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Abstract: A study was carried out to observe the production potential and environmental impacts on small
indigenous fish species in Kumari Beel and Hilna beel, two important water wetland resources of Rajshahi,
Bangladesh from July 20014 to June 2016. A total of 93 species of bony fish and two species of prawn were
recorded of which three were exotic. Average fish production was 272.07 and 266.75 kg/ha/year (Considering
monsoon area) in Hilna in 2014-15 and 2015-16 respectively. There was a significant different (P<0.05) of the
total production among the sites. Annual Fish production in Kumari Beel was 337.49 and 341.74 kg/ha
(Considering monsoon area) in 2014-15 and 2015-16 respectively. Small indigenous fish dominates over the large
and other in both the beels. Fish sanctuary has positive impacts on fish production and biodiversity of the beel.
Number of species has increased from 88 to 92 and fish production has increased from 322.64 mt to 326.70 mt
in the beel with intervention (Sanctuary) while in the control beel fish biodiversity and production has
decreased (Biodiversity from 88 to 85 and production from 408.10 mt to 400.13 mt) beel.
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INTRODUCTION deteriorating ecology due to global environmental change

Beel is one of the most important parts of inland fishery destruction [4-6].
fisheries of Bangladesh. The flood depended fishery has Since  1970,  the annual inundation of approximately
been notable for the diversity of its fish and prawn 2-3 million ha of floodplain in Bangladesh has been either
species and the primary source of fish for all the people of prevented altogether, or controlled by means of sluice
Bangladesh [1-3]. Once, the country was rich in fisheries gates or pumps positioned along earth embankments or
resources comparing with its people. But now, inland levees [7, 8]. This reduction in floodplain area is often
open water capture fishery as a whole is in decline over given as one of the reasons for declining floodplain
the decades due to multiple causes viz., low water flow fisheries in Bangladesh [9, 10]. However, over-exploitation
from upstream, siltation, FCD (Flood Control and of  inland  fish  stocks has  also  been  reported by De
Drainage)/ FCDI (Flood Control Drainage and Irrigation) Graaf et al. [11] and is an important factor in the observed
programmes, making roads or development in declines as well.
communication in open waterbodies, alteration/ Pond culture can add to some extent to produce and
disappearance of aquatic habitat, loss of breeding and conserve small fishes. However, for mass scale
nursery grounds, loss of river beel connections. production of small fish as well as native fish to meet the
Increasing fishing pressure, myopic government need of the market, more attention should be given to the
agriculture and water leasing policies and overall management of native fish in their habitats such as the

are also the major factors responsible for open water
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floodplains, beels and rice-field ecosystems. Floodplain Manda (Naogoan district), Mohonpur and Tanore
beels are the most suitable spawning and feeding grounds (Rajshahi district) to study the impacts of sanctuaries on
for many freshwater small fishes [12-14]. the production and diversity of fish (Fig. 1).

There is an immediate need to restore the fish habitat
beel areas and in other open waters. The conservation of Experimental Design: Data collected through catch
freshwater fisheries has been recognized as an important assessment survey of the first year of the study was used
consideration throughout the World [15]. Protected areas as baseline data to compare the findings of the present
as a living resources management tool might play a vital study. For this purpose, the quantitative and qualitative
role to restore freshwater biodiversity [16, 17]. In study on fish population in the study area were
Bangladesh and other countries in the region, introduced. The status of physico-chemical parameters of
establishment of fish sanctuary is an important recognized water was also recorded during the study period.
tool for conservation, protection and restoration of fish Two types of sites had been included in this study.
species. Kumari beel was selected for establishing sanctuaries

A few researches on fish sanctuary have been done through local fishers community and administration and
in Bangladesh on some particular rather narrow aspects Hilna beel was used as control. i.e. without sanctuary.
[18, 19]. Considering the above situation this experiment The results of the study on control site were used to
was designed to study the overall impacts of fish compare the results of the study of sanctuary sites. The
sanctuaries on production and biodiversity of fishes. The water source of both the beels was a canal type river
study would help in future planning for biological ‘Shib’. The beel was fully inundated along with other
management of open water beel fisheries. neighboring beels and waterbodies during monsoon. In

MATERIALS AND METHODS beel retains water throughout the year. 

