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Introduction

Studies on age and longevity provide important
demographic parameters to analyze and assess the fish
population (Maceina and Sammons, 2006). However,
obtaining accurate age information is crucial for precise
understanding of these metrics (Campana, 2001). Age has
been determined in tropical freshwater fish through annual
increments in calcified structures like, scales, spines,
vertebrae and otoliths (Khan , 2015). Scales have widely
been used for determination of age in earlier studies, due to
the fact that their removal is non-lethal, easy to collect and
prepare (Braaten 1999; Kanwal and Pathani, 2011;
Khan 2015); however, this method might not reveal the
true age of slow growing and older fish (Dua and Kumar,
2006; Kanwal and Pathani, 2011; Ujjania ., 2013). Also,
Khan (2015) found that the annual rings present in
scales in were not clear as compared to other
structures. Indistinctness of annuli at the outer edges of scales
makes them unreadable in older fish (Akombo 2015).
Hence, other alternative calcified materials like, otoliths,
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spines, opercular bones and vertebrae have been used over
these year as annuli are easily recognizable even in older fish
than scales (Casselman, 1990). Otoliths have several
advantages for estimation of age as they are not subjected to
resorption, their growth is acellular rather than by
ossification, and also otolith annuli are more distinct and easy
to enumerate even in older fishes (Secor 1995;
Hoxmeier 2001). Phelps (2007) reported that
otoliths are metabolically inert and thus do not reflect
physiological changes that may occur throughout the life of
fish. Otoliths grow continuously and form annuli even as
body growth slows and asymptotic length is reached, and
annuli reasbsorption does not appear to occur during periods
of food limitation or stress (Colombo 2010). Hence,
many studies have employed otoliths for estimating age in
fish (David and Pancharatna, 2003; Weyl and Booth, 2008;
Colombo ., 2010; Khan 2011). Even, vertebrae are
also best calcified material for aging in fish (Khan
2011b; Bahuguna, 2013). Therefore, selection of precise
calcified materials for accurate aging of fish is more
challenging for fishery researcher.
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Out of 134 fish, 9 (6.97%) fish
were in the first year growth, 31 (23.13%) in second year, 59 (44.03%) in third year, 27 (20.15%) in
fourth year and 5 (5.97%) fish in the fifth year growth. Comparative
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h was assessed by comparing otoliths,
scales and vertebrae ring counts. One to five growth rings consisting of growth zones and lines of
arrested growth (LAGs) were noticed in different body sized fishes.

study showed that scale ring
counts (SRC) was under estimated the age as compared to the otolith ring counts (ORC) and
vertebrae ring counts (VRC). The percent agreement between otolith and scale ages were 88.81%
and otolith and vertebrae ages was 99.25%. The results of the present study indicate that otoliths
and vertebrae are most suitable aging materials a
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Krishna River harbours a rich diversity of fish leading
to globally threatened and endemic fishes. is one
of the most commercial and popular food fish in this region.
Presently, it is threatened by anthropogenic sources such as,
accumulation of industrial, agricultural effluents, domestic
organic wastes and non-degradable plastic materials owing
to tourism activities. Besides, unscientific practice for
collection of fishes has increased to meet high market
demand. Since last decade, sand mining and bricks
manufacturing activities have alarmingly increased along
some stretches of the river system. If the present situation
continues, the adverse conditions might lead to loss of most
of fish fauna of Krishna River. Proper demographic and
population dynamic study is necessary for protection and
conservation of this species in the river system. There is no
single report on aging of inhabiting the Krishna
River. Therefore, present investigation was undertaken to
estimate age, longevity, and to select the most reliable
calcified material from scales, otoliths and vertebrae for
accurate aging of

Freshwater fish ( = 134) were collected
from the Krishna River, Sangli District (17 09' N & 74 45' E),
Maharashtra, Southern India with the help of local fisherman,
and were also purchased from the local fish market during the
year 2014. Fish were brought to the laboratory where body
length (BL) from the tip of snout to the longest caudal fin lobe
(in cm) and body weight (BW), using single pan balance
nearest to 0.01gm of each fish, were recorded.
Simultaneously scales, otoliths and vertebrae of each fish
was collected for comparative studies.

