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ABSTRACT 
 

Ehirava fluviatilis is a marine origin clupeid found in Southern India and Sri Lanka, also found in two freshwater lakes, namely 

Parakarama Samudraya and Rajanaganaya reservoir, and that places are identified as secondarily colonizedhabitats. The 

objectives of this study were carried toinvestigate the fatty acid (FA) profile in the flesh of E.fluviatilis, to investigate the FA profile 

in the food of E. fluviatilis, and identify the impactof the FA profiles for colonisation. The Bligh and Dyer extracting method was 

used to lipids extraction of flesh and stomach contents of E. fluviatilis and Gas Chromatography (GC) was used to identify the 

different types of FAs. Data were statistically analyzed to examine the differences in the quantities of different FAs using ANOVA 

and principal component analysis (PCA). The predominant FAs were recorded in two different habitats ofE. fluviatilis in both flesh) 

and stomach contents. The only recorded difference between FAs profile was the presence of C 18:2 (n-4) in the Rajanganaya 

reservoir. The difference in the FA profile may lead to colonization of marine origin E. fluviatilis in Rajanganaya reservoir as a 

freshwater lacustrine habitat due to the ability of modification of FAs. Further, this study also indicates that the presence of 

specific FAs could be used as biomarkers to identify species. 

 

KEYWORDS: Colonization, Rajanganaya reservoir, Bolgoda Lake, Sprat, Clupeid.  
 

 
 

Introduction 

The Malabar sprat (Ehirava fluviatilis) found in Southern India and 

Sri Lanka (Whitehead, 1985), has a vast habitat and distribution 

as this species recorded in freshwater lacustrine, estuaries and 

marine habitats.  In addition, most of studies reveals that E. 
fluviatilis has secondarily colonized freshwater habitats in Sri 

Lanka, although E. fluviatilis has been recorded in two freshwater 

reservoirs, namely Rajanaganaya reservoir and Parakarama 
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Samudraya (Duncan, 1983; Schiemer & Hofer, 1983; Whitehead, 

1985; Fernando & Holčík, 1991; Duncan, 1999; Amarasinghe & 

Ariyaratna, 2002; Vijverberg et al., 2008; Mihindukulasuroiya & 

Amarasinghe, 2014). As a clupeid, the E. fluviatilis species is 

stenophagous, feeding exclusively on zooplankton and 

specializing on micro-crustaceans (Amarasinghe & Sriya, 2002; 

Vijverberg et al., 2008; Mihindukulasuroiya & Amarasinghe, 2014). 

Zooplanktivorous clupeid fish are exclusively effective particulate 

feeders including those living in lacustrine freshwater hábitats 

(Ariyaratne et al., 2008; Vijverberg et al., 2008). There are several 

studies reported by De Silva et al. (1998), suggest that certain 

degrees of pre-adaptiveness in FA profiles may help in migration 

and survival of fish. Thus, this study was conducted to investigate 

the FAprofile in flesh of E. fluviatilis, to investigate the FA profile 

in food of E. fluviatilis found in two different habitats (freshwater 

and brackish water) and identify the impactof FAs on their 

colonisation.   

 

Materials and Methods 

Collection of fish samples and preservation 

E. fluviatilis samples were collected from two different habitatsin 

Sri Lanka: Brackish water habitat – Bolgoda Lake (6°47'15.9"N 

79°54'24.8"E) and freshwater habitat – Rajanganaya reservoir 

(8°08'17.5"N 80°13'35.9"E) (Fig. 1). The fish were collected from 

the fishermen at both habitats covering the three climatic seasons 

representing dry (season 1), intermediate (season 2) and wet 

(season 3). All collected samples were stored in ice immediately 

after collection and brought to the Rajarata University for further 

laboratory analysis. 

 

Determination of feeding habits through the analysis of 
stomachcontents 

The feeding habit was determined by scraping out of the contents 

of the stomach or anterior part of the intestine to a watch glass 

and diluted in 1 mL of distilled water. The suspension was placed 

in the Sedgewick Rafter count cell and was examined under a 

compound microscope (Amarasinghe & Sriya, 2002; 

Mihindukulasuroiya & Amarasinghe, 2014). Mean relative 

abundancewas used to determine the proportions of stomach 

contents of E. fluviatilis from both habitats (Amarasinghe & Sriya, 

2002). 

 

Lipid extractionand FAME preparation 

The stomach content of E. fluviatilis was extracted using the 

method by Lochmann et al. (1996) with slight modifications, 

where collection of the stomach contents was carried out using 

sharp needle, excluding the stomach wall and avoiding the mixing 

of the other tissues or body parts of fish. The muscles of the fish 

were separated without mixing the gut with other body parts. 

Finally, the collected stomach contents and muscles were 

homogenized using a Waring blender. The lipids of E. fluviatilis 

muscle and stomach contents (5g) were extracted following 

homogenization using the Bligh and Dyer extraction method (Bligh 

& Dyer, 1959). To minimize oxidation, the samples were kept in a 

refrigerator until FA methyl esters (FAME) were made. These 

steps were followed for both stomach contents and the flesh of E. 
fluviatilis.The FAMEs of these lipid extractions were prepared by 

base hydrolysis followed by the transesterification method (Berner 

& Berner, 1994).The FAME vials were stored immediately at 

−20°C to prevent oxidation and only taken out from the freezer 

just before GC analysis. 

