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ABSTRACT 

Fish Health Index and Index of Biotic Integrity directly indicates environmental health 

and was used in our monitoring at Coleroon, Vellar and Uppanar, estuaries in the southeast coast 

of India. The use of cast nets revealed 104 species of fish that belongs to 69 genera, 44 families 

and 10 orders. Assessment using fish health index at Coleroon, Vellar and Uppanar estuaries 

produced scores of 4.8692, 8.4981 and 1.4042 which means Vellar has better health than 

Coleroon and Uppanar. In addition, 12 metrics were used to produce the index of biotic integrity 

where total scores varied from 18 to 51. With Vellar achieving higher scores than Coleroon and 

Uppanar estuary, a Two-way ANOVA was employed to validate the data with significant 

achievement (P<0.005). Therefore, we can safely associate Coleroon, Vellar and Uppanar with 

‘Fair’, ‘Good’ and ‘Very poor’ grades. Also, visual depiction of Vellar demarcates it as pristine 

in comparison to Coleroon and Uppanar that are subject to impairments along with dominance of 

omnivorous fishes. Knowledge from this study eases monitoring of important estuaries 

particularly for food security so that management sustains community livelihood.  
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1. INTRODUCTION 

Estuaries are an important intermediary water bodies for fisheries that lay between 

freshwater and marine habitats [1,2] that traps both, autochthonous and allochthonous materials 

for its productivity [3,4]. While leaching and run-off into rivers make estuaries a ‘sink’ for 

fluvial discharges, chemical fluctuations in estuaries make this ecosystem harsh while serving as 

pathway for fishing, transport, tourism in coastal areas. Moreover, the change in landscape and 

river morphology from upstream fluvial discharges make estuaries vulnerable to physical 

alterations that can impact downstream aquatic life [5-9]. Over the last decade, water quality vis-

à-vis biological indicators were evaluated together for better assessments on environmental 

stressors towards biological systems [10,11]. While organisms are reliable tools, it must be 

readily present, easy to acquire and have relationship with the assessed area so that 

interpretations indicate the ecosystem health [12-14]. Fish are sensitive indicators to 

environment change because their homeostasis are influenced by external environments (water 
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and sediment) and the type of organisms they interact [15]. Therefore, our objective is to 

evaluate the health of estuaries in India using Fish Health Index (FHI) and Index for Biotic 

Integrity (IBI). We learnt about the accuracy of both indices to determine fish wellbeing by the 

valuation of their interaction with abiotic components [16,17]. While estuaries like Coleroon and 

Vellar were evaluated for their environment health [18], only Uppanar [19-21] was evaluated 

using fish and benthic organisms as biological indicators for environment health but, their 

findings focused conditions that exceeds ambience (heavy metals, pH, dissolved oxygen and 

ammonia) or nutritional composition (protein, lipid, and carbohydrate composition) rather than 

establishing baseline relationships for total environment (abiotic and biotic) evaluation.  

 

2. MATERIALS AND METHODS 

2.1 Study area description 

 The three estuaries namely Coleroon (latitude 11˚21’ N; longitude 79˚49’ E, Vellar 

(latitude 11º 29’N; longitude, 79º 46’E) and Uppanar (latitude, 11º42’N; longitude, 79º 49’ E) 

are situated in the Southeast coast of India (Figure 1). The Coleroon estuary represents the 

downstream section where Cauvery river mouth is used as flood water outlet. It ends at the Bay 

of Bengal in the northern region of Nagapattinam district in Tamil Nadu. This estuary has year-

round connection with Bay of Bengal and receives freshwater inflow during the northeast 

monsoon and the southwest monsoon. The river Vellar debouches into the Bay of Bengal as 

Vellar estuary at the Parangipettai coast after flowing over about 480 km from the Servarayan 

