s=_ The Scientific Temper
i% Vol. 13, No. 1, January-June, 2022:pp 55-63
\ / ISSN 0976-8653, E-ISSN 2231-6396
A Web of Science Journal
Email: letmepublish@rediffmail.com

Doc ID: https://connectjournals.com/03960.2022.13.1.55

Reproductive Capacity of Noemacheilus rupicola and Sex Ratio
from River Yamuna, Uttarakhand, India

Rajesh Rayal’, H.K. Joshi’, Deeksha Kapruwan', Neelam Shah', Shraddha Bharti?

and Sakshi Saxena'*

"Department of Zoology, School of Basic and Applied Sciences, SGRR University, Patel Nagar, Dehradun-248001,

Uttarakhand, India.

?Aquatic Biodiversity Lab, Department of Zoology, B.D.Govt. P.G. College Jaiharikhal-246193, Uttarakhand, India.
3Department of Zoology, Govt. Degree College Chaubattakhal, Pauri Garhwal — 246162, U.K., India.

*Corresponding author: sakshisaxena2112@gmail.com

ABSTRACT

The current study focuses on Noemacheilus rupicola (McClelland) fecundity in the snow-
fed Yamuna river in India’s Doon valley. In fish measuring 55mm to 75mm in length, the
reproductive capacity of Noemacheilus rupicola (McClelland) varied from 152 to 1612. The
weight of the fish influences reproductive capacity more than any other body parameter. In
N. rupicola, the average sex ratio was 1.60 male: 1.00 female. The overall sex ratio was

determined to be non-significant.
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INTRODUCTION

Hillstream fish Noemacheilus rupicola is an ornamental
species. It inhabits the small hill stream and some snow-
fed rivers of the Garhwal Himalaya. Understanding a
fish’s reproductive capacity is essential to successful
fisheries management and exploitation. According to
Qasim and Qayyums (1962), the success or failure of a
species in any waterbody is primarily determined by its
spawning potential. Fecundity studies assist in assessing
the reproductive capacity of freshwater prawns or fish
in general, as well as wide stock development and
management plans for prawn or fish hatcheries, as well
as stock size assessment of their natural population
(Bahuguna and Kumar 2011a; Bahuguna, 2013).

Dobriyal et al. (2007) observed sexual dimorphism
in Puntius conchonius, a freshwater fish from the
Garhwal Himalaya. Bahuguna et al. (2010) reported
sexual dimorphism in Puntius ticto in the Kumaun
area of Uttarakhand. The sexually dimorphic nature of
Noemacheilus rupicola has not been observed in the River
Yamuna in Uttarakhand, India.

Some ichthyologists contributed to research on the
reproductive capacity of some fish species in Indian rivers
(Bhatnagar 1964; Sinha 1972; Bnegal 1978; Joshi and
Khanna 1980; Pathani 1981; Singh et al., 1982; Dobriyal
and Singh 1987,1989; Islam and Hossain 1990; Kumar et
al., 2006a-b; Bahuguna et al., 2007, 2009, 2010a, 2010c,
2021a-b-c; Dobriyal et al., 2000, 2003, 2010; Joshi et
al., 2010, 2013; Bahuguna and Kumar 2011b; Krishna et
al., 2011a; Bahuguna 2012; Dobriyal 2012; Rayal et al.,
2021a).

Bisht et al., 2005; Bahuguna and Kumar, 2011;
Bahuguna et al., 2010b, 2010d, 2011; Krishna et al.,
2011b; Bahuguna 2013; Jameela and Ramchandran 2005;
Rayal et al., 2021d-f, etc. are some fish biologists who
worked on sex-ratio investigations of Garhwal hill-stream
freshwater fish and prawn fauna. The current study was
in continuation with the previous investigations and it
comprises an understanding of the reproductive capacity
and sex ratio of freshwater fish Noemacheilus rupicola in
the River Yamuna from Uttrakhand, India.



MATERIAL & METHODS

Traditional fishing gear was used to catch Noemacheilus
rupicola, as proposed by Bahuguna etal., 2010d; Bahuguna
and Joshi, 2012; Bahuguna 2020; Bahuguna 2021; Rayal
2021a-b. When the sample arrived at the laboratory, it was
subsequently preserved with an 8% formalin solution.
From January 2021 to December 2021, a total of 111 fish
were captured with the help of local fisherman’s catch in the
snow-fed river Yamuna from Uttarakhand. The Kulhaal site
was chosen for sampling. To the nearest 1mm, the overall
length was measured. The total body weight was measured
using a digital balance with a 0.001 mg precision. Each
ovary’s length and weight were calculated to the nearest
Imm and 0.001mg, respectively. The anterior, middle,
and posterior regions are used to determine fecundity.
The anterior, middle and posterior parts of the ovary were
sampled for fecundity assessment, and the number of ova
in each sample was counted using a binocular microscope.

