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Abstract

The length–weight relationship and condition of Wallago attu were examined using 400 fish sampled

from commercial catches in Pench Reservoir, Maharashtra, India, from November to June. Fifty fish

were measured each month. Total length ranged from 22.71 to 100.69 cm, and body weight ranged from

56.44 to 5,673.44 g. The pooled relationship was W = 0.007408L2.9043, with W in grams and L in cen-

timetres. Length explained 97.98% of the variation in log-transformed weight. The exponent was signif-

icantly below 3 (95% confidence interval: 2.8631–2.9454; p < 0.001), indicating negative allometry

within the sampled length range. Robust and bootstrap confidence intervals supported this result. Mean

Fulton’s condition factor was 0.5101 ±  0.0844 SD, with monthly means ranging from 0.4839 in

February to 0.5268 in January. Neither length-adjusted weight nor the slope of the length–weight rela-

tionship differed significantly among sampled months (p = 0.5626 and p = 0.5224, respectively). These

results provide a local reference for the size, mass–length scaling and condition of W. attu in sampled

commercial catches from Pench Reservoir.

Keywords: Asian sheat catfish, Biometry, Negative allometry, Fulton’s condition factor, Monthly varia-

tion, Reservoir fishery

1. Introduction

Wallago attu (Bloch & Schneider, 1801), commonly known as the freshwater shark, is a large predatory sil-

urid catfish distributed across South and Southeast Asia (Roberts, 2014) 
[1]

. It is commercially important in

Indian freshwater fisheries (Rufus et al., 2015; Kumar et al., 2023) 
[3, 2]

. Inland fisheries contribute to food

security and livelihoods, creating a need for reliable biological information on the species represented in lo-

cal catches (Cooke et al., 2016) 
[4]

.

Freshwater fishes face pressures from harvesting and environmental change (Allan et al., 2005) 
[5]

. Regional

studies have documented changes in fisheries composition in the Ganges (Montaña et al., 2011) 
[6]

, conser-

vation concerns for siluroid fishes in the North-East Sundarbans (Patra et al., 2005) 
[7]

, and declining fish di-

versity in the lower Gangetic plains (Parvez et al., 2023) 
[8]

. Wallago attu was assessed as Vulnerable on the

IUCN Red List in 2019 (Ng et al., 2019) 
[9]

. Local biometric studies provide basic information on the size

and condition of this commercially valuable species.

The length–weight relationship (LWR) describes how body mass varies with length. It is widely used to

summarize fish biometry and estimate weight from length measurements (Froese, 2006; Froese et al., 2011)

[10, 11]
. Regression methods provide a quantitative basis for examining this relationship (Ricker, 1973) 

[12]
,

while the sampled size range and analytical approach influence the resulting estimates (Hayes et al., 1995)

[13]
. The exponent b describes mass–length scaling: values below, equal to or above 3 correspond to negative

allometry, isometry or positive allometry, respectively, with statistical inference based on uncertainty around

the estimate.

Published LWRs for W. attu differ among water bodies. Rufus et al. (2015) 
[3]

 reported variation among

sampling locations in central Kerala, while Prasad et al. (2020) 
[14]

 described sex-specific relationships in

Bhadar Reservoir. Kumar et al. (2023) 
[2]

 compared the species across five Indian rivers. These studies pro-

vide useful context for evaluating a local relationship in Pench Reservoir, provided that measurement con-

ventions and sampled size ranges are considered.

Condition indices complement LWRs by describing weight relative to length. Fulton’s condition factor has a

long history in fish biology (Nash et al., 2006) 
[15]

, while Le Cren (1951) 
[16]

 demonstrated the relevance of

reproductive and seasonal variation to fish condition. Because condition indices are influenced by body size

and the form of the mass–length relationship, they are most informative when considered alongside the fitted

LWR (Bolger et al., 1989; Cone, 1989) 
[17, 18]

. Comparing length-adjusted weight among months provides a

complementary assessment of temporal variation.
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This study examined the biometry of W. attu sampled from commer-

cial catches in Pench Reservoir, Maharashtra, India. The objectives

were to describe the sampled length and weight distributions, estimate

the pooled LWR and evaluate allometry, and summarize condition

and monthly variation in length-adjusted weight. The results provide

a local biometric reference for comparison with other freshwater

records of the species.