Hills in Salem district, Tamil Nadu, India.  This is a true estuary with fragmented mangrove 

patches and supports as nursery for numerous fins and shellfishes. The Uppanar estuary is 

situated near Cuddalore coast and ends at the Bay of Bengal at Thaikkal Thonithurai, a small 

coastal village where State Industries Promotion Corporation of Tamil Nadu industrial cluster 

comprising fifty chemical and pharmaceutical units are located. Among them more than ten 

industries are handling hazardous chemicals like sulphuric acid, hydrochloric acid, chromic acid, 

ethyl acetate, ammonium fluoride, diethyl ether, CPC blue, hydroquinone, caustic soda, mono 

chlorobenzene and chlorine. Almost all the industries situated along this stretch release their 

treated water into the Uppanar estuary. 

 
Fig. 1. Map showing the three estuaries (Coleroon, Vellar and Uppanar estuaries) 

2.2 Sampling design 



 

 

                               Journal of Advanced Applied Scientific Research  

K. Kadharsha, JOAASR-Vol-4-5-December-2022:50-63         ISSN(O): 2454-3225 

 
 

   

International Conference on Climate Change Adaptation for Sustainable Biodiversity and Food Security 2022 

(ICCCASBFS 2022) organized by Department of Zoology, Scott Christian College 

 

52 

 

Bi-monthly sampling was carried out for 8 months (June 2016 to January 2017) at 

Coleroon, Vellar and Uppanar estuaries. At each site, five fixed (bearings recorded using 

handheld GPS - Garmin, USA) finfish sample collection points with 100 m distance between 

each points (total distance of 500 m) were visited by researchers and fishermen where cast nets 

(5.5 inch mesh size) were used to trap fish. We dedicated a total of 2 hours per site with soaking 

time of 1-2 minutes per net. All fish were identified using FAO species identification sheets 

(Fishing areas 51 and 57) before counting their abundance.  

 

2.3 Data analysis 

The Fish Health Index with scores ranging from 0 (poor) to 10 (good) is adopted from 

Cooper et al. (1993) through the following:   

                 FHI = 10(J)[Ln(P) / Ln(Pmax)] 

Where,  

J = Number of species in system divided by number of species in reference community 

P = Number of species in reference community 

Pmax = Maximum number of species from all reference communities.  

 

A total of 12 metrics were used to produce the index of biotic integrity (Table 1) which 

was adopted from Harris (1995).  The score range for each metric is 1-5 where sum of scores 

indicate the health of each site. We adopted the score scale of  

Karr et al. (1981; 1986) along with the following classifications:  excellent (58-60), good (48-

52), fair (40-44), poor (28-34) and very poor (12-22) and ‘no fish’ when samples are 

unavailable. A two-way analysis of variance is employed to validate scores by the indices using 

SPSS v.16. In addition, performance of metrics were examined with Principal Component 

Analysis (Primer v.6.1) whereby correlation of each (from the twelve) metrics are compared 

with their own factors (as variance) for each of the principal components. 
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Table 1. Fish community metrics used to calculate Index of Biotic Integrity for Coleroon, Vellar 

and Uppanar estuaries 

 

Category Metrics Scores and criteria 

 5 3 1 

 

 

 

 

 

Species 

richness & 

composition 

1.Total number of native species  

 

 

 

Expectations for metrics 1-5 vary with 

stream size and region 

2.Number of benthic species in 

impaired area 

3.Number of benthic species 

4.Number of pelagic species 

5.Number of intolerant species 

6.Percent of native fish individuals >67% 33-67% <33% 

7.Percent native species >67% 33-67% <33% 

 

 

 

 

Trophic 

composition 

8.Proportion of individuals as 

microphagic omnivores 

<33% 33-67% >67% 

9. Proportion of individuals as 

microphagic carnivores 

>67% 33-67% <33% 

10. Proportion of individuals as 

macrophagic carnivores 

>10% 3-10% <3% 

 

 

