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Abstract. The objectives of this study were to describe the length-length relationship (LLR), length-weight
relationship (LWR) and condition factor of four important freshwater fish species Esomus danricus,
Amblypharyngodon mola, Pethia ticto and Glossogobius giuris, collected from different fish market of
Gomastapur subdistrict, Chapai Nawabganj, Bangladesh from December 2009 to November 2010.
Relationship equations among different body length parameters of each species were found highly significant
(p < 0.01). LWRs were obtained as TW = 0.008 TL3*%, 0.025 TL>%, 0.043 TL>*® and 0.021 TL>** for E. danricus,
A. mola, P. ticto and G. giuris respectively. The study period was divided into three major seasons summer (March
to June), rainy (July to October) and winter (November to February) for studying the growth and condition of the
specimens. The values of the Fulton’s and relative condition factors indicated apparent growth variation in
different seasons. All the species showed maximum robustness in summer and rainy seasons. The
information obtained from this study will be helpful for the fishery managers to implement adequate
adaption-centric regulations for sustainable fishery management in the water bodies of Gomastapur as
well as the other parts of the country.

Key Words: Amblypharyngodon mola, biometric relationship, conservation, Pethia ticto, small
indigenous fish.

Introduction. Morphometric measurements and statistical relationships of fishes are
imperative for both fishery biology (Sparre et al 1989; Mustafa & Brooks 2008) and
taxonomy studies (Tandon et al 1993; Simon et al 2010a). Length-weight relationship is
an important tool in fish biology, physiology, ecology, fisheries assessment and fish
conservation. These studies are used as a tool for fish conservation in several parts of the
world providing information on the condition, growth pattern, ontogenic changes and in
fish population dynamics (Oscoz et al 2005; Simon et al 2009). Length-weight
relationship is also useful for the conversion of growth-in-length equations to growth-in-
weight for use in stock assessment models and to estimate stock biomass from limited
sample sizes (Binohlan & Pauly 1998; Koutrakis & Tsikliras 2003; Valle et al 2003;
Ecoutin et al 2005; Ozaydin & Taskavak 2007; Simon & Mazlan 2008; Simon et al 2009;
Ndome et al 2012).

The inland fishery of Bangladesh covers about 4.5 million hectares and is
considered as the most important aquatic resource base of the country. Economically,
more than 90% of the rural community depends on fisheries for their livelihood (Mustafa
& Brooks 2008). There are 260 recorded indigenous freshwater bony fish species within
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55 families and 145 genera living in and around the wetlands of Bangladesh (Doha 1974;
Craig et al 2004; Alam et al 2013; Moumita et al 2011; Flowra et al 2013; Noor 2013).
The Indian flying barb Esomus danricus, the mola carplet Amblypharyngodon mola, the
ticto barb Pethia ticto all belonging to Cyprinidae and the tank goby Glossogobius giuris
(Gobidae) are some of the top commercially important freshwater indigenous fish species
found in the country.

Small indigenous fishes are important target species for the small-scale fishermen
of Bangladesh, who deploy a variety of traditional gears (Craig et al 2004; Kibria &
Ahmed 2005; Hossain et al 2006; Mustafa & Brooks 2008) and these fishes serve as a
major source of protein and vitamin A for the local rural community (Rubbi et al 1978;
Islam 2004). Vitamins and minerals are found to be much more in small fish than in large
fish. For example, E. danricus, A. mola and Pethia species are richer in vitamin A, iron
and calcium than large cyprinid species (Gupta & Rai 2011). However, conservation
status of some of these fish species is vulnerable (IUCN 2000) indicating the significance
of implementing an adequate adaptation-centric regulations for sustainable fishery
management of small indigenous fishes in Bangladesh (Mustafa & Brooks 2008). While
this could be attributable to numerous reasons, inadequate knowledge with respect to
length-length relationship, length-weight relationship and condition factors of small
indigenous fishes of Bangladesh might be one of the significant factors of overexploitation
of these fish species notwithstanding their conservation status. This paucity of
information propelled the current study which aimed at studying the length-weight
relationship, length-length relationship and condition factor as tools to conserve these
four indigenous fishes (E. danricus, A. mola, P. ticto and G. giuris) from a probable
depletion of their wild stocks in the future.