 

FA profiles analysis 

The GC analysis was conducted to determine the FA profiles of 

the FAME samples at the chemistry laboratory in the Department 

of Physical Sciences, the Rajarata University of Sri Lanka using 

the Agilent GC; (Agilent 7890B, AOC-20I injector, Japan.). Helium 

was used as a carrier gas at a rate of 50 mL/min. The split ratio of 

the injection was maintained at 1:50 and the temperature 

program used in the oven ranged from 150°C to 225°C for a 

period of 40 minutes. The injection and the detector ports were 

operated at 240°C and 250°C, respectively. The separated 

compounds of the samples were detected using a hydrogen flame 

ionization detector (Edirisinghe & Abeysinghe, 2015).  The 

standard mixtures (Qualmix 89-5550 and Qualimix 89-5560) were 

used to identify the chromatographic peaks of samples and 

quantitatively determined by comparing retention times of the 

methyl esters (Anas et al., 2009; Edirisinghe & Abeysinghe, 2015). 

All the composite sample analyses were performed in triplicates. 

 

Statistical analysis 

The differences in FA profiles of E. fluviatilis from both habitats 

and the gross changes in the FA profiles were compared using 

One-way Analysis of Variance (ANOVA) at a significance level of 

0.05. PCA was carried out (De Silva et al., 1998) to summarize and 

visualize the relative differences in the FA profiles amongst 

different populations and to determine the contribution of 

individualFAs to these differences. 

 
Results 

E. fluviatilis feeding habit from both habitats 
Stomach content analysis indicated that copepods were the major 

food type of E. fluviatilis in Bolgoda lakein all the seasons and it 

was a secondary food in Rajanganaya reservoir (Fig. 2a and 2b). 

Diatoms were the major food type in the Rajanganaya population 

followed by rotifers, while insect larvae and algae were recorded 

from both populations (Fig. 2a and 2b). The presences of copepods 

in the stomach content were higher during the wet season 

(season 3) than in the dry and intermediate seasons, but higher 

amount of cladocerans were recorded only during the dry season 

(season 1) at the Bolgoda population. 

 

From the stomach content of Bolgoda Lake E. fluviatilis 

population, two copepod genera (Cyclops sp. and Diaptomus sp, 

two cladocerans genera (Daphnia sp. and Diaphanosoma sp and 

one-rotifer genera (Brachionus sp.) were found. In addition, the 

stomach of the population of E. fluviatilisat Rajanganaya reservoir 

consisted of two copepod genera (Cyclops sp. and Diaptomus sp, 

two cladoceran genera (Daphnia sp. and Diaphanosoma sp, two 

rotifer genera (Brachionus sp and Notholca sp.) and one genus of 

diatom (Navicular sp.).  
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Figure 1. Sampling locations of E. fluviatilis in Sri Lanka 
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A higher number of copepods and cladocerans were recorded 

during the dry season of the Rajanganaya reservoir, but higher 

numbers of rotifers were recorded during the wet season. 

 

FA profiles of E. fluviatilis in the two habitats 

In both flesh and stomach contents of E. fluviatilis from the two 

habitats, 20 FAs were identified and quantified. In addition, C 16:2 

(n-4) and C 18:1 (n-7) were recorded to be the highest in the 

Rajanganaya reservoir than the Bolgoda Lake population (Table 1 

and 2), but C 22:4 (n-6) was highest in the Bolgoda Lake 

population than the Rajanganaya reservoir population. 

Polyunsaturated FAs (PUFAs) were the major group of FAs 

recorded in both populations and similarly, the presence of n-3 

FAs were higher than n-6 FAs. The ratio of n-3 to n-6 PUFAs 

ranged from zero (Rajanganaya reservoir) to 3.65 (Bolgoda Lake). 

In the Rajanganaya reservoir’s Malabar sprat, total n-3 FAs was 

higher than the total n-6 FAs and there were no n-6 FAs recorded 

in season 2 (Table 2). The highest DHA was recorded in the E. 
fluviatilis in the Rajanganaya reservoir compared to the samples 

from Bolgoda Lake.The predominant FAs found from the flesh of E. 

fluviatilis of Bolgoda Lake population were tetradecanoic acid (C 

14:0), pentadecanoic acid (C 15:0), (C 22:4 (n-6) and 7,10,13,16,19-

docosapentaenoic acid (C 22:5 (n-3)). C 15:0, 6,9,12-

hexadecatrienoic acid (C 16:3 (n-4)), (C 18:1 (n-9)), 11-eicosenoic 

acid (C 20:1 (n-9)), 5,8,11,14,17- eicosapentaenoic acid, EPA (C 

20:5 (n-3)), C 22:4 (n-6) and C 22:5 (n-3) FAs were predominant in 

the stomach contents.  
 

In the Rajanganaya reservoir population of E. fluviatilis, C 14:0, C 

15:0, 9-hexadecenoic acid (C16:1 (n- 7)), C 18:1 (n-9), 11,14-

octadecadienoic acid (C 18:2 (n-4), C22:5 (n-3) and 

4,7,10,13,16,19-docosahexaenoic acid; DHA (C 22:6 (n-3)) was 

predominant in flesh. C 14:0, hexadecanoic acid (C 16:0), (C16:2 

(n-4)), (C 18:1 (n-7)), 9,12-octadecadienoic acid (C 18:2 (n-6)), 13-

docosenoic acid C 22:1 (n-9)), C 22:5 (n-3) and C 22:6 (n-3) were 

recorded as predominant FAs in stomach contents.There was no 

statistically significant difference (p=0.119)between unsaturated 

and saturated FAsin both flesh and stomach contents during the 

three seasons in theBolgoda Lake’sE. fluviatilis (Table 1). Similar 

results were demonstrated by the population of E. fluviatilis from 

the Rajanganaya reservoir (p=0.161) (Table 2).  

