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Abstract
The present study was carried out to understand the possible 
sources of bio available organic compounds and food sources 
to the four different fishes at Visakhapatnam coastal waters 
during monsoon and non-monsoon seasons. This study revealed 
that presence of high suspended matter (25.2 ± 2 mg/l) and low 
phytoplankton biomass (Chl-a; 0.6 ± 0.2 mg/m3) during monsoon 
season and low suspended matter (15.1 ± 1 mg/l) and high Chl-a 
(2.7 ± 0.6 mg/m3) during non-monsoon season in water column. 
Total protein (WTPRO) to total carbohydrate (WTCHO) ratios in 
water column suggesting that presence of freshly produced organic 
matter during non-monsoon season and terrestrial or modified 
organic matter during the monsoon season. In addition to this total 
protein (GTPRO) to total carbohydrate (GTCHO) ratios in four fish 
guts also showing <1 during monsoon and >1 during non-monsoon 
seasons suggesting that the major food source during monsoon is 
terrestrial originated organic matter and during non-monsoon in situ 
produced organic matter.
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and activity, in addition to this, food composition, environment and 
genetic trait are also known to influence chemical composition of 
fish [3,4]. Biochemical compound studies in fish are quite interesting 
because of their specificity in relation to the food values of the fish 
and for the evaluation of their physiological needs at different periods 
of life. It is also necessary to have the data on the composition of fish 
in order to make the best use of it as food and also to develop the 
technology of fish processing and fish products.

Health benefits of fish meat have been studied extensively and there 
are reports which confirm its preventive effects against cardiovascular 
diseases and some types of cancer, including colon, breast and 
prostate cancer [5-7]. These effects are largely attributable to the 
Polyunsaturated Fatty Acids (PUFA) found in fish oils especially the 
n-3 family including the Eicosapentaenoic Acid (EPA or 20:5 n-3), the 
Docosapentaenoic Acid (DPA or 22:5 n-3) and the Docosahexaenoic 
Acid (DHA or 22:6 n-3) which are not synthesized in the human body 
but their inclusion in human diets is essential [8]. It is also reported 
that n-3 PUFA has been recognized as an important component 
with beneficial properties for the improvement of visual function [9] 
and also for the prevention of atherosclerosis and thrombosis [10]. 
Although PUFA composition may vary among different fish species 
of both freshwater and marine origins [11], it is important for human 
health, to increase the consumption of fish and its products [12]. 
Kim and Mendis, [13] noticed that bioactive peptides isolated from 
various fish protein hydrolysates know to exhibit antithrombotic, 
antihypertensive, ant oxidative and immunomodulatory activities. 
Biochemical composition (carbohydrates, proteins, lipids, amino 
acids, and fat) of different fishes in different seasons are also well 
reported [14-17]. There are very few literatures on the sources of a 
biochemical compound to fish in the aquatic system. The main 
aim of this study is to understand the variability in the biochemical 
composition in four fish species with respective to water column 
properties and the sources of food to the fish during different seasons.

Materials and Methods
Surface coastal water (<50 m water column depth away from the coast 
considered as coastal waters) samples were collected in the Bay of 
Bengal at four fixed stations (S1, S2, S3, and S4) (Figure 1) at monthly 
intervals from Oct-2015 to Sept-2016. Water column temperature and 
salinity were measured using a portable Conductivity-Temperature-
Depth profiler (CTD; SBE-19 plus, Sea-Bird Electronics, USA). Surface 
water samples were collected using 5 L Niskin bottles. Extreme care was 
taken to avoid contamination of organic carbon samples during sub 
sampling from Niskin bottle and sub sample for total carbohydrates 
in water (WTCHO) and total proteins in water (WTPRO) were 
collected in acid clean 60 ml glass bottles and they were closed with 
glass stoppers and frozen at -10°C until analysis. 500 ml to 1000 ml 
water sample was filtered through 0.7 µm GF/F filter (Whatman) 
and phytoplankton biomass retained on filter was extracted with N, 
N-dimethylformamide, at 4°C in dark for 12 h, and the fluorescence 
in the extract was measured using spectrofluorophotometer (Varian 
Eclipse spectrofluorometer, USA) following Suzuki and Ishimaru 
[18]. The analytical precision for Chl-a analysis was ± 4%. Suspended 
Particulate Matter (SPM) was measured based on weight difference of 

