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1. Introduction

  Mastacembalus armatus (M. armatus) , species of 
freshwater Spiny eel have great economic value especially 
in India. Mastacembelidae or spiny eels are elongate, eel 
like, medium sized to large acanthomorph teleosts that 
occur in tropical Africa and Middle East Asia [1]. The wild 
population has steadily declined mainly due to the loss of 
habitat, introduction of alien species, diseases, pollution, 
siltation, poisoning, dynamite and other destructive fishing 
[2]. Fecundity is one of the most important biological aspects 
of a fish species. This must be known to assess the productive 
potential and to evaluate the commercial potentialities of a 

fish stock [3] and they are in contrast with the published data 
concerning the different aspects of wild fish reproduction [4-6]. 
For efficient fish culture and effective management practices 
it is prime important to know the fecundity of fish [7].
   Studies on reproduction, including the assessment of size 
at maturity, fecundity, duration of reproductive season, 
daily spawning behavior and spawning fraction, permit 
quantification of the reproductive capacity of individual 
fish have reported by Maurua et al. [8]. The condition factor 
is affected by food availability, physical factors and the 
physiology of fish, including its gonad maturity stage. Food 
availability is further dependent on environmental conditions 
and population density [9]. Extensive works have been carried 
out on food and feeding habit, cytological, redescription, 
morphometry and length-weight relationship of the 
mastacembelid fishes in India and abroad in last few decades. 
Froese and Binohlam [10], Serajuddin and Ali [11], Ahirrao [12], 
Emmanuel and Melanie [13] and Cakmak and Alp [14] have 
reported the studies on GSI of fishes. Gonado Somatic 
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Index has been used as an indicator of reproductive activity 
of Namibian sardine [15]. Knowledge of the reproductive 
responses of fish to specific environmental cue offers means 
by which the timing of spawning can be adjusted to produce 
and provide fry and fingerlings on demand [16]. Studies on 
reproduction, including the assessment of size at maturity, 
fecundity, duration of reproductive season, daily spawning 
behavior and spawning fraction, permit quantification of the 
reproductive capacity of individual fishes [8].  Narejo et al. [17] 
studied the ova diameter, Gonado Somatic Index (GSI), and 
fecundity of M. armatus in Bangladesh.
   A serious shortage of some basic scientific information 
on the biology, culture techniques especially fecundity of 
the spiny eel [18]. The present investigation was aimed to 
study the reproductive biology based on Fecundity, Ova 
diameter, Gonadosomatic index, Condition factor, Sperm 
motility and Reproductive nutrition of M. armatus from the 
wild freshwater spiny eel of Cauvery River Erode, Salem and 
Namakkal District area of Tamil Nadu, India.

2. Materials and methods

2.1. Fish collection

   The fish M. armatus was collected from Cauvery River 
bank (January 2009 to December 2010) by using special 
Grass Bait and Nets without disturbance. The fishes were 
acclimatized to four artificial cave fitted tanks. M. armatus 
(40 Male and 40 Female) brooders were selected based on 
the external morphology and ovarian biopsy. Earthworm 
collected from Tamilnadu Agriculture University, Coimbatore 
in Tamilnadu, Trash fish Tilapia and Macrobrachium nobilii 
collected from Cauvery River at Bhavani, Erode District, 
Tamilnadu, India. During the experiment animals were fed 
daily with Macrobrachium nobilii, earthworm and fish larvae 
for 60 days. 

2.2. Reproductive performance

   The body weight of each fish was recorded and the testes 
and ovary were removed and weighted . The gonad samples 
were preserved in 4% (or) 10% formaldehyde solution. The 
weight of the fishes was monitored for every 10 days interval. 
At the end of the experimental period ABW, ABL, fecundity, 
sperm motility, and GSI of both control and experimental 
fishes were recorded.    

2.3.  Fecundity estimation       

   Fecundity was estimated on the basis of total weight of the 
ovaries. The fecundity of the fish was obtained by using the 
formula given by Le Cren [19].