2. Materials and methods

2.1. Sampling and measurements

The study was conducted at Pench Reservoir, also known as

Kamthikhairy Reservoir, in Nagpur district, Maharashtra, India

(21.4608° N, 79.1903° E). Located on the Pench River near

Parshivni, approximately 54 km north of Nagpur, the reservoir is sur-

rounded by forested hills. It was constructed for irrigation and sup-

plies water to Nagpur and Bhandara districts.

Sampling was conducted weekly from November 2022 to June 2023

at three locations: Pench Dam, Parshivni fish market and Mayo fish

market. A total of 400 Wallago attu specimens were examined, com-

prising 50 specimens per month over the eight-month sampling

period.

The dataset contained month, total length and body weight. Records

were screened for missing values, nonpositive measurements and ex-

act duplicates. Observations with externally studentized residuals ex-

ceeding 3 in absolute value were examined and retained because no

measurement error was established. Analyses used pooled measure-

ments because sex and maturity were not recorded. Pooled summaries

describe the eight equally represented monthly samples.

2.2. Length–weight relationship

The LWR was fitted by ordinary least squares after base-10 logarith-

mic transformation (Froese, 2006) 
[10]

:

𝑙𝑜𝑔₁₀𝑊 = 𝑙𝑜𝑔₁₀𝑎 + 𝑏𝑙𝑜𝑔₁₀𝐿 + 𝜀.

The coefficient a was obtained by back-transforming the fitted inter-

cept. The exponent b and its 95% confidence interval were used to de-

scribe allometry. Departure from isometry was tested as

𝑡 = (𝑏 − 3 ) /𝑆𝐸 (𝑏 ) , with n − 2 degrees of freedom. R
2
 refers to the

log-transformed model. The back-transformed equation represents the

fitted log-scale relationship; no correction for arithmetic mean predic-

tion was applied (Hayes et al., 1995) 
[13]

.

Residuals were examined graphically and with the Shapiro–Wilk test.

Slope inference was also assessed using HC3 heteroscedasticity-ro-

bust standard errors (MacKinnon et al., 1985) 
[19]

 and 5,000 paired

bootstrap resamples of individual fish, with a percentile confidence

interval and random seed 20260925 (Efron, 1979) 
[20]

. Analyses

treated individual fish as independent observations; fishing-trip iden-

tifiers were unavailable for assessing clustering.

2.3. Condition and monthly comparisons

Fulton’s condition factor was calculated as KF = 100W/L
3
, with

weight in grams and length in centimetres (Nash et al., 2006) 
[15]

.

Length, weight and condition were summarized by month and for the

pooled sample. Condition was interpreted in relation to the fitted

LWR (Bolger et al., 1989; Froese, 2006) 
[17, 10]

.

Nested linear models compared log-transformed weight as a function

of log-transformed length, length plus month, and length with a

month interaction. The month term tested differences in length-ad-

justed weight; the interaction tested differences in slope. Analyses

were performed in R 4.5.2 (R Core Team, 2025) 
[21]

, with a signifi-

cance level of 0.05.

3. Results

3.1. Size and condition

All 400 records contained positive length and weight measurements,

with no missing values or exact duplicates. Total length ranged from

22.71 to 100.69  cm (mean ± SD: 61.50 ±  22.06  cm), and weight

ranged from 56.44 to 5,673.44 g (1,601.56 ±  1,427.48 g). Monthly

summaries are presented in Table 1.

Mean KF was 0.5101 ±  0.0844 SD, with a median of 0.5075 and a

range of 0.2764–0.7404. The 95% confidence interval for the mean

was 0.5018–0.5184. Monthly means ranged from 0.4839 in February

to 0.5268 in January (Table 1; Figure 1).

Figure 1. Fulton’s condition factor by sampled month (n = 50 per month). Boxes show the interquartile range, horizontal lines indicate medians,

whiskers extend to observations within 1.5 interquartile ranges, and points indicate observations beyond the whiskers.

3.2. Length–weight relationship

The pooled relationship was log10 W = −2.130313 + 2.904267 log10

L, equivalent to W = 0.007408L
2.9043

 (Figure 2). The model ex-

plained 97.98% of the variation in log-transformed weight. The slope

differed significantly from 3 (t = −4.5755, df = 398, p = 0.00000636),

indicating negative allometry. Its conventional 95% confidence inter-

val was 2.8631–2.9454 (Table 2).

Residuals departed from normality in the Shapiro–Wilk test (W =

0.9791, p = 0.0000155). Both the HC3 interval (2.8653–2.9432) and

the paired-bootstrap interval (2.8646–2.9429) excluded 3. Three ob-

servations exceeded the studentized-residual threshold and were re-

tained, as specified in the screening procedure.