Introduction
Fishes are one of the different food sources from the other because 
they provide calories with high-quality proteins, which contain all 
essential amino acids in an easily digestible form, so they are beneficial 
nutrition source [1]. In terms of nutrition, fish is considered as a rich 
source of protein and contains good quality fat, and micronutrients 
[2]. Generally, changes in chemical composition of the body have 
been known to reflect storage or depletion of energy reserves. The 
bio chemical composition of fishes’ body varies considerably within 
and between species, with fish size, sexual condition, feeding, season 

mailto:sivakirankumar.busala@gmail.com


Citation: Kumar BSK, Rao DB, Krishna MN, Rallabhandi M (2020) Food Sources of Bioavailable Organic Compounds (Carbohydrates, Proteins) to Four 
Different Types of Fishes in Coastal Waters of Visakhapatnam, East Coast of India. J Mar Biol Oceanogr 9:2.

• Page 2 of 9 •Volume 9 • Issue 2 • 1000213

of a porcelain mortar. The powder was preserved in desiccators for 
later use. Individually weighed powder samples were used for the 
quantitative estimation of total carbohydrates in mussels (MTCHO) 
and total mussel proteins (MTPRO), and total carbohydrates in the 
gut (GTCHO) and total proteins in gut (GTPRO). The moisture 
content was determined using the oven drying method described 
in Association of Official Analytical Chemists [19]. Total amount 
of carbohydrates was analyzed by following the method Dubois 
[20] using Shimadzu UV-1800 Spectrophotometer. Total amount of 
proteins was analyzed following the method of Lowry [21] using a 
Shimadzu UV-1800 Spectrophotometer. Samples were analysed in 
duplicate and reported as mean values of duplicate samples. Precision 
for total carbohydrates, total proteins were ± 0.11, ± 0.2 micro mole 
(µM) respectively.

Graphical representation and statistical analyses of data

The software ‘‘Grapher’’ was used for graphical representation of X-Y 
plots (2 Dimensional) of our data and for statistical analysis, the Rank 
Correlation matrix (Spearman's; r2), and student t-test, PRIMER 
was used for drawing dendrogram and SPSS was used for Principal 
component analysis.

Results 
Hydrographic parameters, Salinity, SPM and Chl-a at 
Visakhapatnam coastal waters 

Indian subcontinent experiences two kinds of monsoons (summer 
and winter), south west (SW; summer) and north east (NE; winter), 
in generally SW monsoon occurs during Jun to Sept and NE 
during Nov to Feb, but India has more rain fall during SW than 
NE monsoon. In present study region maximum rain fall was 98 ±  
14 mm during SW monsoon and during other season (16 ± 12 mm;  
Table 1). The quantity of precipitation is one of the indicators of having 
low saline, high turbid waters at coastal regions. Surface salinity 
ranged from 29.5 psu to 32.5 psu over the study period (Table 1 and  
Figure 2a) and it was lower during the monsoon season (30.5 ± 0.9 psu;  

the matter retained on 0.22 µ pore size polycarbonate filter before and 
after filtration of surface sea water. 

Four Fishes (Fish-1: Rastrelliger kanagurta, Fish-2: Sardinella longiceps, 
Fish-3: Sadinella gibbosa and Fish-4: Sardinella albella) were collected 
in fresh condition monthly from fishing boats operating from the 
north-east coast of Visakhapatnam, Andhra Pradesh, India, during 
the period Oct-2016 to Sept-2017. The collected fishes were kept in 
the ice box and transferred to the laboratory. They were thoroughly 
cleaned under the running tap water; excess water was removed with 
blotting paper. The specimens were dissected immediately to avoid 
decomposition. Muscle tissue and gut was removed and their weights 
were taken immediately. For the analysis, muscle tissues were taken 
just below the dorsal and above the lateral line is used and gut part 
of the fish. The tissues and guts were kept in hot air oven at 60°C for 
about a week to dry the material. After drying the tissues and guts 
samples were pulverized and ground into a fine powder with the help 

 
Figure 1: Sampling locations at coastal waters of Visakhapatnam and two 
black lines indicates the river Sarada and river Gosthani. 

