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Abstract
The present study reports on biometric indices comprising length–weight relationships (LWRs), condition factors, and length 
frequency distributions of two dragonet fish species (Callionymus profundus and Callionymus carebares) from the Bay of 
Bengal, Bangladesh. A total of 92 specimens were collected from two fish markets (Nesarabad and Haringhata) and from 
a fisherman's catch who performed fishing near to the swatch of no ground in the Bay of Bengal. The value of the growth 
coefficient b of LWR (BW = aTLb) was calculated as 2.4498 (male) and 2.735 (female) for C. carebares and 2.4098 (male) 
and 2.801 (female) for C. profundus, with a regression coefficient (r2) above 0.95 for both species. The average calculated 
condition factor (KF) were 0.383 (male) and 0.388 (female) for C. profundus and 0.555 (male) and 0.734 (female) for C. 
carebares. These results represent the first study of LWRs for these fish species, which may help in management and con-
servation of the species in the whole country, including its geographical distribution.
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Introduction

Dragonets are small, benthic fish of the diverse family Cal-
lionymidae found in the tropical and temperate waters of 
the western Indo-Pacific, North Atlantic and Eastern Atlan-
tic including Mediterranean regions (Siddik and Hanif, 
2020). They are mainly marine species but a few of them 
also inhabit in freshwater and estuarine habitats (Fricke and 
Golani 2013). A total of 196 species of dragonets under 20 
genera has been discovered worldwide (Froese and Pauly, 
2022) of which C. carebares is native to the Western Indian 
Ocean, covering the Gulf of Oman, Gulf of Aden, Persian 
Gulf, and south Indian coast (Gulf of Mannar) and C. pro-
fundus had previously been reported from the Red Sea (Gulf 
of Aqaba), Israel, captured at a depth of 410–480 m.

Length–weight relationship (LWR) is a useful tool that 
assists to estimate approximate weight or length when solely 
one of these value is known and other is practically unavail-
able of a particular species (Chaklader et al. 2016; Hanif 
et al. 2018; Roshith et al. 2021; Landa and Antolínez, 2018). 
The parameters of LWR can describe basic biological aspects 
of a fish species, providing useful information for fisheries 
management plans and fish diversity conservation measures 
(Teixeira da Silva et al. 2021; Hanif et al. 2020). The condi-
tion factor is useful in determining physiological status, while 
the length frequency distribution is for the age, growth, and 
stock status of a species (Tran et al. 2021; Sutton et al. 2000; 
Froese and Binohlan 2000).

The Bay of Bengal, a northernmost part of the Indian 
Ocean harboring diversified fish species (Chaklader et al. 
2018; Siddik et al. 2018) provides critically important breed-
ing, feeding and nesting ground for migratory and native 
fish, shellfish and other aquatic fauna. In recent years, sev-
eral species of dragonets have been recorded from the Bay of 
Bengal, though their richness is very low (Siddik and Hanif 
2020; Habib and Islam 2020). Due to residing in deep water 
coupled with a low population abundance, the information 
of LWR for most dragonet species have yet not been investi-
gated. Therefore, considering the demand for their baseline 
information to support fisheries management, the present 
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study estimated LWR of two dragonet species including C. 
profundus and C. carebares captured from the Bay of Ben-
gal, Bangladesh.

Materials and Methods

The samples for the present study were collected occa-
sionally between October 2020 and September 2021 from 
two fish markets, Nesarabad (Pirojpur district) and Har-
inghata (Barguna District), and from a fisherman’s catch 
who performed fishing near the ‘Swatch of No Ground’ 
(21°39′52.5"N 89°35′11.4"E) (Fig. 1) using a gill net having 
a mesh size of 2 inches (50 mm). All specimens were found 
together with Nemipterus japonicus, which is a demersal 
species. All specimens were transported to the laboratory 
using an ice box for identification and subsequent data col-
lection. Specimens were identified up to species level with 
the validation of scientific names in FishBase. Length obser-
vations (TL) were measured to 0.01 cm using a Vernier cali-
per, and body weight (BW) was measured up to 0.0001 g 

using a Shimadzu analytical balance (model: ATY-224). 
The length weight relationships (W = aLb) were calculated 
from the log transformed equation: log (W) = log (a) + blog 
(TL), where W is the total weight (g), TL is the total length 
(cm), a is the intercept, and b is the slope. Additionally, the 
coefficient of determination (r2) and 95% confidence lim-
its of regression parameters a and b were estimated. We 
also calculated the length frequency distribution (%) using 
length data and Fulton’s condition factor using the formula, 
KF = (W∕L3) ∗ 100.

Results

The investigated species were C. profundus and C. care-
bares, according to their morphometric traits. Overall, 50 
specimens of C. profundus (33 male and 17 female) and 42 
specimens of C. carebares (27 male and 15 female) were 
examined for LWR, condition factor, and length frequency 
distribution. In case of C. carebares, the percentage of small 
and large individuals were very low and specimen in length 

Fig. 1   Sampling points of two dragonet species, captured from the Bay of Bengal, Bangladesh between October 2020 and September 2021
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class 12 was relatively higher for male while percentage of 
length class 8 individual was maximum for female (Fig. 2A, 
B). Whereas, large specimen was comparatively higher and 
specimen in length class 14 found maximum for male C. 
profundus while female in length class 9 and 10 found abun-
dant (Fig. 3A, B). Table 1 summarizes the data, including 
sample size, total length (TL), body weight (BW), LWRs 
of 95% confidence intervals of a and b, coefficient of deter-
mination (r2), and growth type for male and female of each 
species. The estimated b values of male and female were 

2.4017 and 2.801 of C. profundus and 2.4498 and 2.735 for 
C. carebares. The coefficient of determination value (r2) was 
above 0.95 for male and female both species. The maximum 
specimen (above 20%) was found in a 14 cm size group for 
both species; however, C. carebares was also abundantly 
found in an 8 cm size group. The calculated condition fac-
tor (KF) ranged from 0.290–1.204 and 0.320–0.535 for male 
and female of C. profundus while in case of C. carebares 
it ranged from 0.386–1.509 and 0.569–0.973 for male and 
female respectively (Fig. 4).