The sex ratios were calculated for the entire period
of the study and their significance was assessed using the
Chi-Square test (y%?) using the following equation:

> =2 (O-E)¥E,
Where;

O = Observed value

E = Expected value.

Significance was determined by using the table value
at the F variable.

RESULTS

Table-1 shows the reproductive capacity as well as different
body parameters of N. rupicola. Fish lengths ranged from
55mm to 75mm, and body weights ranged from 1612mg
to 4162mg. The fish with the lowest reproductive capacity
152 had a length of 55mm and a bodyweight of 1612mg.
The maximum reproductive capacity (1612) was estimated
in fish measuring 75mm in length and weighing 4162mg.
The straight-line relationships of reproductive capacity
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with different body parameters were determined and are
presented in Figs. 1-4. Mathematical equation (RC = A +
b. x ) obtained were as follow:

RC =-3899.5 + 68.504 FL r=0.9545 ?=0.9112
RC=-740.34+0.5141 FW r=0.9992 r’=0.9985
RC =-785.42 +90.565 OL r=0.9839 ?=0.9682
RC =-229.49 + 1.7808 OW r=0.9708 ?=0.9426

Where:
RC = Reproductive capacity
FL = Fish length
FW = Fish weight
OL = Ovary length
OW = Ovary weight
r = coefficient of correlation.

The reproductive capacity was more dependent on
the fish weight (r= 0.9992) than on the other fish body
parameters.

Out of 111 individuals, 53 were females and the rest
58 were males. Maximum fish were collected in the month
of July (13 individuals) and minimum in the months of
January, May, and September (07 individuals in each). The
highest sex ratio was recorded as 1.60 male:1.00 female in
the month of July (Table-2).

DISCUSSION

Noemacheilus rupicola is an ornamental snow-fed fish
with a good reproductive capacity considering its body
length. The fishes in snow-fed rivers show great variation
in their breeding potential. Rayal et al. (2021a) observed
the fecundity of the snow-fed minor carp Barilius
bendelisis from the river Yamuna, in Uttarakhand, India.
The fecundity of the snow-fed water fish varies from a
lowest 162 to a highest 4203, the fish measuring 58mm
to 120mm respectively. It is observed that reproductive
capacity was maximum depending upon the fish weight
than any other body parameters.

Table-1: Reproductive capacity of snow-fed fish Noemacheilus rupicola from River Yamuna.

Fish Length Fish weight Ovary Length Ovary weight (mg) Fecundity
(mm) (mg) (mm)

55-59 1612-2010 8-11 190-215 152-209
57.67+0.35 1820+210.17 10.+£0.50 201.51+9.60 176+20.11
61-65 1898-2244 10-14 258-367 220-368
63.75+0.41 2022.3+£185.25 12.35+1.02 312.65+35.15 324.31+45.50
66-69 2363-2930 14-19 349-678 429 -775
67.19+£0.72 2631.56+271.85 16.65+0.72 568.70+ 29.40 608+ 76.15
71-75 3484-4162 20-23 641-997 845-1612
73.27+£0.50 3841.32+212.34 21.55£0.70 779.15+ 95.75 1234+ 321

Min — Max*; Average + SD
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Table-2: Month-wise Sex ratio of Noemacheilus rupicola from January 2021 to December 2021 from spring-fed river Aasan.

Total no. o o Sex Sex Ratio N Remarks
Month of fish M F % of M % of F RatioM F
January 07 4 3 57.14 42.86 1.33 1.00 0.071 NS
February 08 4 4 50 50 1.00 1.00 0 *
March 11 5 6 45.45 54.55 1.00 1.2 0.045 NS
April 10 5 5 50.00 50.00 1.00 1.00 0 *
May 07 4 3 57.14 42.86 1.33 1.0 0.071 NS
June 08 3 5 37.5 65.5 1.00 1.66 0.25 NS
July 13 8 5 61.54 38.46 1.60 1.0 0.346 NS
August 10 6 4 60 40 1.50 1.00 0.2 NS
September 07 4 3 57.14 42.86 1.33 1.00 0.071 NS
October 10 5 5 50 50 1.00 1.00 0 *
November 08 4 4 50 50 1.00 1.00 0 *
December 12 6 6 54.55 45.45 1.00 1.00 0.000 *
Total 111 58 53 52.25 47.75 1.09 1.00 0.115 NS
M = Male fish; F = Female fish, y° = Chi square value; NS = Non-Significant.
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Kumar et al. (2006a) noticed that the fecundity of
Botia dayi Hora was 2225 to 8840 in the length groups
ranging from 10.1 to 14.5 cm and weighing 17.72gm to
38.6gm. According to Bahuguna et al. (2009), the fecundity
of B.vagra varies from a minimum of 510 to a maximum
of 7214 in the length group ranging from 55-89mm from
the Garhwal region. Bahuguna et al. (2010c), studied the
reproductive capacity and sex ratio of a beautiful hill-
stream loach fish Noemacheilus denisoni Day from river
Mandal in Garhwal Himalaya. The maximum fecundity
was 3729 calculated for a fish measuring 83mm and
weighing 5500mg whereas the minimum fecundity was
300 in the fish measuring 63mm and weighing 2601mg
respectively.

