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Abstract: River mouth is a part of an estuarine system and a boundary of end point of the river
flows and a starting point of the ocean, where the dynamic inflows of fresh and salt water that
provide high level of nutrients to support aquatic life systems including microscopic plant species
such as phytoplankton. Pattern of water quality in estuaries is influenced by the river flow,

wastewater discharged and the tidal phenomena for the study area. In order to identify the most
dominant group of phytoplankton species and its distribution pattern as indicators of water quality,
the Terengganu estuary, Malaysia has been chosen as a study area with an estimated 11.2 km reach
towards downstream. A comprehensive data collection has involved a total of ten sampling stations.
A series of laboratory tests has been also carried out to identify the phytoplankton species and to
analyst the density of the phytoplankton. The results of the analysis show that there are six types of
phytoplankton were successfully identified, namely: Euglenophyta (Euglenoids), Bacillariophyta

(Diatoms), Chlorophyta

(Greenalgae), Cyanophyta (Blue - greenalgae), Pyrrophyta

(Dinoflagellates) and Chrysophyta (Chrysophytes). Results have found out that most of the
phytoplankton is more abundant in the southern part of the coastal area compared to the Northern
part and estuary area with the 49 % of Diatoms and 42 % of blue - green algae respectively were
successful identified as the most dominant of the phytoplankton in the Terengganu estuary. Canberra
Metric method has been applied, which is much simplified in data analysis and interpreting process
especially on the temporal variation of phytoplankton data. It also shows that diatoms, blue-green
algae and Dinoflagellates likely to have strong relationship in occurrence of the TOC, Nitrate, Dsi
and TDN. On the other hand green-algae, Chrysophytes and Euglenoids are strongly in relationships
with the occurrence of the Nitrate, DSi, TSS and clorofil-a.
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Canberra Metric
1. Introduction

Estuary is a partially enclosed coastal body of water that
is connected to the open sea by one or more rivers or streams
flowing into it, and the seawater in it is being diluted
measurably by the freshwater flowing from the land discharge
(Pritchard, 1967; Harvey J. et. al., 1998). It is also a transition
zone between river and maritime environments; and is
subjected to both marine influences: tides, waves, and the
influx of saline water and also riverine influences; i.e. flows
of fresh water and sediment. Because of their active zones
(tidal fluctuations) that provide high levels of nutrients in both
the water column and sediment, this has made estuary among
the most productive natural habitats in the world (McLusky
and Elliott, 2004).

In recent decades, however, population growth and
related activities from point and non-point source of various
agricultural practices, wastewater and sewerage treatment
plants, urban runoff, industrialization, commercial
agricultural plantation, nutrient enrichment in the freshwater
and marine coastal systems, have speeded up the nutrient
inputs to higher levels that change the natural occurrence
either in spatial or temporal (Thompson, 1998; Fisher et al.,

1999). Excess of spatial and temporal nutrients discharged to
water body such as nitrate-nitrogen, total nitrogen and
phosphorus may cause eutrophication which subsequently
promotes algal-bloom and a variety of other negative impacts
(Suzanne Bricker et. al., 1999). Dugdale et al., 1995; Boyd et
al., 1999; De Baar et al, 1999; Wu and Chou, 2003 also found
silicon as an important compositional element in diatoms, also
potentially limit a new production either in the open ocean,
coastal waters or estuaries.

Phytoplankton is the microscopic plants or called algae
that drift around on the oceans’ currents and are abundant in
the surface waters where sunlight and nutrients are sufficient
for photosynthesis process. These microscopic plants are very
important as they are the earliest to form the base of the
oceans’ food chain (Dixit et. al., 1999), major contribution to
ocean productivity (i.e. up to 50% of the oxygen) such as
diatoms (Tiffany, 1968; NASA, 2005), which are useful as oil
storage pockets (Prescott, 1968) while some of the species
such as Spirulina sp. produce multi-nutrition supplement
(Vonshak, 1997). Other than its benefits, some phytoplankton
are also toxic and may cause paralytic shellfish poisoning
(PSP) especially when the toxic of Dinoflagellates sp. that is
found in seafood during the 'red tides' phenomenon. This
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toxicity can cause tongue or lips to become numb, unable to pattern. The higher constancy value for each species of station

control the body movement, vomit and also cause respiratory in zoning area will indicate that an identified species exist or

paralysis mechanism that can cause death within a few hours mostly exist. Then all the constancy and abundance density