 

Variations of FAs of E. fluviatilis from Bolgoda Lake  
- Variation of SFAs in E. fluviatilis from Bolgoda Lake  
The SFAs recorded from the flesh of E. fluviatilis showed that 

there were no statistically significant differences (p = 0.552) 

among SFAs during the three seasons. The SFAs of the stomach 

contents also showed that there were no statistically significant 

differences (p = 0.387) in the three selected seasons. In addition, 

SFAs between season 1 and 2, between season 1 and 3, and 

between 2 and 3 of both flesh and stomach contents did not show 

a statistically significant difference (p< 0.05). 

 

 

  
Figure 2. Feeding habits of E. fluviatilis. 2a) Stomach composition of E. fluviatilis at Bolgoda Lake, 2b) Stomach composition of E. 
fluviatilis at Rajanaganaya reservoir. 
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Table 1. FA profile of flesh and stomach contents of E. fluviatilis from Bolgoda lake. 

 

 
 
 

FAs Profile 

Flesh of Bolgoda 

E. fluviatilis 

Stomach contents of Bolgoda 

E. fluviatilis 

Season 1 Season 2 Season 3 Season 1 Season 2 Season 3 

Weight  

(mg/100g ± SD) 

Weight  

(mg/100g ± SD) 

Weight  

(mg/100g ± SD) 

Weight 

(mg/100g ± SD) 

Weight  

(mg/100g ± SD) 

Weight  

(mg/100g ± SD) 

C14:0 
1157.40 

± 24.87 

199.56 

±47.09 

184.67 

±65.06 

132.28 

±47.57 

132.96 

±67.19 

388.43 

±72.64 

C15:0 
388.44 

± 20.69 

669.32 

±296.44 

509.72 

±203.41 

217.76 

±119.30 

250.09 

±97.83 

563.64 

±129.46 

C16:0 
204.29  

±124.55 

37.94 

±15.19 

179.73 

±85.45 

28.14 

±6.93 

653.40 

±317.57 

38.51 

±13.46 

C16:1(n-7) 
242.38 

± 98.49 

161.72 

±0.72 

174.83 

±62.03 

103.09 

±41.46 

160.70 

±57.76 

300.54 

±106.21 

C16:2(n-4) 
179.29 

± 55.12 
ND ND 

257.23 

±181.89 
ND ND 

C16:3(n-4) 
250.78 

± 4.06 

47.20 

±17.21 

114.58 

±32.18 

245.03 

±139.89 

255.38 

±3.25 

343.93 

±97.54 

C18:0 
173.34 

± 74.47 

76.40 

±96.04 

180.91 

±23.18 

68.03 

±5.91 

212.23 

±27.49 

72.13 

±26.47 

C18:1(n-9) 
102.88 

±30.47 

314.64 

±84.79 

124.63 

±30.95 

145.98 

±119.26 

434.54 

±234.52 

666.27 

±194.54 

C18:1(n-7) 
145.73 

±40.40 

256.90 

±3.54 

182.15 

±15.56 

202.86 

±38.21 

261.91 

±82.15 

158.83 

±73.14 

C18:2(n-6) 
140.89 

±86.00 

190.35 

±10.11 

368.60 

±106.56 

262.52 

±51.03 

204.65 

±45.08 

161.94 

±34.41 

C18:2(n-4) ND ND ND ND ND ND 

C18:4(n-3) 
203.29 

±50.81 
ND 

363.74 

±146.50 

275.14 

±194.55 
ND 

227.67 

±121.51 

C20:1(n-9) 
413.84 

±191.86 
ND ND 

685.17 

±484.49 
ND 

645.91 

±357.45 

C20:4(n-6) 
146.96 

±122.83 
ND 

176.22 

±84.54 

320.67 

±226.75 
ND 

118.34 

±55.64 

C20:4(n-3) ND ND 
127.41 

±19.51 

336.41 

±237.88 
ND 

168.45 

±18.45 

C20:5(n-3) 
327.03 

±239.73 

281.43 

±16.69 

176.40 

±42.65 

666.07 

±271.98 

257.83 

±48.94 

108.34 

±60.54 

C22:1(n-9) ND 
156.76 

±23.35 
ND 

165.63 

±6.27 

189.78 

±134.20 

187.30 

±42.48 

C22:4(n-6) 
484.27 

±78.23 

1638.81 

±102.01 

307.21 

±104.50 

373.63 

±210.17 

193.47 

±205.63 

232.63 

±78.45 

C22:5(n-3) 
379.80 

±16.23 

435.54 

±399.16 

378.03 

±160.54 

356.85 

±55.65 

1000.04 

±438.57 

113.57 

±26.54 

C22:6(n-3) ND 
50.27 

±101.21 

232.57 

±84.46 

80.14 

±21.12 

193.40 

±136.75 

394.74 

±145.48 

Total saturated 
1923.47 ±426.72 983.21 ±269.08 

1055.02 

±151.82 
446.21 ±76.64 1248.67 ±215.40 

1062.70 

±234.77 

Total unsaturated 
3017.14 ±151.64 

3533.62 

±96.02 

2726.38 

±112.63 
4476.40 ±183.41 3151.69 ±247.17 

3828.45 

±187.16 

Total (n-3) 
910.13 ±167.90 767.24 ±184.81 

1278.15 

±105.32 
1714.60 ±199.06 1451.26 ±389 

1012.76 

±111.08 

Total (n-6) 
772.12 ±175.77 1829.17 ±801.66 

852.03 

±87.89 

956.81   

 ± 49.71 
398.11 ±102.91 

512.91 

±51.59 

n-3/n-6 1.18 0.42 1.50 1.79 3.65 1.97 
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Table 2. FA profile of both flesh and stomach contents of E. fluviatilis from Rajanganaya reservoir. 