Puntius ticto was in the range of 50 to 78mm in length
and 2519.86 to 8212.37mg in body weight. The lowest

reproductive potential was 383 calculated for a fish 50mm
and weighing 2519.86mg whereas the highest reproductive
potential was 1240 calculated in fish measuring 78mm and
weighing 8212.37mg (Bahuguna et al., 2021b). Bahuguna
and Dobriyal (2019) reported from the Mandal river, that
the fecundity of Puntius conchonius varies from 360 to
1727 in the length groups ranging from 52 to 79mm. Rayal
et al. (2021a) reported that the number of fecundity varied
from 162 to 4203 and fish measuring 58m to 120mm from
River Yamuna. In the present study, low fecundity was
observed in fish found in snow-fed rivers as compared to
fishes in spring-fed conditions.

In fishes, habitat and area, as well as other factors
such as seasonal effect, the influence of riparian vegetation
(Sagiretal.,2018; Baluni and Chandola, 2019 ), availability
of the food like microzoobenthos (Pesic et al., 2019a-b,
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2020a-b; Bahuguna et al., 2019; Bahuguna and Dobriyal,
2020; Bahuguna et al., 2020a-b; Negi et al., 2021a-b),
macrozoobenthos (Dobriyal et al., 2009, 2011; Bahuguna
et al., 2019; Mamgain et al., 2021), periphytons (Baluni et
al., 2017, 2018; Bahuguna and Baluni 2019; Baluni 2020
), gonad maturity (Bahuguna and Kumar, 2011; Dobriyal,
2013; Bahuguna and Dobriyal, 2013; Rayal et al., 2020;
2021b;), Ageing biology (Tesch, 1971; Dobriyal et al.
2004; Bahuguna 2013; Bahuguna and Balodi, 2015; Joshi
et al., 2017; Bahuguna and Dobriyal, 2019), sex, health
and differences in the estimated length range of the fish,
etc. may affect the length-weight relationship (Bahuguna
et al., 2005, 2009a-b, 2017, 2021a-b, Kumar et al., 2006;
Bahuguna and Joshi, 2010; Joshi et al., 2009, 2014; Rashid
et al, 2019). In the current investigation, four linear
relationships for Noemacheilus rupicola were observed,
each with a high correlation coefficient value. Fish weight
was shown to have a greater impact on fecundity than any
other body parameter.

In the present study, N. rupicola had an overall
average sex ratio of 1.60 male: 1.00 female. The overall
sex ratio was found to be non-significant. In P, vittatus, the
male-female sex ratio was determined to be 1:2 (Jameela
and Ramchandran, 2005). According to Bhatnagar, the
presence of more females in most of the months might be
related to female susceptibility (1964). In N. multifasciatus,
Bahuguna et al. (2021c¢) reported a 1.66 female to 1.00
male ratio. In P. stigma, Islam and Hossain (1990) found
a 1:1 proportion. Puntius conchonius from the Mandal
River in the Garhwal Himalaya was found to have a 01
male: 1.17 female ratio (Bahuguna and Dobriyal, 2019).

ACKNOWLEDGMENT

The authors are highly thankful to Shri Guru Ram Rai,
University, Dehradun, India for providing necessary
laboratory facilities.

REFERENCES

Bagenal, T.B. (1978). Aspect of fish fecundity. In: Gerking,
S.D. ed Ecology of freshwater fish production.
Blackwell Scientific Publishing Oxford. 75-101.

Bahuguna, P. and Balodi, V.P. (2015). Age and Growth of
Puntius conchonius (Ham-Buch) from Mandal river
(District: Pauri Garhwal) Uttrakhand, India. /nter.J.
Scien. Res. 4(6): 167-170.

Bahuguna, P. and Baluni, P. (2019). Size group related
variation in the feeding behaviour of an ornamental
fish, Puntius conchonius from Mandal river system
in Central Himalaya region of Garhwal, India.
Environmental conservation journal. (1&2):139-
142.

Bahuguna, P. and Dobriyal, A.K. (2019). Biology of the

ornamental fish Puntius conchonius (Ham-Butch).
Narendra Publishing house, Delhi (India). 1-228.

Bahuguna, P. and Dobriyal, A.K. (2013). Comparative
analysis of Gonado-somatic index (GSI) and
Dobriyal Index (DI) used for determination of
sexual maturity in Noemacheilus denisonii Day. J.
Inland Fish. Sci. 45(1): 50-52.

