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Abstract

On the basis of literature, invasion potential of Cyprinus carpio varies from water bodies to water bodies in respect of depth
of the river, water flow and physco-chemical parameters of the water. Depth of the river proportional to the stock of the
fishes. Age and growth of the fishes are also related to ecological condition of the river. The food and feeding habit of
C. carpio dramatically changed with the nature of the river. Based on the literature, it was concluded that C. carpio was
omnivorous in its feeding habits. It is bottom feeder. In general, the consumption of animal origin food items decreased with
increasing of size of fish whereas, the consumption of plant origin food increased with fish size. After introduction, C. carpio
powerfully invaded in the rivers and large water bodies within two decade.

Introduction Cypriniformes and the family Cyprinidae. C. carpio is
the most widely distributed fish species with third

The earth is at present facing imbalanced - ) ) :
most widely cultivated and commercially with

environmental alternation and societal changes that k ] ! =
are having remarkable effects on fish and fisheries, economically important freshwater fish species in the

biodiversity and distribution of aguatic organisms ~ World (FAO 2013, Jha et al. 2015, Froese & Pauly
(Arthington et al. 2010, 2016, Tiwari et al. 2016, 2016). It generally inhabits freshwater environments,
Waters et al. 2016, Lynch et al. 2016, Dwivedi & especially ponds, lakes, reservoirs, streams and rivers,
Mayank 2018 Ma);ank et al. 2018). Tiqe fishes are and also rarely inhabits brackish-water environments

most important indicators of environmental health of (Harris 1995, Barus et al. 2001, Worm et al. 2006,
the water bodies (Singh et al. 2010, Dwivedi & Vilizzi 2011, Tessema et al. 2020, Tiwari & Dwivedi

Nautiyal 2010. Graham et al. 2015: Vilizzi et al. 2014, Tiwari et al. 2020) It is WldEIy distributed in
2015 Tripathi’ et al. 2017a 2017b. Dwivedi et al. almost all countries of the world but extremely
2018a, Gopesh et al. 2020). Stressors, pollution load popular in Asia, Africa and few European countries

and alteration of habitat have great potential for (Weber & Brown 2011, Dalmas et al. 2011,

invasion of exotic species and homogenization of Kloskowski 2011, Parkos & Wahl 2014, Vilizzi et al.
flora and fauna in the aquatic ecosystem (Dwivedi 2013a, 2013b, 2013c, Khan et al. 2016). C. carpio is

2009, Woodward et al. 2010, Dwivedi et al. 2015, highly appreciated by many recreational fisheries,
Mayank et al. 2011, Winmiller et al. 2016). The particularly in Europe (Linfield 1980, Vacha, 1999,

riverine or lotic fish faunas are homogenized by few ~ VWedekind et al. 2001, Arlinghaus & Mehner 2003,
non-native species, globally (Rahel 2000, Clavero & Weber & Brown 2009). It is being considered as a

Garcia-Berthou 2006, Villéger et al. 2011, 2014 potential candidate for commercial aquaculture and
Heromoso et al. 2012, Dwivedi & Nautiyal 2012, angling in Asia and some European countries (Tr_eer
Dwivedi et al. 2016a, 2016b, Mayank & Dwivedi et al. 2002, Tessema et al. 2020). It has a very high
20164). adaptive capability to both environment and food

] ) ] ] (Soltani et al. 2010, Manjappa et al. 2011, Rahman

_ Cyprinus carpio (Common carp) is an exotic or 2015, vilizzi & Tarkan 2015, 2016). Because of its

alien fish species for India and Indian sub-continent. high popularity, its distribution has been widely
C. carpio (Common carp) belongs to the order extended by human introduction.
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They prefer larger and slow moving water
bodies with soft sediments (Moyle 1984, Balon 1995,
Mayank & Dwivedi 2015A) but they are tolerant and
hardy fish that thrive in a wide variety of aquatic
habitats (Froese & Pauly 2002, Page & Burr 1991,
Tessema et al. 2020). There is a report of a common
carp living an astounding 47 years, probably in
captivity. Other reports of 17 to 20 years are probably
more typical (Froese & Pauly 2002, Pathak et al.
2011). Their ability to reach high biomass (Roberts et
al. 1995, Zambrano et al. 1999, Barton et al. 2000). In
some European countries, more than 80% of total fish
production comes from common carp (Woynarovich
et al. 2010, Anton-Pardo et al. 2014). C. carpio is
generally considered to be one of the most
ecologically detrimental of all fresh water invasive
fish species (Crivelli 1983, Zambrano et al. 2001,
Dean 2003, Koehn 2003, Troca & Vieira 2012,
Tessema et al. 2020). C. carpio is frequently also
called an ecological engineer because it can modify
ecological characteristics (Example feeding ground
and breeding ground) of aquatic ecosystems (Kottelat
& Freyhof 2007, Henning et al. 2008, Matsuzaki et
al. 2009, Rahman 2015, Vilizzi et al. 2015a, 2015b,
2015c).