Lateral line scales were collected with the help
of pointed forceps, cleaned in water by rubbing through the
fingers then fixed in 10% formalin solution for 24 hrs and
then washed in water for 2 hrs. Scale was kept in between two
clean slides and slides were tied with rubber band on either
side and observed under binocular microscope (Magnus
MSZ-BI) for enumerating the number of growth rings present
on the scales, and then photographed with digital camera
(ABBOT DEC2000).

Otoliths were collected by making an
incision on the dorsal side of the head, to expose the brain on
either side of which the otic capsules are located. The sagittal
otoliths were removed from the otic capsules by opening the
otic bulla. Both sagittae were retrieved intact from each
specimen, washed in water and cleaned from all extraneous
tissue. Then, each otolith was weighed to nearest 0.001 mg
and diameter of otolith was measured to nearest 0.01 mm
using a caliper rule (Newman 2000). Otoliths were
immersed in 50% glycerol and observed under binocular
microscope. Growth rings were clearly visible as alternate
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Materials and Methods

0 0

Scale study :

Otolith study :

opaque and translucent zones that were enumerated.

Central 5-10 vertebrae of each fish were
excised, cleaned and fixed in 10% formalin solution for 24
hrs, then washed in running water for one hour, later
decalcified with 10% nitric acid. Decalcified vertebrae were
washed in running water for 24 hrs for removal of formalin
and nitric acid then preserved in 70% alcohol until paraffin
embedding. Vertebrae were sectioned (10 μm thick) using a
rotary microtome (Model GE - 70). Mid-diaphyseal sections
were stained with Harris haematoxylin and observed under
compound microscope for enumeration of growth rings and
photographed good sections. Growth rings in three calcified
materials of each fish were counted independently by two
readers without prior information of body weight and body
length. Percent agreement between Otolith Ring Count
(ORC) and Scale Ring Count (SRC), ORC and Vertebrae
Ring Count (VRC) was calculated. Further, relationship, if
any, between BL and BW, otolith weight (OW) and BL; OW
and BW; otolith diameter (OD) and BW; OD and BL, and
ORC and BL; ORC and BW was determined by calculating
correlation coefficient ' ' by Karl Pearson's method (Zar,
1996).

In the present study, 134 fish with mean body length
of 13.55 cm and mean body weight of 138.5 gm were used.
All the three calcified materials showed growth rings each
ring composed of faintly stained broader growth zone, and a
darkly stained condensed line, lines of arrested growth
(LAGs). Otolith was more or less circular in shape, thin and
transparent in which clear and distinct growth rings were
observed. One to four LAGs were noticed in fish of different
body sizes. Out of 134 fishes, 9 fish with mean body length
10.75 ± 0.44 cm showed no LAGs in otoliths; 31 fish with
mean body length 11.60 ± 1.25 cm exhibited one LAG each;
59 fish with mean body length 12.24 ± 1.92 cm exhibited 2
LAGs; 27 fishes with mean body length 13.52 ± 2.49 cm
showed 3 LAGs; and 8 fish with mean body length 15.00 ±
2.81cm possessed 4 LAGs in otoliths, respectively (Table 1).

In the present study, ORC was compared with SRC
and VRC for selection of most reliable calcified materials for
accurate aging in this fish due to reason that otolith rings were
more distinct, clear and easy to enumerate. Comparative
study showed that number of growth rings were identical in
otoliths and scales in 119 (88.81%) fish out of 134 (Table 2).
Remaining 15 fish (11.19%) had one growth ring short in
scales as compared to otoliths in different age groups. This
result indicates that increasing otolith age on one side and on
other side decreased percent agreement in scale age (Table
2). Vertebrae sections of were circular with
central marrow cavity surrounded by broad periosteal bone.
Haemetoxylin stained sections showed clear and distinct

Vertebrae study :
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Table 2 :

Otolith age Number of fish Percent agreement Remarks

Scale Ages

Vertebrae Ages

Agreement and disagreement of scales and vertebrae ages with otolith age in (N = 134)