Bahuguna, P. and Dobriyal, A.K. (2020). Population Structure
and drifting pattern of aquatic mites in Randi Gad, a
Tributary of River Alaknanda in Garhwal Himalaya,
Uttrakhand, India. J. Mountain. Res. 15: 63-70.

Bahuguna, P., Joshi, H.K. and Dobriyal, A.K. (2010d).
Conventional and Non-conventional fishing
techniques used by rural folk in Mandal valley,
Uttrakhand. Uttar Pradesh J. Zool. 30(2): 221-223.

Bahuguna, P., Joshi, H.K. and Dobriyal, A.K. (2007).
Fecundity and Sex ratio in Puntius conchonius
(Pieces; Cyprinidae) from Garhwal Himalaya.
Environmental conservation Journal. 8(1-2): 37-43.

Bahuguna, P., Joshi, H.K. and Kumar, K. (2019). A report
on drifting behaviour of odonata (aquatic insects)
in Kyunja gad, a spring-fed tributary of river
Mandakini, Chamoli Garhwal, Uttrakhand. J.
Mountain Res. 14(2): 63-67.

Bahuguna, P. and Joshi, H.K. (2012). A study on fish and
fisheries of river Kalapani from Kumaun Himalaya,
India. J. Mountain. Res. (7): 67-71.

Bahuguna, P., Kumar, R., Bhatia, D. and Kumar, S. (2010a).
Breeding capacity observation of the hill stream
minor carp Barilius bendelisis (Hamilton-Buchanan)
(Pisces: Cyrinidae) from mountain region of Central
Himalaya, India. J. Current Sci. 15(1): 145-150.

Bahuguna, P., Kumar, R. and Shah, K.K. (2009). Breeding
power and sex ratio in Barilius vagra (Ham) from
spring-fed river Mandal Garhwal Himalaya, India.
Aquacult. 10(2): 279-283.

Bahuguna, P., Kumar, R. and Shah K.K. (2010c¢). Studied on
the reproductive capacity sex ratio in a hill-stream
local fish Noemacheilus denisonii Day from river
Mandal of Garhwal Himalaya, Uttrakhand. Uttar
Pradesh J. Zool. 30(1): 71-76.

Bahuguna, P. and Kumar, R. (2011b). Breeding capacity
observation of snow-fed water catfish Pseudechenies
sulcastus (McClelland) of the eastern Ram Ganga
river from Kumaun region, Uttrakhand. Aquacult.
12(1): 93-98.

Bahuguna, P. and Kumar, R. (2013). Breeding ethos of
freshwater prawn, Macrobrachium assamense
peninsularie from Garhwal Himalaya, India. Int. J.
Environ. Rehabi. and Conserv. 4(2): 23-32.

Bahuguna, P. and Kumar, R. (2011). Comparative studies on
the Gonado-somatic-index (GSI) and Dobriyal index



(DI) to detect the sexual maturity of an ornamental,
Puntius conchonius from India. J. Inland Fish. Sci.
43(1): 33-37.

Bahuguna, P. and Kumar, R. (2011a). Fecundity of freshwater
Prawn Macrobrachium assamense peninsularie
(Tiwari, 1955) from Khoh River, India. Essence J.
2(1): 1-7.

Bahuguna, P., Kumar, S., Kumar, R., Joshi, H.K. and Verma,
R. (2010). Studied on sexual dimorphism in the
Cyprinidae fish Puntius ticto (Hamilton-Buchanan)
from Kumaun Himalaya, India. Essence. J. 1(1):
88-93.

Bahuguna, P., Negi, S. and Dobriyal, A.K. (2019). Density of
aquatic mites in the spring-fed stream of Garhwal
Himalaya India. J. Mountain. Res. 14(2): 57-61.

Bahuguna, P. and Negi, S. (2018). Distribution pattern of
benthic macroinvertebrates community in the
spring-fed stream of Garhwal Himalaya India. J.
Mountain. Res. (13): 51-58.

Bahuguna, P., Rana, K.K., Rayal, R. and Khanduri, N.C.
(2020a). Density and diversity of aquatic mites in a
glacier-fed river Mandakani from Garhwal Central
Himalaya, India. Uttar Pradesh Journal of Zoology.
41(10): 1-8.

Bahuguna, P., Rana, K.K., Rayal, R. and Joshi, H.K. (2020b).
Studies on the Drifting behavioural pattern of
macrozoobenthos in Kunja Gad, a mountain stream
from Garhwal Himalaya, India. J. Mountain Res.
(15): 97-108.

Bahuguna, P., Sharma, V., Rayal, R. and Negi, S. (2021Db).
Reproductive potential of Puntius ticto in foothill
river Aasan from Doon valley, India. Evs. Bio-Sci.
35(1): 21-24.

Bahuguna, P., Singh, S., Rayal, R. and Madan, S. (2021a).
Assessment of breeding capacity and sex ratio of
Barilius barna (Hamilton) in spring-fed Tamsa
stream, Garhwal region, India. Uttar Pradesh
Journal of Zoology. 42(16): 1-8.