Site  Selection:  The  experiment  was   conducted  over into three sites used as replication. For Kumari beel
24 months during July 2014 to June 2016 in two beels (Experimental), the sites were Gollapara, Kuthipara and
namely  Kumari  beel situated at Tanore Upazilla of Gokul and for Hilna beel (Control) sites were Manda,
Rajshahi  district  and  Hilna  beel  lying   the    Upazilla of Mohonpur  and  Tanore.  RCC  structure  and   pipes  were

dry season, it becomes closed. The deeper portion of the

Each beel (Experimental and the control) was divided

Fig. 1: Maps indicating study areas. Dense marked and arrow denotes sampling site (Hilna beel and Kumari beel) [20]
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Annual yield in each gear type in each site Average catch i=Σ
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Total yield of a certain site Annual yield in each gear type j=Σ
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Fig. 2: Sanctuary materials in the fish sanctuary of Beel Kumari

used in the sanctuary (Fig. 2). The area of each sanctuary weight of fish of species in the daily catch were recorded
was about 0.12-0.15 ha where the beel was about 996 ha monthly and based on the monthly data, annual yield was
in rainy season and 156 ha in dry season. calculated.

Analysis of Water Quality Parameters: A number of gears were calculated using the equation:
water quality parameters such as temperature (°C),
transparency (cm), pH, dissolved oxygen (mg L ), CO1

2

(mg L ), conductivity (ìs cm ), TDS (mg L ), alkalinity1 1 1

(mg L ), nitrate-nitrogen (mg L ), ammonia (mg L ),1 1 1

Hardness (mg L ), Chloride (mg L ) and Turbidity (mg where i = 1,2,3,....,……..n1 1

L ) were recorded monthly. Temperature (°C),1

transparency (cm), pH and dissolved oxygen (mg L )1

were measured monthly in the morning between 8.00-12.00
AM on the spot and rests of the above parameters were
measured at the Water Quality and Pond Dynamics where j = 1,2,3,……….,k
Laboratory in the Department of Fisheries, Rajshahi
University, Rajshahi by standard method [21].

Catch Assessment in Beel: Initially a draft questionnaire
was  prepared  following  other  relevant  questionnaire
and information. Then it was pre-tested in the field and
finally it was improved considering feedback of the field
test to make final questionnaire. Catch assessment survey
(CAS) were conducted bi-weekly in the same day in each
site of both the beels during fishing. Data was collected
through direct interview. The recorded data was
crosschecked subsequently. Species name, number and

Annual yield in each gear type and total yield from all

where p = 1,2,3

Statistical Analysis: All statistical analyses were
performed with Microsoft office Excel 2003 and SPSS 20.
Data were analysed by means of ANOVA. The Tukey test
was used to compare the means of the different results
[22]. Cochran's test was used prior to the ANOVA to test
the assumption of homogeneity of variances [23].
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RESULTS In  the  other hand, number of fish species decreased

Water   Quality   Parameters:   The   results   of  the 2014-15 to 85 fish species and two prawn species during
water  quality  analysis  indicated   the   suitable  ranges 2015-16)  in  the  control beel. During 2014-15, among the
of quality parameters for natural fishes in both beels 88 species of fishes, 84 were common in both the beels
(Table 1). and during 2015-16, 84 species of fish and others were

Biodiversity of Fish Species and Prawns: Eight orders of
fish and prawn viz. Synbranchiformes, Tetraodontiformes, Fish Production of the Beels: In the first year, 169.84,
Beloniformes, Cyprinodontiformes, Channiformes,
Cypriniformes, Clupeiformes and Perciformes were found
in two beels during the study period. Fish species
belonging to different orders are presented in Table 2.
Eighty-eight species of fish and 2 species of prawn were
found in Beel Kumari during 2014-15. The number of
species  increased  in  the  next  year (92 fish species and
2 prawn species in 2015-16) after establishing sanctuary.

(From  88  fish  species and two prawn species during

common in both the beels.

141.28 and 11.52 mt small indigenous fish, large fish and
others  were  produced  in  Kumari  Beel respectively
which increased to 221.24, 165.63, and 13.26 mt
respectively. In Hilna beel, the production of small
indigenous fish, large fish and others was 214.69179.54
and 13.87 mt in the first year which has decreased to
221.24, 165.63 and 13.26 mt in the second year of the study
(Table 3 and Fig. 3).