F= 
N × gonad weight

Sample weight
   
   Where, F is the fecundity and N is the number of eggs in 
the sample.

2.4.  Ova and GSI measurement

   The ova diameter was measured under microscope fitted 
with ocular micrometer according to method given by Le 
Cren [19]. The Gonado-Somatic Index was calculated for each 
male and female fishes separately by the following formula: 
Weight of the Gonad

GSI= 
Weight of the gonad

Weight of the fish

   
2.5. Length and weight relationship

   The length-weight relationship (LWR) of Spiny eel was 
estimated by using the equation:   
   W= aLb

   where, W= weight (g), L= total length (cm), a = constant, 
b= growth exponent.  A logarithmic transformation was used 
to make the relationship linear log W=log a + log b L. The 
values of the compiled growth exponent were used for the 
calculation of condition factor [20]. 

K= 
100 W

    Lb 100 W

   Where, K= condition factor, W= total body weight (g), L= 
total length (cm), b= growth exponent.

2.6. Sperm motility

   Sperm motility was analysed followed the procedure of 
Alavi [21].

2.7. Statistical analysis 

   Body length, weight and gonads weight measured by 
linear  LogrAll Statistical values were performed using one-
way ANOVA and a comparison of the mean values was 
done using Duncan’s multiple range tests at 0.05% level of 
significance using the software program SPSS (Version 14.0) 
for Windows was used for the analysis.

3. Results

   The fecundity of 20 specimens of mature female and male 
of M. armatus every month from January 2009 to December 
2010 was presented in the Table 1 & 2. The length of mature 
fish were ranged from 21.2 cm to 57.9 cm with a mean 
weight of 120.89 to 412.02 g. The number of ova ranged 
from 942 to 18726 and an average of 790.01 ova per gram 
of ovary was recorded. Maximum fecundity was recorded 
from a fish measuring 47.2 cm and the minimum 27.5 cm in 
length.  During the present investigation the fecundity rate 
increased with increased total body weight and gonad weight 
of the fish. The fecundity-total length shows curvilinear 
relationship, while gonad weight and body weight shows 
linear relationship with fecundity. The equations of 
regression co-efficient between total length (TL), body 
weight (BW) and gonad weight (GW) versus fecundity (F) 
were given below. All these relationships have been shown 
graphically in Figure 1-3.
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Table 1
 Month-wise changes in length, weight, gonad weight, ova diameter, GSI and fecundity of female fish of M. armatus.

Sr.No Months No. of
  Females

Length of 
fish (mm)

Weight of 
fish (g)

Gonad weight 
of  female (g) No. of ova Ova diameter

(mm)
Condition

Factor
M e a n  % 

GSI
Fecundity

%
1 January-2009 20 275 125.06 2.74      942 0.93 0.000 60 2.190     20.64
2 February-2009 20 290 128.30 2.97   2 498 0.90 0.000 52 2.314     57.82
3 March-2009 20 306 166.82 4.56   3 764 0.98 0.000 58 2.733     75.55
4 April-2009 20 276 196.09 7.52   4 300 1.02 0.00093 3.834   164.90
5 May-2009 20 408 207.51 9.84   9 234 1.28 0.000 30 4.741   437.87
6 June-2009 20 490 240.96 11.54 13 865 1.93 0.000 20 4.789   664.01
7 July-2009 20 348 246.42 14.14 15 441 2.16 0.000 58 5.738   885.37
8 August-2009 20 465 346.35 19.42 16 094 2.22 0.000 34 5.612   902.32
9 September-2009 20 472 408.29 24.87 18 726 2.47 0.000 38 6.091 1140.64
10 October-2009 20 460 402.17 21.65 16 389 2.32 0.000 41 5.383   882.26
11 November-2009 20 540 376.09 19.32 14 831 2.29 0.000 23 5.137   761.87
12 December-2009 20 325 220.21 10.76   7 843 1.02 0.000 64 4.886   382.22
13 January-2010 20 328 184.85 4.28   1 657 0.82 0.000 52 2.135     38.37
14 February-2010 20 300 146.17 4.56   2 117 0.73 0.000 54 3.119     66.04
15 March-2010 20 286 135.41 3.87   1 054 0.85 0.000 57 2.857   115.86
16 April-2010 20 447 120.89 5.31   3 737 0.97 0.000 13 4.393   164.14
17 May-2010 20 428 127.34 6.65 10 690 1.05 0.000 16 5.222   558.25
18 June-2010 20 579 244.21 12.86 13 542 1.20 0.000 12 5.266   713.12
19 July-2010 20 541 292.12 16.32 16 865 2.21 0.000 18 5.586   942.20
20 August-2010 20 438 398.24 22.76 16 962 2.35 0.000 47 5.715   969.40
21 September-2010 20 421 412.02 25.66 18 230 2.50 0.000 55 6.227 1135.33
22 October-2010 20 387 396.29 23.12 12 877 2.42 0.000 68 5.834   751.25
23 November-2010 20 346 364.37 16.49 10 765 2.23 0.000 87 4.525   487.18
24 December-2010 20 298 123.41 9.76   6 345 1.21 0.000 46 3.046   422.71