Season Rain fall (mm) Salinity (psu) SPM (mg/l) Chl-a (mg/m3) WTCHO (µMC) WTPRO (µMC) WTPRO: WTCHO
Monsoon 98 ± 14 30.5 ± 0.9 25.2 ± 2 0.6 ± 0.2 16.9 ± 1.9 5.3 ± 1.4 0.4 ± 0.2
Non monsoon 16 ± 12 32 ± 1.0 15.1 ± 1 2.7 ± 0.6 4.6 ± 0.8 4.8 ± 1.3 1.4 ± 0.5

Table 1: Mean concentrations (± SD) of Rain fall (mm), salinity (psu), SPM (mg/l), Chl-a (mg/m3), WTCHO (µMC), WTPRO (µMC) and WTPRO: WTCHO in Visakhapat-
nam coastal water, during monsoon and non-monsoon periods with sample number 32 and 64 respectively.

 
Figure 2: Variability in (a) salinity (psu), SPM (mg/l) and Chl-a (mg/m3) (b) WTCHO (µMC), WTPRO (µMC) and Rainfall (mm) in coastal waters of Visakhapatnam 
during different seasons.
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Table 1) than the non-monsoon season (32.0 ± 1.0 psu; Table 1). SPM 
was found to be high during the monsoon season (25.2 ± 2 mg/l, 
Table 1 and Figure 2a) than non-monsoon (15.1 ± 1 mg/l; Table 1 and 
Figure 2a). Phytoplankton biomass in terms of Chlorophyll-a (Chl-a) 
varied from 0.4 mg/m3 to 3.7 mg/m3 (Figure 2a) and found higher 
concentrations during the non-monsoon season (2.7 ± 0.6 mg/m3) 
than monsoon season (0.6 ± 0.2 mg/m3; Table 1). Total carbohydrates 
in surface water (WTCHO) ranged from 3.1 µMC to 20.2 µMC and 
high concentrations were found during the monsoon season (16.9 ± 
1.9 µMC; Table 1) than non-monsoon (4.6 ± 0.8 µMC; Table 1 and 
Figure 2b), and total proteins in surface water (WTPRO) varied from 
3.2 µMC to 8.4 8 µMC and followed the same pattern of WTCHO 
(Table 1) showing that high concentrations during monsoon (5.3 ± 
1.4 µMC) than non-monsoon season (4.8 ± 1.3 µMC). 

Intra annual variability in the physical and biochemical 
composition of fish 

Variability in moisture content: Moisture was found to be the major 
component of the proximate composition and our results showed 
that highest moisture content during the non-monsoon season than 
monsoon season. Highest moisture was observed in the fish-3 (76.5 ± 
1.2%) and fish-4 (76.3 ± 0.58%) followed by fish-2 (74.3 ± 1.1%) and 
fish-1(73.1 ± 0.8%) (Table 2). 

Total carbohydrates and total proteins in fish mussel: MTCHO 
(Total mussel carbohydrate) content in the present study in fish 
mussel varied from 2.7 mg C/g to 4.9 mg C/g and in monsoon highest 
concentration was found in fish-2 followed by fish-3, fish-1and fish-4. 
During non-monsoon season, the highest concentration was found 
in fish-1, followed by fish-3, fish-2, and fish-4 (Table 2). It clearly 
indicates that MTCHO concentrations are higher in monsoon season 
than non-monsoon (Table 2). MTPRO was found in the range of  
15.6 mg C/g to 29.6 mg C/g in all four fishes and found to be high 
during monsoon than non-monsoon (Table 2). The highest MTPRO 
was found in fish-2 followed by fish-4, fish-1 and fsh-3 during 
monsoon season. 

Total carbohydrates and total proteins in fish gut: GTCHO varied 
from 1.2 mg C/g to 6.1 mg C/g and the highest mean concentration 
was found during monsoon (3.8 ± 0.8 mg C/g) than non-monsoon 
(2.5 ± 0.5 mg C/g). During monsoon highest concentration was 

found in fish-2, followed by fish-3, fish-1, and fish-4 and during non-
monsoon highest GTCHO noticed in fish-2, followed by fish-3, fish-4, 
and fish-1. GTPRO varied from 1.1 mg C/g to 3.4 mg C/g and the 
highest concentrations was found during non-monsoon season than 
monsoon (Table 3) in all four fishes.