Table 1: Water quality parameters as obtained under tow studied beels during the study period. Values are mean ± standard error
Hilna beel Kumari beel
------------------------------------------- -----------------------------------------

Parameter Mean±SE Range Mean±SE Range P-Value Level of significance
Temperature (°C) 26.67±4.54 32.00-18.00 28.08±4.50 33.00-19.00 0.451 NS
Transparency (cm) 27.33±5.09 19.00-33.00 25.58±4.08 19.00-30.00 0.363 NS
Conductivity (ìs cm ) 162.73±67.81 312.00-89.10 211.49±84.56 397.00-92.70 0.133 NS1

pH 7.86±0.27 8.40-7.40 7.54±0.28 8.00-7.10 0.01 *a b

DO (mg L ) 8.45±0.98 10.00-7.00 7.90±1.05 10.00-6.00 0.199 NS1

NO -N (mg L ) 0.02±0.01 0.01-0.04 0.02±0.01 0.01-0.03 0.257 NS3
1

Alkalinity (mg L ) 57.58±18.87 99.50-24.00 55.33±14.96 82.40-31.10 0.748 NS1

CO  (mg L ) 5.81±0.22 6.10-5.40 5.62±0.56 6.80-4.80 0.280 NS2
1

Hardness (mg L ) 72.68±12.89 85.50-51.30 76.95±13.64 102.60-51.30 0.438 NS1

NH  (mg L ) 0.09±0.04 0.05-0.30 0.11±0.02 0.02-0.50 0.535 NS3
1

Chloride (mg L ) 16.00±5.26 23.00-7.00 17.83±5.84 26.00-7.50 0.430 NS1

Turbidity (mg L ) 139.53±112.24 491.00-68.10 236.93±222.78 933.00-98.20 0.190 NS1

TDS (mg L ) 93.48±41.62 53.3-187.4 117.38±56.15 55-239 0.249 NS1

*P<0.05 and NS=Not significant

Fig. 3: Fish production of both the beels during the study period
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Table 2: Fish species found in both the beels during the study period
Kumari beel Hilna beel
---------------------------------------- -------------------------------------

Order Species 15-16 16-17 15-16 16-17
Synbranchiformes Monopterus cuchia + + + +
Tetraodontiformes Tetraodon fluviatilis + + + +

Tetraodon cutcutia + + + +
Beloniformes Xenentodon cancila + + + +
Cyprinodontiformes Aplocheilus panchax + + + +
Channiformes Channa orientalis +

Channa marulius + + + +
Channa punctata + + + +
Channa striata + + + +
Amblypharyngodon mola + + + +
Aspidoparia jaya + + + +
Aspidoparia morar + + + +
Chela cachius + + + +
Chela laubuca + + + +
Salmostoma bacaila + + + +
Salmostoma phulo + + + +
Securicula gora + + + +
Danio rerio + + + +
Esomus danricus + + + +
Rasbora daniconius + + + +
Catla catla + + + +
Cirrhinus cirrhosus + + + +
Labeo ariza + + + +
Labeo bata + + + +
Labeo boga + + + +
Labeo calbasu + + + +
Labeo gonius + + + +
Labeo rohita + + + +
Osteobrama cotio cotio + + + +
Puntius chola + + + +
Puntius conchonius + + + +
Puntius gelius +
Puntius phutunio + + + +
Puntius sarana + + + +
Puntius sophore + + + +
Puntius ticto + + + +
Botia dario + + + +
Botia lohachata + + + +
Lepidocephalichthys guntea + + + +
Clarias batrachus + + + +
Wallago attu + + + +
Ompok bimaculatus + + + +
Ompok pabda + + + +
Ompok pabo + + + +
Heteropneustes fossilis + + + +
Chaca chaca + + + +
Ailia coila + + + +
Clupisoma garua + + + +
Eutropiichthys vacha + + + +
Pseudotropius atherinoides + + +
Silonia silondia + + + +
Bagarius bagarius + + + +
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Table 2: Continued