International Journal of Advanced Biochemistry Research https://www.biochemjournal.com
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Figure 2. Pooled length–weight relationship of Wallago attu (n = 400). (a) Base-10 log-transformed observations, fitted regression and 95% con-

fidence band for the fitted mean on the log scale. (b) Residuals against fitted values.

3.3. Monthly comparisons

Adding month to the length-only model did not significantly improve

the fit (F = 0.8302, df = 7, 391; p = 0.5626). The log-length × month

interaction was also nonsignificant (F = 0.8799, df = 7, 384; p =

0.5224). Thus, no significant monthly differences in length-adjusted

weight or slope were detected during the sampled period.

Table 1. Monthly size and condition summaries for Wallago attu from Pench Reservoir.

Month n Length range (cm) Mean weight (g) KF, mean ± SD

Nov 50 22.71–99.72 1,717.88 0.5031 ± 0.0800

Dec 50 22.97–100.45 1,447.34 0.5116 ± 0.0969

Jan 50 24.80–97.81 1,394.33 0.5268 ± 0.0782

Feb 50 24.48–100.64 1,938.37 0.4839 ± 0.0776

Mar 50 22.78–100.09 1,432.87 0.5185 ± 0.0924

Apr 50 22.94–100.69 1,833.78 0.5059 ± 0.0871

May 50 26.10–95.69 1,499.25 0.5103 ± 0.0831

Jun 50 26.22–100.14 1,548.68 0.5206 ± 0.0759

Pooled 400 22.71–100.69 1,601.56 0.5101 ± 0.0844

*All months contain 50 sampled fish. KF = 100W/L
3
, with W in grams and L in centimetres.

Table 2. Pooled length–weight regression and sensitivity of slope inference (n = 400).

Statistic Estimate 95% confidence interval

a (g, cm convention) 0.007408 0.006267–0.008756

b 2.904267 2.863134–2.945400

SE(b), conventional 0.020923 —

R
2
, log scale 0.979762 —

Residual standard error, log10 scale 0.072539 —

b, HC3 inference 2.904267 2.865330–2.943204

b, paired bootstrap 2.904267 2.864550–2.942908

*The bootstrap interval is based on 5,000 paired resamples of individual fish. Isometry was tested against b = 3.

4. Discussion

4.1. Length–weight scaling and regional comparisons

The pooled exponent of 2.9043 indicates negative allometry in the

sampled W. attu: body weight increased slightly less than the cube of

total length. The departure from 3 was modest but supported by con-

ventional, robust and bootstrap confidence intervals. The strong log-

linear relationship provides a concise description of mass–length scal-

ing across the observed size range. This interpretation follows the dis-

tinction between the biometric relationship and individual changes

through time described by Froese (2006) 
[10]

.

The Pench exponent was close to the Gomti River value of 2.92 re-

ported by Kumar et al. (2023) 
[2]

. However, their Gomti estimate was

statistically compatible with isometry, whereas the Pench confidence

interval excluded 3. Their pooled five-river exponent was 3.05, with

positive allometry reported for Hooghly and Pampa samples. These

comparisons show that similar point estimates may receive different

classifications depending on their precision (Table 3).

Rufus et al. (2015) 
[3]

 reported b values of 2.6647 at Edathua, 2.8784

at Payippad and 3.5335 at Parumala, with a pooled central Kerala es-

timate of 3.2550. The Pench estimate falls within this regional range.

Negative allometry was supported at Edathua, while Payippad was

compatible with isometry. Together with the five-river study, these

International Journal of Advanced Biochemistry Research https://www.biochemjournal.com
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findings demonstrate variation in the observed LWR of W. attu among

sampling locations.

The equation should be applied within the observed range of 22.71–

100.69  cm using total length in centimetres and weight in grams.

Reporting these conventions together with sample size, parameter es-

timates and confidence intervals facilitates comparison with other

studies (Froese et al., 2011) 
[11]

. Regression interpretation also de-

pends on the purpose of the analysis and the sampling design (Ricker,

1973; Hayes et al., 1995) 
[12, 13]

. The present equation describes the

pooled commercial-catch sample and provides a reference for subse-

quent measurements made using comparable methods.

Table 3. Selected published length–weight exponents for Wallago attu and the present estimate.

