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Introduction
Fisheries of tropical rivers are very essential for the livelihoods 

and food security of millions of people around the world [1]. Fishery 
structure of the Yamuna River is in central India make majority of 
contributions to the nutrition needs and livelihoods of millions of 
people [2-4]. It is largest tributary of the Ganga river. Its length is about 
1310 km. Near about twenty seven (27) species have been identified 
as having highest commercial value including Cyprinus carpio and 
Oreochromis niloticus in central India [5]. Both species are exotic for 
India and Indian sub-continents [6,7]. C. carpio and O. niloticus with 
a known capability to adjust to different environmental situation and 
its high prospective for aquaculture, can now be found in many rivers 
in India [8-10]. 

Introduction of non-native fish is a global phenomenon that 
has occurred for well over a century. C. carpio and O. niloticus have 
been intentionally spread around the world despite recognition of 
their potentially detrimental effects on native flora and fauna (open 
and close water bodies). C. carpio and O. niloticus are invasive fish 
species for India which was introduced intentionally in Indian water. 
Intentional introductions are, and have been, motivated by economic, 
environmental and social considerations. Invasive species generally 
disrupt recipient ecosystems leading to a loss of native biodiversity 
[11,12]. The invasion course is defined by a progression of stages [e.g., 
introduction, establishment (juvenile to brooder), spread] that are both 
biologically and environmentally filtered at each step [13]. C. carpio 
and O. niloticus are hardy fish that are well suited for aquaculture 
(specially poor water quality) and as result are the third and fifth most 
commonly introduced fish species in the world [2,9]. Both species has 
good potential for the enhancement of production in the fishery sector 
of India but these species highly contribution in riverine sector is very 
harmful. Nile tilapias exerts competition pressures on native fish and 
are known to prey on amphibians and juveniles of other fish species 

[14]. Tilapias are the second most important farmed fish globally next 
to carps and also as the most important aquaculture species of the 
twenty first century [15].

Fish is a rich source of protein, vitamins and minerals [16]. New 
knowledge on the role of omega-3 fatty acids in human physiology 
and their high contents in fish has added a new dimension to their 
importance in health and nutrition [2,17]. Freshwater fishes are the 
most imperiled vertebrate group with a projected extinction rate 
of five times that of terrestrial fauna and three times that of marine 
mammals [18,19]. The world natural fishery systems are collapsing 
as a direct result of overfishing and overcapacity of fishing fleets [20]. 
Fishes are important renewable natural resource and exploited both 
for subsistence and commercial purposes from rivers, streams, lakes, 
reservoirs, canals and wetlands [21]. Demand for fish and other aquatic 
products have recently rapidly increased due to enhanced immigration 
and gradual changes in many traditional customs [22].

The fish species contributing significantly to fishery have always 
been assessed through landings, largely to explain the fishery trends well 
exemplified by the riverine landings monitored regularly for the Ganga 
river as well as Yamuna river at Allahabad [23-28]. The condition of 
C. carpio and O. niloticus in India remains poorly understood, despite 

The River as Transformed by Human Activities: The Rise of the Invader 
Potential of Cyprinus carpio and Oreochromis niloticus from the Yamuna 
River, India
Amitabh Chandra Dwivedi*, Priyanka Mayank and Ashish Tiwari

Regional Centre, ICAR-Central Inland Fisheries Research Institute, 24 Panna Lal Road, Allahabad -211002, India

Abstract
Cyprinus carpio and Oreochromis niloticus are the most commercially exploited fishes in the Yamuna River, India. 