 

 

FAs Profile 

Flesh of Rajanganaya 

E. fluviatilis 

Stomach contents of  Rajanganaya  

E. fluviatilis 

Season 1 Season 2 Season 3 Season 1 Season 2 Season 3 

Weight  

(mg/100g ± SD) 

Weight 

(mg/100g ± SD) 

Weight 

(mg/100g ± SD) 

Weight  

(mg/100g ± SD) 

Weight  

(mg/100g ± SD) 

Weight 

(mg/100g ± SD) 

C14:0 
234.18 

±24.92 

372.63 

±97.90 

411.56 

 ±53.01 

269.42 

±72.98 

303.24 

±49.06 

436.45 

±178.15 

C15:0 
202.64 

±20.47 

447.42 

±173.09 

449.29 

 ±20.37 

231.59 

±152.61 

154.33 

±39.90 

203.33 

±101.48 

C16:0 
45.82 

±11.67 

259.32 

±150.97 

69.17 

 ±11.28 

62.32 

±11.67 

546.94 

±203.38 

150.47 

±87.45 

C16:1(n-7) 
302.59 

±37.12 

488.48 

±131.45 

357.27 

 ±78.54 

355.08 

±94.33 

164.29 

±72.11 

250.98 

±90.34 

C16:2(n-4) 
581.45 

±288.24 
ND ND 

173.82 

±122.91 

504.45 

±356.70 

179.69 

±101.27 

C16:3(n-4) 
512.22 

±209.92 

51.58 

±8.43 
ND 

215.35 

±115.81 

63.50 

±8.43 
ND 

C18:0 
200.62 

±29.75 

91.19 

±77.38 

112.18 

 ±65.64 

158.55 

±47.63 

53.83 

±26.42 

35.24 

±20.21 

C18:1(n-9) 
316.41 

±10.25 

431.42 

±81.32 

377.78 

 ±102.37 

301.92 

±91.57 

68.87 

±45.52 

187.14 

±43.54 

C18:1(n-7) 
62.90 

±30.28 

493.91 

±304.77 

440.66 

 ±116.14 

487.55 

±4.49 

71.69 

±23.17 

510.04 

±23.42 

C18:2(n-6) 
261.39 

±51.72 
ND 

304.17 

 ±98.52 

334.53 

±236.55 

384.14 

±271.63 

279.48 

±140.58 

C18:2(n-4) 
252.47 

±178.52 

309.97 

±40.66 

296.83 

 ±69.21 
ND 

106.47 

±143.90 

172.45 

±64.42 

C18:4(n-3) 
38.92 

±21.73 

168.27 

±91.46 

156.51 

 ±88.01 

69.65 

±69.74 

189.41 

±14.95 

176.46 

±32.54 

C20:1(n-9) 
325.79 

±85.81 
ND 

93.36 

 ±45.64 

204.44 

±168.56 

197.08 

±163.36 

183.36 

±74.42 

C20:4(n-6) 
522.12 

±274.12 
ND 

12.14 

 ±9.42 

134.45 

±95.07 

187.63 

±132.68 

175.40 

±65.51 

C20:4(n-3) 
210.80 

±38.04 
ND 

437.23 

 ±223.85 

157.00 

±111.01 

136.16 

±96.28 

78.91 

±39.64 

C20:5(n-3) 
52.60 

±93.23 

137.56 

±60.08 

49.69 

 ±265.42 

184.45 

±33.15 

240.15 

±72.54 

123.56 

±87.56 

C22:1(n-9) 
60.62 

±18.55 

156.44 

±67.76 
ND 

369.69 

±150.79 

168.85 

±8.77 

178.63 

±10.05 

C22:4(n-6) 
58.23 

±94.83 
ND 

157.83 

 ±65.48 

192.34 

±136.00 

108.45 

±76.68 

126.41 

±13.54 

C22:5(n-3) 
404.65 

±147.91 

270.23 

±95.04 

303.34 

 ±164.54 

195.47 

±52.86 

290.25 

±14.15 

129.52 

±62.25 

C22:6(n-3) 
254.12 

±56.10 

509.33 

±180.46 

312.07 

 ±74.54 

333.45 

±124.36 

335.74 

±122.74 

294.88 

±12.29 

Total saturated 683.26   ±78.44 
1170.56   

 ± 143.47 

1042 

±182.89 
721.89      ± 84.46 1058.34 ±198.42 

825.49 

±156.16 

Total unsaturated 4217.29 ±175.87 
3017.20   

 ± 197.18 

3678 

±167.88 
3709.19 ±121.82 3217.14 ±122.02 

3046 

±101.03 

Total (n-3) 961.09   ±143.21 
1085.21    

± 178.92 

1638.83 

±108.05 
940.02      ±89.68 1191.71    ±74.56 

803.32 

±77.89 

Total (n-6) 841.74   ±207.99 ND 
474.14 

±130.60 
661.31      ±92.09 

680.22      

±126.96 

581.29 

±69.92 

n-3/n-6 1.41 0.00 3.45 1.42 1.76 1.38 
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- Variation of MUFAs in E. fluviatilis from Bolgoda Lake  
ANOVA revealedthere was no statistically significant difference in 