Material and Method

Field sampling. Fish samples were collected from different fish markets of Gomastapur
(24° 46’ 30” N, 88° 17’ 0” E) sub-district, Chapai Nawabganj, Bangladesh (Figure 1) from
December 2009 to November 2010 at a scheduled interval of one week. During collection,
precautions were taken to save the specimens from spoilage or any damage. Specimens (n
= 384, 96 of each species) were immediately preserved with ice and fixed with 5%
formalin solution upon arrival in the laboratory. Moreover, some voucher specimens were
placed for museum collection at the Ichthyology laboratory of Rajshahi University,
Bangladesh.

Different lengths were measured with a precision of 0.01 cm (Simon et al 2010a, b)
with the help of measuring board fitted with a scale. Weight of the fish was taken with the
help of electronic precision balance Model: KD-300KC to an accuracy of 0.1 g (Simon et al
2008; Simon et al 2012).

Length-length relationships. The length-length relationship with total length among
different body lengths were determined by the method of least squares to fit a simple
linear regression model as Y = a+bX, where Y = various body lengths, X = total length, a
= proportionality constant and b = regression coefficient (Alam et al 2012).

Length-weight relationships. Length-weight relationship was determined by fitting the
data to a potential relationship based on the exponential equation (Le Cren 1951) in the
form of TW = aTL® where, TW is the total weight (expressed in g), TL is the total length
(expressed in cm), a is a coefficient related to body form and b is an exponent indicating
isometric growth when equal to 3 and indicating allometric growth when significantly
different from 3 (Simon & Mazlan 2008; Simon et al 2009).

The parameters ‘a’ and ‘b’ of the exponential curve were estimated by linear
regression analysis over log-transformed data expressed as: log TW = log a + b log TL.
The values of the constant ‘a’ and ‘b’ of the linear regression was determined by following
Rounsefell & Everhart (1953) and Lagler (1966).
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Figure 1. Map showing sampling area in Gomastapur sub-disctrict, Chapai Nawabganj,
Bangladesh.

Condition factors. Fulton’s condition factor, K was calculated by using the formula, K =
(TW/TL®)x 100 whereas, the relative condition factor was calculated by K, = TW/aTL" (Le
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Cren 1951; Simon et al 2013). The parameters ‘a’ and ‘b’, of the length-weight
relationship which have been used in the calculation of condition factors K, were varied in
different seasons. All sorts of statistical analysis were calculated by using SPSS Version
15.0 software (SPSS Inc. 2004; Simon et al 2011).

Results

Length-length relationships. The length-length relationships with total length (TL)
among different body lengths of the specimens such as standard length (SL), dorsal
length (DL), pelvic length (PvL), anal length (AnL), pectoral length (PL) and head length
(HL) and the coefficient of correlation for E. danricus, A. mola, P. ticto and G. giuris are
shown in Table 1.

Table 1

Length-length relationships with total length among different body lengths of four
freshwater fish species collected from different fish markets of Gomastapur, Chapai
Nawabganj, Bangladesh