Bahuguna, P. (2013). Age determination and growth rate of
freshwater fish Puntius conchonius (Ham-Buch) by
use of trunk vertebrae. Periodic Research. 2(1): 46-
S1.

Bahuguna, P. (2012). Applying new modified Maturity Index
to detect the spawning season of fish. Int. J. Environ.
Rehabi. and Conserv. 3(1): 50-55.

Bahuguna, P. (2013). Breeding ecology of cold-water
prawn Macrobrachium assamensis peninsularie
(Tiwari,1955) from Garhwal Himalaya, India. Int.
J. Res. Fisheries and Aquaculture. 3(4): 161-164.

Bahuguna, P. (2021). Distribution pattern of ichthyofauna
diversity in different habitats in the first second
and third-order stream of Randi Gad from Garhwal

Vol. 13, No. 1, January-June, 2022 | The Scientific Temper

Himalaya, India. Natl. Acad. Sci. Lett. 44(5): 3953-
395. https://doi.org/10.1007/s40009-020-01032-9

Bahuguna, P. (2020). Fish diversity in different habitat in
the 1%, 2" and 3" order stream of Kyunja Gad from
Garhwal Himalaya, India. Uttar Pradesh Journal of
Zoology. 41(3): 24-29.

Bahuguna, P. (2012). Observation on the reproductive
capacity of wild major carp Labeo dyocheilus from
Kumaun Himalaya, India. Essence J. 3(1): 1-7.

Bahuguna, P. and Kumar, R. (2011). Sex composition analysis
of a Himalayan cold-water cat fish Pseudochenies
sulcatus (McClelland) in the eastern Ram Ganga
River, Uttarakhand, India. J. Natcon. 23(1): 105-
110.

Bahuguna, P. (2013). Sex population structure of
Macrobrachium assamense peninsularie (Tiwari)
(Crustacea, Decapoda, Palaemonidac) in Khoh
River, Uttarakhand, India. Int. J. curr. Microbiol.
App. Sci. 2(10): 382-390.

Bahuguna, P., Dimri, A., Rayal, R. and Sharma, N. (2021a).
Observation on the body mass weight-length
Relationship and Relative Condition Factor of
Macrobrachium assamensis peninsularis from Khoh
river, Uttarakhand, India. Uttar Pradesh Journal of
Zoology. 42(13): 54-65.

Bahuguna, P., Joshi, H.K. and Kumar, R. Sex population
status of Lepedocephaluthus guntea (Hamilton)
in the lotic water body of Pauri Garhwal District,
Uttarakhand. Uttar Pradesh J. Zool. 31(1): 349-353.

Bahuguna, P., Kumar, R. and Bhatia, D. (2010b). Estimation
on the sex composition of Barilius bendelisis
(Hamilton — Buchanan) (Pisces: Cyprinidae) from
Kumaun Region of Central Himalayas, India. /ndian
J. Environ. and Ecoplan. 17(1-2): 85-88.

Bahuguna, P., Kumar, R., Joshi, H.K., Balode, V.P., Kotnala,
C.B. and Bhatia, D. (2010d). Sex composition status
in sucker head Gadale, Garra lamta (Ham.—Buch.)
in the spring fed water bodies of Pithoragarh District,
Uttarakhand, India. J. Natcon. 22(1): 19-24.

Bahuguna, P., Selakoti, A., Rayal, R. and Joshi, H.K.
(2021b). Length-weight relationships and relative
condition factor of Puntius ticto in the Aasan River,
Uttarakhand, India. Uttar Pradesh Journal of
Zoology. 42(14): 77-83.

Bahuguna, P. and Joshi, H.K. (2010). Statistical observation
on the length — weight relationship of brain and body
in a cold water catfish Amblyceps mangois (Ham.-
Buch.) from Garhwal region. Environ. Conser.
Journal. 11(1-2): 21-23.

Bahuguna, P., Dobriyal, A.K. and Joshi, H.K. (2017).
Observation on the length weight relationship and
relative condition factor of a hill stream fish, Puntius
conchonius (Ham.-Buch.) from Garhwal Himalaya,



Reproductive Capacity of Noemacheilus rupicola and Sex Ratio from River Yamuna, Uttarakhand, India

India. J. Mountain. Res. 12: 47-53.

Bahuguna, P., Dobriyal, A.K., Joshi, H.K. and Bharti, S.
(2021c). Reproductive capacity and sex-ratio of
Noemacheilus multifasciatus Day from Mandal
River, India. J. Mountain. Res. 16(3): 411-419.

Bahuguna, P., Joshi, H.K. and Kumar, R. (2009a).
Quantitative relationship between the length and
weight of the brain and body in a hill stream loach
Lepedocephalythys guntea (Hamilton) from Mandal
River. J. Mountain. Res. 4: 136-139.