I 09 100 —-
II 31 98.51 1.49(2) UE
III 59 96.27 3.73(5) UE
IV 27 95.52 4.48(6) UE
V 08 98.51 1.49(2) UE

I 09 100 —-
II 31 100 —-
III 59 99.26 0.74(1) UE
IV 27 100 —-
V 08 98.51 1.49(2) OE

Number in parenthesis indicates that number of fish; UE = under estimation and OE = over estimation

S. balookee

Table 1

No. of LAGs Age Number of % Body weight Body length Otolith weight Otolith diameter

fish (gm) (cm) (mg) (mm)

Note:

: Otolith characteristics in relation with body weight, body length in the freshwater fish (N = 134)

0 1 9 6.72 35.67 ± 10.99 10.75 ± 0.44 0.76 ± 0.408 1.43 ± 0.25
1 2 31 23.13 47.37 ± 14.81 11.60 ± 1.25 1.13 ± 0.65 1.50 ± 0.24
2 3 59 44.03 61.18 ± 34.21 12.24 ± 1.92 1.37 ± 0.84 1.54 ± 0.32
3 4 27 20.15 88.40 ± 53.24 13.52 ± 2.49 1.78 ± 1.21 1.64 ± 0.34
4 5 8 5.97 115.47± 58.46 15.0 ± 2.81 2.37 ± 1.34 1.86 ± 0.23

Values are means ± SD
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growth rings in periosteal layers lighter stained growth
zone and darkly stained LAGs. One to four LAGs were
observed in vertebrae sections. Comparative study showed
that number of growth marks was identical in otolith and
vertebrae sections in 133 (99.25%) fish out of 134 (Table 2).
Further, two fish (1.49%) had an extra LAG in the periphery
of periosteal layer in the four year age group individuals, but
one (0.75%) fish had one LAG short as compared to otolith in
three year age group (Table 2). Percent agreement between
otoliths and vertebrae age was 99.25% in this fish.

Randomly collected fish for age determination
indicated that 6.72% fishes were in the first year growth,
23.13% in second year, 44.03% in third year, 20.15% in
fourth year and 5.97% fishes in the fifth year of growth. There
was a high degree of positive correlation between BL and
BW ( = 0.94; Table 3). Otolith weight was positively
correlated with body length ( = 0.67) and body weight ( =
0.73) and OD with BW ( = 0.55) and BL ( = 0.55),
respectively. Further, ORC also showed moderate
correlation with BL ( = 0.44) and BW ( = 0.47) (Table 3).

The presence of one to five growth rings in scales,
otoliths and vertebrae sections of freshwater fish
inhabiting Sangli District showed similar to that reported in
other tropical species namely, (Sulistiono

i.e.,
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., 1999), Indian whiting, (David and
Pancharatna, 2003), (Ujjania, 2012) and

(Sudarshan and Kulkarni, 2013). The
fact that most of the Indian freshwater fish exhibit seasonal
variation in body weight, gametogenic and breeding activity
(Alam and Pathak, 2010; Ganie 2013), it suggests that
formation of growth rings may be a cyclical phenomenon
leading to the formation of LAGs. Therefore, the cyclic
pattern in growth rings in might be due to the
annual rainfall pattern which in turn might affect regular
feeding activity by diverting the fish towards reproductive
activity. Similarly, Akombo (2015) attributed that the
formation of growth marks on hard structures in tropical
fishes as a result of reproductive activity, feeding intensity,
lower salinity, increased turbidity and reduced temperature
during rainy season in water bodies. Furthermore, variation
of water temperature might have impact on deposition of
calcium materials in otoliths and other calcified structures in
fish. Reduced water temperature might be responsible for
poor deposition of calcium materials (formation of opaque
zone) during rainy season (May – August), while increased
water temperature might influence increased deposition of
calcium materials (formation of transference zone) during
remaining seasons (September - April) in tropical fish.
Decrease in water temperature is associated with reduced
feeding activity of the fish, due to the poor plankton

Age and longevity of freshwater fish S. balookee



On
lin

e C
op

y

Journal of Environmental Biology, September 2016

population during these months in water bodies. Lombarte
and Lieonart (1993) suggested that otolith development
occurs under dual regulation genetic conditions regulate
the form of otolith, while environmental conditions, mainly
temperature (in carbonate-saturated water) regulate the
quantity of material deposited during the formation of otolith.
Further confirmation study is necessary for seasonal
variation in deposition of calcium materials in otolith or other
hard calcified materials in this fish.