Coefficient

Species Relationship  Mean + SE Regression equation of _ Per(_:entage

parameters (cm) correlation with TL
o

g SL 5.04+0.03 SL = - 0.795 + 0.9266TL 0.967** 80.00
é § DL 3.35+0.02 DL = - 0.9377 + 0.6798TL 0.946** 53.17
8§89 PuL 2.5840.02  PvlL = -1.3284 + 0.6195TL  0.920** 40.95
4 ﬁ g AnL 3.75%0.02 AnL = -1.4196 + 0.8209TL 0.910** 59.52
u‘% I‘:’_’Jl PL 1.13+0.01 PL = - 0.394 + 0.2421TL 0.785** 17.94
= HL 1.02+0.01 HL = - 0.457 + 0.235TL 0.821** 16.19
c £ SL 5.12+0.11 SL = - 0.795 + 0.9266TL 0.997** 79.50
‘§ g DL 2.58+0.06 DL = - 0.9377 + 0.6798TL 0.921** 40.06
gt_g g 8 PvL 2.46+0.06 PvL = -1.3284 + 0.6195TL 0.975** 38.20
c; E Tf LI: AnL 3.39+0.08 AnL = -1.4196 + 0.8209TL 0.978** 52.64
‘_é bjl PL 1.17+0.02 PL = - 0.394 + 0.2421TL 0.955** 18.17
< = HL 1.30+0.03 HL = - 0.457 + 0.235TL 0.955** 20.19
£ SL 4.88+0.06 SL =-0.1162 + 0.7981TL 0.959** 77.96
o § DL 2.35+0.03 DL = 0.4452 + 0.3052TL 0.905** 37.54
8 g 8 PvL 2.29+0.03 PvL = 0.0878 + 0.3518TL 0.942** 36.58
% ﬁ g AnL 3.43+0.05 AnL = - 0.234 + 0.5863TL 0.952** 54.79
- f PL 1.19+0.01 PL = 0.2413 + 0.1514TL 0.877** 19.01
= HL 1.28+0.01 HL = 0.3323 + 0.1519TL 0.879** 20.45
" e SL 5.39+0.08 SL = 0.2756 + 0.7504TL 0.978** 79.03
g s DL 2.03+0.03 DL = 0.0207 + 0.2952TL 0.933** 29.77
% & % 9! 8 PvL 1.77+0.03 PvL = - 0.3056 + 0.3038TL 0.950** 25.95
3 % 4 ?| I AnL 3.21+0.05 AnL = 0.2154 + 0.439TL 0.900** 47.07
3 2&8° PL 1.64+0.03  PL =-0.194 + 0.2685TL 0.934** 24.05
© © HL 1.53+0.03 HL = - 0.287 + 0.2657TL 0.930** 22.43

** Correlation is significant at the 0.01 level.
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The regression equations are found highly significant with “r” values ranged from 0.785
to 0.967 for E. danricus, 0.921 to 0.997 for A. mola, 0.877 to 0.952 for P. ticto and 0.900
to 0.978 for G. giuris. The interrelationships among the length parameters are also found
highly significant (p < 0.01) with all “r” values being > 0.711 for E. danricus, > 0.910 for
A. mola, > 0.824 for P. ticto and > 0.904 for G. giuris (Table 2).

Table 2
Correlation matrix (values of r) of different body length of four freshwater fish species collected
from different fish markets of Gomastapur, Chapai Nawabganj, Bangladesh (p < 0.01)

Species TL SL DL PvL AnL PL HL
TL  1.000

SL 0.967** 1.000
DL 0.946** 0.946** 1.000
Esomus danricus PvL 0.920** 0.905** 0.905** 1.000
AnL 0.910** 0.942** 0.924** 0.883** 1.000
PL 0.785** 0.787** 0.749** 0.711** 0.714** 1.000
HL 0.821** 0.821** 0.801** 0.730** 0.767** 0.934** 1.000
TL 1.000
SL 0.997** 1.000
DL 0.921** 0.925** 1.000
PvL 0.975** 0.976** 0.923** 1.000
AnL 0.978** 0.975** 0.910** 0.969** 1.000
PL 0.955** 0.962** 0.913** 0.950** 0.946** 1.000
HL 0.955** 0.961** 0.919** 0.946** 0.948** 0.980** 1.000
TL 1.000
SL 0.978** 1.000
DL 0.933** 0.927** 1.000
Pethia ticto PvL 0.950** 0.937** 0.943** 1.000
AnL 0.900** 0.907** 0.848** 0.842** 1.000
PL 0.934** 0.915** 0.935** 0.988** 0.829** 1.000
HL 0.930** 0.914** 0.919** 0.954** 0.824** 0.954** 1.000
TL 1.000
SL 0.990** 1.000
DL 0.968** 0.967** 1.000
PvL 0.976** 0.965** 0.940** 1.000
AnL 0.956** 0.965** 0.954** 0.927** 1.000
PL 0.969** 0.957** 0.929** (0.989** 0.919** 1.000
HL 0.945** 0.941** 0.925** 0.950** 0.904** 0.952** 1.000

