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Abstract: The present study is conducted on the diversity and abundance of aquatic beetles at five different
sites of the Loktak Lake of Manipur during November 2012 to March 2013. The total 15 species of water beetles
belonging to the families Dytiscidae, Hydrophilidae and Noteridae were recorded. The family Dytiscidae is the
dominant family with respect to species diversity (53.82% species) and abundance. Shannon H indicated that
the Site I (5.25 species) was the most diversed followed by the site III (5.25 species), site II (4.74 species), site
V (3.50 species) and site IV (3.03 species). Margalef index also indicated that site II was the richest (3.60 species)
followed by site IV (3.7 species), site III (3.23 species) and site V and site I (3.12 species) in species richness.
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INTRODUCTION pollution, leading to eutrophication. Today the diversity

Water beetles are an important part of most aquatic inventories are considered as essential task due to the
ecosystems. Aquatic beetles possess a range of attributes importance of wetland in the conservation planning and
needed for the evaluation of the conservation status of endeavors. In view of the importance role played by the
wetlands. Beetles occupy the complete range of wetland water beetles in the ecosystem, the present work was
habitat from headwater, where they can be dominant life conducted to determine the diversity, abundance and
form, to sub marshes and coastal area of the lakes. They species composition of these beetles in the Loktak Lake
are not specialist predators confined to special habitat of Manipur, Northeastern part of India.
more by their size, shape and swimming ability than by
association with particular food plants or prey. Aquatic MATERIALS AND METHODS
beetles are a diverse group and are excellent indicator of
habitat quality, age and naturalness [1]. They are indicator Study Area: The present study was conducted from
of ecological diversity and habitat characteristics [2-6] as November 2012 to March 2013 at five different location
they meet most of the criteria generally accepted in the sites of the Loktak Lake, viz., site I (Phubala), site II
selection of indicator taxa. Temporary and permanent (Takmupat), site III (Thinungei), site IV (Nigthoukhong)
standing waters represent the most important habitats for and site V (Oksoipat) in Bishnupur District of Manipur.
this group of insects. Nowadays these fragile ecosystems The Loktak Lake is one of the largest freshwater lakes
are under threat due to intensive anthropogenic in the North Eastern India. It lies between 24°25’N to 24°
influences (draining wastewater etc.) [7,8]. Many species 40’N latitude and 93° 45’E to 93° 55’E longitude in the
have shown significant and dramatic contractions in southern  part  of the Imphal valley of Manipur (Fig. 1).
range since 20  century, in response to a variety of The water area of this lake rises up to 286 km  due to theth

factors, particularly agricultural intensification and development of the Ithai Barrage. It is associated with a
association draining of wetlands and increases in diffuse number of smaller fresh water lakes and is a major wet land

assessment and preparation of the water beetles
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Fig. 1: Map of india showing the Loktak lake of Manipur State

Table 1: Coordinates (UTM) and altitudes (Alt.) of 12 collecting sites of Loktak Lake of Manipur
Site No. Locations Habitat types UTM Alt.
LL1 Phubala Wetland N 24°32.265' 861

E 93°45.755'
LL2 Takmupat Lentic N 24°29.221' 804

E 93°48.580'
LL3 Thinungei Wetland N 24°32.806' 864

E 93°46.174'
LL4 Ningthoukhong Wetland N 24°34.613' 870

E 93°46.704'
LL5 Oksoi Lentic N 24°28.005' 863

E 91°20.888'

Table 2: Physicochemical parameters of water of the Loktak Lake
Collection sites
----------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters LL1(PHUBALA) LL2(TAKMUPAT) LL3(THINUNGEI) LL4(NINGTHOU-KHONG) LL5(OKSOIPAT)
Water temp (°C) 29.0 28.5 25.5 32.0 32.5
Depth (cm) 22.5 29.0 32.2 35.5 21.0
Transparency (cm) 72.0 65.5 72.0 71.0 70.0
pH 6.6 6.5 6.5 6.5 6.5
Dissolved Oxygen (mg1 ) 6.5 6.5 6.5 6.5 6.01