   Log F = 0.022 +2.659 × Log L (Fecundity - Total length)                      
   (r = 0.064) 
   Log F = 2.860 -1.8537 × Log BW (Fecundity - Body weight) 
   (r = 0.691) and reduced
   Log F = 45.65648 -41.7463× Log GW (Fecundity - Gonad 
   weight) (r = 0.852), 
   Respectively, where F=total number of eggs in an  individual, 
    L = total length (mm).
   BW = Body weight (g) and GW = gonad weight (g).
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Figure  1. Logarithmic relationship between fecundity and 
body length of female spiny eel M. armatus (2 years).
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Figure 2.  Logarithmic relationship between fecundity and body 
weight of female spiny eel  M. armatus (2 years).
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Figure 3. Logarithmic relationship between fecundity and gonad 
weight of female spiny eel M. armatus (2 years).
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   Maximum ova diameter was recorded during July to 
November (2.16 to 2.50 mm) and minimum in January to 
April (0.82 to 0.98 mm). GSI values ranged from 0.562% 
to 1.746% in males and 2.315% to 6.227% in females 
respectively. Maximum GSI was recorded in September of 
both years (GSI-male=1.746% and 1.726%; GSI- female= 
6.091% and 6.227%). After extrusion of ripe gonads, the 
gonads were in size and weight from December to June as 
indicated by the decline of GSI. During the experimental 
period a sudden decreases in gonad weight from 6% to 2% in 
females and 2 to 0.6% in males respectively. 
   There is a positive relationship between Average Body 
Weight (ABW) and Average Body Length (ABL) based 
on correlation coefficient. When the weight and growth 
increases the condition factor decreased. The maximum 
condition factor was observed in April month of both year 
(2009 and 2010) 0.00096 and 0.00097 and the least factor was 

observed in the month of June 2009 (0.00012) and 0.00020 
during 2010. The condition factor was relatively depends 
upon food availability and ecological parameters.
   The sperm motility analysis of the present investigation 
reveals maximum motility (70%-80%) during peak spawning 
season September to November and minimum (0-15%) 
in January to March (Table 2). The influences of feed on 
gonadal and fecundity changes for M. armatus during the 60 
days of experimental period were given in the Table 3 and 
Figure 4-6. The ABW and ABL of all experimental fishes 
were higher than the control. The increased body weight 
and length were recorded between 30th to 60th days of our 
experimental period. Highest body weight and length was 
recorded in earthworm fed group (28.800 ± 0.905 cm and 
270.65±6.95 g) and least in the Control (27.300±0.158 cm and 
242.49 ± 7.11 g). Statistically these values are significant at 
P<0.05 level.

Table 2
Month-wise changes in length, weight, gonad weight, GSI, and sperm motility of  male fish of M. armatus.