Fish 

abundance & 

condition 

11. Number of individuals in 

sample 

Expectations for metrics 1-5 vary with 

stream size and region 

12. Proportion of individuals with 

abnormalities 

0-2% 2-5% >5% 
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3. RESULTS 

3.1 Fish abundance 

Fish recovered in this study belong to 69 genera, 44 families and 10 orders (Table 2) with 

the fish health index; site-wise species breakdown of 4.87; 58 (Coleroon), 8.50; 91 (Vellar) and 

1.40; 22 (Uppanar).  From the total of 104 different fish species, we classified 60 fish species 

from orders Clupeiformes (17 species), Mugiliformes (8 species), Siluriformes (5 species), 

Cypriniformes (4 species) and Pleuronectiformes (3 species) with dominant counts. Other orders 

namely Elopiformes, Beloniformes and Anguilliformes were represented by 2 species each 

whereas Gonorynchiformes was represented by 1 species. The family group Mugilidae and 

Carngidae were dominant with 8 species each followed by Engraulidae (7 species), Clupeidae (6 

species), Leiognathidae (5 species), Gerreidae (5 species), Ambassidae (4 species) and Ariidae (3 

species). 

 

Table 2. Checklist of species recorded from Coleroon, Vellar and Uppanar 

estuaries (+ - present; - absent) 

 