Total alkalinity(mgL ) 61 59 58 60 591

Free CO ppm 16 16 15 13 202

Chloride ppm 0.05 0.06 0.05 0.07 0.07
Total hardness (mg L ) 160 136 136 140 1461

Nitrate ppm 0.16 0.16 0.16 0.17 0.16
Phosphate (mg L ) 0.05 0.08 0.04 0.05 0.081

Silicate ppm 2.50 1.80 1.50 2.05 1.80
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of the state with an average depth of 2.79m. The main equitability component were calculated. The sample based
sources of the water were from the rain and other rarefaction and other community composition methods
seepages by several regions and streams from the were calculated using Biodiversity Pro software version
surrounding hills. The unique feature of the Loktak Lake 2 [15].
is the floating island known as phumdis which are a
heterogeneous mass of soil, vegetation and organic RESULTS AND DISCUSSION
matter at various states of decompositions. Phumdis
provide a biological sink to the key nutrient and govern In the present work 15 water beetles belonging to the
the water quality and nutrients dynamic of the lake by family Dytiscidae, Hydrophilidae, Noteridae were recorded
absorbing most of the nutrient and accumulating them in from the Loktak Lake. The maximum numbers of Dytiscid
their tissues [9]. Nowadays the eco-system of  Loktak beetles were observed in the month of February and
Lake threats the intensive anthropogenic influences March, some specimen had filiform antennae which were
(drawing, draining and wastewater… etc). not pubescent, maxillary palpi shorter than antennae;

Sampling Sites: Five location sites located at a distance hidden by elytra bases then fore and mid tarsi pseudo
of 1000 m from each other in Loktak Lake were selected as tetramerous (4  segment reduced and hidden between
sampling    sites   for  the  collection  of  water  beetles. lobes of 3 ) or hind tarsus with a single, thick, straight
The geographical coordinates were noted using a GPS claw; 1  Abdominal sternite completely divided by hind
recorder (Table 1). These sites were sampled once every coxae and hind legs of all species were flattened and
month from April 2012 to March 2013. fringed with long hairs to form excellent paddles

Physicochemical Parameters of Water: The water protarsal segment 1-3 modified to form a large, broad, oval
samples were collected from the different collection sites. palette, often with variable number of suckers on the
The water for  dissolved  oxygen  determination  was ventral surface, characteristic of subfamily Dytiscinae,
collected in 300 ml BOD bottles from below the surface second type of the collected beetles were elongate and
slowly as to avoid any  air  bubbles   entering  into  the oval, somewhat convex that could be recognized by the
bottles. The water samples collected was then taken to the antennal club with 3 pubescent segment beyond the
laboratory and analyzed immediately to determine the cupules; long maxillary palps almost long as or longer
physical and chemical properties of the water. than antennae; and 1  abdominal sternite not divided by
Limnological parameters, viz, temperature by centigrade the hind coxae, are the characteristics of the family
thermometer, pH by digital pH meter after collection of Hydrophilidae. Most of the species of Hydrophilidae are
samples at sites, transparency, dissolved oxygen, free aquatic and very similar in appearance to the Dytiscidae.
CO , total alkalinity, total hardness and chloride were The aquatic species are generally black in color and2

estimated in the field and other parameter was analyzed in metasternum in many species is prolonged posteriorly as
laboratory(Table 2) by using as per the standard method a sharp spine. The third types of collected beetles with
of APHA [10]. filiform antennae; maxillary palps shorter than segmented

Field Methods: Water beetle sampling was carried out at constituting longitudinal plates that are fused to one
each site at an interval of 30 days. The water beetles were another and joined with metasternum, endowing and
collected from the study area with the help of aquatic joined with a flat median longitudinal keel are the
nets. The collected specimens were sorted and preserved characteristic of Noteridae (Fig. 2).
in 70% alcohol and brought back to the laboratory and
identified with the help of standard identification manuals Water Beetle Species Composition: Overall 9 genera
and published literature [11-14]. comprising 15 beetles’ species from 3 families were

