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Abstract
A total of 253 brown trout (Salmo trutta fario L.) (130 males and 123 females) were examined for the
study of fecundity, spawning season and sex ratio. The length ranged in between 26.15 to 44.15 cm,
while, weight from 235 to 1140 gms. The fecundity of brown trout (S. trutta fario L.) was in between 454
to 1052 eggs per female. It was positively co-related with the total fish length (r=0.859), fish weight
(r=0.653), ovary length (r=0.828) and ovary weight (r=0.996). Gonadosomatic index (GSI) confirmed
that spawning lasted from October to January. The sex ratio of male and female was 1: 0.95.
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1. Introduction
The term fecundity refers to the number of eggs present in the ovary of a fish [38]. Fecundity is
an important index of the biology of fishes and is used to evaluate the reproductive potential of
particular fish species that must be understood to explain the variations in the level of fish
population, as well as to make efforts to increase the aquaculture harvest and production.
Further the knowledge about fecundity of a fish is essential for evaluating the commercial
potentialities of its stock, life history, practical culture and actual management of the fishery
[17]
. Fecundity varies from one species to another, depending on the environmental conditions,
length, age, etc. Fecundity of a species is also known to vary with location [20, 32]. Many factors
can affect fecundity and differences in fecundity among brown trout populations have been
variously attributed to variations in genetic stock, growth rates, food availability, stream
fertility, metal concentrations and other environmental factors such climate (McFadden [33],
Bagenal [9], Lobon-Cervia [31], Jonsson [25], Pender [43]).
The breeding biology of brown trout was studied in different part of the world by Hobbs [23],
Brown [12], Vladykov [55], McFadden [33], Bagenal [7, 8], Taube [53], Kaya [28], Avery [5], Aoyama
[3]
, Pender [43], Nicola [39], Alp [1], Olsen [41, 42], Chad [14], Gortazar [19], Korner [30], Schubert [51],
Hao [22], Demir [16], Kara [26] and Kocabas [29]. Breeding biology of brown trout in India was
carried by Jhingran [24], Raina [46], Vass [54], and Rasool [47]. In Garhwal Himalaya some work
on morphometry, status, length-weight relationship and eco-biology of brown trout of were
made by Rawat [48, 49] and Bantwan [6]. Therefore the present study was undertaken to know the
fecundity of brown trout inhabiting in River Asiganga for its conservation and management.
2. Materials and Methods
To study the fecundity of brown trout length and weight was measured then the body cavity
was opened and sexes were identified. The size, shape and colour of the gonads were also
recorded in each case. The ovaries were then removed from the body cavity of the fish,
preserved in 5% formalin and allowed to harden and further studies were performed after the
ovary became quite hard. The estimation of fecundity was made by the gravimetric methods.
The preserved and washed eggs were kept on a filter paper to remove the excess moisture and
they were left to air dry. To calculate fecundities, the ovaries were weighed; three sub samples
were taken from the anterior, middle and posterior of each ovary and weighed. The total
number of eggs in each sub sample was determined. This value was proportional to the total
ovary weight; the number of eggs (F1) for the subsample was estimated using the equation by
Yeldan [57].
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Later, by taking the mean number of three subsample
fecundities (F1, F2 and F3), the individual fecundity for each
female fish was calculated

The relationship of fecundity with total fish length, total fish
weight, ovary length and ovary weight were established by
applying the least square method.
Y = a + bX
Or in logarithmic form Log F = Log a + b log X
Where Y = Fecundity, X = body measurements such as body
length, body weight, ovary length, ovary weight. a (intercept)
and b (slope) are constant.
In order to assess the gonadal development and spawning
season of fish, the gonadosomatic index (GSI) of the fish was
calculated as per formula:

3. Results
The ovaries of brown trout (Salmo trutta fario L.) are paired
and elongated structures. Anteriorly both the ovaries (left and
right) are free while their posterior portions join each other to
form a thick walled oviduct, which opens to the exterior
through an urinogeniatal aperture. Ovaries attain their
maximum weight during spawning season (October to
January) and thereafter it declines occupying to the release of
ripe ova. For the estimation of fecundity of brown trout the
ovaries of the 4th and 5th stages of maturity was taken into
consideration. During this phase the ovary becomes broad,
yellow in colour, presence of ripe ova heavily loaded with
yolk and absent in oviduct. Both left and right ovaries are
unequal in length. A thin transparent vascular membrane
enveloped the ova of each lobe. The relationship of the
fecundity with various body measurements are shown in
Table 1.

