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 INTRODUCTION
 The accurate determination of age of the individual is necessary 
in studies concerning growth, age at maturity, age structure in natural 
population, making plan for conservation and gerontology. In species 
capable of breeding in captivity, it is easy to know the age by keeping the 
birth record. But for animals, which breed favorably in nature, some 
alternative methods have to be followed to assess the age of the individual. 
Mark and recapture method was one of the methods of age determination in 
amphibians. But the process is tedious and time consuming. On the other 
hand use of bone histology based on skeletochronology technique dealing 
with hard tissues of vertebrates in general (Castanet, 1975, 1978) has been 
recognized as the most meaningful and practice able method not only to 
access individual's age but also the speed of growth, age at sexual maturity 
and the longevity of various species.
 The actual age can be determined by counting annual rings in the 
compact bone of the cortex of amphibians and reptiles (Saint Girons, 1965). 
Growth lines are also found in scale and skeleton (cross sections of spines 
and fins) of fishes (Quasim and Bhatt 1966; Seemakula and Larkin, 1968), 
cross section of diaphysis of long bones (humerus and femur) of 
amphibians (Grifths, 1961), Smirina, 1972; Castanet, 1975; Smirina and 
Rocek, 1976).Bones of Lizards (Peabody, 1961; Warren, 1963; Smirina, 
1974; Castanet, 1978; Patnaik and Behera 1981; Mohapatra et al., 1989), 
Turtles (Castanet and Cheylan 1979) and snakes (Bryurgin 1939; Peaboy 
1961) have been shown to exhibit conspicuous growth makes which could 
be successfully employed for age determination in respective species. 
These marks are variously known as cortical banding or cortical lamination, 
resting lines or lines of arrested growth (LAG) (Smirina 1983). 
 The formation of annual layers reflects the seasonal changes in 
the growth rate of an animal. The spring - summer period of growth leads to 
form a wide band of bone tissue and the autumn - winter cessation of growth 
to a resting line. Castanet et al., (1977) suggested to call these parts of 
annual layer as “Mark of Skeletal Growth”( MSG) and “Line of Arrested 
Growth” (LAG) respectively. The annual formation of bone growth layers 
has been confirmed in a number of bones, that includes : Parasphenoid, 
Zygapophyses of Vertebrae, long tubular bones as well as in phalanges in 
amphibians (Smirina, 1994). Counting of annual rings in bone tissue has 
been taken as the routine method of age determination of amphibians 
(Smirina, 1994; Esteban et.al., 1996; Kumbar and Pancharatna 2004, 
Nayak et al., 2008). Formation of annual bone growth layers in amphibians 
and reptiles has also been confirmed by many earlier workers (Francillon, 
1980, Ishchenko and Ledenstov, 1987; Castanet, 1975). So Castanet 
(1994) has rightly suggested that skeletochronology is an operational and 
reliable tool for age estimation in most of the living and extinct species of 
lizards. Cross-sections of decalcified phalanges of amphibians and reptiles 
stained with haematoxylin (skeletochronology) reveal growth rings in a 
more convincing manner, and the method is believed to be a reliable 
indicator of age with 90 – 95% accuracy (Patnaik, 1994).
 Studies on the determination of age and longevity of amphibians 
through skeletochronology have been confined to mostly temperate 

species (Hemelaar 1983; Castanet and Smirina, 1990; Smirina, 1994; 
Esteban et al., 1996). Similar studies on species inhabiting warmer areas or 
the tropics are scanty (Esteban et al., 1996). However, some of the past 
works on different tropical amphibian species particularly on anurans have 
also been reported earlier. (Kulkarni & Pancharatna, 1996; Pancharatna et 
al., 2000; Kumbar and Pancharatna, 2001a, 2001b; Pancharatna and 
Deshpande, 2003; Kumbar and Pancharatna, 2004; Nayak et  al., 2008).
 It has been suggested that distinct summer and winter climates 
may be entirely responsible for the development of distinct growth marks 
(Pancharatna, 1994) due to active and slow growth rate respectively. This 
distinction may not be clear in all areas of tropical / subtropical regions. This 
has tempted us to undertake this work with common male Asian toad 
inhabiting in and around Paralakhemundi locality of the Gajapati district of 
Southern Odisha adjacent to the Eastern Ghats and accordingly to use the 
age structure for other studies. 
 