S. No Species Coleroon Vellar Uppanar 

1 Elops machnata + + - 

2 Megalops cyprinoides + + - 

3 Chanos chanos + + - 

4 Cynoglossus arel + - - 

5 Cynoglossus lida - + - 

6 Cynoglossus puncticeps + + - 

7 Arius maculatus - - + 

8 Arius subrostratus + + - 

9 Arius arius + + - 

10 Wallago attu - + - 

11 Plotosus canius + + - 

12 Hemiramphus far + + - 

13 Hemiramphus limbatus - + - 

14 Conger cinereus + - - 

15 Anguilla bicolor bicolor - + - 

16 Mugil cephalus + + + 

17 Chelon parsia + + + 

18 Chelon tade + - - 

19 Chelon planiceps - + + 

20 Chelon macrolepis + + - 

21 Chelon subviridis + + + 

22 Moolgarda seheli + - - 

23 Valamugil cunnesius - + - 

24 Catla catla - + - 

25 Labeo rohita - + - 

26 Cirrihinus mrigala - + - 

27 Cyprinus carpio - + - 

28 Nematalosa nasus + + - 

29 Sardinella fimbriata + + - 
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30 Sardinella longiceps + + - 

31 Sardinella sindensis - + - 

32 Escualosa thoracata + + - 

33 Hilsa kelee + + - 

34 Anodontostoma chacunda - + - 

35 Stolephorus 

commmersonnii 

+ + + 

36 Thryssa dussumieri + + - 

37 Thryssa malabarica + + - 

38 Thryssa mystax + + - 

39 Thryssa vitrirostris + + - 

40 Coilia dussumieri + + - 

41 Setipinna taty - + - 

42 Opisthopterus tardoore - + - 

43 Ilisha kampeni + + - 

44 Ilisha melastoma - + - 

45 Oreochromis mossambicus - + - 

46 Etroplus suratensis + + - 

47 Lates calcarifer + + - 

48 Scatophagus argus + + - 

49 Siganus canaliculatus + + + 

50 Siganus javus + + - 

51 Eleutheronema 

tetradactylum 

+ + - 

52 Sphyraena obtusata - - + 

53 Sphyraena barracuda - + - 

54 Sphyraena jello + + - 

55 Scomberomorus 

commerson 

- + - 

56 Pampus chinensis - + - 

57 Ambassis bleekeri - - + 

58 Ambassis gymnocephalus - + + 

59 Ambassis ambassis + + - 

60 Ambassis nalua - - + 

61 Epinephelus tauvina + + - 

62 Epinehelus bleekeri + - - 

63 Apogonichthyoides niger - + - 

64 Sillago sihama + + + 

65 Alectis ciliaris + + - 

66 Alectis indicus + + - 

67 Carangoides malabaricus + + - 

68 Alepes kleinii - + - 

69 Caranx ignobilis - + - 

70 Caranx heberi - + - 

71 Caranx sexfasciatus + + - 
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72 Scomberoides tol + + - 

73 Parastromateus niger - + - 

74 Lutjanus argentimaculatus + + - 

75 Lutjanus fulviflamma + + - 

76 Lutjanus johnii - + + 

77 Lutjanus russellii - + + 

78 Secutor ruconius - + + 

79 Secutor insidiator + + - 

80 Eubleekeria splendens + + - 

81 Leiognathus equulus + + - 

82 Photopectoralis bindus + + + 

83 Lethrinus nebulosus - + - 

84 Pomadasys kaakan + + + 

85 Pomadasys maculatum + + + 

86 Gerres filamentosus + + - 

87 Gerres abbreviatus + - - 

88 Gerres erythrourus - + + 

89 Gerres metheuni - + - 

90 Gerres limbatus - + - 

91 Lobotes surinamensis - + - 

92 Drepane punctata + + - 

93 Upeneus sulphureus - + - 

94 Kathala axillaris - + + 

95 Johnius carutta - + - 

96 Dendrophysa russelli - + - 

97 Terapon puta + + - 

98 Terapon jarbua + + - 

99 Acanthurus mata - + - 

100 Acanthocepola abbreviata - + - 

101 Platycephalus indicus + - - 

102 Acanthogobius fulvimanus - - + 

103 Butis butis - - + 

104 Anabas testidunes - + - 

 

 

3.2 Assessment using indices 

The minimum score of 1 was obtained by metric 7 and the maximum score of 5 was for 

metrics 2, 3,10 and 11 for Coleroon estuary which means this estuary recorded a total score of 42 

that denotes its condition as ‘Fair’ (Figure 2; Table 3). In comparison, maximum score of 5 was 

attained at Vellar estuary using the following five metrics 1, 2, 3, 10 and 12 while the score of 3 

was recorded for metrics 5 and 8. These give rise to a total score of 51 that considers Vellar 

estuary as ‘Good’. On the contrary, metrics of Uppanar estuary varied where the score 1 were 

produced by metrics 1, 4, 5, 6, 7, 8 and 9 while the score of 3 was produced by metric 10. By 
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producing a total score of 18 at Uppanar estuary, status of its ecology is classified as ‘Very poor’ 

(Table 3). We validated the scoring metrics with every estuary (F=65.32; df=2; P<0.005) and its 

scoring indicators (F=54.08; df=11; P<0.005) to produce 95.8 % variance between each of the 

scoring metrics (Figure 3). 

 

Fig. 2. IBI score of three estuaries obtained from 13 metrics 

Table 3. IBI metric score for Coleroon, Vellar and Uppanar estuaries 

S. No Metrics Coleroon Vellar Uppanar 

1 Total no of native species  3 5 1 

2 No. of benthic species in 

impaired area  

5 5 2 

3 No. of benthic species  5 5 2 

4 No. of pelagic species  3 4 1 

5 No. of intolerant species  2 3 1 

6 Percent of native fish 

individuals  

3 4 1 

7 Percent native species  1 4 1 

8 Proportion of individuals as  

microphagic omnivores  

3 3 1 

9 Proportion of individuals as  

microphagic carnivores 

3 4 1 

10 Proportion of individuals as  

macrophagic carnivores 

5 5 3 

11 Number of individuals in 

sample 

5 4 2 
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12 Proportion of individuals 

with abnormalities 

4 5 2 

 Total 42 51 18 

 

 

 

Fig. 3. PCA plot for the metrics of three estuaries  

(C-Coleroon, V-Vellar, U- Uppanar) 

 

4. DISCUSSION 

4.1 Ecological monitoring  

We utilize fish spatial abundance, feeding habits and diversity to evaluate the health of 

three estuaries in the Southeast coast of India. However, the use of organisms to evaluate habitat 

conditions are reserved to pollution and gene hybridization [11,15] which means, studies that use 

species richness and fish biology limit their findings towards their populations and spatial-

temporal occupancies [22-24]. Our findings acknowledge workers who used the combination of 

(a)biotic factors to derive relationships [25,3,10,1] and in need for conservation [5,6,14,22] but, 

insist that species occurrence in terms of abundance and diversity are directly related to carrying 

capacity of the water body.  