Sr. No Months No. of  males Length of 
fish (mm)

Weight of
fish (g)

Gonad  weight(g) Mean %  GSI Sperm  motility
(%)

1 January-2009 20 234 146.03 1.02 0.698 0-5
2 February-2009 20 264 154.76 1.76 1.137 6-9
3 March-2009 20 296 176.15 2.21 1.254 10-12
4 April-2009 20 312 187.96 2.43 1.292 13-15
5 May-2009 20 322 194.25 2.74 1.411 16-19
6 June-2009 20 348 261.73 4.17 1.593 20-30
7 July-2009 20 412 300.61 5.03 1.673 30-38
8 August-2009 20 509 325.36 5.50 1.690 40-50
9 September-2009 20 534 398.52 6.96 1.746 70-80
10 October-2009 20 476 380.30 5.84 1.535 60-70
11 November-2009 20 439 362.32 3.80 1.049 50-60
12 December-2009 20 356 324.43 1.98 0.610 40-50
13 January-2010 20 243 245.53 1.32 0.562 0-5
14 February-2010 20 273 234.60 1.69 0.688 6-8
15 March-2010 20 287 223.05 2.12 0.950 9-13
16 April-2010 20 345 260.89 2.63 1.008 15-19
17 May-2010 20 412 258.47 3.68 1.423 21-29
18 June-2010 20 587 260.27 3.72 1.429 30-40
19 July-2010 20 523 263.42 4.24 1.609 41-49
20 August-2010 20 441 306.56 5.15 1.679 50-65
21 September-2010 20 404 396.27 6.84 1.726 70-85
22 October-2010 20 362 326.23 5.43 1.664 65-70
23 November-2010 20 323 309.10 4.02 1.301 31-40
24 December-2010 20 212 296.32 2.32 0.782 15-20

Table 3
Influence of nutrition in growth and gonadal development of M. armatus.

Nutrition
0 day 15th day 30th day 45th day 60th  day

Length
(mm)

Weight
(g)

Length
(mm)

Weight
(g)

Length
(mm)

Weight
(g)

Length
(mm)

Weight
(g)

Length
(mm)

Weight
(g)

Control 257.00依6.60a 235.20依1.87b 262.00依3.10b  236.60依0.670b 264.00依3.08b 239.50依1.58c  269.00依7.615b 240.20依3.72c 273.00依1.58c 242.40依7.11c

E. worm 253.00依1.73b 230.70依1.82c 260.00依2.54b 237.50依1.42b 268.00依5.70a 247.20依3.13b  279.00依14.30a   258.00依12.92a 288.00依9.05a 270.60依6.95a

M. nobilii 260.00依7.62a 243.50依1.93a 264.80依7.19a   245.60依13.65a 269.00依7.61a 251.20依1.49a 273.00依6.70b 256.60依1.27a 278.00依4.72b 261.80依1.73b

T. larvae 254.00依3.16b 230.40依1.01c 265.00依7.21a 234.90依2.90c   269.00依14.42a 243.50依2.55b 272.00依5.83b 252.40依7.29b 276.00依6.00b 257.80依1.50b

*Mean依 SD (n=5) ,  Mean values within the same row sharing the same superscript are not significant different (P>0.05).
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4. Discussion

   Estimation of fecundity of fish is a prerequisite in 
successful breeding programme as fecundity of a species 
is an indicator of reproductive potential of the species. 
Bagenal and Braum [22] had reported that fecundity in fish 
species characteristically varied among individuals of the 
same size and age. The change in the fecundity estimation 
could be due to different environmental conditions in which 
the two populations live. The fecundity also varied with the 
seasons, climatic conditions and environmental habitat, 
nutritional status and genetic potential [23]. The fecundity of  
fish increases with  increasing  length, and in some species  