themonounsaturated FAs (MUFAs)in theflesh and stomach 

contents of E. fluviatilis in Bolgoda Lake among the three seasons 

( p = 0.500 and p = 0.424, respectively).The highest amount of 

recorded MUFAs in both flesh and stomach contents of E. 
fluviatiliswere  C 18:1 (n-9), C 18:1 (n-7) and C 20:1(n-9). Among 

those FAs, C 18:1(n-9) and C 20:1(n-9) were higher in stomach 

contents during all the seasons, except in the second season 

where C 20:1(n-9) was not detected. 

 
- Variation of PUFAs in E. fluviatilis from Bolgoda Lake  

The seasonal variations of PUFAs in E. fluviatilis from Bolgoda 

Lake were not statistically significant during three seasons in 

flesh (p = 0.929) and stomach content (p = 0.424). In terms of the 

FAs, the highest amount of C 22:4(n-6) and C 22:5(n-3) 

(eicosapentanoic acid, EPA) were recorded during the second 

season in flesh and stomach contents, respectively. The presence 

of DHA (C 22:6(n-3)) in flesh varied and was also not detected in 

season 1, while a low amount was recorded during the other two 

seasons. It was also less recorded in the stomach contents.  

 
Variations of FAs in E.fluviatilis from Rajanganaya reservoir  

- Variation of SFAs in E.fluviatilis fromRajanganaya reservoir 

Analysis of SFAs showed, that there were no statistically 

significant differences between the flesh (p = 0.530) and stomach 

contents (p = 0.770) of E. fluviatilis in Rajangnaya reservoir. When 

comparing the detected average amounts of saturated FAs (SFAs) 

of E. fluviatilis in both habitats, a higher amount was recorded 

from those in the Bolgoda Lake than the Rajanganaya reservoir. 

 
- Variation of MUFAs in E. fluviatilisfrom Rajanganaya reservoir  
Seasonal variation of MUFAs in the flesh of E. fluviatilis showed 

that there was no statistically significant variation (p = 0.707) 

among the seasons, and there were no statistically significant 

differences (p ≤ 0.05) among the three seasons with respect to 

the stomach contents. The statistical analysis revealed there was 

less detection of MUFAs during the second season in stomach 

contents, which caused a statistically significant difference (p = 

0.028). However, there was no statistically significant difference 

(p = 0.120) in MUFAs between the same season in the flesh and 

stomach contents. The amount of FAs C 16:1 (n-7) and C 18:1 (n-9) 

were high during all the seasons in flesh with C 18:1 (n-7) being 

the highest in both seasons 2 and 3, with the exception of season 

1. However, C 20:1 (n-9) was not detected during the second 

season in the flesh, and a similar result was recorded for C 22:1 

(n-9) during the third season, which kept fluctuating highly during 

all the seasons. When comparing with the Bolgoda Lake 

population, showed only C 18:1(n-9), C 18:1 (n-7) and C 20:1 (n-9) 

as being the highest MUFAs in the flesh. 

 
- Variation of PUFAs in E. fluviatilis from Rajanganaya reservoir  

There was no statistically significant variation of PUFAs in the 

flesh of E. fluviatilis from Rajanganaya reservoir (p = 0.138) among 

the three seasons and the same result (p = 0.277) was recorded 

for the stomach contents PUFAs. The FA C 16:2 (n-4) was only 

recorded during the first season in the flesh of E. fluviatilis and 

was not detected during the rest of seasons. However, it was 

recorded in the stomach contents in all seasons, with the highest 

being in the second season. The C 16:3 (n-4) was second highest 

during the first season and was lower during the other seasons in 

the flesh, while the same could be said about the stomach 

content PUFAs of E. fluviatilis. DHA (C 22:6 (n-3)) was the highest 

in terms of FA contents most of the time, in both flesh and 

stomach contents of E. fluviatilis in the Rajanganaya reservoir. A 

similar fluctuation was recorded for the C 18:2 (n-6) FA, which 

was not detected during the second season from the flesh. 

Nevertheless, during the second season, the FAs C 16:2 (n-4), C 

18:2 (n-6), C 20:4 (n-6), C 20:4 (n-3) and C 22:4 (n-6) were not 

detected from the flesh.C 18:2 (n-4) FA was detected solely from 

the Rajanganaya reservoir. It was recorded in all seasons from the 

flesh of E. fluviatilis and was also detected from the stomach 

contents of E. fluviatilis only during second and third seasons. 

 

PCA analysis 

- PCA of the FAs profile of E. fluviatilis 
The PCA of the FA composition of both flesh and stomach 

contents were revealed to be distinct in the same species (E. 
fluviatilis) from different habitats. The first and second component 

analyses are explained (Fig. 3), where the variation in FA levels 

amongst samples accounted for 21.6 % and 17.4 % of the total 

variation within the data sets, respectively. 