Gagata cenia + +
Gagata youssoufi + + + +
Rama chandramara + + + +
Batasio batasio + + + +
Cyprinus carpio + + + +
Sperata aor + + +
Mystus bleekeri + + + +
Mystus cavasius + + + +
Mystus tengara + + + +
Mystus vittatus + + + +
Mystus armatus + + + +
Hypopthalmichthys molitrix + + + +
Aristichthys nobilis + + + +

Clupeiformes Chitala chitala + + + +
Notopterus notopterus + + + +
Setipinna phasa + + + +
Gudusia chapra + + + +
Tenualosa ilisha + + + +

Perciformes Mastacembelus armatus + + + +
Macrognathus aculeatus + + + +
Mastacembelus pancalus + + + +
Rhinogugil corsula + + + +
Trichogastor chuna + + + +
Colisa fasciatus + + + +
Colisa lalia + + + +
Anabas testudineus + + + +
Nandus nandus + + + +
Badis badis + + + +
Chanda nama + + + +
Parambassis ranga + + + +
Parambassis baculis + + + +
Pseudambassis lala + +
Acanthocobitis botia + + +
Glossogobius guris + + + +
Corica soborna + + + +
 Botia dayi + + + +
Cirrhina mrigala + + + +
Hara hara + + + +
Somileptes gongota +
Sperata seenghala + + + +
Glyptothorax telchitta + +

Prawn Macrobrachium daynum + + + +
Macrobrachium lamerii + + + +

Table 3: Production of different fisheries groups in the studied beels from 2015-16 to 2016-17 (mt)

Hilna beel Kumari beel
----------------------------------------------------------- ------------------------------------------------------------

Fish 15-16 16-17 15-16 16-17

Small indigenous fish 214.69±12.19 221.24±64.47 169.84±8.49 178.86±7.98
Large fish 179.54±10.19 165.63±48.29 141.28±9.30 137.07±6.08
Prawn 13.87±0.79 13.26±3.84 11.52±1.01 10.77±0.55

Total 408.10±23.16 400.13±116.56 322.64±18.38 326.70±14.50
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Fig. 4: Increasing rate in fish production of the beels during the study period

Trend in Fish Production of the Studied Beels: In Kumari to 221.24, 165.63 and 13.26 mt in the second year of the
beel, an increasing trend in fish production was observed
while in Hilna beel, fish production trend was decreasing.
The increasing and decreasing rate was 1.26 and 1.96%
respectively (Fig. 4).

DISCUSSION

In the present study, biodiversity of fish species has
increased (From 88 species and other to 92 species and
other) after establishing the sanctuary, whereas
biodiversity has decreased in the second year of the
experiment in the control beel (From 88 and others to 85
and other). The result is fully supported by Ahmed and
Ahmed [19], WorldFish Center [24] and Hasan et al. [25]
who all made an increasing report in number of fish
species due to fish sanctuaries. Azhar et al. [26] stated
that the number of fish species increased from 57 to 60
and 62 in first and second year due to fish sanctuary,
while that in control beel during the same period
decreased from 60 to 55 and 50. FFP [27] reported that
after establishment of sanctuaries, 23 fish and some prawn
species including some endangered species have
increased their population in the command area of the
project.

In the first year, 169.84, 141.28 and 11.52 mt fish and
prawn were produced in Kumari Beel respectively which
increased to 221.24, 165.63 and 13.26 mt respectively. In
Hilna beel, the production of fish and prawn was 214.69,
179.54 and 13.87 mt in the first year which has decreased

study. Kadir et al. [28] also found the increasing catches
in open floodplain beels as a result of establishment of
fish sanctuaries. Ahmed and Ahmed [19] reported that
fish  production  increased  in   different   ways  because
of sanctuary establishment in different waterbodies.
Azher et al. [26] described much fish production in the
experimental beel than that of the control one due to fish
sanctuary. Mazid [29] also described the needs of
sanctuary in open water to ensure natural recruitment as
natural production that has still a dominant share in total
landing.

Exotic species Cyprinus carpio was observed to
breed in the beel and the hatchlings and fry  of  W.  attu,
S. seengliala, S. aor, M. cavasius, M. vittatus, O. pabda,
O. bimaculatus,  L.  gonius  and  L.  calbasu,   P.  ticto,
P. sarana, O. cotio cotio, G. chapra, Mastacembelus
armatus, M. pancalus and M. aculeatus etc. were
collected in and around the beel before and during
monsoon. Over flooding of many ponds in high land
during first year of the study was the main reason for the
presence of the exotic -carps in beel.

