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Abstract: Assessment of length-weight relationship (LWR), length-length relationship (LLR) and condition factor was carried out for 
Bangana dero in northeastern India, mainly from the Brahmaputra and Irrawaddy (Manipur) River system.  We report a value of ‘b’ 
3.1269 and 3.1426 for LWR with respect to total length and standard length respectively, indicating positive allometric growth. The value 
of ‘b’ for LLR is less than one, which indicates that growth in total length is less with per unit increase in standard length.  The value of 
‘K’ and ‘Kn’ is 0.91 and 0.72 depicts normal well being of fish in its habitat.
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INTRODUCTION

The inland fisheries sector of the country shares more 
than 50% of the total production.  There is further scope 
to increase the production by sustainably exploiting the 
resources through introduction of various advanced 
aquaculture technologies.  The species is endemic to 
inland waters of Asia, mainly distributed along the 
Himalayan foothills (Zhu 1995).  A proper understanding 
and knowledge on the biology of the fishes not only 
assist in making species-specific conservation plan and 
culture practices but also helps in further systematic 
studies.

The significance of length-weight relationship 
(LWR) relies on the estimation of relationship between 
weights at different size of fish.  It is also useful in 
assessing the normal well being of fish under different 
physiological, climatic and environmental conditions to 
evaluate the ontogeny of fish stocks of different regions 
(Anwa-Udondiah & Pepple 2011).  Further, it is also 
employed for the morphological comparison of different 
fish species and population from different habitat 
(Goncovales et al. 1997; Santos et al. 2002) and to assess 
the maturity of species (Lazima et al. 2002).  The LWR, 
Length-length relationship (LLR) and condition factor has 
been carried out in Indian waters by different authors 
from northeastern India (Biswas 1982; Borah et al. 2017; 
Nath et al. 2017) and also from different localities of the 
country (Malhotra & Chauhan 1984; Sharma et al. 2016).  
The condition factor describes the degree of robustness 
or plumpness of fish to determine whether fishes are 
in better or poorer condition (Koushlesh et al. 2017).  
It depends on physiological features such as maturity, 
spawning and food availability. 

IUCN (2010) categorised this species under Least 
Concern (LC) criteria, but the abundance of fry and 
fingerlings of this species is assumed to have declined 

in the past.  The reason for reduction in the population 
of fishes in this region is due to indiscriminate and 
unscientific fishing by rural people, modification of 
riverine ecosystem by siltation, destruction of the 
breeding ground and loss of fish habitat and various 
anthropogenic stressors (Sharma & Das 2010).  Hence, 
the present study on LWR and Condition factor will be 
helpful to estimate biomass of fish to understand its 
population status (Das et al. 2015) and can be of great 
significance to biologists in formulating suitable policy for 
sustainable conservation and aquaculture diversification 
management practices in the region.

MATERIAL AND METHODS

In the present study, the fishes were collected from 
the river Brahmaputra and its tributaries as well as 
Irrawaddy River basin (Manipur) from the northeastern 
states namely Arunachal Pradesh, Assam, Tripura, 
Manipur and Nagaland during May 2016 to November 
2017.  A total of 83 specimens of B. dero were collected 
under COE-FAB Project from different tributaries of 
the Brahmaputra River Irrawaddy River, Manipur.  The 
names of sampling sites along with coordinates are 
enlisted below in Table 1. Body parameters such as total 
length (TL), standard length (SL) were measured using 
digital dial vernier caliper to nearest millimeter (0.1mm) 
and weight (W) was measured using digital weighing 
machine to nearest gram (0.1 g).  The fishes were mainly 
collected by employing different gears such as cast 
net, lift net of varied mesh sizes and other traditional 
gears (such as Bamboo traps, Hook and Lines).  After 
collection, specimens were weighed and preserved in 
10% formalin for further study.  Fish specimens were 
identified to species level by following Jayaram (2010) 
and Vishwanath et al. (2007).  The LWR was calculated 

Table 1. River, locations in different state sampled for specimens

State River Location Geographical Coordinates

1. Arunachal Pradesh
Thatching, Yamne, 
Buridwing, Nao-
Dihing, Maodining

Borguli, Jenu, Balinag 
bridge, Miao

28.014444440N & 95.473888890E,
28.259291670N & 95.210833330E,
27.161111110N & 96.211944440E,
27.449444440N & 95.863333330E,
27.494444440N & 96.211944440E,
28.001388890N & 95.391388890E