** Correlation is significant at the 0.01 level.

Amblypharyngodon
mola

Glossogobius
giuris

Length-weight relationships. Characteristics of parameters ‘a’ and ‘b’ of the LWR
relationship, 95% confidence limit of ‘b’, correlation of coefficient (r) and growth types
are presented in the Table 3 and LWRs are illustrated in Figure 2. LWR indicated positive
allometric growth for E. danricus, A. mola and G. giuris (TW = 0.008 TL*°!, 0.025 TL*%,
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0.021 TL*** respectively), while P. ticto exhibited negative allometric growth (0.043 TL?9).
The correlation of coefficient value for both the categories indicated that the relationship
is statistically significant and the equation of LWR is applicable for the total population of
each species. The correlation of coefficient value for both the categories indicated that
the relationship is statistically significant and the equation of LWR is applicable for the
total population of each species.
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Figure 2. Length-weight relationships of four freshwater fish species collected from different
fish markets of Gomastapur, Chapai Nawabganj, Bangladesh.

Table 3

Descriptive statistics and species wise changes in parameters of the growth curves

based on W = aL® plotting one year data

0 Total length Total weight Parameters of the relationship |<
S characteristics characteristics Y
(] (o]
o Range Mean=SE Range Mean=SE ° 2
D) a b bCLgsos r o
(cm) (cm) @ @ oo
(2]
3
w s 5.80-7.30 6.30+0.03 1.06-2.15 1.52+0.02 0.008 3.01 2.92-3.15 0.978 | A"
3
.8
<g 4.20-8.80 6.44x0.14 1.05-4.50 2.44+0.09 0.025 3.03 2.67-3.05 0.982 | A"
.2
o o |5.10-8.70 6.26+0.07 1.40-8.66 3.19+0.15 0.043 2.93 2.66-2.89 0.962 | A
]
)
® 5 |5.50-8.80 6.82+0.10 1.16-3.91 2.11+0.07 0.021 2.91 2.65-3.01 0.954 | A*
o

Note: a, proportionality constant; b, slope of the relationship; CL, confidence limits; r, correlation of
coefficient; A", positive allometric growth; A", negative allometric growth.
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Condition factors. Fulton’s condition factor (K) showed positive growth for A. mola and P.
ticto in summer expressing the cube law whereas E. danricus and G. giuris showed negative
growth. In case of relative condition factor all the species showed positive growth in summer
excluding the P. ticto. In rainy season only A. mola showed positive growth but the rest three
species showed negative growth according to Fulton’s condition factor. But the relative
condition factor was positive for all specimens indicating the proper growth in rainy season.
During winter the Fulton’s condition factors were negative for all specimens where E.
danricus and A. mola showed positive growth; and P. ticto and G. giuris showed negative
growth according to relative condition factor (Figure 3).
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S —&— Amblypharyngodon mola
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Summer Rainy Winter
Seasons

Figure 3. Seasonal variation in Fulton’s condition factors (FCF) and relative condition factors (RCF)
of four freshwater fish species collected from different fish markets of Gomastapur, Chapai
Nawabganj, Bangladesh.

Discussion. The regression equation of LLRs are established for E. danricus, A. mola, P.
ticto and G. giuris to assess the symmetrical growth in relation to body length i.e.
relationships with TL among SL, DL, PL, PvL, AnL and HL. It was observed that the
equations are highly significant with all ‘r values being > 0.785. The values of the
equations clearly revealed that the lengths of the body parts are proportional to the total
length which agreed with Tandon et al (1993). The interrelationships among
aforementioned length parameters were also found highly significant (p < 0.01) with all
‘r' values being > 0.711 from the multiple correlation analysis. The findings of the LLR
analysis of this present work are similar to the findings of Hossain et al (2009a) for A.
mola, P. ticto and G. giuris at Rajshahi district, Bangladesh.