Discussion
Variability in hydrographic features 

Salinity was found to be low during the monsoon season than non-
monsoon season (Table 1) and the decreasing the salinity (~2 psu) 
during the monsoon is maybe because of local rainfall, and that fall 
in salinity was significant w.r.t student t-test (t=-3.2; p<0.001; n=48). 
A significant inverse relation between salinity and rainfall (r2=0.82; 
p<0.05; n=12) suggesting that South West (SW) monsoon effect 
could be the possible reason for diminishing salinity during the 
monsoon season. Maneesha [22] also found a significant decline in 
salinity because of intensive rail fall during 2006 and 2007 years at 
Visakhapatnam coast. SPM was low during the non-monsoon season 
(15.1 ± 1 mg/l) than monsoon season (25.2 ± 2 mg/l). Verkey [23] 
noticed that there is a fount development at 18°N because of the 
merge of two currents, East Indian Coastal Currents (EICC) coming 
from north and south directions. Presence of high suspended matter 
during monsoon season may be because of Northern East Indian 
Coastal Currents (NEICC) which brings the suspended mater into the 
study region [23,24] as above regions of our study location contains 
SPM (~30 mg/l; [25]). In addition to this SPM shows a significant 
linear relationship with rainfall (r2=0.73; p<0.05; n=48) suggesting 
that SPM may also be bought by the terrestrial drain into the system 
due to the rainfall over the land near to the study region. Madhupratap 
[26] suggested that the light availability controls the phytoplankton 
growth in Bay of Bengal. The decreasing in the Chl-a concentration 
during the monsoon season may be because of diminution in light 
and thick cloud cover over Bay of Bengal [27-29]. A significant inverse 
correlation between SPM and Chl-a (r2=0.85; p<0.001; n=32) and 
linear positive correlation with Chl-a to Salinity (r2=0.65; p<0.05; 
n=32) indicating that existence of less light availability might be a 
reason for less concentration of Chl-a during monsoon.

 
 

Moisture (%) MTCHO (mg C/g) 
t-test

MTPRO (mg C/g)
t-test

Monsoon Non monsoon Monsoon Non monsoon Monsoon Non monsoon
Fish-1 69.3 ± 0.5 73.1 ± 0.8 5.2 ± 0.8 4.9 ± 2.2 0.92* 25.2 ± 2.1 20.4 ±  0.2 2.12**

Fish-2 70.8 ± 2.5 74.3 ± 1.1 6.6 ± 1.1 3.6 ± 2.5 2.56*** 28.6 ± 1.2 22.1 ± 0.5 2.89***

Fish-3 73.5 ± 1.1 76.5 ± 2.2 5.13 ± 0.9 4.2 ± 0.9 1.85** 25.1 ± 0.9 21.6 ± 1.1 1.95**

Fish-4 74.2 ± 0.8 76.3 ± 0.32 4.2 ± 1.1 3.1 ± 0.7 1.19** 26.2 ± 0.8 20.8 ± 1.5 2.98***

*p<0.01, **p<0.05, ***p<0.001 respectively

Table 2: Mean concentrations (± SD) of Moisture (%), MTCHO (mg C/g) and MTPRO (mg C/g) in four different fishes at Visakhapatnam coastal water during monsoon 
and non-monsoon periods.

 
GTCHO (mg C/g) GTPRO (mg C/g) GTPRO:GTCHO

Monsoon Non monsoon Monsoon Non monsoon Monsoon Non monsoon
Fish-1 3.7 ± 0.5 2.1 ± 0.5 1.4 ± 0.2 2.6 ± 0.5 0.4 ± 0.1 1.3 ± 0.3
Fish-2 4.7 ± 0.8 2.6 ± 0.3 1.2 ± 0.1 2.8 ± 0.8 0.2 ± 0.1 1.1 ± 0.2
Fish-3 3.9 ± 0.5 2.5 ± 0.4 1.3 ± 0.2 2.7 ± 0.4 0.3 ± 0.05 1.1 ± 0.2
Fish-4 2.8 ± 0.5 2.3 ± 0.2 1.2 ± 0.1 2.5 ± 0.5 0.4 ± 0.1 1.2 ± 0.1