Since the indices (biotic integrity and fish health) requires assessment of fish life stages 

(adult, juvenile and fingerling), feeding guilds (omnivore, herbivore, insectivore, planktivore, 

piscivore and carnivore), dwelling zones (nektonic, planktonic and benthic), morphology, 

taxonomic identification, size class, health and their sensitivity to ecological changes [26-28], we 

believe our findings completely covered on the fish’s trophic interaction in Coleroon, Uppanar 

and Vellar estuaries. Fish health index revealed that one or more fish clustering in all three 

estuaries relates with resource availability and water quality. This hinders the need for 

sophisticated equipment [29,30], chemicals, handling and killing of test subjects [14,8,9] and 

also specific expertise [31,32,2,33] when intentions are limited to assessment of water quality for 

a water body. 
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4.2 Environment assessment using indices 

Our study employs 12 metrics related to fish species richness and composition, trophic 

composition and fish abundance and water condition to assess the ecological statuses of three 

major estuaries in India. In fact, biotic integrity index was applied to assess four rivers in 

Australia [12] because it demands for information on function, fish hierarchy in the wild and also 

on fish diversity [34] (Franco et al., 2008) in their habitat [35,36]. Our study compared fish 

composition and richness as well as their dwelling zones in the water column, a practice identical 

with [37] for large lakes and [38] for nektonic and benthic in Malta estuary. With this, we 

recorded maximum scores for benthic fish in Vellar and Coleroon estuaries whereas for Uppanar, 

the estuary is dominated by nektonic fish. The different dwelling zones by fish in the present 

study associate with degradation (habitat loss) because the metric score of 4 was never maximum 

in Vellar, Uppanar and Coleroon estuaries. For instance, rivers having bottom waters colloid 

with sediments in Brazil are inhabitable to benthic fish [39] and also, nektonic fish actively swim 

in the water column and their schooling in groups reflects on favourable water quality in the area 

[40].  

Our study evaluated Vellar, Uppanar and Coleroon estuaries with fish feeding guilds 

because it reflects on trophic patterns and nutrient sources [41] in these estuaries after 

considering the relationship between omnivore abundance and food source availability [42,43]. 

Uppanar estuary was given a score of 1 while Vellar and Coleroon estuaries received a score of 3 

for metric 8. Lower scores in metric 8 would mean omnivorous species (%) are plenty (>80 %) 

or, the fish are very small (<1 %) because food chains are disturbed by the absence of carnivore 

species [44]. We treat the presence of carnivorous fish as an indicator of higher trophic network 

within an estuary and this is evident in Vellar and Coleroon estuaries that were scored 3 for 

metrics 9 and 10. Hence, we view Uppanar estuary achieving a total score of 18 which graded 

the water body as very poor health. The 22 species of fish (omnivore species: Ambassis 

gymnocephalus, A. nalua and A. bleekeri) occupying Uppanar estuary are highly specialized, 

opportunistic (c.f. Prionospio cirrobranchiata) and tolerant to an extremely polluted environment 

[45] alike the pollution of water bodies in New South Wales, Australia [12]. 

5. CONCLUSION 

Biotic integrity assessment construes the ecological quality of Coleroon, Vellar and 

Uppanar with respective depictions of ‘Fair’, ‘Good’ and ‘Very poor’. Comparatively, fish health 

index rates fish species richness as evaluation of water quality whereby lower scores would mean 

the low richness of species. In view of the inherent advantages after ANOVA and Principal 

Component Analysis validation, both indices are non-invasive and can be used to swiftly assess 

the health of estuarine and river ecosystems in any region around the world. 
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