Proceedings of the First Science Symposium — December 2002
Faculty of Science, University of Ruhuna, Matara, Sri Lanka
26-34

Are lagoon characteristics lost due to freshwater intake? A preliminary micro
ecosystem study in Malala Lagoon, Bundala National Park, Sri Lanka

Chandana E.P.S., Ravindra R, Lasanthi A.HLP., and Samayawardhena’ L.A.

Department of Zoology, University of Ruhuna, Matara, Sri Lanka.
*corresponding author: samaya@zoo.ruh.ac.lk

Abstract
Malala Lagoon is the largest water body (600 ha) in Bundala National Park, which is Sn

Lanka’s first Ramsar wetland. Malala borders sea by a sand barrier on south and adjoins
Embillakala lagoon (mean salimty 0.04+ 0.005 g/1). Main objectives of this study were to
investigate physico-chemical parameters, variation of biological component due to
freshwater input and to find out biological indicators contributing to the status of Malala
Lagoon. Studies were carried out along a 3000 m transect from land end to sand barrier.
Mean depth of the lagoon was 125.4 + 4.2 cm and salinity varied from 1.6 £0.03 10 0.08
+0.005 g/l dictating freshwater dominance although separaied by 2 sand bar adjoining to
the sea. Freshwater rotifer (Brachionus plictalis) was non-detectable towards land-side.
However, Brachionus plictalis showed a significant increase towards sand barrier (14
rotifers/l) indicative of freshwater influence. Eutrophic conditions were evident from
increased micronutrient levels towards sand barrier such as Phosphate fevels from 75.0 =
53 t0 121.3 + 28 pg/l and Nitrate levels from 160.2+2 .8to 1747 + 2.4 ug/l. Flora and
fauna (fishes, birds and benthos) showed a marked variation towards the sand barrier
indicating gradual increase of freshwater conditions. A freshwater bivalve Psidium
conventus, which is considered as an important micro-zooplankton, was abundant
towards the sand barrier. Findings showed influence of freshwater intake to Malala
Lagoon has created dynamic microecosystem characteristics on different segments of the
aquatic ecosystem. Such mixing of high amount of freshwater with brackish/saline water
may facilitate damage of already established niches. Therefore, proper management of
Malala water body is preferred.

Introduction

Wetlands are diverse ecosystems, which have different degrees of functional variations
(Hunter, 1998). Functional importance of the wetlands has been given serious attention
in the recent past since wetlands are important to regulate water levels within water
sheds, improve water quality, reduce flood and storm damage, provide important fish and
wild life habitat and many other uses fo humans as well (Richardson, 1994). However,
most important feature of a wetland is its role of maintaining biodiversity. Not only for
fish and wild life it also provides very important habitat for aquatic and semi aquatic
vegetation as well and vegetation is a very conspicuous feature of wetlands (Verhoeven
1992). Man made hydrologic alterations such as freshwater input and drainage were

found as the major deteriorating factors of lagoons causing habitat changes (Maltby ét al.
1992, USEPA 1994b).

The study site of the present investigation, Bundala National Park, is situated in the
southern part Sri Lanka. It is known as the first Ramsar wetland of the country (CEA
1993).
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Figure 1: Schematic diagram of major water bodies of Bundala National Park.

It is reputed for its rich biological diversity and as a habitat for i

Lrgl%ra;orybblrds. Especially, importance of saline water bodies formr:?graizi;diz;d?ﬁd
hlrb s has been stress§d el_sewhere (Sadoul ef al. 1998). Freshwater influence might causi
Pa l1(tat ch?mges, which is unfavorable for aguatic associated birds. Bundala National
h::e (;on‘sits of §everal temporary and ‘pennanent aquatic bodies, which is known to
Bunda]an](_:,e ié);:lzidc?(rggzﬁ:;; Eipectally the coastal lagoons Malala, Embillakaia,

a Lewaya are important due to relatively 1 i

Malala Lagoon opens to the sea by 20 m length and 8 m wi posits ond i
demarcated by human settlements in We]figgzliththa regim(ll.e ls\daglill;arigglz)%flt;::iié:

freshwater indirectl i .
1993), ectly from Embillakala lagoon and directly from the Malala Oya (CEA