Table 3: Mean concentrations (± SD) of GTCHO (mg C/g), GTPRO (mg C/g) and GTPRO: GTCHO in four different fishes guts at Visakhapatnam coastal water during 
monsoon and non-monsoon periods.
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Variability and controlling factors of bioavailable organic 
compounds in the coastal waters and in fish

Even though Bay of Bengal receives nutrients inputs from the rivers, 
however, it is considered to be low productive than the adjacent 
basin, the Arabian Sea, and was attributed to inorganic nutrients were 
consumed within estuary or close to coast and also light limitation 
caused by suspended load. Despite low productivity, the meso-
zooplankton biomass was almost equal in both the basins, except 
during summer [30,31]. Considering the number of fishermen and 
technology used on both the coasts, the fishery production is not 
significantly different in both, the Arabian Sea (11.0 lakh tones; [32]) 
and Bay of Bengal (9.5 lakhs tones; [33]). The amount of organic 
matter available during two seasons are mainly depending on the 
phytoplankton bio mass and terrestrial organic matter and this is 
depending on the amount of organic matter enter into the water 
column due to precipitation on land and on in situ production. During 
monsoon season the amount of organic matter present in coastal 
waters mainly depending on the river discharge and precipitation near 
to the coast line [25,34]. Non-monsoon period in situ production is 
only the major source of organic matter into the coastal waters water 
[35]. 

It is well known that the concentrations of Chl-a in coastal Bay of 
Bengal during monsoon is very low when compare with other seasons 
[36]. Fernandas [37] noticed that higher C/N and Chl-a/POC ratios in 
coastal waters than central Bay of Bengal, the presence of lower values 
at central waters of Bay of Bengal suggesting that in situ production 
could be the possible source of organic matter in that region and 
higher values are suggesting that along with in situ production there 
are several terrestrial organic matter sources in to the coastal waters 
during monsoon season. Recently Sarma [38] noticed that different 
sources of particulate organic matter in the estuaries during the 
monsoon season and he also hypothesized that this could support the 
heterotrophic demand during the monsoon season in coastal waters 
of Bay of Bengal. Kumar and Sarma [34], noticed that 0.43 Tg C/y, 
0.02 Tg C/y and 0.04 Tg C/y bioavailble carbohydrates, amino acids 
and proteins are exported from the rivers into the coastal waters of 
Bay of Bengal during monsoon season. 

Kumar [39] hypothesized that detritus food chain may plays the main 
role in Bay of Bengal during monsoon season and it could be a one of 
the strong reason for having more fish production during monsoon 
season, even though there is less phytoplankton production during 
this season. Biochemical composition in fishes depends on various 
factors like feeding, breeding, fishing season and migration [40-42]. 
Fishes prefer wide varieties of food based on the nutrition levels and 
food availability and moisture content in the fish is a good indicator of 
biochemical composition and energy in the fishes, higher the moisture 
content lowers the energy density of fishes [43]. The concentrations of 
WTCHO and WTPRO found to be high in the monsoon than non-
monsoon season in the water column (Figure 2b and Table 1). 

A significant linear relation with SPM during monsoon season 
(r2=0.55, p<0.05, n=16; r2=0.58, p<0.05, n=16) suggesting that 
terrestrial originated organic matter could be possible source of 
both WTCHO and WTPRO into the water column and during non-
monsoon season both WTCHO and WTPRO shows linear relation 
with Chl-a (r2= 0.55, p<0.05, n=32; r2=0.58, p<0.05, n=32) and 
salinity (r2=0.75, p<0.001, n=32; r2=0.72, p<0.001, n=32) indicating 
that in situ production may be the possible source. These results are 
concurrent with results found by Kumar [25] and Kumar and Sarma 
[34] in Indian coastal waters and Indian estuaries estuarine. 