Study was undertaken during the period from August 2011 to July 2012 from the lower stretch of the Yamuna River. 
Analysis of the annual data on fish landing showed that Oreochromis niloticus and Cyprinus carpio have powerfully 
invaded the site due to poor water quality in the lower stretch of the Yamuna River at Allahabad in a big way. The 
estimated annual catch was dominated by O. niloticus followed by C. carpio and miscellaneous group as and they 
contributed for 24.36%, 21.76% and 15.22%, respectively. In case of Indian major carps, Cirrhinus mrigala shared 
maximum illegible with a contribution of 6.28%. The size composition of C. carpio varied from 10.4 to 69.7 cm while O. 
niloticus from 10.4-44.5 cm size groups rephrase. The 25.1-30.0 cm size group of C. carpio contributed maximum in 
the stock (16.03%) and in case of O. niloticus size group 22.1-25.0 cm shared maximum exploitation with 17.05%. The 
0+ to 11+ age composition was recorded for C. carpio but in case of O. niloticus only 0+ to 6+ age groups recorded. 
The urn shaped age pyramid was recorded in both fishes. Unfortunately once C. carpio and O. niloticus establish a 
breeding population they are extremely difficult to eliminate in the open water. For conservation point of view C. carpio 
and O. niloticus species should be monitored in the Yamuna River. Both species are very harmful for fish biodiversity 
and abundance of indigenous fish species in the Yamuna River.
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(43.22 kg day-1). The average catch was 42.09 kg day-1 for C. garua 
(6.94.8%), 22.96 kg day-1 for Wallago attu (3.78%); 18.36 kg day-1 for 
E. vacha (3.03%); 17.93 kg day-1 for S. aor (2.96%) and 9.03 kg day-1 for 
Rita rita (1.49%). L. calbasu (7.49 kg day-1) contributed was low (1.23%) 
of the total catch. The contribution of Mastacembelus armatus was also 
low (2.26 kg day-1, 0.37%). It is likely that high fishing efforts will affect 
the size distribution and growth rate of C. carpio and O. niloticus from 
the Yamuna river, India.

The estimated annual catch was higher for O. niloticus (54100 kg) 
than C. carpio (48326 kg) and miscellaneous (33798 kg). S. seenghala 
also shared good proportion with a contribution of 15817 kg (Figure 1). 
The annual catch of C. catla was 4643 kg; L. rohita 7485 kg; C. mrigala 
13945 kg; S. aor 6564 kg; E. vacha 6721 kg; W. attu 8404 kg and R. 
rita 3306 kg (Table 1). By increasing the fishing effort, the yield can be 
increased to a certain level, but further increase in exploitation levels 
leads to reduction in the yield and if the effort is still further increased 
regardless of the reduction in total catch and catch rates, the stock 
under exploitation may collapse and the fishing community may have 
to face the problem of rehabilitation. 

globally notoriety for its harmful impacts on freshwater ecosystems. 
Information of the invasive potential, size structure and fundamental 
landing of an aquatic invader is important feature for the development 
of effective rapid response plans and techniques. The objective of the 
present study was to give recent data regarding landing scenario and 
invasion profile of exotic fish species, C. carpio and O. niloticus from 
the Yamuna river, India. 

Material and Methods
Study was undertaken during the period August 2011 to July 

2012. For the purpose of collection of data on fish landings Sadiapur 
wholesale fish market was chosen. Sadiapur fish market is just by the 
left side of river Yamuna and major part of fish catch from the lower 
stretch of the river is brought to this market for disposal. Fishing was 
conducted by local fishermen with the help of using drag net, gill net, 
cast net, scoop net and hook and line. 

For collection of data, Sadiapur fish market was visited early in 
the morning. Earlier studies have shown that bulk of the night catches 
from the lower stretch of river Yamuna is brought to this wholesale 
fish market for disposal. The data was collected species-wise (in case of 
commercially important fishes viz., Catla catla, Labeo rohita, Cirrhinus 
mrigala, C. carpio, O. niloticus, Sperata aor, S. seenghala, Clupisom 
garua, Eutropiichthys vacha, Wallago attu, Rita rita, L. calbasu and 
Mastacembelus armatus) and rest were recorded as miscellaneous. 
For the purpose of collection of data a stratified sampling design was 
adopted [29]. A month was divided in four strata of seven or eight 
consecutive days, depending upon the month and from each stratum 
data was collected for two randomly selected days. Data was collected 
by day unit.