In both the beels, the majority of the catch was
consisted of beel resident species. Fish production is
almost strongly dependent on recruitment and therefore
on the survival of the spawning stock [30]. This is
confirmed by the results of the present study. The
findings stress the importance of regulation of water
management and fisheries. Each beel should have a
sanctuary  in  its  deeper  area  for  protection  of  fish  and
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successful recruitment. Connecting channel of the beel 9. Halls, A.S., D.D. Hoggarth and K. Debnath, 1999.
with main river should be reestablished for proper Impacts of hydraulic engineering on the dynamics
migration of riverine fishes for feeding or nursing and and production potential of floodplain fish
shelter also. populations in Bangladesh. Fisheries Management

REFERENCES 10. Ali, M.Y., 1997. Fish, Water and People: Reflections

1. Alam, M.T., M.A. Hussain, S. Sultana, M.T. Hasan, Bangladesh. University Press Limited, Dhaka-1000,
M.Z. Haque, S.K. Das and S.K. Mazumder, 2015. pp: 154.
Water  quality  parameters  and their correlation 11. De Graff, G., B. Born, A.K.M. Uddin and F. Martin,
matrix:  a  case  study  in  two  important  wetland 2001. Floods, Fish and Fishermen. Eight years
beels of Bangladesh. Ciência e Técnica Vitivinícol, experiences with flood plain fisheries, fish migration,
30(3): 463-489. fisheries modeling and fish biodiversity in the

2. Rahman, A.K.A., 1989. Freshwater Fishes of compartmentalization   pilot   project,  Bangladesh.
Bangladesh. The Zoological Society of Bangladesh. The University Press Limited, Dhaka, Bangladesh,
Department of Zoology, University of Dhaka, Dhaka- pp: 110.
1000, pp: 364. 12. Wahab, M.A., 2003. Small indigenous fish species of

3. Sayeed,  M.A.,   M.A.R.  Hossain,  M.A.  Wahab, Bangladesh: Potentials for culture and conservation.
M.T. Hasan, M.A. Ghaffar, S.K. Das and S.K. In: M.A. Wahab, S.H. Thilsted and M.E. Hoq (eds.),
Mazumder, 2015. Chemical and pesticides uses status Small indigenous species of fish in Bangladesh.
in the Chalan beel, Bangladesh and present status of Technical Proc. BAU-ENRECA/Danida workshop.
fish biodiversity. American Journal of Experimental BAU, Mymensingh 2202, Bangladesh, pp: 1-12. 
Agriculture, 6(5): 267. 13. Kunda, M., N.M.A. Shah and S.K. Mazumder, 2014.

4. Ahmed,  K.K.U.,  S.U.  Ahmed,  K.R.   Hasan  and Production Potential of Nutrient Rich Small
M.G. Mustafa, 2007. Option for formulating Indigenous Species Dhela (Osteobrama cotio) In
community based fish sanctuary and its management Carp Polyculture System. World Journal of Fish and
in beel ecosystem in Brahmanbaria. Bangladesh J. Marine Sciences, 6(5): 453-460.
Fish. (Special Issue), 30: 1-10. 14. Pandit, D., M. Kunda, A. Harun-Al-Rashid, M.A.

5. Sultana, M.A., M. Kunda and S.K. Mazumder, 2017. Sufian and S.K. Mazudmer, 2015. Present Status of
Status and Decline Causes of Fish Diversity of Fish Biodiversity in Dekhar Haor, Bangladesh: a Case
Bhawal Beel, Bangladesh. Malaysian Journal of Study. World Journal of Fish and Marine Sciences,
Medical and Biological Research, 4(2): 69-76. 7(4): 278-287.

6. Mazumder, S.K., S.K. Das, M.A. Ghaffar, M.H. 15. Cowx, I.G., 2002. Analysis of threats to freshwater
Rahman, M.K. Majumder and L.R Basak, 2016. Role of fish conservation: Past and present challenges. In:
co-management in wetland productivity: a case study M.J. Collaresperaira, I.G. Cowx and M.M. Coelho
from Hail haor in Bangladesh. Aquaculture, (eds.). Conservation of freshwater fishes: Options for
Aquarium, Conservation & Legislation - International the future. Fishing News Books, Blackwell Science,
Journal of the Bioflux Society, 9(3): 466-482. pp: 201-220.