(Eleanor Ely and Neil Ross, 1989; Coleman et. al, 1986). are converted into grade system, i.e. from grade 1: exist to
The purpose of this study is to identify phytoplankton grade 5: very variations. The details of the grading are in Table

group and its distribution pattern in relationship with the 1.

existing surface water quality (i.e. 0.5 m below surface) at the

Terengganu estuary. To investigate the relationship of surface Grade | Occurrence (%) | Definition of Grade | Abundance

water quality with the existence of the phytoplankton, nine 1 0-20 Occur 0-625

chemical parameters had been retrieved and while six types of 2 21-40 Normal 626-1250

phytoplankton were successfully identified, namely: 3 41-60 Moderate 1251-1873

Euglenophyta (Euglenoids), Bacillariophyta (Diatoms), 4 61-80 Varied 1876-2500

Chlorophyta (Greenalgae), Cyanophyta (Blue-greenalgae), 5 81-100 Most varied >2500

Pyrrophyta(Dinoflagellates)and Chrysophyta (Chrysophytes).

On the other hand, Canberra Metric Method has been used for Table 1: Grading form for occurrence of phytoplankton

biological data analysis on the temporal variation of in Terengganu estuary

phytoplankton data and on the distribution pattern. Data Analysis

Coincidence of occurrence is the probability of two or
11 MATERIALS AND METHODS more groups to happen more than 50% in every zone (Mathis,
Study Area and Data Collection 1991). Results in coincidence and abundance are very difficult
to observe because it involves lots of data and is difficult to
interpret or to compare with other data within origin with
different locations. To simplify the data analysis, the
coincidence and abundance results need to be converted into
matrices according to the zoning and species. Then occurrence
or correction will be made in the data calculations to avoid the
bias of the distribution pattern. Converting the occurrence
values are the most important stage in Canberra Metric as the
grading form will be enable the data into less complicated. The
phytoplankton distribution relationship are analyzed and then
presented in the form of simple bar graph for easy
interpretation.

The study has been carried out at the Terengganu estuary
and the objective is to determine the pattern of the spatial data
collected on its surface water at 10 locations in the estuary
area. Second objective to be considered is from the retrieved
data, the much desired method to analyse the distribution of
the phytoplankton is by using the Canberra Metric. All results
obtained from this method need to be interpreted in terms of
the statistical relationship of phytoplankton group and the
surface water chemical parameters.

As regards to 2010 annual report of Department of
Environment (DOE), Drainage dan Irrigation Department
(DID), upstream of the Terengganu River was classified as
class I, while Nerus River was classified as class I11. Having

class 1l water quality, the upstream of Terengganu River still RESULTS AND DISCUSSION

have its rare aquatic lives such as terrapins, Baung and Patin, Retrieved water surface data from YSI multi-probe are
it is much considerate with (DID, 2010). Water samples were processed using ArcGIS to produce the water quality observed
taken on 5th Mac 2012 involving ten stations: station S6 to map (see Figure 1) especially to analyze the abundance of the
S15. Nine of the chemical parameters considered from the nine chemical parameters as measured. Analysis on measured
samples are Total Suspended Solid (TSS), Chlorofil-a, water quality data indicates that seven of water quality data
Dissolve Silicate (DSi), Total Dissolve Nitrogen (TDN), dominate the river zone namely: Ammonia, Nitrite, Total
Ammonia, Total Organic Carbon (TOC), Dissolve Dissolve Nitrogen (TDN), Dissolve Inorganic Phosphorus
Phosphorus (DIP), Nitrite and Nitrate. These parameters are (DIP), Total Organic Carbon (TOC), Nitrate and Dissolve
useful to do some observation on the relationship of the Silicate (DSi) while coastal zone is dominate by TSS. Even
organism presence such as phytoplankton. though Nitrate and DSi are found in the river, it also found in
Besides carrying out water sampling works, ten samples the offshore area with the Clorofil-a.

of the phytoplankton are also taken into consideration for
every point. These samples were taken using a phytoplankton
net and preserved in plastic bottle using the phytoplankton
preservation. Completed collection samples were then sent to
the laboratory and phytoplankton samples were analyzed
under microscope to indentify the species.

