green turtles would provide valuable

information to the management and conservation of this endangered species.

Recent developments 1n the application of molecular genetic markers are helpful to
identify the evolutionary position of marine turtles. In the present study, a ~420 bp from
the control D-loop region of the mtDNA of the Green turtle with anomalous colouration
- from Sn1 Lanka was sequenced together with two other Green turtles from Sri Lanka, and
were used in subsequent analysis, in order to identify the origin of the turtle with
anomalous colouration. NCBI - BLAST results showed a 100% sequence similarity with
a Green turtle from Oman (Accession No AJ831526) with 100% query coverage and also
with a Green turtle from Kuwait/ Northwestern Arabian Gulf (EU499302) with 99%
query coverage. As mtDNA is maternally inherited, the results indicate that this turtle is
from the same breeding stock as those from Oman and Kuwait/Northwestern Arabian
Gult area. It further demonstrates that the Indian Ocean Green turtle population is
distributed right up to the Persian Gult. This was also supported by the findings of
Shanker (2004) where breeding migration of‘ Green turtles have been seen from the East
coast of Africa right up to Sri Lanka and from Bay of Bengal to the Pacific ocean. Tag
reports of marine turtles have also indicated the possibility of such movements. The long
migration routes of sea turtles spém the Gulf area. According to the tag studies, Green
turtles tagged 1n Sri1 Lanka, have been recovered in Djibouti located in East Africa at the
junction of the Red Sea and the Gulf of Aden. It has been found that the flow of the
surface current in- winter and summer plays a major role in the movement of sea turtles.
In winter, with the surface current flowing anti-clockwise in the Arabian Sea and the
Northwest parts of the Indian Ocean, the turtles would swim with the surface current to
reach Djibouti waters with its path flowing along the coast of India, Pakistan, Oman,
Yemen and Somalia (http://www.iOseaturtles.ofg/feature_deatail.php‘?id=322). In

summer, the surface current will be reversed and would flow clockwise (Shetye et al.,

1991; Shet&e et al., 1996).

Mitochondrial DNA has proven particularly effective for detecting population structure
In marine turtles. Several studies have successfully used mtDNA vanants to resolve

population boundaries among breeding sea turtles (Bowen et al., 1992; Bowen et al.,
1994: Broderick et al.. 1994: Norman et al.. 1994: Encalada et al...1996: Bass et al..
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1996; Bowen et al., 1998; Dutton et al., 1999). The Green turtles are herbivorous and
they inhabit the warm waters of the Meditrranean Sea and the Atlantic, Indian, and
Pacific Oceans. The overall degree of mtDNA sequence divergence in Green turtles 1s
said to be low (Bowen et al., 1992) with a historical bifurcation of the Chelonia mydas
complex in to 1) the Indian and Pacific oceans and 2) the Atlantic Ocean and the
Mediterranean Sea (Avise et al., 1987). No evidence of gene flow between Indian and
Atlantic Oceans over the last 1.5 million years has been found (Bowen et al., 1992). To
see whether the evolutionary relationships inscribed in mtDNA sequences coincide with
the said bio-geographic provinces, and to further clarify the ongin of the Green turtle
with anomalous colouration, a UPGMA tree was generated after randomly selecting
Green turtle (Chelonia mydas) sequences from Atlantic-Mediterranean as well as Indo-
Pacific (Fig. 7.), together with the anomalously coloured Green turtle sequence and two
other Green turtle sequences from Sr1 Lanka. The UPGMA tree was consistent with the
historical bifurcation of Green turtles into two major clades, the Atlantic-Mediterranean,
and Indo-Pacific, which was consistent with the geographic and climatic boundaries
which define Green turtle distributions. Further, the Green turtle sequence with
anomalous colouration (EF546380) designated as GT7/, together with two other Green
turtle sequences from Sr1 Lanka (DQ354570 & EF387754), tell in to a sister clade with
the Green turtle sequences from the Indo- Pacific, supporting the idea of the presence of
a major group of Chelonia mydas 1in the Indian-Pacific region. Further, the results are in
agreement with the presence of geographic barriers between the Atlantic and Indian
Ocean. Previous studies have shown that the Cape of Good Hope was a major bio-
geographical barrier between the Atlantic and Indian oceans and has been considered to

be an absolute barrier to the mixing of Atlantic and Indo-Pacific populations of Green

turtles (Briggs, 1974).