Our main objectives of this study were to investigate status of physico-chemical and

Methodology

E/Ia;lna]“)ll;iga c:;iri;hwas desfgned ba_sed on preliminary investigations carried out in the
goon. The sampling locations were selected to find out variations in the species

associations based on the water quality. Th i
0C . The hypothesis to be teste iations i
salinity towards the sand bar due to freshwater intrusion.  vas variations in fhe

Selection of a transects

A
m;:a;gggt n‘iv?rf lﬁg::}:ei ﬁhs)argl] tlt_) Ma‘lala Lagoon and towards sand bar (Figure 2) that
: th. pling sites were selected in every 200 m of the tr
::lcnh lsi:;llmﬁg;g locqtlgn, water quality, trophic analysis, physical measurementsa ‘;?tﬁiﬁ
pling were carried out. The study was carried out from December 2000-Aprit 2001.
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Figure 2. Diagrammatic presentation of Malala and Embillakala lagoons, their interconnections

and sand bar to the sea.

Water quality and physical characlers
Water quality assessments, and trophic system analysis were carried out using standard

methods mentioned elsewhere (Wilson 1973). In brief dissolved oxygen and primary
productivity of each site were determined by Winkler's method. Total alkalinity and
salinity were measured using a titration method. Micronutrients namely PO,” and NO;”
were measured using colorimetric method using spectrophotometer. Depth was measured
by dipping a graduated bar through the water body along the predetermined transect
only. Measurements were recorded in situ. Secchi depth was used to determine the light
penctration ability. Temperature was measured using a thermometer. Sediment thickness
was measured by dipping a graduated pole through sediments until the pole stops
penetration. Suspended solids were measured by filtering samples through GFC filter

ed the sample in incubating for 24 hours under 105 °C of temperature.

papers and incubat
Biological Oxygen Demand (BODs) was measured. Samples were analyzed in triplicates

for each location.

Biological characters
1ti mesh (sizes vary from 7 mm-20 mm eye sizes, each eye size

Fish was caught using mu
having totai length of 10 m) gill net of 150 m length each. The nets were laid vertically
over the sites perpendicular to the selected transect transversely early in the morning

(07.00-08.30 hours) and fish catch was taken into account. Each sampling day three
catches were taken. Number of fishe as total value as well as species composition were
taken into account. Fishes were identified using standard taxonomic keys (Eddy 1969).
Phytoplankton and zooplankton were sampled using plankton nets. Filtered zooplankton
and phytoplankton werc fixed with 70% alcohol and later taken for microscopic
investigations. Identifications of phytoplankton and zooplankton were made using
standard taxonomic keys (Pennack 1989, Fernando 1972). Benthic population was
sampled using Eikmann grab (8x8x8 cm’) and samples were fixed with 4% Formalin and
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were .analyzed in the laboratory within the next 48 h ‘ i '
identifications were made using standard mxonomigulr(séyzdl(g:z?lzzll: ?gggr)naccrolslcoplc
mud samples were weighed and number of organisms is given as individuals. 0l iCteC}
m}ld. Rird counting was taken into account in regular intervals throughout It:)}(ler od
_Blrd counts were taken 2-3 times per week from 07.00-09.00 hour% each 3 perEl?d.
;iﬁval? vst'ege ggull:lr befori:I and after sand bar opening. For bird counts two 13?5@22
selected. On the spot identifications were m i i i
5.7° 100M at 1000M with the aid of standard pictuiléi eglllllszilgsg (]Elg]r(r)icsl(j)lr?rISSJ\gg)]] 10%30 feld