Water Quality Map and Canberra Metric Method

For data management, all collected data will be classified
accordingly to the zones area and the zones are divided into
three: river, coastal and offshore. Then the map of the water
quality on surface water are produced using ArcGIS software
to analyse the 2D view of an existence chemical properties. To
simplify the analyses of spatial phytoplankton data,
calculations for constancy and abundant values using
Canberra Metric method are determined based on the
maximum value that of 100%. Canberra Metric used in this
study is much helpful for biological data analysis and
interpreting process especially on the temporal variations of
phytoplankton data and find the idea on the distribution
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Figure 1: Map of 2D are create to analyst the surface
water quality data
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To simplify the analyses of Canberra Metric, data for
constancy and abundance values are determined based on the
maximum value. Highest constancy value for species in the
zoning area are taken as 100% for all three zones and
considered as all six identified species are exist in
every sampling location in each of zone area: river, coastline
and offshore (see Figures 2 to 4). However the maximum
abundance value for each species that has been analyzed for
every zone area varied. Among the all zones, the highest
abundance value of phytoplankton is Oscillatoria sp. ¢ with
1650.5 cells/mL in the coastline zone, 638.3 cells/mL in the
offshore and 243.3 cells/mL river zone.
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Figure 2: Sampling stations
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Figure 3: Density of the phytoplankton according to the station
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Analyses on the distribution measurement indicated that
none of the phytoplankton group reached the highest
coincidence value of 100%. Thus, this distribution pattern for
species of each sampling zone is not uniform. Higher
occurrence value for density is dominated by diatoms in all
zones. A relationship between widespread and abundance
value proves that even though occurrence value is lesser than
the maximum value selected, some of abundance values
reflect a particular species group is also high. The non-
uniformity relationship is also applied in this study and the
results show the coincidence value of Chrysophytes and Blue-
green algae are lower than 15.45% of Diatoms, both groups
have higher abundance value with 243.3 cells/mL and 660.2
cells/mL respectively compared to Diatoms with only 337.6
cells/mL (see Table 2).

Table 2: Distribution of the Phytoplankion at Terengganu River

Density Occurance, %

River Coastline Offshore
Ly o | Abundence (Grade| | Abundance Grade| | Abundance| Grade
hiytaplankion Group N (oells'mL) " (cells/mL) i (cells/mL)
Bacilasophyta Diaons)  [1079] 194 | 1 Toon] 2504 | 5 [isas] w76 | |
Chlorophyta (Green-algae) | 630 | 643 | 1 1030 1§ L0000 |

Cyanophyta (Blue-green

N O/ ) O A I 1 Y A
lgac)

Pymophya (Dinoflaellaes) | 041 | 03| L[240 1618 | 1 [203) 38 | 1
Chrysophyta (Chrysophytes) | 041 | 2433 | 1 [030] 329 | [ [000| 0 |
Fuglenophyta (Fuglenoids) | 203 208 | 1 00 0 L) 0 |

laksimum Value I79] 33 | 1 (0] 28404 |5 [1545] 6602 | 2

It is found that diatoms, blue-green algae, dinoflagelates
may adapt with the occurrences of the ammonia, nitrite, DIP,
Grading form (see Table 1) can simplify the occurrence and
directly explains the distribution of phytoplankton group
specifications based on zoning sampling or group richness.
The lowest level of the species richness or density graded as 1
if the number of species for each group in a sampling zone is
from 0% to 20% for abundance value of 0 to 625 cells/mL.
While the high level of the density represented by the number
5 with coincidence of 81-100% and the abundance value from
collected sampling is more than 2500 cells/mL species.

Referring to Table 2, the relationship between grades
with occurrence and abundance clearly indicate that grade 5
based on occurrence are 18 times lesser than the abundance as
it record only one time. According to the water quality map
(see Figure 2), the relationship of the parameters and the
phytoplankton group indicates that most of the phytoplankton
groups are present in the river zone with an occurrence of
seven parameters namely ammonia, nitrite, TDN, DIP, TOC,
Nitrate and DSi. Meanwhile, the occurrence of the higher TSS
content with 74 mg/L at the coastline zone, shows that the
diatoms and cyanophyta groups are tolerantly varied and
moderately distributed respectively. The area which is
dominated by cyanophyta group is due to the occurrence of
Chlorofil-a, DSi and Nitrate while the other five
phytoplankton groups are considered to exist in all zones.