Conclusions

The Green turtle at Kosgoda, with anomalous colouration shows leucism. According to
mtDNA control region sequence analysis, the leucistic Green turtle is from the same
breeding stock in Oman and Kuwait/Northwestern Arabian Gulf area. It further
demonstrates that the Indian Ocean Green turtle population 1s distributed right up to the

Persian Gulf. The Green turtles from Sri Lanka forms a major group of Chelonia mydas;
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the Indian-Pacific and the result are consistent with the historical bifurcation of Green
turtles into two major clades, the Atlantic-Mediterranean, and Indo-Pacific, which
defines the presence of geographic barriers between the Atlantic and Indian oceans. The
study also demonstrates the need for international cooperation in the general

conservation of these Green turtles.
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Guidelines to authors

1. Introduction

Journal of the National Aquatic Resources Research and Development Agency is the
official journalﬁ of the National Aquatic Resources Research and Development Agency
(NARA). This journal is a continuation of the publication of the “Bulletin of the Fisheries
Research Station, Sri Lanka”, which was first published in 1950 under the Ministry of
Fisheries. All articles published in the Journal will be peer reviewed by at least two

experts in the relevant field.
2. Scope of the Journal

Manuscripts submitted as papers reporting results of original research, review articles
or short communications, brief technical notes, news & announcements, pertaining
either directly or indirectly to living & non living aquatic resources their utilization and
management will be considered for publication in the journal. This covers a wide range
of aspects including marine and inland fisheries, marine biology, post harvest
technology, aquaculture, aquatic plants, ornamental fish, wetlands, conservation and
management of aquatic environment, oceanography, hydrography, socioeconomic and

marketing aspects related to fisheries and aquatic resources.
3. Frequency of publication

Journal of the National Aquatic Resources Research and Development Agency is an

annual publication with one volume published in the month of December each year.
4. Submission of manuscripts

The manuscripts should be submitted in triplicate, including illustrations, to reach the

Editor-in-Chief:
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The Editor-in-Chief,
NARA Journal,

NARA,

Crow lIsland,

Colombo 15, Sri Lanka

Email: editor.nara@gmail.com

5. Preparation of manuscripts

The Journal will accept manuscripts in soft copy form or electronic form in MS Word

format together with three hard copies.
Presentation of Script

» Manuscripts should be free of grammatical and typographical errors

« Typewritten on one side of A4 size paper, leaving at least 2.5 cm margins on
right and left side, and 4.0 cm at the top and bottom of the page.

e Use Fontsize 12 (Times New Roman).

« Double space the manuscript throughout, including references, Tables and
Figure legends.

« All pages including Tables and Figures should be numbered consecutively in the

upper right hand corner.

Length and Style

e The paper should be written clearly and concisely. The style of writing should

conform to UK English.

. "Slang, jargon, unauthorized abbreviations and abbreviated phrasings should be

avoided. In general, the impersonal form should not be used.

e Research papers must not exceed 20 manuscript pages including Abstract, Text,

Tables and Figures.

95



Journal of the National Aquatic Resources Research and Development Agency, Vol 42,2013

Short communications must not exceed 8 manuscript pages, must have an

abstract but may omit the major usual headings of full papers.

Review articles must not exceed 40 manuscript pages and must have an

abstract.

Layout of the manuscript

Manuscripts should generally be organized as follows: Title page, Abstract, Keywords,

Introduction, Materials and Methods, Results, Discussion, Acknowledgements and

References. (Note: Authors may opt to amalgamate Results and Discussion and

Conclusions can be given as a sub-heading under Discussion.)