7. Siddiqui, M.H., 1990. Flood control and drainage 16. Saunders, D.L., J.J. Meeuwig and A.C.J. Vincent,
development: Physical environmental issues. In: A.A. 2002. Freshwater protected areas: strategies for
Rahman, S. Huq and G.R. Conway (eds.), conservation. Conservation Biology, 16(1): 30-41.
Environmental  Aspects  of  Surface  Water Systems 17. Sultana, M.A., S.K. Mazumder and M. Kunda, 2016.
of   Bangladesh.    University    Press   Ltd.,  Dhaka, Fishing Gears and Crafts Used in Payra River,
pp: 104-108. Bangladesh. European Journal of Applied Sciences,

8. ESCAP, 2000. Integrating Environmental 8(6): 337-346.
Considerations into the Economic Decision Making 18. MACH (Management of Aquatic-Ecosystems
Process. www.unescap.org/drpad/pub3/integra/ through Community Husbandry), 2001. Second
modalities/bangladesh/ 4bl02b01.htm. Annual Report, Dhaka, pp: 29-40.

and Ecology, 6(4): 261-285.

on inland openwater fisheries resources in



Advan. Biol. Res., 11 (6): 348-356, 2017

356

19. Ahmed, K. and M. Ahmed, 2002. Fish Sanctuary: 26. Azher, S.A., S. Dewan, M.A. Wahab, M.A.B. Habib
Necessity,   Concepts,    Practices   and  Prospects, and M.G. Mustafa, 2007. Impact of fish sanctuaries
pp: 136. on production and biodiversity of fish and prawn in

20. Alam, T., A. Hussain, S. Sultana, T. Hasan, A. G. Dopi beel, Joanshahi haor, Kishoregonj. Bangladesh
Mazlan, K.D. Simon and S.K. Mazumder, 2014. J. Fish. (Special issue), 30: 23-36.
Sediment properties of two important beels of 27. FFP (Fourth fisheries project), 2005. Final Report,
Rajshahi, Bangladesh. AACL Bioflux, 7(1): 51-61. Fourth Fisheries Project, Department of Fisheries,
http://www.bioflux.com.ro/aacl Bangladesh, pp: 7.

21. Greenberg Arnold, E. and S. Clesceri Lenore, 1992. 28. Kadir, M.M., M.M. Hossain and M.S. Kabir, 1999.
Standard Methods for the Examination of Water and Patterns of fish catches in rivers and open beels.
Wastewater. Paper presented in the national workshop on

22. Mazumder, S.K., S.K. Das, Y. Bakar and M.A. Ghaffar, community based fisheries management and future
2016. Effects of temperature and diet on length- strategies for inland fisheries in Bangladesh. Dhaka,
weight relationship and condition factor of the Bangladesh, pp: 45-50.
juvenile Malabar blood snapper (Lutjanus 29. Mazid, M.A., 2007. Approach, Strategies and Plan for
malabaricus Bloch & Schneider, 1801). Journal of Development of Fisheries Sector in Bangladesh. In:
Zhejiang University-SCIENCE B, 17(8): 580-590. S.K. Biswas, M. Akhtaruzzaman and J. Khatun (eds.).

23. Underwood, A.J., 1997. Experiments in ecology: their Bangladesh Quarterly, 27(4): 24-37.
logical design and interpretation using analysis of 30. De Graaf, G.J. and F. Marttin, 2003. Mechanisms
variance. Cambridge University Press. behind changes in fish biodiversity in the floodplains

24. World Fish Center, 2005. Fishery management plan of Bangladesh. Wetlands Ecology and Management,
for CBFM-1 sites. Draft copy, Community based 11: 273-280.
fisheries management project, The WorldFish Center,
Bangladesh and South Asia Office, Dhaka,
Bangladesh, pp: 9-10.

25. Hasan, M.A.N.G.M., N.S. Lucky and M.A.R. Hossain,
2012. Natural Food Abundance and SIS Biodiversity
of Matshaya Rani Fish Sanctuary. Journal of
Environmental  Science  and   Natural  Resources,
5(1): 319-328.