MATERIALS AND METHODS
 Male common Asian toads(n=67) of different sizes (snout-to-vent 
length- 2.5 cm. to 9.9 cm.) collected from the Paralakhemundi locality (18º 
45′ north latitude, 84º 6′ east longitudes) of Odisha, India during June to 
November month of the year 2010-2012 were used for age determination 
using skeletochronology technique.
 Skeletochronological studies were conducted in those toads 
using long bones (humerus and femur) and the longest phalanges of the 
hind limb as reported by Patnaik and Behera (1981) for Calotes versicolor. 
The animal was killed by a blow on the head, then the long bones and 
phalanges were dissected out and preserved overnight in 10% formalin. 
The bones were cleaned in running tap water for 24 hours and then 
decalcified in 10% EDTA (Ethylene diamine tetra acetate, Disodium salt) 
solution at room temperature. The period of decalcification varied from 
07–32 hours depending on the size of the toad from which the bones were 
collected. The bones were then washed under running tap water over night. 
The decalcified bones were dehydrated through a graded series of alcohol 
(30%-100%) and processed for paraffin wax (melting point: 56–60oC) block 
preparation. The diaphysis portion of long bones (femur) and the fourth 
phalanx of the fourth toe were used for cutting of serial sections (6 – 10) in a 
rotary microtome. The sections obtained were stained using Delafield 
haematoxylin and eosin as reported earlier (Hamelaar, 1983; Patnaik and 
Behera, 1981) and examined under compound microscope. Photographs 
were obtained from appropriate sections using pentax-k 1000 camera.

RESULTS AND DISCUSSION                
 Male common Asian toads(n=67) of different sizes (snout-to-vent 
length- 2.5 cm. to 9.9 cm.) collected from the Paralakhemundi locality (18º 
45′ north latitude, 84º 6′ east longitudes) of Odisha, India during June to 
November month of the year 2010-2012 were used for age determination 
using skeletochronology technique.
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Skeletochronological estimation of age, longevity and age at sexual maturity of male common Asian toad, (Duttaphrynus 
melanostictus) was reported. Toads (n=67) of different sizes were collected locally during June-November of the year 2015-
2016 and brought to the laboratory. After studying their secondary sexual characters, snout-vent length and body weight of 
each toad was recorded. Fourth phalanx of 4th toe of hind limbs, femur and humerus bones were processed for 
Skeletochronology. Cross sections of bones and phalanges showed growth zones and LAGs corresponding first growth and 
arrested growth during summer and winter seasons respectively. Young and immature toads were without LAGs and 
considered to be less than one years old. Toads with 1 to 5 LAGs were sexually matured and 2 to 6 years old. The results 
suggest that this toad attains sexual maturity during 2nd year of their life cycle and may live for a maximum of 6 years in their 
natural population.     
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    Antibiotics Salmonella  (%)/ N=104   

    R   S   

  Amoxicillin 8 (7.7 %)   96 (92.3 %°)   

            

 Penicillin Amoxicillin + clavulanic acid  8 (7.7 %) 96 (92.3 %)   

            

  Tircacillin  48(46.15 %) 56 (53.85 %)   

            

  Cefalotin  10 (9.7 %) 98 (94.23 %) 

            

Cephalosporin Cefoxitim 0 (0 %) 104 (100 %)   

            

  Cefotaxim  1 (0.96 %) 103 (99.04 %) 

             

Gentamycin  11 (10. 58 %) 93 (89.42 %)   

             

Chloramphenicol  31 (29.8 %) 73 (70.2 %)   

amide             

Cotrimoxazol  97 (93.37 %) 7 (6.73 %)   

            

 Nalidixic acid   37 (35.76 %) 67 (64.42 %) 

          

Ciprofloxacin  30 (28.85 %) 74 (71.15 %)   

             

Tetracyclin  76 (73.08 %) 28 (26.92 %)   

  

Figure 1  Cross section of femur of male D. melanostictus  of s-v length 3.0 cm. showing no LAG(Plate No 1),of s-v length 4.0 cm. showing no LAG(Plate No 2), 

of s-v length 5.8 cm. showing one LAG(Plate No 3), of s-v length 7.5 cm. showing two LAGs(Plate No 4), of s-v length 8.0 cm. showing three LAGs(Plate No 5), 

of s-v length 9.0 cm. showing four LAGs (Plate No 6). Cross section of phalanges of male D. melanostictus of s-v length 9.0 cm. showing four LAGs(Plate No 7),

of s-v length 9.9 cm. showing five LAGs(Plate No 8).Abbreviations used: MC-Marrow cavity, EO-Endosteum, PO-Periostium, O-Osteocytes, LAG-Lines of arrested 