Table 1: Relationship between the fish (length, weight) ovary (length, weight) and fecundity in Brown trout (Salmo trutta fario L.).
Size group
25-26
28-30
31-33
34-36
37-39
40-42
43-45

Fish length
Average± SD
26.150 ± 0.265
29.809 ± 0.869
32.057 ± 1.011
34.067 ± 0.058
44.150 ± 0.212

Fish weight
Average± SD
235.000 ± 28.868
387.823 ± 60.072
438.571 ± 42.201
403.333 ± 5.774
1140.000 ± 7.071

Ovary length
Average± SD
11.950 ± 0.191
13.278 ± 0.336
14.471 ± 0.618
15.333 ± 0.058
20.300 ± 0.424

Ovary weight
Average± SD
33.796 ± 2.547
51.782 ± 5.635
65.791 ± 3.196
70.978 ± 0.515
78.269 ± 6.523

Fecundity
Average± SD
454.250 ± 34.238
696.000 ± 75.740
871.429 ± 58.574
954.000 ± 6.928
1052.000 ± 87.681

(1) Fecundity and total length: For a fish measuring 25.9
cm. the minimum number of ova estimated was 417, while the
maximum was 1114 for a fish of 44.3 cm. in total length. The
average fecundity values of different length groups were
recorded to range from 454 to 1052 in the mean total length of
26.15 to 44.15 cm. The fecundity values have been plotted
against the respective total length as a scatter diagram (Fig 1).
The relationship between fecundity and fish length can be
expressed as:
Log F = 0.1872 + 1.7966 log TL
Where, F = fecundity
and TL = total length of fish
The coefficient of correlation ‘r’ showed a relationship
between the fecundity and fish length (r = 0.859, P<0.01).

(2) Fecundity and fish weight: It was observed that
fecundity ranges from 417 to 1114 in fish weight range of 260
to 1140 gm. The number of ova varied from 454 at mean
weight 235 gm. and 1052 at the weight of 1140 gm. The data
plotted between fish weight and fecundity (Fig 2) may be
expressed as:
Log F = 1.5478 + 0.5049 log FW
Where, F = fecundity
and FW = fish weight
The coefficient of correlation (r = 0.653, P<0.01) showed a
relationship between the fecundity and fish weight.

Fig 1: Relationship between total length and fecundity.

Fig 2: Relationship between total weight and fecundity.
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(3) Fecundity and ovary length: For evaluating this
relationship the ovary length and fecundity were studied. It
was observed that ovary length ranged from 11.7 to 20.6 cm.
while total length of fish ranges from 25.9 to 44.3 cm. The
average ovary length value of difference length groups were
recorded to range from 11.95 to 20.3 cm in the mean total
length of 26.15 to 44.15 cm. The fecundity and ovary length
relationship was expressed as:
Log F = 0.9717 + 1.6567 log OL
Where, F = fecundity
and OL = ovary length
The coefficient of correlation (r = 0.828, P<0.01) showed a
relationship between the fecundity and ovary length (Fig 3).

Linear regression: The analysis of variance proved the
linearity of regression (Table 2). A significant difference
between fecundity and fish length (F = 104.45, P = 0.0001, df
= 1, 37), fish weight (F = 27.54, P = 0.0001, df = 1,37), ovary
length (F = 81.36, P = 0.0001, df = 1,37) and ovary weight (F
= 4545.25, P = 0.0001, df = 1,37) were recorded.
Sex ratio: A total number of 253 specimens were examined
for fecundity study, out of which 130 (51.38%) were males
and 123 (48.62%) were females. The number of males and
females differ no significantly difference with their mean ratio
1: 0.95.
Gonadosomatic Index (GSI): Gonadosomatic index was
calculated for male and female fish separately and monthly
averages were plotted in Fig 5. High values were observed
during October to January in both the sexes due to the
increase in gonad weight during breeding season. Rapid fall in
GSI in February shows the reduction in weight of ovary and
testes due to releasing of ova and sperms, gonads lose their
weight and value of GSI is reduced. GSI indicates that the
spawning season of fish extends from October to January. The
maximum GSI values for male and female fish were observed
as 2.894±1.475 and 12.747±5.499, respectively, in the month
of January. The minimum values observed in February were
0.147±0.133 for male and 0.323±0.463 for female.

Fig 3: Relationship between ovary length and fecundity.

(4) Fecundity and ovary weight: In order to study this
relationship the fecundity values were plotted against the
respective weight of ovaries (Fig 4). The egg production
ranged from 417 in an ovary of 31.025 gm to 1114 in an
ovary of 82.882 gm. The average fecundity values of different
ovary weight group were recorded to ranges from 454.25 to
1052 in the mean total ovary weight of 33.796 to 78.269 gm.
The relationship between the two variables was expressed as:
Log F = 1.1444 + 0.9901 log OW
Where, F = fecundity
and OW = ovary weight

Fig 5: Gonadosomatic Index during different months.
Table 2: Test of linearity of regression (analysis of variance) of
Brown trout (Salmo trutta fario L.).
Fish length and Fecundity
Fish weight and Fecundity
Ovary length and Fecundity
Ovary weight and Fecundity

Fig 4: Relationship between ovary weight and fecundity.