Bahuguna, P., Joshi, H.K., Goswami, S. and Dobriyal,
AK. (2005). Length-weight relationship between
body and brain in Puntius conchonius (Pisces:
Cyprinidae). J. Curr. Sci. 7(1): 169-172.

Bahuguna, P., Shah, K.K. and Kumar, R. (2009b).
Observation on the length-weight relationship and
relative condition factor of Barilius Bendelisis
(Ham.) inhabiting a spring fed tributary of river
Alaknanda (Garhwal Himalaya), India. J. Natcon.
21(2): 215-220.

Baluni, P. and Chandola, A. (2019). Preliminary survey of
riparian vegetation of spring-fed stream Kunja
Gad, A tributary of river Mandakini, Ruderprayag
Garhwal, Uttrakhand. J. Mountain. Res. 14(2): 67-
69.

Baluni, P., Kumar, K. and Joshi, H.K. (2018). Ecology
Distribution Pattern, Density and Diversity of
Periphyton in Khankra Spring fed stream of Garhwal
Himalaya, India. J. Mountain. Res. 12: 73-79.

Baluni, P., Kumar, R., Chamoli, K.P., Joshi, H.K. (2017).
Studies on the periphyton density, diversity and
physiological parameters of Laster Gad stream in
district Rudraprayag from India. J. Mountain Res.
12: 73-79.

Baluni, P. (2020). Ecological prescriptive in the density and
diversity of periphyton from Ragda Gad stream
from Garhwal Himalaya, India. Applied Ecology
and Environmental Science. 8(5): 192-198.

Bhatnagar, G.K. (1964). Spawning and fecundity of Bhakra
reservoir fishes. Indian J. Fish. 11: 485-502.

Bisht, K.L., Dobriyal, A.K., Joshi, H.K., Bahuguna, P.
and Singh, H.R. (2005). Maturation Biology and
spawning ecology of Schizothorax plagiostomous
(Pisces: Cyrinidae) from a lotic ecosystem of
Uttaranchal, India. Ecologia. 3(2): 89-97.

Dobriyal, A.K., Bahuguna, P., Uniyal, S.P. and Joshi, H.K.
(2007). Sexual dimorphism in the Cyprinidae fish
Puntius conchonius (Ham-Butch). J. Bombay Nat.
Nat. Hist. Society. 104(2): 225-226.

Dobriyal, A.K., Balodi, V.P., Joshi, H.K. and Bahuguna, P.
(2011). Seasonal cycle in city of macrozoobenthos
correlated with detrimental abiotic factor in Eastern

Nayar of Garhwal Himalaya, Uttrakhand. (In.
Aquatic “Biodiversity”), (Edt. By Madhu Thapliyal
and Ashish Thapliyal). Transmedia Publication. 94-
103.

Dobriyal, A.K., Balodi, V.P., Joshi, H.K., Thapliyal, A.,
Bahuguna, P., Uniyal, S.P. and Kotnala, C.B.
(2009). Substratum heterogeneity and indicator
macrozoobenthos of the Eastern Nayar, Garhwal,
Central Himalaya. J. Mountain. Res. (4): 130-135.

Dobriyal, A.K., Kumar, N., Bahuguna, A.K. and Singh, H.R.
(2000). Breeding ecology of cold water minor carp
from Garhwal Himalaya. /n: Singh H.R and Lakra,
W.S (Edited): Coldwater Aqua-culture and fisheries.
NPH, Delhi. 177-186.

Dobriyal, A.K., Negi, K.S., Joshi, H.K. and Bisht, K.L.
(2003). Breeding capacity of Crossocheilus latius
latius (Pisces: Cyprinidae) in the river Mandakini
Garhwal, Uttranchal. Flora and Fauna. 9(1): 9-12.

Dobriyal, A.K., Singh, H.R. (1989). Ecology of rhithofauna
in torrential water of Garhwal Himalaya, India.
Uttranchal. Fecundity and sex ratio of Glytothorax
pectinopterous (Pieces). Vest. Cs. Spolec Zool. 53:
17-25.

Dobriyal, A.K. and Singh, H.R. (1987). The reproductive
biology of the hillstream carp Barilius bendelisis
(Ham) from Garhwal Himalaya. Vest Cs Spolec
Zool. 51: 1-10.

Dobriyal, A.K., Thapliyal, A., Joshi, H.K., Bahuguna, P. and
Balodi, V.P. (2010). Biology and Growth dynamics
of hill-stream catfish Pseudecheneis sulcatus
(McClland) from Uttrakhand, India. Essence J. 1:
34-42.

Dobriyal, A.K., Thapliyal, A., Joshi, HK., Uniyal, S.P.
and Bahuguna, P. (2004). Trunk vertebra as an
instrument for the determination of growth rate in a
hill stream, catfish Pseudecheneis sulcatus (Pisces:
Sisoridae). Journal of Nature conservation. 16(2):
439-446.