Further, experimental studies have confirmed that the
formation of growth marks are annual in many fish species
including (Wartenberg ., 2011),

(Abdel-Hadi ., 2000) and
(Bahuguna, 2013). Therefore the number of LAGs present in
these structures directly depicte the age of individual fish.
Presence of one to four LAGs suggests that this species might
live for a maximum of five years. General trend in occurrence
of growth rings in fish indicates that large number of smaller
sized fish has lesser growth rings; whereas few larger sized
fish had more growth rings in their calcified materials (Table
1). The frequency distribution of these growth rings in natural
population further suggests that always a large number of
smaller sized fish exhibited fewer growth rings and few large
sized individuals possessed greater number of growth rings
indicating the prevalence of a

i.e.,

Clarias gariepinus et al O.

niloticus et al Puntius conchonius

definite relationship between
production and survival rate of this species.

Comparative study of otoliths vs scales and vertebrae
showed that number of growth marks remained identical in
otoliths and scales in 119 (88.81%) fish, but 15 (11.19%) fish
showed one growth ring shorter in different age group fish.
Scale age underestimated compared to otolith age in this
species due to small sized transparent scale with un-cleared
discontinuous growth rings. Khan (2015) found that the
annual rings present in scales in are inferior as
compared to other calcified structures. On the other hand,
vertebrae sections provided age readings that were very close
to (99.25%) those from otoliths. Growth rings are very clear
and distinct in the vertebrae sections due to wide periosteal
layer. Similar results were reported in some fish, Polat
(2001) reported that vertebrae are most suitable and reliable

et al.
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aging structures in as compared to
scales and otoliths. Bahugun (2013) has proved that the
vertebrae are the most reliable structure for the age
determination of . Khan (2015) has
reported that vertebrae were reliable age estimating structure
compared to scales and otoliths in
and . However, one (0.75%) fish showed one
growth mark shorter in vertebrae as compared to otolith in the
three year age group individual, this might be due to technical
problems related to histological processing. Further, two
individual's (1.49%) possessed one growth ring extra in the
four year age groups as compared to ORC. Present
investigation revealed that otoliths, as well as, vertebrae
sections were most precise and reliable calcified materials for
estimating age than scales in this species.

In order to study the longevity of fish in natural
population, a random collection and large sample sizes
(consisting of all the possible age groups) are advised to
consider (Campana, 2001). The existing data on the longevity
of tropical fish in nature reveal that ,

and
live for 5–6 years (David and Pancharatna,

2003; Sudarashan and Kulkarni, 2013; Lad, 2014),
while other fishes such as , and , are
reported to live longer 8 - 9 years.

In conclusion the presence of one to four annual rings
in the three calcified structures in this fish population
suggests that this fish live for a maximum of five years in
nature. Formation of annual rings in the calcified materials of
this fish appears to be influenced by scarcity of food; feeding
intensity, breeding activities and reduced temperature which
coincides with rainy season. Overall, results of the present
study indicate that otoliths and vertebrae are most suitable
aging materials as compared to those of scales in .
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Table 3 :

Correlation between ‘ ’ value Remarks

Correlation between body length and body weight, otolith diameter with body length, weight, and otolith ring count with body length and weight
in (N = 134)

Body Length and Body weigh 0.94 Highly correlation
Otolith weight with Body length 0.67 Good correlation
Otolith weight with Body weight 0.73 Highly correlation
Otolith diameter with Body weight 0.55 Good correlation
Otolith diameter with Body length 0.55 Linear correlation
Otolith ring count with Body length 0.44 Moderate correlation
Otolith ring count with Body weight 0.47 Moderate correlation

* Correlation coefficient ‘ ’ was calculated using Karl Pearson’s method
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