 

- PCA of the FA profile of stomach contents of E. fluviatilis in two 

habitats   

The total variations in the PC1 and PC2 of the PCA of the FA 

composition of stomach contents (Fig. 4) from both Bolgoda Lake 

and Rajanganaya reservoir were 30.7 % and 27.6 % respectively. 

The FAs contributing for PC 1, in descending order were, C 20:4 (n-

6), C 20:4 (n-3), C 18:4 (n-3), C 20:5 (n-3), C 20:1 (n-9), and C 18:0. 

The FAs C 18:2 (n-4), C 18:2 (n-6), C 18:1 (n-9), C 22:4 (n-6), C 16:2 

(n-4) and C 15:0 contributed to PC 2. 

 

- PCA for the flesh contents’ FAs profile of E. fluviatilis  in two 

habitats   

The PCA showed variations in FAs in PC1 at 35.0 % from which 

were C 18:1 (n-7), C 18:0,C 16:3 (n-4), C 20:4 (n-6), C 16:2 (n-4) and 

C 20:1 (n-9)(in descending order). The variance of 25.9 % from PC2 

was contributed by the FAs in the descending order of C 22:4 (n-

6), C 18:2 (n-4), C 15:0, C 16:1 (n-7) and C 22:6 (n-3) from the flesh 

content FA profile from both Bolgoda Lake and Rajanganaya 

reservoir (Fig. 5). The overall PCA did not show any differences in 

individual FAs of these populations and it was proven by data 

distribution upon scattered data points on the PCA plot. However, 

separate analyses, which were conducted for FAs of flesh and 

stomach contents of E. fluviatilis from both habitats showed 

different clusters on a PC plot.  
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Figure 3. Flesh and stomach content FA profiles of E. fluviatilis from Bolgoda Lake and Rajanganaya reservoir with loading plot for each 

FA. FB= Flesh of Bolgoda Lake, FR= Flesh of Rajanganaya reservoir, SB= Stomach contents of Bolgoda Lake, SR= Stomach contents of 

Rajanganaya reservoir. The FAs contributing maximally to this separation (PC 1) in descending order are as follows: C 20:4 (n-6), C 18:1 

(n-7), C 16:1 (n-7), C 16:2 (n-4), C 18:1 (n-9) and C 22:6 (n-3). The FAs contributing to the separation in (PC 2) were C 16:1 (n-7), C 22:4 (n-

6), C 22:5 (n-3), C 22:6 (n-3) and C 18:2 (n-4). 

 
 

 
Figure 4. Principal component (PC) plot of E. fluviatilis FA profile of stomach contents of Bolgoda Lake and Rajanganaya reservoir with a 

loading plot for each FA. SB= Stomach contents of Bolgoda Lake, SR= Stomach contents of Rajanganaya reservoir. 
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Figure 5. Principal component (PC) plot of the FA profile of E. fluviatilis flesh contents from Bolgoda Lake and Rajanganaya reservoir. FB= 

Flesh of Bolgoda Lake, FR= Flesh of Rajanganaya reservoir. 

 

 

Discussion 
Stomach contents and FA profile of E. fluviatilis 
The stomach contents of E. fluviatilis revealed diatoms asthe 

major food item from Bolgoda Lake and as a secondary food in 

Rajanganaya reservoir. Similar results were also recorded in other 

studies which focused on food habits and biological aspects of E. 
fluviatilis from the same habitats (Amarasinghe & Ariyaratna, 

2002; Mihindukulasuroiya & Amarasinghe, 2014). In this study, 

stomach content compositionrecorded from the Bolgoda Lake E. 

fluviatilis population was similar to the composition of the diet as 

Amarasinghe and Sriya (2002). According to the Hiltunen (2016), it 

was reported that there wereseasonal changes occurring in FA 

contents in copepods and other food contents. Therefore, in this 

study as well, there would be a possibility of changing FA profiles 

in both habitats according to their food consisting of FAs. This 

would directly affect the seasonal variation in zooplankton FA 

composition and this could be related to the variation in diet 

and/or water temperature (Brett et al., 2006; Hiltunen, 2016).  

 

The ratio of n-3 to n-6 PUFAs is very important as it critically 

affects fish growth, reproduction and survival. This has been 

reported by studies conducted on the nutritional requirements of a 

range of fish species on PUFAs (Brett et al., 2006; Persson & 

Vrede, 2006; Bell & Tocher, 2009). In the current study, PUFAs 

were the major group of FAs recorded in both populations andthe 

presence of n-3 FAs were higher than the n-6 FAs. In addition, the 

ratios of n-3 to n-6 PUFAs ranged from zero to 3.65. The amounts 

of the recorded total (n-3) and total (n-6) were also similar in both 

flesh and stomach contents in Bolgoda Lake’s E. fluviatilis. 

However, generally, (n-3) FAs were higher than the (n-6) FAs in 

the fish (Edirisinghe et al., 1998; Łuczyńska et al., 2014). The 

lower amount of DHA (C 22:6 (n-3)) was recorded during both dry 

and intermediate seasons in both analyses. In addition, 

hexadecadienoic acid (C 16:2 (n-4)) was only recorded in dry 

seasons and not detected during the intermediate and wet 

seasons, which is a freely synthesized FA in some of the marine 

algae and also present in some diatoms (Pond et al., 1997). 