2. Tripura Deo Kumarghat 24.172500000N & 92.039166670E

3. Manipur Kugai(Imphal River) Mongyang 25.880555560N & 94.397777780E

4. Assam Brahmaputra Haora, Bhumaraguni 26.542500000N & 92.335555560E,
26.619722220N & 92.851388890E

5. Nagaland Doyang Depong 27.309166670N & 94.309722220E
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by following the LeCren’s (1951) Cube law equation 
W = q*Lb, where ‘q’ is intercept and ‘b’ is slope of 
regression lines.  The value of regression coefficient ‘b’ 
was calculated by following Zar (1999).  The ‘t’ test was 
applied to find out the significance of ‘b’ value using the 
formula t=b-3/sb where, sb is standard error of ‘b’ against 
the Ho=3 and HA≠3.  The Length-length relationship (LLR) 
was calculated by following the allometric equation 
TL=aLb.  Before regression analysis length and weight 
data of individual specimen was log transformed using 
MS Excel 2010 and outliers have been removed by 
following Froese (2006).  The condition factor and 
relative condition factor were determined, using the 
formula:

Fulton’s condition factor (Fulton 1904): K =W x 100 

/L3 

Relative condition factor (LeCren 1951): Kn =W/^w
where, K is condition factor, W is weight of the fish, L 

is length of the fish, Kn is relative condition factor of fish, 
W is observed weight of fish and ^w is calculated weight 
of fish.

RESULTS

The LWR for B. dero is assessed for total length and 
standard length separately in relation to total weight.  
The minimum and maximum values for observed 
parameters are tabulated in the Table 2.  The estimated 
value for regression parameters, growth exponent, 

intercept, correlation coefficient (r), goodness of fit (r2), 
t-test value and p values for various body parameters are 
summarised in Table 3.

Therefore, by substituting the value of ‘a’ and ‘b’ in 
the regression equation (Y= a + bX) can be written as:

For, ln TL- ln W: Y= -5.0343 + 3.1269X
For, ln SL- ln W: Y= -4.2875 + 3.1426X
For, ln TL–ln SL: Y= -0.2183 + 0.9875X
This equation is equivalent to: ln W = ln q + b*ln L
Thus, a = ln q 
We can obtain ‘q’ of the original length-weight 

relationship by taking the antilog of ‘a’:
For, ln TL- ln W: q = expa = 2.718282(-5.0343) = 0.0065
For, ln SL- ln W: q = expa = 2.718282(-4.2875) = 0.0137
For, ln TL–ln SL: q= expa = 2.718282(-0.2183) = 0.8038
Hence, the allometric equation W = q*Lb to find 

the relationship between W (in g) and L (in cm) can be 
written as:

For, ln TL- ln W: W = 0.0065*L3.1269

For, ln SL- ln W: W = 0.0137*L3.1426

For, ln TL–ln SL: W = 0.8038*L0.9875

The value of ‘b’ in relation to total length is 3.1269 (t 
= 3.22, df = 82, P = 0.002) whereas in standard length it 
is 3.1426 (t = 3.73, df = 82, P = 0.0003).  The “t-test” is 
conducted to check the isometry of the species revealed 
that there is significant difference from the expected 
value of 3. Hence, based on the analysis it is concluded 
that the growth is positive allometric.  Further, the scatter 
plot of total length-weight and ln(TL)–ln(W) shows a 
direct curvilinear and straight line graph respectively 

Image 1. Map showing sampling sites (red dots).
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(Figs. 1 & 2).  Similar graph of standard length-weight 
and ln(SL)–ln(W) was also obtained (Figs. 3 & 4).  The 
value of ‘b’ for LLR is less than one which indicates that 
growth in total length is less per unit increase in standard 
length and follows non-isometric growth (Figs. 5 & 6).  
The condition factor ‘K’ and relative condition factor ‘Kn’ 
is 0.91 and 0.72 respectively.

Table 2. Range of body parameters of B. dero.

Body parameters Minimum Maximum Mean ± SE

1. Total length 9.732cm 34.702cm 13.9197 ± 0.4404

2. Standard length 7.427cm 26.453cm 10.8299 ± 0.3414

3. Total weight 7.29g 422g 33.5045 ± 6.0682

Figure 1. Scatter plot of Total length - Total Weight Figure 2. Scatter plot of ln(TL) - ln(W)

Figure 3. Scatter plot of Standard length - Weight Figure 4. Scatter plot of ln(SL) - ln(W)

Figure 5. Scatter plot of Total length - Standard length Figure 6. Scatter plot of ln(TL) - ln(SL)
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Table 3. Different parameters of LWR in B. dero.