Statistical analysis
}Slza;tibstlcaltalr(lalysis was ca(rlried out using SPSS. Each time mean value of each parameter
een taken into considerations. Mean comparisons '
B e ot s oommoaro variaf ons were made in between transects.
to ons among sites for each parameter. Tukey’
was employed to distinguish differences bet e babity was
pas employec o ¢ etween samples. At all times probability was

Results
I(;/Lllzllailg I;J?gor(;? :p;e?ds overdéil()ha. Table 1 summarizes the water quality data. Water
ated fauna and flora also showed several ch .
Undoubtedly it is true to sa isturbed, B ehanoy
y when ecosystems are disturbed, potential i
ecosystem structure and functions are expected, because it i P ncn et
. , se it is generally kno

sg?lﬁstt)een;tarf {ti‘linctlogallﬁ stable as well. Remarkable changes ig the ?vr;tgatlit:lti)‘l;

: ected towards the sand bar. Dissolved oxygen i '

indicating higher productivity. Net Prima iy vas red: 0 oTs

. ry Productivity was reducing (0
+ 0.01 mg/V/h) and Gross Prim ivi e o0t 3240
ary Productivity was increasing (0.3
mg/l/h) towards sand bar. This can be i et the high level of
h) rds : attributed to the fact that the hi
alkalinity which increases the availabilit 10Xi e e ity
of Carbon dioxide for ph i i
level was very low beyond brackish ; iti i D
water conditions. Nitrate level was reduci

ts}zlmd bar and Phosphate level was increasing towards the sand bar. Mean (;301?1? t(f)wards

rough the selected transect was 121 cm. pH value was reducing towarcll)s se?ncr Egil‘

water was becoming acidic and total ini ' '
e Tt alkalinity remained approximately constant through

N oy .
A r{;rcl]l;?;nzf ;;;ciﬁz&o%{agﬁons} var(;ed lm their population size through the transect
/ _ ifera) and jellyfish were seen at hi 1 '
reacting quickly due to water quality variati ot ot Donten

: / . riations as a result of freshwater input 1ti
%il 2;;?;:: srpec1les and rotifer species increased gradually through the Uansggt‘(]%:lr)llsétgs
R an,d e‘:;a:t ;f ;ggmidc;l;z::gthefe :;asMan] :lnseen relationship between saline toleran';

es in the Malala Lagoon. It was al i ]

e ‘ _ . so evident that

Spe((::ri(;sz‘g:;)lanl;ton_specyas showefi spatial changes through the transect Siaz;:;l:iz;
apecc Spede;s)riv ommte)mt in every site, but showed a stight decline towards ihe sand bar
oiher spect Sandelr)e a :lndant in first few sites and population size reduced drasticall ‘
towarcs the sand ! ear. thugh not quantitatively presented in this paper, we observed ﬁ
oo unicellulalr) o z variation in phytopla:r!ktqn community towards sand bar. Especially
gae component was significantly higher. In benthic environment
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input for the system was from a freshwater tank situated 30 km away. Results highlight
the increase of gross primary production (GPP). Increase of GPP shows that the number
of organisms has been increased and net primary production (NPP) shows that oxygen
utilization by organisms was higher. Distribution pattern of organisms such as rotifers
clearly indicates freshwater influence towards sand bar. Main reason for this freshwater
influence was the freshwater input to North of Embillakala lagoon creating freshwater
environment in Malala Lagoon through connection canal.