Despite its benefit in commercial fishery of C.
carpio is regarded as a pest fish because of its
tendency to destroy vegetation (Miller & Crowl 2006,
Zambrano et al. 2001) increase water turbidity
(Lougheed et al. 1998) and decrease habitat
heterogeneity for native species (Perrow et al. 1999).
Fish compositions of inland waters depend on
environmental and biological factors.

Stock status and Distribution

Fishes are very commonly used organism for
freshwater bio-assessment as they help the delivery of
various ecosystem services and reproduce delivery of
other. Inland fisheries have become supply food for
billions and livelihood for millions of peoples
globally. Fish population worldwide face a multitude
of threats ultimately stemming from human
population growth and altered resource use (Mayank
& Dwivedi 2015a, Pathak et al. 2015, Dwivedi et al.
2017a, Gordon et al. 2018). The fish landing is a
vitally important aspect for livelihood and food
security globally (Dwivedi et al. 2004, 2014, Rizvi et
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al. 2010). Although now a day’s riverine fish landing
is suffering from over exploitation but this scarcity
maintain by catfishes and exotic fishes in a fraction
(Dwivedi et al. 2007, Vass et al. 2010, Kumar et al.
2013, Nautiyal & Dwivedi 2019).

The over exploitation of fishes are altering size
composition, species composition and biodiversity of
fishes (Dwivedi et al. 2008, 2009, Mayank &
Dwivedi 2006, 2016b, Dwivedi & Nautiyal 2012,
Pathak et al. 2013, Imran et al. 2015a, Tahseen et al.
2015, Mayank & Dwivedi 2016b, Dwivedi et al.
2017b, Prakash et al. 2019), age and growth (Tripathi
et al. 2010, Rizvi et al. 2012, Pathak et al. 2014,
Imran et al. 2015b, Dwivedi et al. 2020), sex ratio
(Khan et al. 2007, Nautiyal et al. 2007, Srivastava et
al. 2009, Mayank et al. 2009, Dwivedi et al. 2011)
and feeding nature of fishes (Tripathi et al. 2013,
Dwivedi et al. 2018b). The stock of fishes fluctuated
from time to time through multi-stressors (Singh et al.
1998, Adams & Greely 2000, Argent et al. 2003,
Cooke et al. 2005, Vass et al 2010, Yakubu et al.
2011, Timm & Wissmar 2014 Mayank & Dwivedi
2015h, 2017).

Dwivedi et al. (2016a) observed that the,
according to pooled landing, abundance of
Eutropiichthys vacha was dominated fish in the total
stretch of the Ganga river (Kanpur, Allahabad and
Varanasi sites). Abundance of exotic species was also
very high (Table 1). At Kanpur site, Sperata
seenghala (15.76%) was dominated compared to
Clupisoma garua (14.67%) and E. vacha (13.95%).
Its appeared 2.32%, 3.56% and 4.55% of Catla catla,
Labeo rohita and Cirrhinus mrigala, respectively. C.
catla, L. rohita and C. mrigala abundances were
strongly correlated with temperature. At Allahabad
site, E. vacha (18.69%) was dominated compared to
Clupisoma garua (17.00%) and S. seenghala
(15.17%). At Varanasi site, E. vacha (20.19%) was
dominated compared to C. garua (19.09%) and S.
seenghala (14.94%). C. carpio was contributed
10.25%, 8.75% and 10.09%, in the Kanpur,
Allahabad and Varanasi sites, respectively (Table 1).
C. carpio was powerfully invaded in the Ganga river
at Kanpur to Varanasi section. The Contribution of O.
niloticus fluctuated between 9.19% to 13.18%.
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Table 1 Relative abundance of some commercially important fishes from the Ganga river.