Water body / sample b Inference reported for b = 3 Reference

Pench Reservoir, pooled 2.9043 Negative allometry Present study

Gomti River 2.92 Compatible with isometry Kumar et al. (2023)

Yamuna River 2.98 Compatible with isometry Kumar et al. (2023)

Hooghly River 3.64 Positive allometry Kumar et al. (2023)

Pampa River 3.58 Positive allometry Kumar et al. (2023)

Five rivers, pooled 3.05 Compatible with isometry Kumar et al. (2023)

Edathua, central Kerala 2.6647 Negative allometry Rufus et al. (2015)

Payippad, central Kerala 2.8784 Compatible with isometry Rufus et al. (2015)

Parumala, central Kerala 3.5335 Positive allometry Rufus et al. (2015)

Central Kerala, pooled 3.2550 Positive allometry Rufus et al. (2015)

*Published estimates are provided for descriptive comparison. Compatibility with isometry indicates that the source did not reject b = 3.

4.2. Condition and monthly variation

Mean KF in Pench was 0.5101. For comparison, Rufus et al. (2015)

[3]
 reported a pooled central Kerala mean of 0.57 ± 0.12 SD, while

Table 2 of Kumar et al. (2023) 
[2]

 gave river-specific values of 0.43–

0.47. These values place the Pench observations in a regional context.

Direct comparisons should nevertheless account for the length range

and composition of each sample, because condition indices can vary

with body size (Bolger et al., 1989; Cone, 1989) 
[17, 18]

.

For the fitted relationship W = aLᵇ, Fulton’s factor follows KF =

100aL
b−3

. The Pench exponent therefore implies a fitted length de-

pendence of L
−0.0957

. This explains why condition was interpreted

alongside the LWR rather than against a fixed numerical threshold.

The approach is consistent with the interpretation of mass–length

scaling and condition discussed by Froese (2006) 
[10]

.

Although descriptive monthly means differed, the length-adjusted

analyses detected no significant month effect or difference in slope.

The pooled equation therefore provides a useful summary of the ob-

servations from November to June. Le Cren (1951) 
[16]

 showed that

reproductive changes can contribute to seasonal variation in condi-

tion; sex and maturity information would allow such effects to be ex-

amined in future sampling. The present monthly comparisons apply to

the observed period and sampled catches, rather than a complete an-

nual cycle.

5. Conclusion

Wallago attu sampled from commercial catches in Pench Reservoir

exhibited a strong LWR and negative allometry, with b = 2.9043.

Mean Fulton’s condition factor was 0.5101, and no significant differ-

ences in length-adjusted weight or slope were detected among the

sampled months. The equation and monthly summaries provide a lo-

cal reference for the biometry and condition of the species over the

observed size range.

References

1. Roberts TR. Wallago Bleeker, 1851 and Wallagonia Myers, 1938

(Ostariophysi, Siluridae), distinct genera of tropical Asian cat-

fishes, with description of † Wallago maemohensis from the

Miocene of Thailand. Bulletin of the Peabody Museum of Natural

History. 2014;55(1):35–47.

2. Kumar G, Kashyap A, Serajuddin M. Length-weight relationships

and condition factor of Asian sheat catfish, Wallago attu (Bloch &

Schneider, 1801) inhabiting different rivers of India. Journal of

Fisheries. 2023;11(1):111203.

3. Rufus T, Eldho PS, Ali A, Dahanukar N, Raghavan R. Length-

weight relationship and condition factor of a large predatory cat-

fish, Wallago attu (Schneider, 1801) from the rivers of central

Kerala, India. Journal of Aquatic Biology & Fisheries.

2015;3:105–110.

4. Cooke SJ, Allison EH, Beard TD Jr, Arlinghaus R, Arthington

AH, Bartley DM, Cowx IG, Fuentevilla C, Leonard NJ, Lorenzen

K, Lynch AJ, Nguyen VM, Youn SJ, Taylor WW, Welcomme RL.

On the sustainability of inland fisheries: Finding a future for the

forgotten. Ambio. 2016;45(7):753–764.

5. Allan JD, Abell R, Hogan Z, Revenga C, Taylor BW, Welcomme

RL, Winemiller K. Overfishing of inland waters. BioScience.

2005;55(12):1041–1051.

6. Montaña CG, Choudhary SK, Dey S, Winemiller KO.

Compositional trends of fisheries in the River Ganges, India.

Fisheries Management and Ecology. 2011;18(4):282–296.