 

FAs and colonization of E. fluviatilis in freshwater aquatic system 

The Rajanganaya reservoir is a large deep reservoir in Sri Lanka 

since it has the lacustrine conditions for fish and a wide pelagic 

zone that would help to successfully colonize E. fluviatilis. These 

conditions make the Rajanganaya reservoir similar to a natural 

lake, due to a declined current, which is a characteristic of natural 

lakes (Fernando & Holčík, 1991). Natural colonization of fish 

species happens at the pelagiczone if the river basin is inhabited 

by fish species, which are pre-adapted for lacustrine conditions 

(Fernando & Holčík, 1991). Ehirava fluviatilis has these 

adaptations as a clupeidae family member and helps natural 

colonization in the Rajanganaya reservoir as a sprat of marine 

origin. The ancient Parakrama Samudraya reservoir is another 

location, which was successfully colonized by E. fluviatilis. Same 

situations have been reported in the Kainji Lake in Nigeria by 

pelagic sprats, which were naturally colonized, namely, 

Sierrathrissa leonensis and PeIImmlci afzeliusi. The same 

occurred in Thailand in the Ubolratana reservoir (Clupeichthys 
aesameusis (Syn. Cmica goniognathus), in Bangladesh in the 

Kaptai Lake which was colonized by three species of clupeids 

(Gudusia ehapra, Gonialosa manminnaand Corica subnma), and in 

Ukraine which was cascaded into 6 reservoirs of the Dnieper river 

by Clupemelln cultriventris. The natural colonization also 

happened with introductions or translocations of various clupeids 

into the pelagic zone of reservoirs and lakes in Africa and North 
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America (McConnell & Lowe-McConnell, 1987; Fernando & 

Holčík, 1991). Therefore, as food, they may rely on phytoplankton, 

bacteria and other heterotrophic animals. In these instances, the 

FAs were transferred from the diet to consumer at a higher trophic 

level leading to the use of FAs as tracers in food web studies 

(Dalsgaard et al., 2003; Hiltunen, 2016). FA analysis has been 

used and identified as an alternative method to characterize 

stomach contents and behavioural observations of animals 

(Maranto et al., 2011). This study proved to be a good example in 

this aspect as well because the presence of E. fluviatilis in two 

different habitats had varied FA profiles. In general, the presence 

of unsaturated FAs and PUFAs are important for fish in 

determining the fluidity of the membrane and in providing a 

favourable environment for membrane functions (Bell et al., 1986; 

Brett & Müller-Navara, 1997; Metz et al., 2001).  

 

According to this, it was revealed that somewhat similar 

compositions of the FA profiles were recorded from both flesh and 

stomach composition at both study populations separately except 

for one FA. However, when comparing with two populations, 

there were remarkable differences between the FA profiles 

separately as C 18:2 (n-4) was only recorded E. fluviatilis in the 

Rajanganaya reservoir. According to previous studies which were 

conducted on E. fluviatilis, the colonization of marine origin 

species like Malabar sprat in freshwater should rely on their 

preferred foods and its quality (Fernando, 1994; Duncan, 1999; 

Amarasinghe & Ariyaratna, 2002; Kumara et al., 2009; 

Mihindukulasuroiya & Amarasinghe, 2014). Therefore, owing to 

the difference that occurred between the FA profiles in 

Rajanganaya reservoir population with Bolgoda Lake population, 

the hypothesis of previous researchers provided invaluable 

evidence in support of the healthy survival of E. fluviatilis 

population in Rajanganaya reservoir as they are of marine origin.  

 

The reasonable explanation for colonization given by 

Mihindukulasuroiya and Amarasinghe (2014) was that E. fluviatilis 

species must have colonized Rajanganaya reservoir before the 

construction of Neela Bemma blocking the Kala Oya river basin. In 

addition, the migration of E. fluviatilis through the freshwater 

bodies including rivers to freshwater lacustrine habitats from the 

marine habitats in Southern India and Sri Lanka have been 

recorded, providing sufficient evidence as to their ability to 

tolerate a higher range of salinity (Pillai, 1965; Whitehead, 1985; 

Amarasinghe & Sriya, 2002; Mihindukulasuroiya & Amarasinghe, 

2014). However, the survival of marine origin fish in freshwater 

might be highly competitive and challenging, as they should have 

a proper mechanism to overcome unfavourable conditions. 

Therefore, this study provides ample evidence as to the presence 

of C 18:2 (n-4) in both food and body (flesh) of E. fluviatilis in 

Rajanaganaya reservoir providing enough protection to survive in 

freshwater to overcome their main challenges.  

 

The FA C 18:2 (n-4) can be found in marine organisms, which is 

routinely identified by a polar capillary column (DB-23, Agilent 

Technologies; 30 m × 0.25 mm ID) (Iverson, 2009). In addition, 

according to Pond et al. (1997), the presence of C 18:2 (n-4) in two 

deep sea marine shrimp were reported by their study of FA 

profiles: Rimicaris exoculata and Alvinocarjs markensis. According 

to this particular study, bacteria was revealed as the main source 

of nutrition, as well as less PUFA along with a low ratio of C 18: l 

(n-9)/C 18: l (n-7). This is because the MUFA C 18: (n-7) is normally 

abundant in bacterial lipids, and as such, the ratio of C 18: l (n-

9)/C 18: l (n-7) together with high PUFA interferes with bacteria in 

terms of nutrition of marine animals. A high ratio indicates that 

they feed on animal tissues or carrion. In addition, it was reported 

that gut bacteria could contribute to the animals’ diet of essential 

dietary components. They also reported that bacteria was able to 

derive C 18:2 (n-4) inside the host’s gut (Pond et al., 1997). 

