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Influence Of Salinity On Morphometric Traits And Condition Factors Of Indo-Pacific Tarpon (Megalops Cyprinoides) Across Diverse Habitats

ABSTRACT
Morphometric analyses of Indo- Pacific Tarpons, Megalops cyprinoides collected randomly from freshwater, brackish water and saltwater habitats were conducted using Truss network measurement to evaluate the variations in morphometry with salinity. The relationship between the length and weight and condition factor of the fish from three different salinity habitats were observed to analyze the growth pattern and living conditions of the fish. The results of the present study indicated that the M.cyprinoides from three salinity habitats varied in their shape and structure. The statistical analysis of length and weight relation specified a significant value of b less than 3. This demonstrated a negative allometric growth pattern in the fish at all salinities. The values of regression coefficient were near to 1 and the relative condition factor of the fish specified a good living environment for the fish growth. This study serves as a baseline for future research on the impact of salinity gradients on fish physiology and evolution in estuarine and coastal ecosystem. By employing truss network measurements, length-weight relationships, and condition factor assessments, the study offers valuable insights into the adaptive variations and health status of fish in freshwater, brackish, and saltwater ecosystems. The findings contribute to ecological and fisheries research by highlighting the effects of habitat salinity on fish development and condition, which can inform conservation and management strategies. 
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INTRODUCTION
Indo- Pacific Tarpons, Megalops cyprinoides (Broussonet, 1782), included in the family Megalopidae, which consisting of two species, Megalops cyprinoides and Megalops atlanticus, and they had a larval stage in their life cycle that altered their habitats after reaching a particular phase (Adams et al., 2014). M. cyprinoides were mostly found spawning in the seawater and the larvae migrated back to freshwater and after maturity returned to seawaters (Coates, 1987). Mehmood & Ahmed (2021), had indicated that, developing a strategy that offered insights into fish health was crucial for conserving fishery resources. Such an approach was considered a key tool for evaluating fish well-being and effectively managing their population and biomass. Study of morphometry in fish, Length-weight relationships (LWR) and condition factors played a vibrant role in managing fishery as they offered insights into fish development, population dynamics, structural differences, adaptive evolutions and the overall health and fitness of fish within their natural habitat (Kavya et al.,2023). 
Morphometrics, the statistical techniques, helped in determining the shape and size of the organisms and were quantitative techniques that aided in measuring the external body parts and were different from meristic characters which were countable (Talwar & Jhingran, 1992; Tripathy, 2020). The comparison of the morphometric feature of different fish help in analysing evolutionary links between the species and developing evolutionary history of fish lineages (Bookstein, 1991). Morphometric characters are influenced by genetic along with environmental factors for instance, temperature, salinity, food and migration. To overcome the prevailing conditions of different environments, the fish exhibit variations in their external features such as shape and size of the body (Knouft, 2003; Turan et al., 2006). Many traditional and modern techniques were employed for morphometric studies and one of the most advanced technique was the Truss network analysis. This method utilized the distances between certain landmark points on fish in determining the shape of the organism and were considered the most effective tool in comparing the morphometric variations among the organisms (Strauss & Bookstein, 1982; Dwivedi & Dubey, 2013; Mahfuj et al., 2018). 
The understanding of the relationship between the length and weight of fish was used in evaluating the biomass and in relating the progressive stages of fish populations across various regions (Ayoade & Ikulala, 2007). Length-weight relationship (LWR) analysis served as an important biological measure of the growth conditions of species in their surrounding environments and reflected the health and well-being of fish in their habitats, as well as their physiological and biological status. It also revealed population development patterns and dynamics (Al Nahdi et al., 2016). In addition to the length-weight relationship (LWR), the condition factor (K) served as an indicator of a fish's health in relation to its habitat and seasonal changes. Condition factor were quantitative measure for assessing the overall well-being of fish, including their feeding intensity, reproductive condition, and physiological status, which were key aspects of their fitness. Furthermore, the condition factor helped in evaluating fat reserves and understanding the development of gonads in fish (Mehmood & Ahmed, 2021). 
According to Adams et al., (2013), the morphometric characters including the shape and structure of fish alter with extreme salinities and faced change in the environmental surroundings. M.cyprinoides, being a migratory fish, dwell in extreme salinities and faced environmental fluctuations and a study of the change in their morphometry and Length- Weight parameters at differing salinities become important in terms of fish management and conservation. Although many researchers Khairul et al., (2019); Harahap et al.,(2020); Renjithkumar & Roshni, (2023) had done studies on the Length – Weight Relationship of M. cyprinoides from particular water bodies, the variation in their morphometry at different salinities were rarely understood. The present study provides valuable insights into the morphometric variations and adaptability of Megalops cyprinoides (Indo-Pacific tarpon) across different salinity habitats such as freshwater, brackishwater and saltwater using truss-based morphometric analyses, length-weight relationships, and condition factor assessments. Understanding such variations is crucial for identifying phenotypic plasticity and environmental influences on fish morphology and growth. The study helped to attain a comprehensive knowledge on the physiological and morphological changes occurring in migratory fish and in assessment of the fish stock at different salinities. The findings contribute to the broader knowledge of population structure, habitat preference, and ecological adaptability, which are essential for effective conservation and fishery management strategies. 
MATERIALS AND METHODOLOGY
      2.1 Study area
The fish samples were collected from three different places in Alappuzha district in Kerala, India. The freshwater samples were collected from the Pamba River, Mundankavu, Chengannur. The brackishwater fish were collected from the segment of larger Vembanad Lake Lagoon in Muthukulam near Kayamkulam in Alappuzha district and the saltwater sampling was done from the Arabian Sea and collected from the Azheekal region in Alappuzha. The geographical coordinates of the regions are mentioned in the map below (fig.1).
The water parameters like the salinity and the pH of each water sample were done and mentioned in the table below (table 1).
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Figure 1: map of the study area with its geographical coordinates
Table 1: table depicting the salinity and pH of the water bodies from where the fish were collected.
	WATER TYPE
	SALINITY (PPT)
	pH