Dobriyal, A.K. (2012). Conservation biology of cobitid fish
Lepidocephalus  guntea  (Hamilton-Buchanan):
Reproductive potential. J. Sustn. Evs. Res. 1(2):
101-105.

Islam, M.S. and Hossain, M.A. (1990). The fecundity and
sex ratio of the common punti, Puntius stigma
(Cuvier and Valenciennes) from the river Padma
near Rajshahi in Bangladesh. University Journal
Zoology. 9: 69-74.

Jameela, Beevi, K.S. and Ramachandran, A. (2005). Sex ratio
in Puntius vittatus Day in the fresh water bodies of
Ernakulam District, Kerala. Zoos Print Journal.
20(9): 1989-1990.

Joshi, A., Kumar, P. and Bahuguna, P. (2013). Fecundity
Noemacheilus montanus from Kumaun region.



Mountain. Res. 8: 29-36.

Joshi, A., Kumar, P., Khanduri, N.C. and Bahuguna, P. (2017).
Studies on the aging biology of hillstream loach,
Noemacheilus montanus from Kumaun Himalaya,
India. J. Mountain. Res. 12: 81-86.

Joshi, H.K., Bahuguna, A.K., Bahuguna, P., Bahuguna, S.N.
and Dobriyal, A.K. (2007). Histological study on
the pre and post-spawning change in the ovary of
Barillius barna (Ham.). J. Mountain Res. 2: 83-91.

Joshi, H.K., Bahuguna, P., Kotnala, C.B. and Kumar, S.
(2010). Breeding capacity observation of the
hillstream loach sune machi, Lepedocephalythys
guntea (Hamilton) from mountain region Garhwal,
Central Himalaya, India. Aquacult. 11(1): 115-118.

Joshi, A., Kumar, P., Kunjwal, S.S. and Bahuguna, P. Studies on
length-weight Relationship and Relative condition
factor of Noemacheilus montanus (Mcclelland)
from Kumaun region India. J. Mountain. Res. 9: 57-
69.

Joshi, H.K., Bahuguna, P. and Dobriyal, A.K. (2009). Length
- Weight relationship between brain and body of a
hill stream fish Noemacheilus biota (Ham.- Buch.).
Aquacult. 10 (2): 317-319.

Joshi, S.N. and Khanna, S.S. (1980). Relative fecundity of
Labeo gonius (Ham) from Nanaksagar reservoir.
Proc. Indian (Acad. Sci). 89: 493-503.

Krishna, K., Dobriyal, A.K. and Bahuguna, P. (2011a).
Fecundity of Amblyceps mangois (Hamilton-
Bchanan), from Garhwal Himalaya. J. Mountain.
Res. 6: 121-128.

Krishna, R., Dobriyal, A.K., Bisht, K.L., Kumar, R. and
Bahuguna, P. (2011b). Population ecology of the
Indian torrent catfish, Amblyceps mangois (Ham.
— Buch.) from Garhwal, Uttarakhand, India. Int. J.
Environ. Rehabi. and Conserv. 2(1): 23-28.

Kumar, K., Bisht, K.L., Dobriyal, A.K., Joshi, HK.,
Bahuguna, P., Goswami, S., Badoli, V.P., and
Thapliyal, A. (2006a). Fecundity and sex ratio in
rare hill stream fish Botiya dayi Hora from Garhwal
Himalaya, Uttrakhand. Uttar Pradesh J. Zool.
26(23): 271-276.

Kumar, K., Bisht, K.L., Dobriyal, A.K., Joshi, H.K. and
Bahuguna, P. (2006b). Maturation Biology of a hill-
stream fish Botia dayi hora from Garhwal Himalaya,
Uttaranchal. Environmental Conservation and
Journal. 7(1-2): 41-48.

Kumar, K., Bisht, K.L., Dobriyal, A.K., Bahuguna, P. K.,
Joshi, H.K. and Goswami, S. (2006). Length-weight
relationship and condition factor in a hill stream fish
Botia dayi Hora from Uttaranchal. J. Mountain Res.
1: 73-80.

Mamgain, D., Bahuguna, P., Dobriyal, A.K.and Rayal, R.

Vol. 13, No. 1, January-June, 2022 | The Scientific Temper

(2021). Macrozoobenthos of Basti Damar stream
in Rudraprayag district, Garhwal, Uttrakhand:
Diversity and Habitat analysis. J. Mountain. Res.
16(1): 235-246.

Negi, S., Bahuguna, P. and Dobriyal, A.K. (2021a). Drifting
behaviour of aquatic mites and regulating ecological
parameters in Khankra Gad stream, a spring-fed
tributary of Alaknanda River, Rudraprayag Garhwal,
Uttrakhand, India. J. Mountain. Res. 16(1): 61-75.