The scale method has been used in the present investigations, as 
scales reflect faithfully changes in rate of growth and other valuable 
life history information. The Key scales were removed from the row 
above lateral line below dorsal fin region [30]. The scales were cleaned 
in 5% KOH solution to remove adhering- tissues and finally washed in 
distilled water. The scales were then pressed while drying in order to 
avoid their curling.

The age pyramid was prepared by Odum method [31]. The number 
of fish of each age group were recorded and converted into percentage 
to obtain a pyramid.

Results
The water quality of the Yamuna river was very poor (Table 1). The 

TDS was very high in the Yamuna river which indicated that the stock 
of the C. carpio was very high in the river. The BOD and COD were also 
very high. The fish landing data was recorded from Sadiapur wholesale 
fish market on sampling day and estimates were derived. 

Annual landing

Analysis of data on fish landing showed that O. niloticus and C. 
carpio have invaded the lower stretch of the Yamuna river at Allahabad 
in a big way. The estimated annual catch was dominated by O. 
niloticus (147.81 kg day-1) followed by C. carpio (132.04 kg day-1) and 
miscellaneous group (92.34 kg day-1) and they accounted for 24.36%, 
21.76% and 15.22%, respectively (Table 2). Annual estimates of landing 
data indicated that the Yamuna river at Allahabad region was most 
suitable for the O. niloticus. In case of Indian major carps, C. mrigala 
shared maximum with a contribution of 38.10 kg day-1 (6.28%). C. 
catla and L. rohita shared 12.69 kg day-1and 20.45 kg day-1, respectively 
(Table 2). In case of important catfishes, S. seenghala shared maximum 

Parameters Yamuna river at Allahabad
Water Temperature   (°C) 24.66

pH 8.43
Total Dissolved Solid (mgl-1)      483.17

SO4  (mgl-1) 67.33
PO4  (mgl-1) 1.19

Alkalinity (mgl-1)     183.33
Total Hardness  (mgl-1) 174.66

Nitrate  (mgl-1) 1.68
Dissolved Oxygen (mgl-1)       3.73

BOD (mgl-1) 29.41
COD (mgl-1) 23.17

Chromium (mgl-1) 0.05
Cadmium (mgl-1)       0.01

Zinc (mgl-1)       0.13
 Lead (mgl-1)      0.12

Table 1: The water quality of the Yamuna river, India.

Group/Fish species Average catch /day 
(kg)

Catch of year 
(kg) Percentage

Indian major carps
Catla catla 12.69 4643 2.09

Labeo rohita 20.45 7485 3.37
Cirrhinus mrigala 38.10 13945 6.28

Exotic carps
Cyprinus carpio 132.04 48326 21.76

Oreochromis niloticus 147.81 54100 24.36
Important catfishes
Sperata seenghala 43.22 15817 7.12

Sperata aor 17.93 6564 2.96
Clupisoma garua 42.09 15405 6.94

Eutropiichthys vacha 18.36 6721 3.03
Wallago attu 22.96 8404 3.78

Rita rita 9.03 3306 1.49
Other important fishes

Labeo calbasu 7.49 2742 1.23
Mastacembelus armatus 2.26 828 0.37

Miscellaneous 92.34 33798 15.22

Table 2: Annual landing of fishes from the Yamuna river at Allahabad, India.
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Oreochromis niloticus (Nile tilapia)

Size distribution: The specimen of O. niloticus varying from 
10.4-44.5 cm size groups. The size group 22.1-25.0 cm was maximum 
exploited with 17.05%. The abrupt increased was observed from the 
size group 10.1-13.0 to 13.1-16.0 cm (6.01%). The size groups 13.1-
16.0 cm, 16.1-19.0 cm, 19.1-22.0 cm, 25.1-28.0 cm, 28.1-31.0 cm, 31.1-
34.0 cm, 34.1-37.0 cm and 37.1-40.0 cm constituted 10.85%, 14.34%, 
15.31%, 14.34%, 10.66%, 5.81%, 3.49% and 2.32%, respectively. The 
small proportion was shared by 40.1-43.0 and 43.1-46.0 with 0.58% and 
0.39%, respectively (Figure 5). 