7. Patra MK, Acharjee SK, Chakraborty SK. Conservation cate-

gories of siluroid fishes in North-East Sundarbans, India.

Biodiversity and Conservation. 2005;14:1863–1876.

8. Parvez MT, Mohsin ABM, Arnob SS, Lucas MC, Chaki N, Khan

MAG, Galib SM. Fish diversity decline in the lower Gangetic

plains: a victim of multiple stressors. Biodiversity and

Conservation. 2023;32(1):341–362.

9. Ng HH, de Alwis Goonatilake S, Fernado M, Kotagama O.

Wallago attu (errata version published in 2020). The IUCN Red

List of Threatened Species. 2019:e.T166468A174784999.

10. Froese R. Cube law, condition factor and weight–length relation-

ships: history, meta-analysis and recommendations. Journal of

Applied Ichthyology. 2006;22:241–253.

11. Froese R, Tsikliras AC, Stergiou KI. Editorial note on weight–

length relations of fishes. Acta Ichthyologica et Piscatoria.

2011;41(4):261–263.

12. Ricker WE. Linear regressions in fishery research. Journal of the

Fisheries Research Board of Canada. 1973;30(3):409–434.

13. Hayes DB, Brodziak JKT, O’Gorman JB. Efficiency and bias of

estimators and sampling designs for determining length-weight

relationships of fish. Canadian Journal of Fisheries and Aquatic

Sciences. 1995;52(1):84–92.

14. Prasad H, Desai AY. Length–weight relationship and condition

factor of Wallago attu from Bhadar Reservoir of Gujarat, India.

Journal of Experimental Zoology India. 2020;23(2):1473–1479.

International Journal of Advanced Biochemistry Research https://www.biochemjournal.com
2
6
1
7
4
7
0
7
, 2

0
2
6
, 1

0
(
1
0
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.3

3
5
4
5
/2

6
1
7
4
6
9
3
.2

0
2
6
.v

1
0
.i1

0
S

m
.1

0
4
2
1
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 A

d
v
a
n
c
e
d
 B

io
c
h
e
m

is
tr

y
 R

e
s
e
a
r
c
h
 o

n
 [

1
0
/1

0
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.b
io

c
h
e
m

jo
u
r
n
a
l.c

o
m

)
 f

o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

1053



15. Nash RDM, Valencia AH, Geffen AJ. The origin of Fulton’s con-

dition factor—setting the record straight. Fisheries.

2006;31(5):236–238.

16. Le Cren ED. The length-weight relationship and seasonal cycle in

gonad weight and condition in the perch (Perca fluviatilis).

Journal of Animal Ecology. 1951;20(2):201–219.

17. Bolger T, Connolly PL. The selection of suitable indices for the

measurement and analysis of fish condition. Journal of Fish

Biology. 1989;34(2):171–182.

18. Cone RS. The need to reconsider the use of condition indices in

fishery science. Transactions of the American Fisheries Society.

1989;118(5):510–514.

19. MacKinnon JG, White H. Some heteroskedasticity-consistent co-

variance matrix estimators with improved finite sample proper-

ties. Journal of Econometrics. 1985;29(3):305–325.

20. Efron B. Bootstrap methods: Another look at the jackknife. The

Annals of Statistics. 1979;7(1):1–26.

21. R Core Team. R: A language and environment for statistical com-

puting. R Foundation for Statistical Computing, Vienna, Austria;

2025.

How to cite this article: Jagane HB, Borde HS. Length–weight

relationship and condition of Wallago attu from Pench Reservoir,

India. International Journal of Advanced Biochemistry Research.

2026;SP-10(10):1050-1054. doi: https://www.doi.org/10.33545/2

6174693.2026.v10.i10Sm.10421

International Journal of Advanced Biochemistry Research https://www.biochemjournal.com
2
6
1
7
4
7
0
7
, 2

0
2
6
, 1

0
(
1
0
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.3

3
5
4
5
/2

6
1
7
4
6
9
3
.2

0
2
6
.v

1
0
.i1

0
S

m
.1

0
4
2
1
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 A

d
v
a
n
c
e
d
 B

io
c
h
e
m

is
tr

y
 R

e
s
e
a
r
c
h
 o

n
 [

1
0
/1

0
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.b
io

c
h
e
m

jo
u
r
n
a
l.c

o
m

)
 f

o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

1054

https://www.doi.org/10.33545/26174693.2026.v10.i10Sm.10421
https://www.doi.org/10.33545/26174693.2026.v10.i10Sm.10421