In general carbohydrate content in the fish are low when compare 
with proteins, the quantity of carbohydrates in fish suggesting that 
glycogen in marine animals may not contribute significantly to the 
total body of the fish [44]. Sivakami [45], found that the carbohydrates 
concentrations were higher during monsoon season than non-
monsoon. Protein contents were significantly influenced by seasons. 
In general protein values are low during winter and high during 
summer or monsoon months [46]. MTCHO and MTPRO content 
during both the seasons are higher than that of sardine (Sardinell 
gibbose) fish at Thoothukudi coast, India. MTCHO: 0.77 mg/g and 
0.54 mg/g and MTPRO: 20 mg/g and 17 mg/g during monsoon and 
non-monsoon periods but they followed same tread, monsoon has 
higher biochemical content than non-monsoon season [47]. Rani 
[17] also noticed higher protein content during monsoon season (23 
mg/g) than non-monsoon season (18 mg/g) at off Visakhapatanam 
coastal waters and these results are relatively comparable with our 
protein results (average value for all 4 fishes: 26 mg/g and 21 mg/g) . 
In Pakistani coastal waters, Munishi [14] found that protein content 
in Sardines and Mullet varied significantly with seasonal scale and 
relatively higher protein content noticed during monsoon and these 
results (18 mg/g and 13 mg/g) are lower than our results (26 mg/g and 
21 mg/g). 

Depletion in muscle-protein during non-monsoon season and high 
protein content during monsoon season in fish is very common, Love 
[48] suggested that during early non-monsoon or late monsoon season 
is the correct time for fish pawning, this is the period, these fishes use 
most of the protein in their body for gonadal development. It may be 
due to the fact that the build-up of gonad is often accomplished at the 
expense of body-proteins. In this process of gluconeogenesis protein 
is metabolized to yield glucose [49].

The average concentrations of MTCHO and MTPRO both following 
the same tread of WTCHO and WTPRO (Table 2) and MTCHO and 
MTPRO both are showing a significant positive linear relationship 
with Chl-a during non-monsoon (r2=0.51, p<0.05, n=28; r2=0.49, 
p<0.05, n=26) season and with SPM during monsoon season (r2=0.45, 
p<0.05, n=16; r2=0.41, p<0.05, n=16) suggesting Chl-a and SPM are 
may be the possible source of carbohydrates and proteins into these 
fishes mussel.

GTCHO in all four fishes found to be high in monsoon than non-
monsoon (Table 3). GTCHO concentrations of four fishes show a 
significant linear relation with water column SPM during monsoon 
period (Figure 3a) and with Chl-a during non-monsoon seasons 
(Figure 3b). GTPRO found to be high during non-monsoon than 
monsoon (Table 3) and GTPRO shows a significant linear relation 
with water column SPM during monsoon season (Figure 3c) and 
with Chl-a during non-monsoon seasons (Figure 3d), in addition to 
this GTCHO and GTPRO showed a significant positive correlation 
with water column WTCHO and WTPRO during monsoon periods 
(Figure 4a and 4b), during non-monsoon GTCHO and GTPRO 
showed a linear relation with WTCHO and WTPRO but they are 
not significant (Figure 4c and 4d) in all four fishes suggesting that 
fishes may be fed on the Freshly produced organic matter during non-
monsoon season and terrestrial originated organic matter during 
monsoon season. 

The principal component analysis revealed that SPM contributed by 
terrestrial inputs into the coastal region of Visakhapatnam contributes 
to WTCHO, WTPRO, GTPRO and GTCHO while inversely by 
salinity and phytoplankton biomass (Chl-a) during monsoon season  
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Figure 3: The relationship of GTCHO and GTPRO with SPM and Chl-a during monsoon and non-monsoon periods.

Figure 4: The relationship of GTCHO and GTPRO with WTCHO and WTPRO during monsoon and non-monsoon periods.
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(Figure 5a). Whereas during non-monsoon season all these parameters 
are showing a positive relation with Chl-a and Salinity suggesting that 
in-situ production could be the possible source of organic matter 
(Figure 5b). This analysis suggests that anthropogenic discharge or 
terrestrial inputs brought a significant amount of terrestrial borne 
carbohydrates, proteins into the coastal waters, that may be supported 
heterotrophic carbon demand in the coastal waters of Visakhapatnam 
during the monsoon season.

In order to understand the influence of environmental properties 
on the distribution of biochemical compounds (Carbohydrates 
and Proteins) in the fish gut, at the Visakhapatnam coastal waters, 
a dendrogram was drawn based on total measured biochemical 
compounds (sum of Carbohydrates and Proteins). Two clusters have 
been formed at 75% level with reference to seasons i.e., monsoon 
(June, July, August and September) and non-monsoon (January, 
February, March, April, May, October, November, and December). 
This suggests that the concentration of total measured biochemical 

compounds displayed similarity with reference to seasons in the 
coastal waters of Visakhapatnam (Figure 6). 