The LWR in fishes is affected by a number of factors including habitat, diet, growth
phase, season, degree of stomach fullness, gonad maturity, sex, size range, health and
general fish condition and preservation techniques (Tesch 1971). The length-weight data
were considered to establish the growth patterns of E. danricus, A. mola, P. ticto and G.
giuris. The result indicated positive allometric growth for E. danricus, A. mola and G.
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giuris whereas negative allometric growth for P. ticto that adequately adjusted to the
exponential equation. Similar trends occurred with A. mola and P. ticto in Rajshahi
district (Hossain et al 2009a), and G. giuris in lower part of the Ganges, Bangladesh
(Hossain et al 2009b).

The ‘b’ values of the present analysis were found in between 2.92-3.15 for E.
danricus, 2.67-3.05 for A. mola, 2.65-3.01 for G. giuris that very close to exact value 3
whereas the ‘b’ value for P. ticto ranged from 2.66-2.89. The values of ‘b’ were within the
limits of 2.5-3.5 reported by Bhuiyan & Biswas (1982); Johal et al (1989); Hoque &
Hossain (1992); Moutopoulos & Stergiou (2002); Kiran et al (2004); Oscoz et al (2005);
Balart et al (2006); Cicek et al (2006); Esmaeili & Ebrahimi (2006); Froese (2006);
Tarkan et al (2006); Britton & Davies (2007); Aguirre et al (2008); Arshad et al (2008);
Ferreira et al (2008) for most fishes. Therefore, excluding the P. ticto all three species do
follow the cube law. The reason behind may be the observed specimens were the inhabitants
of quite good environment and gravid females were more in the samples (Le Cren 1951).

Fulton’s (K) and relative (K,) condition factors showed apparent growth variation
in different season. However, during summer and rainy seasons the fishes showed
maximum robustness due to availability of food and suitable environmental condition,
which are in confirmatory with the findings of Bhuiyan & Biswas (1982) on Puntius chola,
Mia (1984) on Heteropneustes fossilis, Afroze et al (1992) on A. mola, Hoque & Hossain
(1992) on Mystus vittaus, Islam & Hossain (1992) on P. stigma, Alam et al (1994) on
Ailia coila, Mir (1996) on Barbus canis, Igbal et al (1995) on Chanda ranga, Mortuza &
Mokarrama (2000) on Botia lohachata, Santi¢ et al (2006) on Trachurus mediterraneus,
Dadzie et al (2008) on Parastromateus niger, Hossain et al (2012) on P. ticto, suggestive
of disparities in morphometric characters among the same species due to ecological
factors (Niimi & Morgan 1980). So, from the above morphometric studies more reliable
characters have been come out to know the growth pattern of the specimens.

Conclusions. The outcome of the present study has provided some new and updated
information on the morphometric characters of four indigenous fish species E. danricus, A.
mola, P. ticto and G. giuris of Gomastapur sub-district, Chapai Nawabganj, Bangladesh.
Though the fishes are small, they have very good consumer demand with relatively high
nutritional value. Further, these fishes have the potentiality to grow in any type of
freshwater bodies. Despite the great relevance of these small fishes as potent nutrient
suppliers to the poor people of the country (Mustafa & De Graff 2008; Gupta & Rai 2011),
their conservation status calls for precautionary management for maintaining their
sustainability. Information derived from the present investigation may play an important
role in management and conservation of these four important freshwater fish species,
and the following suggestions may be considered for proper management of fisheries in
the region of Gomastapur: 1) the system of allocating fishing rights to fishers of different
seasons/areas and which may reduce the effects of competition; 2) reduce the number of
seine nets and gill nets (mono filament) during peak fishing; 3) closed season should be
strictly followed through active participation of community based organizations such as
beel management committees or river management committees; 4) the Fish Act 1950
(Act No. XVIII, Section 3, Rule No.: 12, enacted 10 November 2011) should be strictly
enforced through active participation of fishers; 5) educating and informing of the
fishers; and 6) enhanced co-operation work with the IUCN Bangladesh (2000).
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