	RIVER
	1.99
	7.49

	LAGOON
	4.17
	7.45

	SEAWATER
	41.7
	7.40



           2.2 Sample collection
A total of 450 fish from three different salinities i.e. freshwater (FW), brackish water (BW) and saltwater (SW) habitats were collected randomly (n=150 each). The salinity of each water bodies were analyzed. The fish together were well-preserved in ice and carried to laboratory for further studies. The overall length of fish beginning from mouth tip to end of the caudal fin was estimated in cm and the entire weight of the fish was measured in grams using digital balance (fig.2).  All the fish collected were treated in agreement with the recommendations of the local ethics committee. 
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Figure 2: Megalops cyprinoides
          2.3 Length- weight relationship
The dimensions of the total length (TL) and weight (W) were used to calculate the Length-                Weight relationship (LWR) using the formula
                                             W= a Lb
Where, W = weight of the fish, L = length of the fish  (Cren, 1951). 
Values of a and b were calculated using the linear regression of the log converted equation i.e.
                                     log (W)= log (a) + b log (L),
Where, a = intercept and b = slope of the relationship (Ricker & Carter, 1958).
          2.4 Condition factor (K)
The difference from length weight relationship was illustrated by condition factor (K). Condition factor is the general comfort and good living condition of the fish which is computed using the formula 
                              K= Wx100/ L3
            Where, W = weight of the fish and L = length of the fish measured (Hile & Jobes, 1941)
           2.5 Relative condition factor (Kn)
 Kn is calculated to analyze the growth environment of the fish species. It is computed using the formula, 
                                      Kn= W/Wc,
Where, W = observed weight of the fish and Wc = calculated weight of the fish (aLb) (Cren, 1951).

2.6 Truss network analysis 
After measuring the length and weight parameters of fish, certain landmark points were marked which described the features of the fish and then truss networks were constructed between these points (Mojekwu & Anumudu, 2015). These truss network distances were measured using divider and ruler. The truss networks marked were depicted in the figure below (Figure: 3).
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Figure 3: The truss networks measured for morphometric analysis in Megalops cyprinoides. The following points were connected to form landmark distances. 1.Tip of Mouth and premaxilla (MP), 2. Tip of mouth and dorsal of fin (MD), 3. Tip of mouth and operculum (MO), 4. Premaxilla and dorsal fin (PD), 5. Premaxilla and operculum (PO), 6 Premaxilla and pectoral fin (PPT), 7. Premaxilla and pelvic fin (PPV), 8. Dorsal fin and operculum (DO), 9. Pectoral fin and operculum (PTO), 10. Pectoral fin and pelvic fin (PTPV), 11. Dorsal fin and pelvic fin (DPV), 12. Front side of Dorsal fin and back side of dorsal fin (FDBD), 13. Dorsal fin and anal fin (DA), 14. Pelvic fin and anal fin (PVA), 15. Back side of dorsal fin and anal fin (BDA), 16.Back of dorsal fin and top of caudal fin (BDTC), 17. Back of dorsal fin and bottom of caudal fin (BDBC), 18. Anal fin and top of caudal fin (ATC), 19. Top and bottom of caudal fin (TBC), 20. Anal fin and bottom of caudal fin (ABC), 21. Back of dorsal fin and pelvic fin (BDPV).
2.7 Statistical analyses
Regression analysis was performed for calculating the length and weight relation between the species. For analysing the variation in the length and weight between each species, ANOVA was conducted at P= 0.05. The recorded truss network measurements were analyzed for variation among species from different habitats using UNIVARIATE analysis of variance (ANOVA).