Growth rate: On the basis of sampled specimen in the length range 
from 10.4 to 44.5 cm, it was observed that the fish attained the mean 
length 16.96 cm in 1+, 24.33 cm in 2+, 31.12 cm in 3+, 36.44 cm in 4+, 

Cyprinus carpio 

Size distribution of C. carpio: The distribution of fishes varied 
from 10.4 to 69.7 cm from the Yamuna river. The 25.1-30.0 cm size 
group of fishes contributed maximum in the stock (16.03%). The 
abrupt increased was observed from the size group 10.1-15.0-15.1-20.0 
with 4.58%. Other size groups also figured in different proportion of 
which 20.1-25.0 cm (15.46%), 30.1-35.0 cm (13.55%), 35.1-40.0 cm 
(9.92%), 40.1-45.0 cm (5.34%), 45.1-50.0 cm (4.96%), 50.1-55.0 cm 
(4.01%) and 55.1-60.0 cm (3.62%) and small scale of remaining size 
groups (Figure 2). Overall lower size groups were maximum exploited. 
Lower size groups highly exploited compared to middle and higher size 
groups (Figure 2).

Growth rate: Marginal increment and edge analysis of C. carpio and 
O. niloticus scales from the Yamuna river, India indicated formation of 
one annuli per 12 month period. 

Age composition of C. carpio caught from the river Yamuna varied 
from 0+ to 11+ age classes. The 11+ age group indicated the stock of C. 
carpio healthy in river. Annual ring formation (per year) was recorded 
in the present fish. Ring 1, 2 and 3…… were denoted to 1+ 2+ and 
3+…. age of the fishes. The length ranged of 14.3-23.4, 20.5-32.3, 31.2-
43.3, 38.2-46.3, 43.1-49.2, 46.1-54.2, 52.6-57.8, 56.2-62.7, 61.8-66.8, 
65.6-68.9 and 67.5-69.7 cm were recorded for the corresponding 1+, 
2+, 3+, 4+, 5+, 6+, 7+, 8+, 9+, 10+ and 11+ age groups, respectively. 
The fish attained mean growth rate 19.1, 29.3, 38.8, 45.0, 49.8, 54.1, 
57.6, 60.8, 63.7, 66.1 and 68.5 cm at the end of 1+, 2+, 3+, 4+, 5+, 6+, 
7+, 8+, 9+, 10+ and 11+ years of the life, respectively. The maximum 
mean growth rate was attained in first year (19.1 cm) and minimum in 
the 10 and 11 year (2.4 cm each) of the life (Table 3). The fish exhibited 
higher growth rate in first three years of the life. The growth rate of 
fishes was found in systematic order (Figure 3). The systematic growth 
rate indicated that the stock of C. carpio has been well stable in the 
Yamuna river.

Age pyramid: The urn shaped age pyramid was recorded in present 
study (Figure 4). The age group 1+ dominated by virtue of numbers in 
the Yamuna river (20.61%). The proportion of 0 age group (11.83%) 
was much less than 2+ age group (18.70%). The age groups 1+ and 2+ 
indicated that the small sized fish dominate the catch of C. carpio in 
the lower stretch of the Yamuna river. The middle age groups shared 
16.41% (3+), 11.83% (4+), 6.11% (5+) and 4.58% (6+). The distribution 
was uneven between 0+ to 1+ and 4+ to 5+ age groups. The share 
abruptly increased between 0+ to 1+ age group with 8.79%. The 
percentage abruptly declined between 4+ to 5+ age groups as difference 
was about 5.72%.
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Figure 2: Size distribution of C. carpio from the Yamuna river, India.
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Figure 3: Growth rate of C. carpio from the Yamuna river.
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Figure 1: Landing scenario of commercially important fishes in the Yamuna 
river (kg).