Negi, S., Dobriyal, A.K. and Bahuguna, P. (2021b).
Biodiversity and monthly diversity fluctuation of
mites in Khankra gad, a spring-fed tributary of river
Alaknanda, Pauri Garhwal, Uttrakhand. Journal of
Applied and Natural Science. 13(1): 258-267.

Pathani, S.S. (1981). Fecundity of mahseer Tor putitora
(Ham). Proc. Indian Acad. Sci. (Anim. Sci.) 90: 253-
260.

Qasim, S.Z. and Qayyum, A. (1962). Fecundity of some
freshwater fishes. Proc. Natl. Inst. Sci. India. 29:
373-382.

Rayal, R., Sharma, V., Mamgain, D. and Bahuguna, P.
(2021d). Sex-ratio structure of Puntius ticto in
spring-fed River Aasan from district-Dehradun,
Uttarakhand. Uttar Pradesh Journal of Zoology.
42(12): 49-53.

Rashid, M., Bahuguna, P. and Dobriyal, A.K. (2019). Analysis
of length-Weight relation and relative condition
factor of the hill stream fish Mastacembelus armatus
(laceped) from river Nayer, Garhwal, Uttarakhand.
Int. J. Recent Sci. Res. 10(01): 30574-30580.

Rayal, R., Bhatt, A., Bahuguna, P. and Joshi, H.K. (2021¢).
Fish diversity of Mal Gad stream Purola town from
Uttarkashi district, Uttrakhand India. Uttar Pradesh
Journal of Zoology. 42 (8): 70-76.

Rayal, R., Bhatt, A. and Bahuguna, P. (2021c¢). Fish fauna of
river Yamuna from Doon valley Uttrakhand, India.
Journal of Experimental Zoology. 24(2): 973-977.

Rayal, R., Goal, S., Sharma, N., Joshi, H.K. and Bahuguna,
P. (2021a). Fecundity of the snow-fed minor carp
Barilius bendelisis (Ham) (Pieces: Cyprinidac)
from River Yamuna, India. Uttar Pradesh Journal
of Zoology. 42(2): 70-76.

Rayal, R., Saher, A., Bahuguna, P. and Negi, S. (2020).
Study of the breeding capacity of snow-fed trout
Schizothorax richardsonii (Gray) from river
Yamuna, Uttrakhand, India. The Scientific temper-.
(1-2): 87-93.

Rayal, R., Selakoti, A. and Bahuguna, P. (2021b). A
comparison between Gonado-Somatic Index (GSI)
and Dobriyal Index (DI) for determination of sexual
maturity in Puntius ticto from Aasan River, India.
Uttar Pradesh Journal of Zoology. 42(15): 60-66.



Reproductive Capacity of Noemacheilus rupicola and Sex Ratio from River Yamuna, Uttarakhand, India

Rayal, R., Sharma, V., Bahuguna, P. and Mamgain, D. (2021f).
Sex- ratio structure of Puntius ticto in spring-fed
River Aasan from District-Dehradun, Uttarakhand,
India. Uttar Pradesh Journal of Zoology. 42(12):
49-53.

Sagir, M., Rashid, M., Bahuguna, P. and Dobriyal, A.K.
(2018). Impact of riparian vegetation on the structure

and function of Nayer river ecosystem. J. Mountain.
Res. 13: 21-28.

Singh, H.R., Nauriyal, B.P. and Dobriyal, A.K. (1982).
Fecundity of a hill stream minor carp Puntius
chilinoides (Mc Clelland) from Garhwal Himalaya.
Proc. Indian Acad Sci. (Anim. Sci). 91: 487-491.

Sinha, M. (1972). Observation on the biology of Puntius
sarana (Ham) of Loni reservoir (M.P). J. Inland.
Fish. Soc. 4:120-131.

Tesch, FW. (1971). Age and growth. In: Methods of
assessment of fish production in freshwater: Ricker,
W.E (Ed). Blackwell Scientific Publication, Oxford.
99-130.

Pesic, V., Smith, H., Bahuguna, P. and Dobriyal, A.K. (2020a).
Torrenticolid water mites of India with description
of three new species (Acari: Hydrachnidia,
Torrenticolidae). Systematic & Applied Acarology.
25(2): 225-267.

Pesic, V., Smith, H. and Bahuguna, P. (2020b). A new
species of Kongsbergia from the western
Himalaya with a key to the species of the genus of
India(Acari: Hydrachnidia). Journal of Ecologica
Montenegerina. 27: 35-38.

Pesic, V., Smith, H. and Bahuguna, P. (2019a). New records
water mites (Acari: Hydrachnidia) from the western
Himalaya with the description of four new species.
Systematic & Applied Acarology. 24(1): 59-80.

Pesic, V., Smith, H. and Bahuguna, P. (2019b). New records
of water mites (Acari: Hydrachnidia) from the
western Himalaya with the description of three new
species from Asia. Systematic & Applied Acarology.
24(10): 1868-1880.