Fig. 2   Length frequency distri-
bution and length–weight rela-
tionship and length frequency 
distribution of C. carebares 
from different sampling areas

Fig. 3   Length frequency distri-
bution and length–weight rela-
tionship and length frequency 
distribution of C. profundus 
from different sampling areas
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Discussion

The biometric indices of two dragonets species studied 
here were found between September and April covering 
the season autumn to spring. Whilst no specimens avail-
ability in the months May to August (summer and rainy 
season) might be due to their habitat nature being nor-
mally occurred at a depth of 130–135 m where nets may 
not reach them because of a rise water level in the rainy 
season. The studied species were first reported from the 
Bay of Bengal two years ago which may be the proba-
ble cause for their low abundance in this new area. Thus 
the present study was conducted with very few speci-
mens; however, Dulcic and Glamuzina (2006), Lei et al. 
(2018), Bok et al. (2011), Borges et al. (2003), Ozen et al. 
(2009), Gonçalves et al. (1997) and Veiga et al. (2009) 
also conducted their study on dragonets species with few 

(n < 30) individuals. Within the collected specimens, the 
abundance of male population were significantly higher 
(males were almost doubled than female) for both species 
indicating that female population may be naturally low 
in the study area. In general, the regression parameters 
a and b of LWRs reflect the environmental factors and 
rates of development and growth of the population (Wang 
et al. 2018). However, maximum lengths were recorded 
during the study period for both C. profundus (17.2 cm 
TL) and C. carebares (18.2 cm TL) compared to previous 
studies and available online data (fishbase) but the length 
could be bigger if fishing could be done in deeper water, as 
reported by fishermen. The values of parameter b in LWRs 
for female C. carebares fell within the recommended range 
(2.5 and 3.5) (Froese 2006), but it was lower for male. 
The similar result was observed for C. profundus. Several 
researchers i.e., Silva et al. (2013), Gonçalves et al. (1997), 

Table 1   Statistical description for two dragonet fish from the Bay of Bengal, Bangladesh, between October 2020 and September 2021

Species Sex n Total length 
(cm)

Weight (g) Regression parameters

Min Max Min Max a b SE (b) r2 95% CI a 95% CI b

Callionymus 
profundus 
Fricke & 
Golani (2013)

Male 33 3.7 16.3 0.62 14.84 0.0165 2.4017 0.358 0.968 0.0097–0.0132 2.0.296–2.583
Female 17 8.4 17.2 2.17 19.63 0.0065 2.801 0.046 0.971 0.0049–0.0092 2.707–2.924

Callionymus 
carebares 
Alcock 1890

Male 27 4.1 17.1 1.04 29.52 0.0209 2.4498 0.105 0.957 0.0106–0.0297 2.301–2.561
Female 15 6.7 18.2 2.53 51.31 0.0137 2.735 0.084 0.981 0.0102–0.0217 2.607–2.845

Fig. 4   Sex specific condition 
factor (KF) of C. carebares and 
C. profundus from different 
sampling areas
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Santos et al. (2002), Borges et al. (2003), Lamprakis et al. 
(2003), and Ozen et al. (2009) found b values below the 
expected range for C. lyra, C. maculatus, C. reticulatus 
and C. pusillus during their surveys in the Irish Celtic 
Sea, North Sea, British Isles, South and Algarve coast 
of Portugal, Aegean Sea and Sea of Marmara (Table 2). 
While working on sex specific LWRs of dragonet species, 
Demirel and Dalkara (2012), and Erguden et al. (2016) 
found comparatively higher b value in female than male 
but not below expected range as like the present study. 
Except Bauchot and Bauchot (1978), Veiga et al. (2009), 
Ilkyaz et al. (2008), and Lamprakis et al. (2003), all other 
researchers found negative allometric growth (b < 3) for 
dragonet species (Table 2). The absence of specimens 
below 3 cm, less number of maximum length group and 
presence of majority middle length group could influence 
regression coefficient in the present study. In addition, the 
value of b might attributed by seasons, sex, stomach full-
ness, habitat, size range, type of length used and growth 
phase (Islam et al. 2017). However, the regression coef-
ficient value (0.9 ≤ r2 < 1) indicates a normal growth pat-
tern for both species (Hanif et al. 2022). The condition 
factor (KF) of fish is normally found between 0 < KF < 2; 
its mean value should be near 1 for normal fish, but the 
low calculated result in this study indicated a really skinny 
and long fish. The value of the condition factor increases 
with improving nutritional status (Heincke 1908). But 
Clark (1928) found a correlation between the condition 
factor and the amount of fat content of a species. So, the 
condition factor is highly correlated with sex, size, sea-
son, and degree of gonad development and fat content of 
a particular species (Froese 2006). More detailed stud-
ies should be performed, especially on the basic biology, 
habitat suitability, food habits, and suitable water quality 
for these dragonet species in relation with biometry indi-
ces. Nevertheless, the present report provides baseline data 
which could provide some sense of directions for further 
studies to improve management plans and conservation of 
dragonet species in the Bay of Bengal.
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