Fish species Kanpur Allahabad Varanasi Total

Occurrence | % Occurrence | % Occurrence | % Occurrence | %
Eutropiichthys vacha 638 | 13.95 1630 | 18.69 2164 | 20.19 4432 | 18.46
Clupisoma garuva 671 | 14.67 1482 | 17.00 2063 | 19.25 4216 | 17.62
Sperata seenghala 721 | 15.76 1323 | 15.17 1602 | 14.94 3646 | 15.18
Sperata aor 463 | 10.12 960 | 11.01 1007 9.39 2430 | 10.11
Cyprinus carpio var. 469 | 10.25 763 8.75 1082 | 10.09 2314 9.64
communis
Oreochromis niloticus 603 | 13.18 843 9.63 763 7.12 2209 9.19
Wallago attu 226 4.94 401 4.60 521 4.86 1148 4,78
Rita rita 183 4.00 486 5.57 372 3.47 1041 4.33
Cirrhinus mrigala 208 | 4.55 311 3.57 463 4.32 982 4.08
Labeo calbasu 123 2.70 196 2.35 407 3.80 726 3.02
Labeo rohita 163 3.56 137 1.57 179 1.67 479 1.99
Catla catla 106 2.32 187 2.15 96 0.89 389 1.62
Total 4574 8719 10719 24012

(Sources: Dwivedi et al. 2016a)

Nautiyal & Dwivedi (2019) recorded that the carpio also shared sizeable proportion 2.93 Kg day™
total landings show that the average catch day™ and (6.43%) and 1.32 Kg day™ and (4.06%) in the Paisuni

percentage of the Ken river was dominated by C. and Tons rivers, respectively (Table 2). Overall, C.
carpio (15.3 Kg day™, 17.8%) followed by Aorichthys carpio was dominated in the Ken river but shared
spp/sperata spp. and miscellaneous fish (Table 2). C. sizeable proportion in the Paisuni and Tons rivers.

Table 2 Variations in the average catch (Kg. day-1) of important species in the rivers Ken,
Paisuni and Tons at Banda, Karwi and Sadiapur, respectively.

Species Ken Paisuni Tons

Kg. % Kg. % Kg. %
Labeo rohita 5.36 6.21 2.22 4.88 2.69 8.3
Catla catla 2.41 2.8 1.86 4.1 141 4.35
Cirrhinus mrigala 5.32 6.17 2.96 6.5 2.51 7.75
Labeo calbasu 9.54 11.0 6.72 14.8 3.93 12.1
Tor tor 2.44 2.82 0.58 1.27 1.86 5.75
Cyprinus carpio 15.3 17.8 2.93 6.43 1.32 4.06
Ctenopharyngodon idella 2.55 2.96 0 0 1.19 3.66
Hypophthalmichthys molitrix 0 0 6.17 13.6 0.12 0.36
Aorichthys spp. 14.7 17.1 3.89 8.53 4.64 14.3
Wallago attu 7.5 8.7 2.67 5.86 2.34 7.22
Rita rita 3.15 3.65 1.32 2.91 2.02 6.21
Channa spp. 1.71 1.98 0.77 1.69 0.98 3.03
Notopterus notopterus and Chitala chitala 3.64 4.22 3.94 8.64 2.05 6.33
Mastacembelus armatus 1.9 2.2 2.51 5.52 0.5 1.54
Miscellaneous 10.7 12.4 5.58 12.3 4.87 15

(Source: Nautiyal & Dwivedi 2019)
Tripathi et al. (2017a) estimated that the annual that the Ganga river at Allahabad region was most
catch was dominated by miscellaneous group (23.67 suitable for the miscellaneous group (Table 3).

kg day-', 19.09%) followed by C. carpio (19.22 kg Overall, C. carpio was second dominating species at
day-!, 15.5%) and O. niloticus (18.05 kg day-', Allahabad from the Ganga river.
14.56%). Annual estimates of landing data indicated
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Table 3 Annual landing scenario (July 2015 to June
2016) of fishes from the Ganga river at Allahabad

Groups/Fish species | Average | Total | Percentage
catch/ catch
day (kg) | of the
Year
(kg)

Catla catla 1.74 639 1.41
Labeo rohita 3.20 1171 2.58
Cirrhinus mrigala 10.35 | 3787 8.35
Cyprinus carpio 19.22 7033 15.50
Oreochromis 18.05 | 6608 14.56
niloticus

Sperata seenghala 16.21 5934 13.08
S. aor 6.78 2481 5.47
Clupisoma garua 8.07 2955 6.51
Eutripiichthys vacha 4.09 1496 3.30
Wallago attu 5.06 1851 4.08
Rita rita 291 1065 2.35
Bagarius bagarius 2.74 1001 2.21
L. calbasu 1.20 441 0.97
Mastacembelus 0.67 246 0.54
armatus

Miscellaneous 23.67 8663 19.09

(Source: Tripathi et al. 2017a)