RESULTS
3.1 Length- Weight relationship and condition factor
In the present study, the mean total length and weight of the fish from freshwater (FW), brackish water (BW) and saltwater (SW) were measured and it indicated that the freshwater fish were smaller than the other two groups. Brackish water fish were larger in than the freshwater fish and the saltwater fish were the largest among all the three (Table 2). The Length- Weight Relationship were obtained as Log W= -1.4129+ 2.572 log L for freshwater fish; Log W= -0.2336 + 1.083 log L for brackish water fish and Log W= -0.2114 + 1.198 Log L for saltwater fish (fig. 4-6). The coefficient of determination (R2) and the value of b for the three habitat fish were recorded and indicated in the table below. The highest b value obtained was for freshwater species followed by saltwater and then brackish water, which were all below the value of 3 (Table 2). The mean relative condition factor (Kn) were calculated using the formula mentioned earlier and all the values for all the fish were above 1 (Table 2). Analysis of variance (ANOVA) of length and weight between the three groups of the fish from different salinities was done to determine if variation existed between them. Significant variance (P< 0.05) was observed between the FW, BW and SW fish in terms of both length and weight.

Table 2: Length, weight and the regression analysis data for Length- Weight relationship between fish from three habitats.
	FISH 
	TOTAL LENGTH(cm)
	WEIGHT
(gm)
	a
	b
	r
	R2
	P*
	Kn

	FW
	28.76±10.05
	197.07±174.19
	-1.492
	2.572
	0.928
	0.862
	0.00
	1.019
	

	BW
	39.36±11.89
	340.89±114.34
	-0.233
	1.083
	0.910
	0.828
	0.00
	2.856
	

	SW
	50.42±3.585
	1006.47±87.37
	-0.211
	1.198
	0.855
	0.731
	0.00
	1.001
	


*significant relationship exists; FW= freshwater, BW=brackishwater, SW= saltwater, R2 = coefficient of determination; r = correlation coefficient; a = rate of change of weight with length (intercept); b = weight at unit length (slope); Kn = relative condition factor.


Fig 4: Graph showing logarithmic form of length- weight relation of fish from freshwater habitat

Fig 5: Graph showing logarithmic form of length- weight relation of fish from brackish water habitat

Fig 6: Graph showing logarithmic form of length- weight relation of fish from salt water habitat

3.2 Truss network measurements
The mean values of the distance between the truss points (Figure: 3) were calculated for fish from each habitat and is mentioned in the table 3. Greatest distance was observed between the third and fourth parameters that is, Tip of mouth and operculum (MO), Premaxilla and dorsal fin (PD), for all the three groups. The Analysis of variance (ANOVA) for the truss network measurements between the three groups were done and the percentage of variation of the landmark points between them were estimated. Significant differences (P< 0.05) between the fish species were observed for distances between each landmark points (fig 7). The highest variance observed was in distance connecting back of dorsal fin and top of caudal fin (61.13%), followed by pre maxilla and dorsal fin (60.54%). These were corresponding to the caudal region and dorsal axis of the fish. The Least variation was observed in the highest distance tip of mouth and dorsal fin (6.84%)
             Table 3: Statistical descriptions of fish body truss network measurements of three habitats:

	NO
	TRUSS
MARKS
	FW
	BW
	SW

	
	