Sources of organic matter into the water column and fish gut 

The concentrations of carbohydrates and proteins reflect the growth 
phase of phytoplankton, as they develop actively synthesized proteins 
yielding enhanced protein to carbohydrate ratio as observed in 
various ecosystems [25,34,50-53]. Cowie and Hedges [4,53] suggested 
possible means for distinguishing sources of organic matter through 
total carbohydrates. The rationale for this approach is that terrestrial 
plants contain relatively higher carbohydrates than plankton or 
bacteria. Protein: Carbohydrate ratio has been used as an index to 
determine the origin of material in the sediments in the Galician coast 
(NW Spain; [54]). The lower protein: carbohydrates ratio is a typical 
feature of terrigenous sources [55] and vice versa is in situ production 
as proteins are more readily used by bacteria than carbohydrates 
[56,57] 

 
Figure 6: Dendrogram showing the similarity of total measured WTCHO, WTPRO, GTCH`O, GTPRO, SPM, and Chl-a in the coastal waters of Visakhapatnam. 

 
Figure 5: Principal component analysis of different controlling factors on fish gut GTCHO, GTPRO with respective to water column parameters (Salinity, SPM, 
Chl-a, WTCHO and WTPRO) in the coastal waters of Visakhapatnam during (a) monsoon and (b) non monsoon.
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Lower WTPRO: WTCHO ratios were observed (<1) during monsoon 
season probably indicating a significant contribution of terrestrial 
and dead organic matter to the coastal waters (Table 1). In contrast, 
higher ratios (>1; Table 1) were observed during non-monsoon 
season in coastal waters indicating that significant contribution 
from in situ production (freshly produced) facilitated by enhanced 
phytoplankton growth due to lower SPM. Therefore, the nature of 
organic matter in the coastal waters is governed by terrestrial inputs 
from river discharge, anthropogenic activities, during monsoon and 
phytoplankton biomass during non-monsoon respectively. GTPRO: 
GTCHO ratios in the fish gut also following the same pattern of 
water column WTPRO: WTCHO, by showing <1 during monsoon 
season and >1 during non-monsoon season (Table 3). These ratios 
(WTPRO:WTCHO and GTPRO:GTCHO) are also showing a 
significant linear correlation with SPM during monsoon (r2=0.85, 
p<0.001, n=16; r2= 0.79, p<0.001, n=16) season and with freshly 
produced organic matter (Chl-a) during monsoon season (r2=0.78, 
p<0.001, n=32; r2=0.72, p<0.001, n=32), suggesting that terrestrial or 
modified organic matter could be the possible food source for these 
fishes during monsoon season and freshly produced organic matter or 
In-situ production could be the possible food source during the non-
monsoon season (Figure 7).

Summary and Conclusion
In order to examine the possible bio available organic matter source 
into the water column and food source of these four fishes (Fish-1: 
Rastrelliger kanagurta, Fish-2: Sardinella longiceps, Fish-3: Sadinella 
gibbosa, and Fish-4: Sardinella albella), a case study was conducted 
in coastal waters of Visakhapatnam. Our results revealed that 
freshly produced organic matter was found to be high during the 
non-monsoon season and terrestrially originated organic matter 
along with high SPM during monsoon season in coastal waters of 
Visakhapatnam. Further GTPRO: GTCHO ratio in fish gut analysis 
suggesting that these four fishes are fed on freshly produced organic 
matter (Chl-a) during non-monsoon season and terrestrially 
originated organic matter during the monsoon season. Our result 
suggesting that, during monsoon season terrestrial inputs from land 
runoff/river discharge may the possible source of bio available organic 
compounds and during non-monsoon season in-situ production. 
Modification in the Riverine system in India, either by naturally or 
constricting more dams on rivers may have significant impact in the 
fish production in coastal waters of Bay of Bengal and further isotopic 
studies are needed to better understand of the exact food source to the 
fish and exact source of organic matter in this region. 

 

Monsoon 

Non-Monsoon 

Figure 7: Schematic diagram showing the sources of bio available organic compounds to the study region in different seasons.
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