Nutrients such as nitrate and phosphate loading into the lagoon was much higher. It is
possible to speculate that freshwater drainage from Lunugamwehera agricultural lands
brings excess amounts of nutrients. Qur studies in the freshwater input canal (which
brings water from Lunugamwehera agricultural lands) indicated such phenomenon.
Researchers argue that anthropogenic activities are also partly blamed for this effect
(Mitsch and Gosslink 1986 and 1993). Recent investigations have shown that freshwater
inputs into lagoon systems exerts detrimental effects leading to eutrophication, if loaded
in an unacceptable levels (USEPA 1994, USEPA 1993). High occupancy of rotifers was
clearly evident towards sand bar. Rotifers are predominantly freshwater inbabitants but
may occupy some brackish water systems (Wallace and Snell 1991). Rotifers are very
important in the habitat because of their incredible reproductive rates, due to their high
feeding and assimilation efficiencies. The rotifers play important roles in energy flow
and nutrient cycling, accounting for more than 50% of the zooplankton production in
some freshwater systems (Brinson 1993, Branco ef al. 1998). Rotifers contribute 10

microbial loop and to higher tropic levels which is important for fish production (Boesch
1983, Bowers 1983, Farber and Constanza 1987, Dugan 1990, Daris 1993).

Excessive fertilizer usage of above paddy lands is a phenomenon common. Ultimately
the nitrates and phosphates may drain with water and ends up in Jagoon systems (Brinson
1993, Mitsch and Gosselink 1998, Weller 1981). This study therefore supports the view
that freshwater input 10 the Malala Lagoon could show ecological importance. It is
possible to believe that such water quality changes in Malala Lagoon environment brings
the environment towards eutrophic conditions, thus jeopardizing its saline lagoon status.
The study also has highlighted that by investigating faunal and floral dynamics water
quality managers can make predictions of the condition of the lagoon system. For
instance as a useful biological indicator of the system, some interpretations could be
done using bird population estimations and species diversity. Birds are considered to be
useful biological indicators due to the fact that they <how some specific characters
including the utilization of the higher level of food chain (US Council on environmental
guality 1972, Furners et al. 1993, Schodde 1994). Therefore in future studies avifaunal
statistics could be used in conjunction with micro ecosystem findings to come to proper
conclusions. In mitigation and managing programs, these activities should be highly
valued. In addition interaction of people and park authorities is a timely need with
awareness programs for general public (Bernacsek 1988, Baldock ef al 1984).

We can conclude that freshwater input from Lunugamvebera via Embillakala lagoon has
a profound effect on lagoon ecosystem characteristics. Such defined mad made water
dynamic alterations alarmingly affect lagoon health, causing loss of Ramsar wetland

characteristics.

32

Proceedings of the First Science Symposium - December 2002

References

Baldock, D., Hermans, B., Kell

, D., H , B., y, P. and Mermet, L.19 i i

Ceff(';c{sE of Agricultural Policy in four EEC Countries #4. Wetland Dreinage in Furope: The
entral Environmental Authority of Sri Lanka. 1993 - i

Lone i Lanka. . Wetland site report, B i
conz;c;s;z&;ﬁ G.M. 1998. Research priorities in fisheries managerﬁent a;mgalta I\ljati'}onal g
conservan on and rural developme_nt in Africa in Conservation and D O oo wetland
s am;_ e Use of Wetland Resources. E.Maltby, P.J, Dugan and J Ce"elopmeﬂt: b
" I\c;*at: ings of the Third International Wetland conference International io e (eds.)
of Nature and Natural Resources. Affrica. onal Union for Conservation

Boesch, . F. 1983, Subsidence in C isi
, ) . oastal Louisiana: C
UFWS/OBS-83/26.U.S. Fish and Wildlife Service: Waslggzhl%tés’ and Bifects on Wetlands

owers, JK. 1983. Cost benefit analysis o etlan rainage, Env al and P
B] ( ) JK. 198 is of Wetland D oC, Environmental an lanning A
Branco,C.W., Attayde,J.L. and kozlow i 99 ooplankton community of ta
y .-, Ly S5 ZlO Sky-Slllekl,B 1 8 Z i Q1 4 cOoas
lagoon subjected to anthropogenic influences (Lago(a Imb)o i 1 il). V l V l
° _1l acica, Brazil). Ver. Int. Ver. limnol.