Age classes No. of 
specimens Range (cm) Mean length 

(cm)
Growth rate 

(cm)
0+ 62 10.4-15.8 14.3
1+ 108 14.3-23.4 19.1 19.1
2+ 98 20.5-32.3 29.3 10.2
3+ 86 31.2-43.2 38.8 9.5
4+ 62 38.2-46.3 45.0 6.2
5+ 32 43.1-49.2 49.8 4.8
6+ 24 46.1-54.2 54.1 4.3
7+ 16 52.6-57.8 57.6 3.5
8+ 13 56.2-62.7 60.8 3.2
9+ 11 61.8-66.8 63.7 2.9

10+ 08 65.6-68.9 66.1 2.4
11+ 04 67.5-69.7 68.5 2.4

Table 3: Age parameters of C. carpio from the Yamuna river, India.
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40.54 cm in 5+ and 43.50 cm in 6+ age group. The growth increment in 
O. niloticus was recorded 16.96 cm, 7.37 cm, 6.79 cm, 5.32 cm, 4.10 cm 
and 2.86 cm for 1+ to 6+ age groups, respectively (Table 4). It is obvious 
from the present observations the aquatic environment of Yamuna 
river at Allahabad was favourable to O. niloticus, and for the reason 
growth was good. The maximum growth increment was recorded in 1st 
year and minimum in 6th year of the life. The growth percentage varied 
from age to age in the samples (Figure 6). The advanced reproductive 
strategy of maternal mouth brooding in O. niloticus also influenced 
survival (age classes), proliferation and movement.

Age pyramid: During the research work, 516 specimens were 
examined for the estimation of age pyramid. The age groups varied 
from 0+ to 6+. Urn shaped pyramid was recorded (Figure 7). The 
age group 2+ dominated by virtue of numbers in the Yamuna river 
(39.73%). The proportion of 0 age group (4.26%) was much less than 1+ 
age group (28.68%). The age groups 1+ and 2+ indicated that the small 
sized fish dominate the catch of O. niloticus in the lower stretch of the 
Yamuna river. The higher age groups contributed 20.54% (3+), 4.46% 
(4+) and 1.74%. The distribution was uneven between 0+ to 1+ and 2+ 
to 3+ age groups. The share abruptly increased between 0+ to 1+. The 
percentage abruptly declined between 2+ to 3+ age groups as difference 
was about 19.19%.

Discussion
Widely distributed freshwater fish, C. carpio can be either invasive 

or naturalized in most areas [32]. Many freshwater ecosystems suffer 

from dense common carp (C. carpio). C. carpio is highly appreciated 
by many recreational fisheries, particularly in Europe and Asia [7]. 
Therefore, C. carpio has acquired world-wide importance in inland 
fisheries [8] and has been introduced and commonly stocked around 
the world to support commercial and recreational fisheries [33]. The 
occurrence of some invasive species is strongly related to habitat 
degradation, they replace native species [34]. The abundance of the O. 
niloticus ranged from 7-12% during 2008 (Kannauj to Ballia section) 
from the Ganga river [35,36], recorded that the O. niloticus, Tilapia 
zillii and O. aureus landed 51.29%, 36.24% and 5.59%, respectively in 
Rosetta branch of the Nile river. 

After common carp, the miscellaneous and catfishes are emerging 
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Figure 6: Growth rate of O. niloticus from the Yamuna river.
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Figure 7: Age pyramid of O. niloticus from the Yamuna river, India.
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Figure 4: Age pyramid of C. carpio from the Yamuna river, India.
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Age Size range (cm) Mean length (cm) Growth rate (cm)
0+ 10.4-14.2 12.61 -
1+ 13.6-20.5 16.96 16.96
2+ 18.2-29.0 24.33 7.37
3+ 25.8-35.5 31.12 6.79
4+ 32.4-39.7 36.44 5.32
5+ 38.7-42.7 40.54 4.10
6+ 42.5-44.5 43.4 2.86