at  a greater rate  than  body-weight,  so  that  in  older, 
larger  fish  the  reproductive  strain may impose a limit 
to increasing egg production [24]. It may be noted from the 
above equations as well as from the Figs 1, 2 and 3 that the 
logarithmic relationship of the fecundity-total length and 
fecundity-body weight were found to be more correlated 
than the fecundity-gonad weight relationship. The results 
of the present study was coincides with the results of Azadi 
et al. [25] American eel (Anguilla rostrata), Das et al. [3] in 
Heteropneustes fossilis, Usman et al. [26] in  Plotosus canius, 
Kabir et al. [24] in Gudusia chapra, Rahman et al. [18] in 
Mastacembelus armatus. 
   Narejo et al. [17] and Rahman et al. [18] have observed that 
M. armatus has only one breeding season during May to July 
with a peak in July and the maximum size of the mature ova 
was 1.00 mm progressively increasing in the ova diameter 
during December to July. Similar findings were also reported 
by Nabi and Hussain [27] in Spiny eel, Macrognathus 
aculeatus and   Narejo et al. [17] in Mastacembelus armatus. 
In the present study period we recorded an average egg 
count from 942 to 18726 with a mean ova diameter of 0.9 to 
2.47mm.
   GSI is used as a biomarker for exposure of aquatic wild 
life to environmental estrogens, since a correlation has been 
established in male fish between inhibition of testicular growth 
and the potency of estrogenic compounds [28]. The GSI during 
the present investigations showed one peak during breeding 
season (September) 2.47 and 1.746 % for females and males 
respectively. Abdullah et al. [29] correlated the GSI with 
increased protein and lipids in both before breeding and 
breeding season of fishes. Maximum GSI values correspond 
with the spawning season of fish. Barnabe[30] reported 
that high GSI of sea bass were found at the peak of the it’s 
spawning season.
   A number of factors (e.g. sex, seasons, environmental 
conditions, stress, and food availability) also affect the 
condition of fish. The value of K may vary when average 
weight of the fish is not increasing in direct proportion to the 
cube of its length [31]. In the present study conditions factor 
(K) appear to increase with increasing length or weight of 
the fish. As for the condition factor of M. armatus, K varies 
about 0.00093 (highest) in April 2009 and lowest value was 
found in June 2010 (0.00012). Its suggest that in September 
the species starts the reproductive period. On the other hand, 
in April, with K at the highest level, individuals had already 
recovered. These data coincide with those of  Vazzoler[32] and 
Lizama et al. 2002 [33].
   The percentage of sperm motility also changed, which can 
be related to the motility of semen dependent on spawning 
season and environmental condition. Maximum sperm motility 
was observed in the month of September (70%-85%). Many other 
factors contributing to  individual variation in sperm quality 
have been reported Rurangwa et al.[34], and these factors  
are genetic variability among fish, rearing conditions, 
brood stress, sperm collection methods, and storage of milt 
and sperm activation conditions. The seasonal variation 
of gamete quality also influences motility and fertilization 
success [35, 36]. A decrease in sperm concentration towards the 
end of spermiation period has been reported in many teleosts 
such as turbot [37], sea bass [38], and cod [39].
   The spiny eel is a zooplankton feeder when young and 
turns to insectivorous habit in later stages. The adult feeds on 
earthworms, insects, micro crustaceans, and larvae of other 
aquatic invertebrates Abujam and Biswas, 2010 [40]. Among 
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this Earth worm fed group of eels have high growth rate 
and fecundity were compared with control was statistically 
significant at level.
   Sexual maturation entails several processes including 
gonadogenesis (the development of gonadal tissue), 
gametogenesis (the production of oocytes or spermatocytes) 
and in females, primary and secondary vitellogenesis (the 
endogenous and exogenous production of egg yolk proteins). 
Growth increases until the fish reaches sexual maturity, at 
which time the rate of growth starts to slow down. The growth 
rate of fish is controlled by food intake and environmental 
conditions Jobling et al [41]. 
   Relationships between fecundity and nutrition are not 
as apparent as with stimulation because there is too much 
variation. The present study support to gonadal development 
and suitable spawning season were determined the 
reproductive performance of M. armatus by using artificial 
propagations and wild stock conservatory movement.
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