Analysis on the retrieved surface water data indicate that
ammonia content is relatively high with 8.4-9.2uM in river
zone and not suitable for fish in this area as it may affect the
metabolism of the body, nervous system’ and death of the
aquatic life (Eleanor Ely and Neil W. Ross, 1989; Coleman et.
al., 1986). Analysis also show that diatoms, blue-green algae
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and Dinoflagellates likely to have strong relationship in
occurrence of the TOC, Nitrate, Dsi and TDN. On the other.
hand, the analysis shown that green-algae, Chrysophytes and
Euglenoids have in significant relationships with the
occurrence of the Nitrate, DSi, TSS and clorofil-a in the
Terengganu estuary.

CONCLUSIONS

It is found that ammonia content in the river zone and
estuary is relatively high and hazard to the surrounding area.
Method of analyses data using Canberra Metric has indicates
that occurrence of the TOC, Nitrate, DSi and TDN may not a
suitable medium condition for the green-algae, Chrysophytes
and Euglenoids to adapt. On the other hand, occurrences of the
Nitrate, DSi, TSS and clorofil-a have prepared the unsuitable
medium condition for the diatoms, blue-green algae and
Dinoflagellates. All analyzed phytoplankton groups show that
their distributions are varied even though they are considered
occur in all zones, with diatoms is the most varied sampling
and abundant. The occurrences of the water chemical
properties in all zones indicate that these parameters do have
a significant relationship with the phytoplankton groups even
though the occurrence is small. From the study, it is useful to
identify the quality of the water as indicator in the area based
on species occurrence and distribution of the phytoplankton
species. It is strongly recommended to use the Canberra
Metric in future detail studies because of its convenience for
easier biological data analysis and interpreting process
especially on the temporal variations of data.

References

[1] Clifford H.T. and Stephenson W., 1975. An introduction
to numerical classification. Academic Press, New York-
San Francisco-London.

[2] Coleman, Barbara A.; Doetsch, RN. and Sjoblad, R.D.,
1986. Red tide: A recurrent marine phenomenon. Sea
Frontiers 32(3):184-192, May-June 1986

[3] De Baar HJ. W_; De Jong J.T.M_; Nolting R.F;
Timmermans K.R.; Van Leeuwe M.A ; Bathmann U.;
Rutgers van der Loeff M. and Sildam J., 1999. Low
dissolved Fe and the absence of diatom blooms in
remote Pacific waters of the Southern Ocean. Marine
Chemistry, Vol. 66, No. 1, July 199. pg. 1-34(34) 66:1-
34. Publication: Elsevier

[4] Drainage and Irrigation Department (DID), 2010. Final
Report: Sungai Terengganu Integrated River Basin
Management (IRBM) Study. Perpustakaan JPS Negeri
Terengganu.

[5] Dixit, Sushil S.; John P Smol; Donald F Charles and
Robert M Hughes. 1999. Assessing Water Quality
Changes in the Lakes of the Northeastern United States
using Sediment Diatoms. Canadian Journal of Fisheries
and Aquatic Sciences.

[6] Dugdale R.C.; Wilkerson F.P. and Minas H.J., 1995.
The role of a silicate pump in driving new production.
Deep Sea Research Part I: Oceanographic Research
Papers, Vol. 42, No. 5, May 1995. pg. 697-719(23).
Publisher: Elsevier.

[7] Eddy, F.B., 2005. Ammonia in Estuaries and Effects on
Fish. Environmental and Applied Biology, University of
Dundee, Uk. Journal of Fish Biology, 67(6): 1495-1513.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]

[20]

[21]

[22]

Eleanor Ely and Neil W. Ross, 1989. Fact Sheet: Red
Tide in the Northeast. Rhode Island SeaGrant: P1099.
University of Rhode Island Bay Campus Narragansett,
R102882-1197.

Fisher, T.R.; Gustafson, A. B.; Sellner, K,;
Lacouture,R.; Haas, L. W.; Wetzel, R. L.; Magnien, R.;
Everitt, D.; Michaels, B. and Karrh, R., 1999. Spatial
and temporal variation of resource limitation in
Chesapeake Bay. Journal of Marine Biology. Volume
133. lIssue 4, pp 763-778. Print ISSN: 0025-3162.
Online ISSN:1432-1793. Publisher: Springer-Verlag.
Harvey, J., D. Coon and J. Abouchar, 1998. The
Importance of Estuaries "Habitat Lost: Taking the pulse
of estuaries in the Canadian Gulf of Maine."
Fredericton: Conservation Council of New Brunswick
Inc. Online Environmental Magazine: Elements. Issue

February 20009.
Lance G.N. and Williams W.T., 1967. Mixed-data
classificatory programs. 1. Agglomerative systems.