	MEAN
	SD
	MEAN
	SD
	MEAN
	SD

	1
	MP
	2.744
	0.962
	7.35
	4.12
	6.01
	0.43

	2
	MD
	11.97
	2.24
	24.49
	33.52
	20.03
	1.44

	3
	MO
	5.15
	1.16
	10.81
	4.59
	9.51
	0.68

	4
	PD
	10.30
	1.81
	16.59
	4.58
	18.93
	1.38

	5
	PO
	3.86
	0.82
	9.16
	4.47
	5.61
	0.41

	6
	PPT
	3.40
	0.96
	9.02
	4.68
	5.12
	0.39

	7
	PPV
	8.61
	1.86
	14.79
	5.85
	15.49
	1.14

	8
	DO
	7.19
	1.25
	12.69
	4.57
	12.03
	0.88

	9
	PTO
	3.62
	0.79
	8.83
	4.66
	5.05
	0.35

	10
	PTPV
	5.58
	1.19
	11.53
	4.82
	9.99
	0.71

	11
	DPV
	6.15
	1.12
	12.19
	5.02
	9.81
	0.68

	12
	FDBD
	2.88
	0.65
	7.82
	4.47
	4.66
	0.33

	13
	DA
	7.42
	1.32
	13.15
	4.31
	12.89
	0.92

	14
	PVA
	5.45
	1.09
	11.39
	4.91
	8.63
	0.61

	15
	BDA
	5.91
	1.11
	11.91
	4.64
	9.78
	0.69

	16
	BDTC
	7.93
	1.34
	11.36
	2.98
	13.96
	1.01

	17
	BDBC
	8.32
	1.36
	14.22
	4.41
	14.56
	1.06

	18
	ATC
	7.14
	1.42
	13.18
	4.32
	11.91
	0.85

	19
	TBC
	2.47
	0.64
	7.89
	4.62
	3.78
	0.26

	20
	ABC
	6.19
	1.17
	11.97
	4.59
	9.41
	0.66

	21
	BDPV
	6.77
	1.25
	13.06
	5.06
	11.05
	0.77




Fig 7: Graph comparing truss measurements of freshwater, brackish water and saltwater fish.

4. DISCUSSION
The Length- Weight Relationship (LWR) of the fish depended on the environmental as well as the internal factors of the fish such as the amount of food content in the gut of the fish, the prey availability in the surrounding as well as the conditions of the water body (Mehmood &Ahmed, 2021). The LWR aided in comparing the effect of these factors on the health and living condition of the fish (Cone, 1989). The length and weight parameters of the fish from three habitats differed significantly (P<0.05). According to studies by Kuriakose, (2017), the values of the slope b obtained from the regression analysis of length and weight relationship specified the growth patterns of the fish and its health. The value of b when equal to 3 designated an ideal development of fish showing isometric progress but when the value of b was less than 3, it specified negative allometric progression and value of b more than 3 showed a positive allometric progress in fish (Ratnakala & Ramulu, 2013). The value of b in the present study on M.cyprinoides was detected to be less than 3 for all the salinities and this point to a negative allometric progress in the fish observed (table 2). Studies in M.cyprinoides by Khairul et al., (2019) from Belawan River and Harahap et al., (2022) from estuary of Leidong River in North Labuhanbatu Regency observed positive allometric growth in the fish but studies by Renjithkumar &Roshni, (2023) indicated the isometric pattern of growth in the M.cyprinoides from kodungallur- Azhikode estuary. The difference in the growth patterns of same fish species from different locations can be due to the changes in the water bodies including the pollution in the water, salinity and temperature and even the sampling methods (Mulfizar et al., 2012). The gonad development in fish could be a reason for the low weight in the fish with respect to their length as the energy might be utilized for the developing gonad (Mazlan et al., 2008). Harahap et al., (2020) explained that the length of the fish grows faster than weight in the fish with fusiform body shape as in M.cyprinoides and this could lead to the negative allometric growth. Coefficient of Determinant (R2) value for the freshwater species indicated that the variable length affected the variable weight by 86.2% and the rest 13.8% was affected by other factors. For brackish water and saltwater fish, 82.8% and 73.1% respectively of the weight variable was affected by the length variable (table 2). The value of correlation coefficient was near to 1 for all the three habitat fish observed and this indicated good association between the length and weight of the fish that is, a positive correlation between the length and weight (Mehmood & Ahmed, 2021).
The condition factor assisted as an indicator of the growth rate, development and feeding ability of the fish and was reliant on on the biotic and abiotic factors of the environment in which the fish thrived. It also helped in analyzing the condition of the water body where the fish live (Blackwell, Brown & Willis, 2000). In the present study, the condition factor was less than 1 but the relative condition factor for fish at freshwater, brackish water and saltwater was more than 1 and this indicated a good living condition for fish where, the fish could thrive and grow well (Ouahb et al., 2021). Blackwell et al., (2000) had explained that, the higher values of condition factor indicated a favorable living condition of the fish and a decreased value of the condition factor indicated an unsuitable living environment for the fish growth. Similar studies by Masud et al., (2015), on Salmophasia bacaila demonstrated similar results for condition factor and explained that the fish had a heavier body weight when condition factor was higher and lighter when condition factor decreased. Length weight relationship and condition factor studies on Lates Calcalifer studied by Ratnakala et al., (2013) had similar results and were also in accordance with our present study. According to them, the climate variations in the environment that affect the temperature of the water bodies had an effect on the condition factor. Also the oxygen level of the water, the availability of the food content and also mainly the pollutants and contaminants in the water body affect the condition factor for fish growth.
Comparison of the truss network measurements of fish from different salinities were useful for understanding the variation in the shape and structure of the fish (Strauss & Bookstein, 1982). The present results of the truss measurements of M.cyprinoides indicated morphometric variation among fish from different salinities. Analysis of the variance indicated a greater shape variation in the caudal region and in the dorsal top region of the fish. Significant difference (P< 0.05) was observed for each landmark distances between the fish from three habitats. This indicated that salinity affected the morphometry in the fish. Iqbal et al., (2024) studied habitat salinity and source induced variation in Mystus gulio and obtained similar results as in the present study indicating change in morphometry with salinity. Salinity effects on the growth and morphometry of Egyptian Artemia was studied by El-Bermawi et al., (2004), and explained that the morphometric traits altered with salinity change. These studies were also in accordance with the present results. 
M.cyprinoides being a migratory fish had to face different osmotic as well as morphometric challenges that aided in its successful acclimation to different salinities. The growth of the fish was more favored in the estuarine or saline habitats as smaller fish were seen in the freshwater habitat. The studies by Shen et al., (2009), on the facultative habitat selection in Megalops cyprinoides has revealed that the fish in age group of 1 to 2 years were found in freshwater habitats and fish of age group 2 to 4 were found in brackishwater and no fish aged above 4 were found in freshwaters and that the older fishes migrated to the saltwater. This may also be a reason for the observed difference in the morphometry in the present study. The length weight relationship indicated a negative allometric growth but the good correlation was observed between the two factors which indicated the effect of some other factors that affected the weight gain in fish when compared to length that included seasonal variations, gut length and gonad development as well as the sex of the fish (Jisr et al., 2018; Mulfizar et al., 2012; Mazlan et al., 2008). These parameters were not considered in the present study. The condition factor values depicted a good living conditions of the fish which were favorable for their growth and development as was evident from the studies of Kavya et al., (2023). The shape variations were observed between the fish species.  Thus it could be concluded that the morphometry and the length and weight of the fish varied with salinity.
5. CONCLUSION
The Megalops cyprinoides collected from the three different habitats - freshwater, brackish water and saltwater salinities were different in the length and weight and the statistical analyses revealed a significant difference in the morphometry and size of the fish at different salinities. The values of the relative condition factor indicated good body health of the fish and that the fish were thriving well in the respective waters. A negative allometric growth pattern was observed in the fish at all the salinities but there existed a good correlation between the length and weight of the fish. 
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       Length-Weight Relationship of freshwater fish