df
1,37
1,37
1,37
1,37

F
104.45
27.54
81.36
4645.3

P
0.0001
0.0001
0.0001
0.0001

Sig.
S
S
S
S

4. Discussion
Fecundity is the most common measure of reproductive
potential in fishes. In order to maintain the position of any
species in an environment, it is required to reproduce to such
an extent that would enable it to counteract all physical and
biological hazards such as predation, critical stages of its life
history, food supply, etc. [45]. There is a large variation in the
estimated value of fecundity of brown trout reported by
different workers in different part of the world. Centinkaya [13]
calculated the fecundity as 2340 per individual in Catak
stream, egg number was determined as 2810 in the Tifi stream
[27]
, as 3099 in Firniz stream [1]. Demir [16] reported the egg
productivity ranged from 1840 to 3200/ Kg of fish during
spawning season. The mean fecundity of brown trout were
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876 in the Watauga River, 1365 in the South Fork of the
Holston River, as 2276 in the Clinch River and as 2821 in the
Caney Fork stream [14]. Alp [1] reported the fecundity of age
groups II, III, IV, V and IX were 360, 452, 693, 1283 and
3232 egg per female with the mean fecundity ± SD of the
population was estimated as 554 ± 534 eggs per fish. Mean
fecundity in age groups III, IV and V were 120, 195 and 281
eggs per female in northern England stream [15]. Arslan [4] also
reported fecundity were 308±27 and 392±46 per individual in
the Anuari and Cenker streams, respectively. The fecundity in
per fish was 960 to 1430 in the reservoir, Central Norway [25].
Kocabas [29] reported the mean value of absolute fecundity of
Salmo trutta macrostigma was 312.23±254.71 eggs/ female.
Female brown trout reportedly lay 77 to 103 eggs/ inch (30 to
40 egg/ cm) of their fork length [34]. Rasool [47] reported
fecundity of brown trout from Kashmir 527 to 2445.
Fecundity varies greatly among life-history forms of brown
trout. Elliott [18] reported that while a 15 cm long stream
resident female may only produce 100 eggs; a 50 cm long sea
run female brown trout may produce 2,000 eggs.
In the present study the mean fecundity of brown trout (S.
trutta fario L.) ranged in between 454 to 1052 eggs per
female. Fecundity of S. trutta fario L. in the Asiganga River
was low as compared to other study. The fecundity was
similar to the fecundities of other slow growing selfsustaining brown trout population in Watauga River [14],
Ceyhan River [1], Northern England stream [15], reservoir
Central Norway [25] and Anuari and Cenker streams [4]. Many
factors are responsible for large variations in fecundity data.
These are fertility, the frequency of spawning, parental care,
egg size, population density and most importantly
environmental factor such as temperature, salinity and
availability of food [10]. These factors directly or indirectly act
on growth, metabolism and wellbeing of the fish.
The fecundity in fishes is often correlated with length, weight
and age of fish and also with the length, weight and volume of
the ovary. Several workers reported a straight line relationship
between the fish weight and fecundity [7, 52, 36, 44]. As far as
Salmo trutta fario is concerned various workers including [2,
21, 37, 8]
correlated the fish weight and fecundity. Allen [2] found
this relationship to be linear. McFadden [33] found a direct
relationship between egg weight and fish weight. In present
study on Salmo trutta fario L. this relationship is also found to
be linear. The findings of the present work are in agreement
with these observations.
According to Nikolskiie [38] the quality and quantity of food
consumed by the present population determined not only the
fecundity but also the quality of sexual products and the
viability of offspring. Scott [50] reported that the lowering of
fecundity is intensified by poor food intake in the stickleback
[56]
. McFadden [33] observed that trout from infertile streams
had lower egg production. The relatively poor reproductive
potential of Salmo trutta fario L. revealed from the present
investigation may also be due to low water temperature and
fast water current which appear to regulate the egg production
capacity upto some extent. However, the low reproductive
potential of brown trout when compared with other fish
species is probably due to genetic difference.
In the present study fecundity increases at the growth rate of
1.7966 of the fish length, 1.6567 of the ovary length, 0.9901
of the ovary weight and 0.5049 of the fish weight. These
observations are similar to the findings of Alp [1], Arslan [4],
Nicola [39], Moyle [35] and Kocabas [29], fecundity increase with
fish size. Lobon-Cervia [31] indicated that trout length was the

major determinant of fecundity. Bagenal [8] also stated that
fecundity of brown trout is usually positively related to their
growth rate. The fecundity of S. trutta fario L. increased with
the fish size and weight in River Asiganga and show
significant correlationship. The fecundity increase with the
increase the body measurement in all the cases, a liner
relationship was observed between the fecundity and the body
parameters. The value of the coefficient of correlation
indicated that fecundity was more directly related to ovary
weight (r = 0.996) and fish length (r = 0.859) then the ovary
length (r = 0.828) and the fish weight (r = 0.653). The sex
ratio of males and females of brown trout was 0.94:1 and
0.97:1 in the Anuri and the Cenker streams, respectively [4],
indicating no significant differences in the number of males
and females in both stream, while, the sex ratio of Salmo
trutta fario L. in the Yadong stream was 1: 0.78 Tibet [22]. In
the present study a sex ratio was observed 1: 0.95 in the fish
brown trout, indicating no significant differences in the
numbers of male and female. The sex ratio of the fish
populations changes in the spawning season, life stage of the
fish, spawning ground and migration but in the majority of
species it is close to one Nikolsky [40].
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