Aust. Comput. J 1:15-20

Lawson, T. B., 1995. Fundamentals of Aquacultural
Engineering. New York: Chapman and Hall.

Lim Po Teen; Usup Gires and Leaw Chui Pin, 2012.
Harmful Algal Blooms in Malaysian Waters. Sains
Malaysiana 41(12)(2012): Pg. 1509-1515

Marilane Andrade Pereira; César Antunes Rocha
Nunes; Clovis Matheus Pereira; Carla Fernandes
Macedo and José dos Santos, 2011. Abundance Of
Bacillariophyceae On Artificial Substrates In Shrimp
Culture: Litopenaeus Vannamei. World Aquaculture
2011 — Meeting Abstract 1137. Universidade Federal do
Reconcavo da Bahia, Centro de Ciéncias Agrarias
Ambientais e Bioldgicas, Rua Manoel Pedro Silveira,
518 - Ana Lucia - Cruz das Almas/BA - 44.380-000. E-
mail: lanebioO1@gmail com

Mathis, Frank H. (June 1991). A Generalized Birthday
Problem. Car! Review (Society for Industrial and
Applied Mathematics) 33 2): 265-270.
doi:10.1137/1033051. ISSN 0036-1445.JSTOR
2031144. OCLC 37699182

McLusky, D. S. and Elliott, M., 2004. The Estuarine
Ecosystem: Ecology, Threats and Management. New
York: Oxford University Press. ISBN 0-19-852508-7.
NASA, 2005. Satellite Sees Ocean Plants Increase,
Coasts Greening. 2 March 2005. Retrieved 12 January
20009.

Prescott, Gerald Webber. 1968. The Algae: A Review.
Houghton Mifflin Company. New York.

Pritchard, D. W_., 1967. What is an estuary: physical
viewpoint In Lauf, G. H. Estuaries.A A AS. Publ. 83.
Washington, DC. pp. 3-5.

Suzanne B. Bricker; Christopher G. Clement; Douglas
E. Pirhalla; S. Paul Orlando and Daniel R.G. Farrow,
1999. National Estuarine Eutrophication Assessment:
Effects of Nutrient

Enrichment in The Nation’s Estuaries. National Oceanic
and Atmospheric Administration (NOAA),1305 East-
West Highway Silver Spring, MD 20910)

Syed Masum Emran and Nong Ye, 2001. Proceedings
of the 2001 IEEE: Robustness of Canberra Metric in
Computer Intrusion  Detection. Workshop on
Information Assurance and Security United States
Military Academy, West Point, NY, 5-6.



Journal of Water Resources Management. VVol. 1 No. 2 (2023) p. 1-5

[23] Thompson, Peter A., 1998. Spatial and temporal
patterns of factors influencing phytoplankton in a salt
wedge estuary, the Swan River, Western Australia.
Estuaries. Vol. 21, No. 4B. p. 801-817. December 1998.
Department of Aquaculture, University of Tasmania,
Australia.

[24] Tiffany, Lewis H. 1968. Algae: The Grass of many
Waters. Charles C. Thomas Publisher: Springfield,
Illinois. Volume 56, pp 131-152.

[25] Vonshak, A., 1997. Spirulina platensis (Arthrospira):
Physiology, Cell-biology and Biotechnology. London:
Taylor & Francis.

[26] Wu H.T. and Chou T.L., 2003. Silicate as the limiting
nutrient for phytoplankton in a subtropical eutrophic
estuary of Taiwan. Estuary Coast Shelf Sci 58:155-162

[27] wyrtki, Klaus, 1961. Physical Oceanography of the
Southeast Asian Waters: Chapter 8 Tides And Tidal
Currents. Pg. 155-169. NAGA REPORT: Volume 2,
Scientific Results of Marine Investigations of the South
China Sea and the Gulf of Thailand, 1959-1961.
Sponsored by South Viet Nam, Thailand and the United
States of America