ln of wght(y)	y = 2.5715x - 1.4921
R² = 0.8624
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Log weight


Length-Weight Relationship of brackishwater fish
ln of weight(y)	y = 1.083x + 0.8037
R² = 0.8281
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Length- Weight Relationship of saltwater fish
log w	y = 1.1958x + 0.966
R² = 0.7296
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log weight



Truss network analysis
FW	MEAN	MP	MD	MO	PD	PO	PPT	PPV	DO	PTO	PTPV	DPV	FDBD	DA	PVA	BDA	BDTC	BDBC	ATC	TBC	ABC	BDPV	2.7440000000000002	11.97	5.15	10.3	3.86	3.4	8.61	7.19	3.62	5.58	6.15	2.88	7.42	5.45	5.91	7.93	8.32	7.14	2.4700000000000002	6.19	6.77	BW	MEAN	MP	MD	MO	PD	PO	PPT	PPV	DO	PTO	PTPV	DPV	FDBD	DA	PVA	BDA	BDTC	BDBC	ATC	TBC	ABC	BDPV	7.35	24.49	10.81	16.59	9.16	9.02	14.79	12.69	8.83	11.53	12.19	7.82	13.15	11.39	11.91	11.36	14.22	13.18	7.89	11.97	13.06	SW	MEAN	MP	MD	MO	PD	PO	PPT	PPV	DO	PTO	PTPV	DPV	FDBD	DA	PVA	BDA	BDTC	BDBC	ATC	TBC	ABC	BDPV	6.01	20.03	9.51	18.93	5.61	5.12	15.49	12.03	5.05	9.99	9.81	4.66	12.89	8.6300000000000008	9.7799999999999994	13.96	14.56	11.91	3.78	9.41	11.05	landmark points

landmark distances
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