Mayank & Dwivedi (2015c) reported that the
fish landing data was recorded from Sadiapur
wholesale fish market on sampling day and estimates
were derived. Analysis of annual 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 per day catch was
dominated by O. niloticus (147.81 kg day-') followed
by C. carpio (132.04 kg day-') and miscellaneous
group (92.34 kg day-') and they accounted for
24.36%, 21.76% and 15.22%, respectively (Table 4).
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-' (6.28%). C. catla and L. rohita shared 12.69
kg day-' and 20.45 kg day-', respectively (Table 4). In
case of important catfishes, S. seenghala shared
maximum (43.22 kg day-'). The average catch was
42.09 kg day-" for C. garua (6.94.8%), 22.96 kg day-'
for W. attu (3.78%); 18.36 kg day-' for E. vacha
(3.03%); 17.93 kg day-' for S. aor (2.96%) and 9.03
kg day-' for R. rita (1.49%). L. calbasu (7.49 kg
day-!) contributed was very low percentage (1.23%)
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of the total catch. The contribution of M. armatus was
also very minute proportion (2.26 kg day-, 0.37%).

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. 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 4). 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. Overall, C. carpio was second
dominating species at Allahabad from the Yamuna
river (Table 4).

Table 4 Annual landing of fishes from the Yamuna
river at Allahabad

Groups/Fish Average | Total | Percentage
species catch/ catch

day (kg) | of the

Year
(kg)

Catla catla 12.69 4643 2.09
Labeo rohita 20.45 7485 3.37
Cirrhinus mrigala 38.10 | 13945 6.28
Cyprinus carpio 132.04 | 48326 21.76
Oreochromis 147.81 | 54100 24.36
niloticus
Sperata seenghala 43.22 | 15817 7.12
S. aor 17.93 6564 2.96
Clupisoma garua 42.09 | 15405 6.94
Eutripiichthys 18.36 6721 3.03
vacha
Wallago attu 22.96 8404 3.78
Rita rita 9.03 3306 1.49
L. calbasu 7.49 2742 1.23
Mastacembelus 2.26 828 0.37
armatus
Miscellaneous 92.34 | 33798 15.22

(Source Mayank & Dwivedi 2015c¢)
Food and feeding habit

The fishes consume various food items in
different amounts depending on the availability of the
food organisms and the combinations and densities of
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the species. Feeding habits of fishes are highly
variable and depend on a wide variety of factors,
including age of the fish, season, the availability of
preferred food and the combination of fish species.

C. carpio is omnivorous fish species that
consume zooplankton, aquatic insects,
macroinvertebrates, macrophytes and phytoplankton
(Rahman et al. 2008, 2009, Weber and Brown 2009,
Garcia-Berthou 2001, Parkos et al. 2003, Rahman et
al. 2009). Bottom feeding habit of C. carpio was
reported (Naik et al. 2015). The fish is detri-omnivore
in feeding habit, as on the whole 43.50% of gut
contents were contributed by detritus and remaining
by animal and plant matter from Dal Lake of Kashmir
Valley, India. C. carpio is primarily selective benthic
omnivores that specialize on invertebrates which live
in the sediments (Lammens & Hoogenboezem 1991).
Adult carp are known to eat a wide variety of
organisms including, insects, crustaceans, annelids,
molluscs, fish eggs, fish remains, and plant tubers and
seeds (McCrimmon 1968, Lammens &
Hoogenboezem 1991, Naik et al. 2015). The feeding
habit of C. carpio are easily recognized in shallow
waters as depressions in the sediment (Cahn 1929,
Lammens & Hoogenboezem 1991, McCrimmon
1968, Dwivedi et al. 2018b). C. carpio act as nutrient
pumps when they consume the nutrient rich benthic
sediments and then excrete those nutrients back into
the water column in a form that is available to other
organisms (Drenner et al. 1996). This tendency to
cause a general decay in water quality (Brabrand et al.
1990, Drenner et al. 1996, Fletcher et al. 1985,
Lamarra 1975, Lougheed et al. 1998, Page & Burr
1991).

The presence of benthic organisms, detritus, and
mud in its digestive tract throughout the year confirms
that the species feeds at the bottom of the water body
(Rahman et al. 2009, Ali et al. 2010, Mustafizur et al.
2010, Naik et al. 2015). Saikia & Das (2008)
reported that the gut contents of C. carpio in Indian
lakes largely contain algae, Copepoda, Cladocera,
Rotifera, Diptera mainly Chironomidae larvae, plant
residues, plant root and mud. The detritus, insects and
macrophytes were the most important food in Lake
Koka (Dadebo et al. 2015).
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Age composition, Age and growth

C. carpio possess typical cycloid scales in the
bodies. Hence, scales of these species were similar in
structure and consisted of an anterior field (AF), a
posterior field (PF), two lateral fields (LF) and a focus
(F). The anterior field of the scale remains embedded
in the skin, while the posterior field is visible ‘“in situ’
condition.