BrinS()]]. M.M 1 3 Chaﬂ i I unc .()llill v"‘
. 9 9 . geS m the V] N

Daris, T.J. (ed.) 1993. Towards the wi
Swizorland. s the wise use of wetlands. Ramsar Convention Bureau. Gland

3 - 1 - i W
» : - Of CtlaIld SyStCmS. JOumal Q

Eddy, 8. 1969. How to Know th
g . ¢ Freshwater Fishes. 2
gm?do£§., 372. Freshwater Zooplankton in gri Ilj:nii \gl;négABrom 0., Dubuque, Towa
TS, ., Greenwood, J.J.D. and Jarvi ’ '
: , J.1.D. , P.J. 1993: Can bi i
environment? LN.R. ) | van birds be used |
o W. Furners and J.1.D). Greenwood (eds.) birds as moni eavironmt -
change. ilgrgnan and Hall, London. 141 pp nitors of environmental
ison, J., 1999: A field guide to birds of Sri
! Lanka. Oxfx i i
ﬂtt::::;,ﬁ .er;.ﬂl 9?8.t.Consefr"vatlon and Management of Gr:elir&’l;ﬁﬁé:“{lgess fne.. New York
: nstitute for environment - ot
M]iinv;lronmental Policy, London. 166pp nial end Development and nstite for - european
tsch, W.J. i
M W1 gﬁg gg::gﬁ ; g {332 gegangs Vgn Nostrand Reinhold: New York
Do ,J.G. 1993 etlands 2™ edition Van N i .
Nnack, R.W. 1989. Freshwater invertebrates in of the U.S :ﬂ QStfaﬂd Rel_ﬂhOld. o
ol S.A. third ed. ] Willey and Sons, Inc.

Richardson, C.J. 1994, E i
on, C.J. . Ecological Functions and Hi 1
Assessing Forestry Impacts. Wetlands. 14(1): 1-9 man Values in Wetlands: & Framework for

Sadoul, N., Walmsle
LN, v, J.G. and Charpenti i
Stguflgu ienbing Franceagas " ;er, B. 1988. Salinas and Nature Conservaton MedWet/
chodde, R. 1994, i . :
'S, ol Tgle;;g fauga Dof western New South Wales: geography and status. In:
S Transecﬁ(;ns'of the’r?;a[ Z.Bl;tcher (eds,) Future of the fauna of Western N:if Sno ?h
Upsp- oological Society of New South Wales, Mossman 107—11121
.S. Environmental Protection A |
A F - Ageney. 1993. Guidance Specifyi
E(l))u;c‘? (if Nonpo!nt Pollution in Coastal Waters. EPA‘p :;lf}ﬂh?f Maﬂagemem_MeaSlll’eS -
etlands Hotline. 1-800-832-7828. + Washington BC. Available through

USEPA, U.S. Environm
S, ental Protection Agen i
Report to Congress. EPA 841-R-94-001. }%P:ywla?szfnglj:r? Qfl;afl,‘ Water Qually faventory. 1992

USEPA, US Council i
cil on environmental quality. 1972, Development of counting progr
ogram to

pl'OVlde mdlcat()IS a.“d lIldlCBS l Wli ﬂl .

33



: Proceedings of the First Science Symposium — December 2002

i Verhoeven, J.T.A., 1992, Vegetation as a resource in wetlands with special reference to the
; wetland in Greece in Conservation and Greek Wetlands: P.A. Gerakis (eds.) Proceedings of a
Greek wetland workshop held in Thessaloniki, Greece
Wallace, R.L., and T.W. Sneil. 1991. Rotifera. In: Thorp, J.H., and A.P. Covich (eds.). Ecology
and classification of North American freshwater invertebrates. Academic Press, San Diego. 187-
248 pp.
Weller, M. W. 1981. Freshwater Marshes, University of Minnesota Press: Minneapolis, Minn.
Wilson, A.L. 1973. The Chemical Analysis of Water. General principles and techniques. London.
Society for analytical chemistry. 188 p.

Lﬂ "