Nevertheless, heterotrophic bacteria’s FA profile differs from that 

of phytoplankton, but they lack PUFAs and are characterized by 

odd chain SFA, branched FAs or SFA and C16-18 MUFAs 

(Hiltunen, 2016). However, Pond et al. (1997) reported the 

possibility of converting C 16:2 (n-4) to C 18:2 (n-4) by enzymes in 

all marine organisms. According to this particular study, the 

animal can derive C 16:2 (n-4) from the diet and elongate into C 

18:2 (n-4). In addition, the study conducted by Nakano et al. (1999) 

reported the FA C 16:2 (n-4) being responsible for being elongated 

into C 18:2 (n-4) in fish, as revealed through Buffalo rat liver cells 

(BRLC). According to that particular study, both C 18:2 (n-4) and C 

18:3 (n-4) appeared in the Buffalo Rat liver cells (BRLC) after the 

medium was supplemented with C 16:2 (n-4) methyl ester. 

Following this, they have observed both C 18:2 (n-4) and C 18:3 (n-

4) in the cellular lipids as the metabolites of exogenous C 16:2 (n-

4). The data demonstrated that C 16:2 (n-4) was converted into a C 

18 unsaturated FA in vitro in the cells (Nakano et al., 1999), and 

the pathway was almost similar to the n-6 route for the 

conversion of 18:2 n-6 to 20:4 n-6 (Bell et al., 1986; Dalsgaard et 
al., 2003; Tocher, 2003; Persson & Vrede, 2006; Bell & Tocher, 

2009; Li et al., 2010; Kelly & Scheibling, 2012; Hiltunen, 2016; Bou 
et al., 2017). The C 16:2 (n-4) converted into C 16:3 (n-4) via ∆6 

desaturation, followed by elongation into C 18:3 (n-4). For the FA 

C 18:2 (n-4), formation only happened when C 16:2 (n-4) was 

subjected to elongation without desaturation (Nakano et al., 
1999). Nevertheless, in the current study C 16:2 (n-4) was not 

detected from E. fluviatilis of the Bolgoda Lake similar to the 

study by Nakano et al. (1999). Therefore, C 18:2 (n-4) was not 

detected in both flesh and stomach contents due to the absence 

of C 16:2 (n-4). Furthermore, E. fluviatilis from Rajanganaya 

reservoir showed the different results, as those samples had C 

18:2 (n-4) in both flesh and stomach contents during the second 

and third seasons. Therefore, the main reason C 18:2 (n-4) was 

found only in E. fluviatilis population from Rajanganaya reservoir 

could be due to consumption of a diet consisting of C 16:2 (n-4) 

elongating into the C 18:2 (n-4) in their gut, which did not happen 

in Bolgoda Lake’s E. fluviatilis during the study period. Thus, it can 

be concluded that the elongation of C 16:2 (n-4) occurred only in 

freshwater colonized E. fluviatilis in the Rajanganaya reservoir 

and not in a marine origin E. fluviatilis in Bolgoda Lake. Several 

studies showed C 18:2 (n-4) as a biomarker for bacteria (Kelly & 

Scheibling, 2012; Parrish, 2013). Diatoms also contain C 16:2 (n-4) 

but their FAs do not elongate further to C 18:2 (n-4) (Pond et al., 
1997). Therefore, considering E. fluviatilis in the Rajanganaya 
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reservoir, they should have the ability to elongate C 16:2 (n-4) 

inside their stomach and gut and later transfer into flesh. 

 

The hypotheses provided by Duncan (1999); Amarasinghe and 

Sriya (2002); Mihindukulasuroiya and Amarasinghe (2014) are in 

line with the current study, because their preferred food and its 

quality governed overcoming of the problem which arises when 

marine origin E. fluviatilis are colonized successfully in the 

Rajanganaya reservoir. By this study, it may be deduced that the 

remaining population of E. fluviatilis surviving in Parakrama 

Samudra reservoir should undergo similar colonization changes as 

the Rajanganaya reservoir. 

 

A combination of field and laboratory studies are still needed to 

elucidate the relative importance of several potentially limiting 

and interacting factors, such as temperature and food quality 

parameters (i.e. fatty acids, sterols, amino acids, phosphorus, 

nitrogen) of colonization of fish at different habitats starting from 

where they originated. In addition, the type of FAs, which can be 

used as biomarkers for future studies in freshwater lacustrine 

habitats in Sri Lanka, could also be elucidated.  Furthermore, the 

introduction of E. fluviatilis into deep freshwater reservoirs 

available in Sri Lanka will open potential avenues in the fisheries 

industry. This in turn, will help increase living conditions with new 

income sources for populations living around those reservoirs.  

 

Conclusion 
The ability to modify FAs revealed the appearance of C 18:2 (n-4) 

in E. fluviatilisfrom the Rajanganaya reservoir due to the presence 

of C 16:2 (n-4), which in turn was elongated to form C 18:2 (n-4). 

The study strongly indicates that the changes of the PUFA 

dynamics of food webs could lead to the survival of E. fluviatilis in 

lacustrine habitats. The study indicates that the presence of 

specific FAs could be used as biomarkers to identify species 

based on corresponding FAs present with their body and foods 

contents. 
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