growth. 
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RESULTS AND DISCUSSION 
 As in many species of reptiles and amphibians the cross-section 
through mid-diaphyseal region of femur bone of male common Asian toad 
(Duttaphrynus malanostictus) showed a central marrow cavity (MC), lined 
by an endosteal layer (EO).  The middle layer (cortex) consisted of matrix 
containing evenly distributed osteocytes (O) has been bounded by an outer 
periosteal layer (PO) (Plate-2). In the mature toads, a series of concentric 
darkly stained haematoxylinophilic lines separated by wider lighter zones 
were observed in the matrix (Plate-6). These darker lines are known as the 
lines of arrested growth (LAG) and the broader light colored zones as 
growth zones. Each growth zone along with LAG was considered as an 
annual ring.
 The osteocytes are confined to the thicker zone of the cortex, 
whereas the thinner area containing LAG is devoid of them. The nuclei of 
osteocytes and the LAG regions are haematoxylinophilic .  In young and 
middle-age group of specimens the size of osteocytes are relatively larger 
than old specimens (Plate-2, 4 and 8). The relative abundance of 
osteocytes in cortical region seems to be greater in the young than in the old 
(Plate-4 and Plate-8) toads.       
 Skeletochronology is considered to be the most reliable and 
powerful tool to estimate the age and longevity of amphibians (Castanet & 
Smirina  1990; Smirina, 1994; Kumbar and Pancharatna 2001a). Histology 
of long bones and phalanges of different anuran species revealed growth 
marks consisting of alternate growth zones (generally formed due to faster 
growth of bone) and LAGs (that reflect slower or arrested bone growth). 
Experimental studies have confirmed that the formation of these bone 
growth marks is cyclic and annual in both temperate and tropical anurans 
(Smirina 1994; wake and Castanet 1995; Esteban et al., 1996). Several 
temperate anurans like Rana temporaria (Sminira, 1972),Bufo americanus 
(Kalb and Zug, 1990) have been studied. All of these investigations were 
based on skeletochronological analysis of phalanges of captured and 
recaptured animals for several successive years. Few tropical anurans 
showing annual growth formation include Rana perezi (Esteban et al., 
1996). Rana cyanophlyctis (Kumbar and Pancharatna, 2002).
 The skeletochronological comparison of the initially clipped toes 
with toes those clipped after one year, revealed an additional LAG in the 
phalanges which confirmed the annual cyclicity in formation of LAG in E. 
cyanophlyctis and other tropical anurans (Kumbar and Pancharatna, 2004; 
Pancharatna and Daspande, 2003). Pancharatna and Daspande (2003) 
have suggested that the LAGs are laid down in the wet rainy months of the 
year (March – September) in tropical anurans unlike the temperate anurans 
in which LAGs usually laid down during winter or colder months of the year. 
Since these LAGs represent the number of bone growth cycles that the 
animal has experienced, they are used as indices of aging. So by 
enumerating the bone growth marks in either the phalanges or long bones, 
age has been estimated for a number of amphibians (Castanet and 
Smirina, 1990; Smirina, 1994; Esteban et al., 1996, Kumbar and 
Pancharatna 2001a, 2001b; Pancharatna and Despande, 2003; Kumbar 
and Pancharatna, 2004).
             In the present study, histology of both the long bones and 
phalanges in male common Asian toad (Duttaphrynus melanostictus) 
revealed identical number of LAGs (Plate No-6 & 7) in the same individual. 
Similar observations have also been reported from both temperate (Bufo 
bufo, Mantidactylus microtympanum, Bufo americanus) and tropical 
(E.cyanophlyctis, Microhyla ornata, L. limnocharis) species (Kalb & Zug 
1990; Kumbar and Pancharatna 2001a, 2001b; Pancharatna and 
Despande, 2003; Kumbar and Pancharatna 2004. 
 In anurans the hatching of tadpoles is accepted as age 0 and a 
LAG is formed each winter while periosteal growth begins a new each 
spring (Kalb and Zug 1990). By the end of spring frogs as well as toads 