Title page

Title must be concise & identify the specific subject of the paper. Title page
must contain the full title, the affiliation, the full address (es) of the author(s),
the name, telephone & fax numbers $and E-mail address of the author who will
be responsible for correspondence & correction of proof. Where there is mare
than one author’s address, add a superscript following each author’s name and

corresponding numeral preceding each address.

Abstract

An abstract of not more than 300 words providing a summary of the article
should accompany the manuscript. It should outline objectives and
method_ology together with important results and conclusions. The abstract
should not contain any references and it must be able to stand on its own

without reference to the main text.

Keywords
Up to five key words that could be used for indexing should be provided. Words

that are used as subject headings in indexing journals are preferred.
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Introduction

This should include the specific problem/s addressed, relevant previous work,

aim and scope of the study and hypothesis tested.

Materials and Methods

The methods used should be described clearly and in detail to allow repetition.
New methods may be described in detail with an indication of their limitations.
Established methods can be mentioned with appropriate references. Statistical

analyses done should be mentioned where applicable.

Results

The results should be presented adequately and logically. Repetition of the

same results in figures, tables or text should be avoided.

Discussion

The discussion should clearly interpret the results and should logically relate
new findings to earlier ones. Statements and conclusions not completely
supported by data should be avoided. Arguments should be cohesive.

Contradictory statements should be avoided.

Conclusions
The main conclusions of the study may be presented in a short conclusions
section, which may stand alone or form a subsection of a Discussion or Results

and Discussion section.

Acknowledgements

Acknowledgements should be made for contributors of expertise and funds but
“not for routine help in preparing manuscripts. Assistance for collation/collection
of data may also be acknowledged. If a significant part of the research was
performed in an institution other than in those indicated by the authors’

affiliations given in the title page, this fact should be acknowledged.
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lllustrations and Tables

lllustrations should not be inserted in the text of the manuscript but supplied
separately. All illustrations are considered as figures, and each graph, drawing or
photograph should be numbered in sequence. Figures should be planned to fit the
proportions of the printed page size of the journal (12 x 17 cm). They should be |
professionally prepared & submitted in a form suitable for reproduction (i.e. as camera
ready copy or in digital form). The approximate position for each figure/ table should be
indicated in the margin of the text. Copyright permission must be obtained for material

copied from other publications.
Figures

Figures must be neat line drawings in black Indian ink or computer generated
graphics printed with a good quality laser printer. The figure legends should be
typed on a separate paper at the end of the manuscript and not included in the
text or under the illustration. Legend should be written so that the general
meaning of the figure can be understood without reference to the text. Name
of the author and tit*le of'paper should be given in pencil at the back of each

illustration. The caption of each axis of graphs should be clearly paralle] to the

axis.
Tables

'Tables_should be numbered and headed with short titles. They should be typed
on separate sheets at the end of the manuscript. Symbols and abbreviations in

the lettering should correspond accurately with those in the legend and text.

Photographs

Non-mounted, high quality glossy black and white photographs will be
accepted. Magnification should be indicated with a scale line on the
photograph. The author's name and figure number should be given on the back

of each photograph.
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Illustrations and photographs in colour are accepted only very exceptionally

and inclusion of such material will be at the discretion of the Editorial Board.

References

« All publications cited in the text should be presented in a list of references and
the papers should be arranged alphabetically by family name of the
first/principal author.

»« The list of references must be placed at the end of the manuscript.

» A Paper submitted by three or more authors should be cited as first/principal

author et al., (year).

» Unpublished data and personal communications should not be listed under
references but may be mentioned in the text as (Author, pers. comm).
Reference to work ‘in press’ may be listed under references.

Journal
When journal articles are listed, the order should be;

In each reference, the initials of the author must be given after the
surname. The year of publication should follow in parentheses and should
be followed by the full title of the referred article. The name journal should
be given in full italicised and followed by the volume number in bold type,

the issue (part) number in parentheses and then the inclusive pages.

e.g.:

Standard article

Fernando, C.H. and Indrasena, W.M. (1998). The freshwater fisheries in

Ceylon. Bulletin of the Fisheries Research Station Ceylon 20 (1): pp 101-
134. -
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Books

When books are listed, the order should be: author/s, year in parenthesis,
title of the book, volume number, edition, pagination/ inclusive pages,

publisher and place of publication.

e.g

Books

De Silva, S.S. and Anderson, T.A. (1995). Nutrition and feeding of fish.
1* edn, p 319. Chapman and Hall. London.