Table 4: Age and growth of Oreochromis niloticus (pooled) from the Yamuna river 
at Allahabad.
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as the major fishery not only in the Ganga and Yamuna but also in the 
tributaries [21,27]. Stated that the annual average yield of Ganga river 
tended to decrease over the year (2001-2007). He observed that the 
highest average yield (3000 kg) was recorded in 2001, and the lowest 
average annual yields were recorded in 2006 (800 kg) and 2007 (900 
kg), but the interval between fluctuated between 1100 and 2000 kg. [37-
40] have discussed the ecology, fish and fisheries of Indian rivers and 
discussed the probable reasons for declining fisheries. The measures 
to mitigate the situation have also been suggested, have stated that 
due to heavy deforestation and other developmental activities in the 
catchment area silt load tremendously increased in Ganga at Allahabad 
and Varanasi. Such huge loading of silt resulted in severe hydrological 
degradation like in water holding capacity and volume in the river. As a 
result many wetlands lost connection with the main channel and some 
of them even lost their existence due to choking. Although no such 
information is available for river Yamuna but situation remains almost 
same for Yamuna.

Age composition of C. carpio caught from the river Yamuna varied 
from 1+ to 11+ age classes. The fish attained mean growth rate 19.1, 
29.3, 38.8, 45.0, 49.8, 54.1, 57.6, 60.8, 63.7, 66.1 and 68.5 cm at the end 
of 1+ to 11+ years of the life, respectively. Growth rate may be strongly 
temperature-dependent and by inference, latitudinally dependent, 
although carp growth may also be depressed by increasing salinity [41]. 
Australian common carp have much higher growth rates from zero to 5 
years of age compared with carp from Europe, Chile and New Zealand 
[42,43]. Conclusion that wild carp rarely attained ages in excess of 20 
years is supported by the finding that no common carp older than 12 
years of age were collected. The 0+ to 12+ age groups were recorded by 
Pathak et al. from the Ganga river, India with maximum growth in 2+ 
age group (19.03 cm). 

In the present studies specimens O. niloticus measuring from 10.4 
to 44.5 cm in 0+ to 6+ age groups. The studies showed that the fish 
attained the mean length of 16.96 cm in 1+, 24.33 cm in 2+, 31.12 cm 
in 3+, 36.44 cm in 4+, 40.54 cm in 5+ and 43.50 cm in 6+ age groups, 
observed ages of males and females O. niloticus ranged from 0 to 8 
and 0 to 13 years, respectively in the Tabaru river, Yonaguni_jima, 
southwestern Ryukyu Archipelago Japan [44,45] reported slow growth 
rate of O. niloticus compared to present findings from tropical shallow 
lakes in Mexico. He recorded mean length as 10.61 cm in 1+, 12.43 cm 
in 2+ and 13.46 cm in 2.5+ age groups [46] cited for O. aureus that the 
rings on scales and opercular bones were due to periods of fast or slow 
growth imposed by reproductive energetic demands.

Present studies on the age pyramid of C. carpio revealed 0+ to 
10+ while 0+ to 6+ in case of O. niloticus from the Yamuna river at 
Allahabad. [47] Observed that the age group 1+ of C. carpio was 
dominant (21.54%) and constituted nearly one fifth of the total 
population. The age groups 2+, 3+, 4+, 5+, 6+, 7+, 8+, 9+, 10+ and 
11+ constituted 17.87%, 17.50%, 13.46%, 9.17%, 4.86%, 3.18%, 2.57%, 
1.83%, 1.10%, and 0.73%, respectively from the Ganga river. It was the 
most dominant age group for O. niloticus with 67.48% in Rosetta branch 
of the Nile river [48] determined the population structure O. niloticus 
from the middle stretch of the Ganga river and recorded 0+ to 5+ age 
groups. Age group 2+ was dominated in the catch with 24.31%. 0+, 1+, 
3+, 4+ and 5+ age groups constituted 16.85%, 24.31%, 15.74%, 11.05% 
and 5.25%, respectively. The distribution was systematic. Population 
structure indicated that in future O. niloticus population will increase.

Conclusion
It may be concluded that the C. carpio and O. niloticus are powerfully 

invaded in the Yamuna river due to poor water quality, India. The high 
percentage of landing, long age composition and high size distribution 
also agree in well establishment. Since, both species are exotic for the 
Yamuna river, India, conservation measures to protect these species.
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