usually mature and become ready for breeding activities in the coming 
monsoon. So the age of frogs or toads with one LAG is considered as more 
than one year as they have completed one year of growth. Absence of 
growth rings (LAGs) in immature frogs shows that the animals have not 
gone through the dormant stage of winter when LAGs are formed in the 
bone (Kalb & Zug 1990, Marnell 1997). Ages of these individuals were 
considered to be within one year. It is normally the number of winters an 
animal has survived, is counted rather than the true age of the animal. So, 
some researchers interpret the skeletochronological age estimation in 
amphibian as 1+, 2+ or 3+ years (kalb & Zug 1990; Marnell 1997) instead of 
1,2 or 3 years respectively.
 In the present study young male toad-lets up to s-v length 5.6 cm 
and body weight 15g.were found sexually immature (appearance of no 
secondary sexual character) and were without any LAG (Plate No 1 & 2). 
Study of their bone histology has revealed that the cortex of smaller and 
immature toad-lets is thinner than that of larger immature toads (Plate No-
1& 2). So, during the process of growth with increase in body size bones 
also become thicker. Age of these toads were considered to be within one 
year (Table No-1).
 Similarly smallest mature (with well developed secondary sexual 
character and well developed testes) male toad with s-v length 5.8cm and 
body weight 18g., showed one LAG in its cross section of femur (plate No -
3)  indicating its age to be 1+ year or approximately two years (Table No--1). 
This is in good agreement with the previous reports of kumbar and 
Pancharatna, 2001a, 2001b, Pancharatna and Despande 2003; kumbar 
and Pancharatna, 2004 in which they have reported that the frogs 
(Microhyla ornata) showing one LAG are in the second year of growth or 
two years old. In this study none of the frogs were found to be mature 
without LAG and all the frogs having LAGs were matured. So it is 
concluded that sexual maturity in this species is attained during the second 
year of their growth i.e  when they are with only one LAG in their bones. 
Similar findings have also been reported in other tropical anurans i.e 
Microhyla ornata (Kumbar and Pancharatna, 2001b) R.cyanophlyctis 
(Kulkarni and Pancharatna, 1996).
 Mature male toads with s-v length 5.8 cm. to 9.9 cm and body 
weight 15g.to 65g. were with 1 to 5 LAGs in their bones (Plate No 3 to 8) . So 
they are considered to be 2 to 6 years old (Table No 1). In this study largest 
male toad of s-v length 9.9cm.and body weight 65g.was with 5 LAGs in its 
phalanx (Plate No 8), indicating its age to be 5+ years or 6 years. Since it 
was the toad with maximum number of LAGs, was also considered to be 
the oldest one. So the longevity of male common Asian toad (Duttaphrynus 
melanostictus) is estimated to be 6 years based on the present study. 
Presence of 5 LAGs were also observed in toads with s-v length 9.3cm. and 
9.5 cm. indicating their age to be 6 years (Table No.1) . Longevity of other 
tropical anurans has been described as 5 years for M.ornata (Kumbar and 
Pancharatna 2001b) and 4 years for Fejervarya limnocharis (Pancharatna 
and Despande 2003).
 Two distinct types of osteocytes i.e. the larger and smaller 
osteocytes were observed in the cortical layer of bones. In younger toads 
(up to S-V length 8.3 cm) many smaller osteocytes and some larger 
osteocytes were distributed throughout the cortex (Plate No. 1 to 5) . But in 
older toads (from S-V length 8.5cm to 9.9cm) there was gradual reduction 
in number of larger osteocytes and even in some old males they were 
altogether absent (Plate No.6 to 8). Reduction in size and number of large 
osteocytes may be due to cell degeneration in old age. This type of 
reduction in size and number of osteocytes has been reported earlier in 
some reptiles i.e Iguana (Enlow and Brown, 1969), Calotes versicolor 
(Patnaik and Behera 1981). So individuals with S-V length 8.5cm to 9.9cm 
(5 to 6 years old ) are considered to be old ones and other matured but 
comparatively younger toads i.e. with  S-V length 5.8cm to 8.3cm (2 to 4 
Years old) are considered to be middle aged toads.

Table 1: Age determination from LAGs (Lines of arrested growth),detected on the cross section of femurs and phalanges of male common Asian toad, Duttaphrynus melanostictus.  

Indicates male toad captured from amplecting pair. Number in parentheses indicate animals used.

Snout to vent length (cm)  
Range of Body weight              

(g.) 
Number 

LAGs 
Estimated Age (Year)  

1 2.5 2.5-2.9 0 (6) < 1 

2 3.0 3.0-3.5 0 (6) < 1 

3 3.8 4.0-4.9 0 (7) < 1 

4 4.0 5.8-7.0 0 (6) <1 

5 5.0 10.0-13.0 0 (5) <1 

6 5.6 14.0-16.0 0 (5) 1 

7 5.8 17.0-19.0 1 (5) 1+ 

8* 6.0 19.0-22.0 1 (5) 2 

9* 6.5 24.0-27.0 2 (4) 2+ 

10* 7.5 38.0-42.0 2 (3) 3 

11* 8.0 44.0-47.0 3 (4) 3+ 

12 8.3 48.0-50.0 3 (3) 4 

13* 8.5 51.0-54.0 4 (3) 4+ 

14* 8.8 55.0-58.0 4 (2) 5 

15 9.0 60.0 4 (1) 5 

16 9.3 62.0 5 (1) 5+ 

17 9.9 65.0 5 (1) 6 
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In conclusion, the present study reveals that:     
(I) In natural population, male common Asian toad (Duttaphrynus     
melanostictus) lives for a maximum of 6 years.
(ii) Sexual maturity is attained in the second year of their life cycle .
(iii) Entire life span of this species consist of 
a. Young and Immature stage(<1year)
b. Mature and middle aged (2 to 4 years) and 
c. Mature but old. (5 to 6 years) stage.

Disclosure statement: No potential conflict of interest was reported by 
the author.
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