When sections of a book are listed, the order should be: author (s) of
section, year, title of the section, title of the book, edition, inclusive pages,

publisher and place of publication.

e.g.

Smith, I. and Chong, K.C. 1984. Southeast Asian milkfish culture:
economic status and prospects. In: Advances in milkfish biology and
culture, ed. Juario, J.V. and Ferraris, R.P. and Benitez, L.V., 5" edn, pp 1-

20. Island Publishing House, Manila.

Electronic sources

‘Roshan, Pejman & Leary, Jonathan (2003) Wireless LAN Fundamentals

Sebastopol, CA : Cisco Press. |
[Available at: http://proquest.safaribooksonline.com/1587050773]

References to web-only journals should give authors, article title and
journal name as above, followed by url in full - or doi if known - and the

year of publication in parentheses.

References to websites should give authors if known, title of cited page,

URL in full, and year of posting in parentheses.
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Agency publication

Geological Survey and Mines Bureau of Sri Lanka (1995). Geology of the
country around Battulu Oya and Puttalam. Geological Survey & Mines

Bureau, Colombo.

Nomenclature

Scientific names of plants and animals should be italicized. Complete scientific names
should be given when organisms are first mentioned in the text and in tables, ftigures
and key words. In the first citation genus, species and authority may be given. e.g.
Crangon crangon (Linnaeus). In subsequent references, the generic name may be

abbreviated. e.g. C. crangon

Footnotes

Inclusion of footnotes should be avoided and should be included only if they are

indispensable.
Abbreviations and Symbols

The Standard International System of units or metric units should be used wherever
possible (e.g. meter, gram, second, joule etc.). Use abbreviations of units only beside
numerals (e.g. 10 g), otherwise spell out units. If measurements were made in units

other than SI, equivalent value in SI units should be given in brackets e.g.1000 ft

(304.3m).
Formulae and Equations

Equations should be typewritten and quadruple spaced. They should be started on the

left makgin and should be numbered at the right hand end.

Manuscripts will be reviewed prior to acceptance for publication and may be subjected

to editorial revision in order to improve presentation. The decision of the Editorial

Board on publication is final.
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On publication, a PDF file containing the published article will be sent to the

corresponding author together with one copy of the issue.

Authors submitting Research articles must furnish a signed statement on authorship

responsibility and financial interests in the format given below.
Each author must read and sign the statement of

(1) authorship responsibility;

(2) financial disclosure.

Photocopies of this form may be used for this purpose.

1. Authorship responsibility

|/We certify that I/we have actively participated in the conception, design and execution
of this work and the analysis of the data (where applicable) as well as in the writing of

the manuscript, to take public responsibility for it.

|/We also certify that the material reported here in represents original work carried out

by me/us.

Neither this manuscript nor one with substantially similar content under my/ our
authorship has been published or is being considered for publication elsewhere, except

as described in an annexure.

I/We also attest that I/we shall produce the original data upon which the manuscript is

based for examination by the editors or their assignees should they request it.

2. Financial disclosure -

|/We certify that I/we have no affiliation with or financial involvement in any
organization or éntity with a direct financial interest in the subject matter or materials
discussed in the manuscript (e.g. consultancies, employment, honouraria, stock

ownership).
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of the National Aquatic Resources Research and Development Agency of Sri Lanka and,

we also certify jointly and severally agreement with the financial disclosure statement

shown above.

|/We also indemnify the National Aquatic Resources Research and Development Agency
and the Editorial Board of the Journal for any liability arising out of publication of the

papers submitted herein.

Author 1: Name:
Designation & Institution:

Signature: Date:

Author 2: Name:
Designation & Institution:
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Author 3: Name:
Designation & Institution:
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