Fluctuations in the annual growth pattern of a
fish are expressed on the scale and skeleton parts
(Singh 1999, Mayank et al. 2015, Nautiyal &
Dwivedi 2020). The growth increment of C. carpio
varied from region to region with large variation in
mean length globally (Sara et al. 2014, Vilizzi &
Copp 2017). Kendiegh (1980) stated that the number
of age class in a population is greater when the
survival rates are high. According to Karatas et al.
(2007) length in different age groups of C. carpio was
18.1, 22.01, 28.7, 33.5, 35.2, and 36.67 cm in a life
span of 1-7 years, respectively in the Almus Dam lake
in Turkey. According to Vilizzi & Walker (1999) fish
attained mean length 20.7, 29.2, 43.6, 44.8, 50.0,
51.6, 56.6, 60.6, 62.8, 64.3, 64.4 and 68.6 cm at the
end of 1, 2, 3,4,5,6,7, 8,9, 10, 11 and 15 years,
respectively in the river Murray, Australia.

The differences in mean length attained in the
same period in different regions may be due to
variations in the climatic and ecological conditions of
the regions. Tempero et al. (2006) was observed that
that the growth increment of C. carpio 107.3, 205.7,
305.1, 375.7, 418.3, 475.7, 514.8, 575.4, 568.8, 604.3,
637.0, 700.0 mm in 1-12 age of the life in the lower
Waikato region, New Zealand while Dwivedi et al.
(2009) was recorded the growth increment of C.
carpio var. communis 19.0, 7.7, 10.8, 3.6, 4.4, 4.1,
5.3, 4.6, 3.6, 3.1, 4.7, and 5.3 cm at the end of 1+ to
12+ years of life, respectively from the Yamuna river
at Allahabad.

Pathak et al. (2014) observed that the age
composition of C. carpio var. communis was varied
from 0 to 13+ age groups from the Yamuna river at
Allahabad, Uttar Pradesh. According to scale reading,
the mean lengths were estimated to be 20.69 cm for
1+, 29.05 cm for 2+, 36.62 cm for 3+, 40.76 cm for
4+, 46.55 cm for 5+, 51.01 cm for 6+, 56.74 cm for
7+, 60.71 cm for 8+, 63.72 cm for 9+, 67.20 cm for
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10+, 71.29 cm for 11+, 75.37 f cm or 12+ and 78.48
cm for 13+, respectively (Table 5).

Table 5 Age and growth of Cyprinus carpio var.
communis from the lower stretch of the Yamuna river
at Allahabad, Uttar Pradesh

Age Size range Mean length Growth
(cm) (cm) increments
(cm)

0 8.5-16.6 13.48

1+ 15.0-27.6 20.69 20.69
2+ 22.3-35.5 29.05 8.36
3+ 28.8-46.5 36.62 7.57
4+ 35.4-51.8 40.76 4.14
5+ 40.5-53.2 46.55 5.79
6+ 45.0-57.2 51.01 4.46
7+ 52.4-60.4 56.74 5.73
8+ 56.0-64.4 60.71 3.97
o+ 61.5-68.4 63.72 3.01
10+ 63.5-71.5 67.2 3.48
11+ 67.2-70.8 71.29 4.09
12+ 73.2-77.4 75.37 4.08
13+ 76.5-81.4 78.48 3.11

(Resource Pathak et al. 2014)

Dwivedi & Mayank (2013) stated that the age
composition of C. carpio caught from the river
Yamuna varied from 1+ to 12+ age classes. 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 fish attained mean
growth increment 19.0, 26.7, 37.5, 41.1, 45.5, 49.6,
54.9, 59.5, 63.1, 66.2, 70.9 and 76.2 cm at the end of
1+, 2+, 3+, 4+, 5+, 6+, 7+, 8+, 9+, 10+, 11+ and 12+
years of the life, respectively. The maximum mean
growth increment was attained in 1 year (19.0 cm)
and minimum in the 10 year (3.1 cm) of the life
(Table 6). The fish exhibited higher growth rate in
first three years of the life. The growth increment unit
was used per year. The growth rate of fishes was not
in an order. The length range of 14.7-23.5, 22.3-33.6,
28.5- 41.6, 34-47.4, 42.2-49.4, 44-54.5, 50-58.5, 56-
62.5, 60-65, 63.5-70.2 and 69-74 cm was recorded for
the corresponding 1+, 2+, 3+, 4+, 5+, 6+, 7+, 8+, 9+,
10+ and 11+ age groups, respectively.
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