Body parameters
Regression parameters

r r2 t value p
a 95% Cl of a b 95% Cl of b

1.
ln TL- ln W 0.0065

0.0047
-

0.0088
3.1269 3.0095

-3.2443 0.9859 0.9707 3.22 0.0016

2. ln SL- ln W 0.0137 0.0099-
-0.0188 3.1426 3.0074 -

3.2796 0.9824 0.9635 3.73 0.0003

3. ln TL- ln SL 0.8038 0.7637-
0.8460 0.9875 0.9680

- 1.0071 0.9960 0.9920 8.40 0.0001

DISCUSSION

The normal well-being and growth of fish is 
usually affected by the environmental factors.  The 
body parameter differs for the fishes inhabiting under 
different agro-climatic conditions and shows significant 
variations in growth parameters.  Depending on the 
value of ‘b’ of LWR, the growth in fishes can be said as 
isometric (b = 3), positive allometric growth (b > 3) and 
negative allometric growth (b < 3) (Tesch 1971; Ricker 
1975); however, LeCren’s Cube Law states that the value 
of ‘b’ remains 3 for ideal fish and follows isometric 
growth.  In the present study the value of parameter ‘b’ 
was found between 2.5 and 3.5 as suggested by Froese 
(2006).  Hence, it can be inferred that fishes follow 
positive allometric growth which indicates that fishes 
become more round and heavier as length increases.  
The ‘b’ value in present study was found to be higher 
from those reported by Biswas et al. (1982) (b= 2.903) 
from northeastern India and Malhotra & Chauhan (1984) 
(b=2.2377), Sharma et al. (2016) (b = 3.024) from other 
parts of the country.  The slightly higher values of b>3 
may be attributed because of the better food availability, 
and congenial environmental condition when specimen 
was sampled.  Similar findings have also been reported 
by Keskar et al. (2015) in Lepidocephalichthys thermalis 
and Paracanthocobitis mooreh because of the extended 
breeding periods and different stage of sexual maturity 
while in the latter species it was stated to be a less 
polluted water body.  Based on the same analogy the 
specimens collected for present study were from 
pristine waters as a result ‘b’ value was higher which is 
further confirmed by calculating correlation coefficient.  
The value of correlation coefficient ‘r’ is more than 0.9 
for both the cases viz. for TL and SL and hence shows 
high degree of correlation.  Relatively high value of ‘r2’ 
is delineated in graph which shows that scattered points 
are very close to the trendline.  The value of ‘t’ is found 
to be significant at 95% confidence level. 

Sharma et al. (2016) erroneously quoted that, no 

work on LWR of this species has been done, perhaps he 
was not aware of the taxonomic status of B. dero (=Labeo 
dero); however, perusal of literature reveals that a lot 
of work on LWR of B. dero has been done elsewhere 
in the country (Malhotra & Chauhan 1984; Sharma et 
al. 2016).  The present work from northeastern region 
seems to be a lead work on this aspect.  There is no 
database on the LLR of this species in fish base (Froese 
& Pauly 2017), the present study inferred that value of 
‘b’ for LLR is less than one which indicates that growth 
in total length is less with per unit increase in standard 
length and follows non-isometric growth and confirms 
the view of Keskar et al. (2015) and Nath et al. (2017).  
The robustness and goodness in health of fishes under 
existing environmental condition is exhibited by the 
value of ‘K’.  In the present study the value of ‘K’ is found 
close to one which is similar to those reported by Biswas 
(1982) from northeastern India.  The slight difference 
between the values of ‘K’ in two different populations 
may be because of the different habitat, one from Lotic 
water body while other from Lentic water body.  As 
both the water bodies are clearly different and exhibit 
differences in physicochemical condition of water can be 
said to attribute this difference in condition factor. 

Hence, based on the results of present study it can 
be concluded that the value of ‘b’ was found to be more 
than three which inferred that health and general well 
being of fishes are in good state in the region which may 
be due to the presence of suitable food and congenial 
environment at sampling areas.  On the other hand, the 
reduction of population of studied species as well as 
other fishes in the region noted by different authors as a 
general statement without pinpointing the locations is of 
great concern and needs to be investigated meticulously.  
Proper conservation strategies, monitoring and better 
management plan can be helpful to cope up with such 
alarming situation.
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