Data Analysis: Shannon-Weiner’s diversity index (H') family Dytiscidae was dominant family followed by
that takes into consideration both the richness and the Hydrophilidae family and Hydrophilinae was the dominant
equitability or evenness components and Margalef index, subfamily in terms of species richness (5 species)
Berger parker index, Simpson’s index that estimates the followed    by   the   family    Dytiscidae,       Laccophilinae

streamline eyes, scutellum fully visible or if scutellum

th

rd

st

characteristics of family Dytiscidae. These specimens had

st

fore and mid tarsi; inner parts of the hind coxae

recorded during the present study (Tables 3 and 4). The
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Fig. 2: Different morphological Characters of Family Dytiscidae, Hydrophilidae and Noteridae

Table 3: Total number and percentage of species, genera and individuals observed per Family
Genera Species Individuals
---------------------------------- ---------------------------------- --------------------------------

Subfamily No % No % No %
Dytiscidae 3 30 8 53.33 141 51.84
Hydrophilidae 5 50 5 33.33 84 30.88
Noteridae 2 20 2 13.34 47 17.28
Total 10 100.00 15 100.00 272 100.00

Table 4: Number of water beetle species recorded from the study area
Taxa Species Number during entire period of observation Relative abundance (%) Status
Laccophilus chinensis 21 7.52 Subdominant
Laccophilus inefficiens 12 4.3 Subdominant
Laccophillus parvulus 24 8.6 Subdominant
Laccophillus flexuosus 25 8.96 Subdominant
Cybister sugillatus 11 3.94 Subdominant
Cybister tripunctatus 8 2.86 Recedent
Hydrovatus acuminatus 21 7.52 Subdominant
Hydrovatus boulouri 19 6.81 Subdominant
Helochares crenatus 8 2.86 Recedent
Hydrophilus indicus 26 9.31 Subdominant
Enorchus esuriens 13 4.65 Subdominant
Amphiops species 7 2.51 Recedent
Regimbartia attenuate 30 10.76 Dominant
Neohydrocoptus subvittulus 7 2.51 Recedent
Hydrocanthus species 40 16.85 Dominant
RA<1=Subrecedent; 1-3.1=Recedent=Subdominant; 10.1-31.6=Dominant>31.7%=Eudominant
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Table 5: List of water beetles recorded from the study area
Family Subfamily Tribe Genus, Species
Dytiscidae (Leach,1815) Laccophilinae Laccophilini Laccophilus chinensis
Dytiscidae (Leach,1815) Laccophilinae Laccophilini Laccophilus inefficiens
Dytiscidae (Leach,1815) Laccophilinae Laccophilini Laccophillus parvulus
Dytiscidae (Leach,1815) Laccophilinae Laccophilini Laccophillus flexuosus
Dytiscidae (Leach,1815) Dysticidae Cybisterini Cybister sugillatus
Dyticidae (Leach,1815) Dysticidae Cybisterini Cybister tripunctatus
Dytiscidae (Leach,1815) Hydroporinae Hydrovatini Hydrovatus acuminatus
Dytiscidae (Leach,1815) Hydroporinae Hydrovatini Hydrovatus boulouri
Hydrophilidae (Latereille,1802) Hydrophilinae Hydrophilini Helochares crenatus
Hydrophilidae (Latereille,1802) Hydrophilinae Hydrophilini Hydrophillus indicus
Hydrophilidae (Latereille,1802) Hydrophilinae Hydrophilini Enorchus esuriens
Hydrophilidae (Latereille,1802) Hydrophilinae Hydrophilini Amphiops species
Hydrophilidae (Latereille,1802) Hydrophilinae Hydrophilini Regimbartia attenuate
Noteridae Noterinae Hydrocanthini Neohydrocoptus subvittulus
Noteridae Noterinae Hydrocanthini Hydrocanthus species

Table 6: Diversity indices for different sites at Loktak Lake of Manipur
Index Site I Site II Site III Site IV Site V
Shannon( H') 5.82 4.74 5.25 3.03 3.49
Simpsons (D) 0.072 0.074 0.07 0.073 0.057
Hills No(HO) 15 13 15 14 13
Berger Parker Dominance(d) 0.124 0.214 0.132 0.167 0.133
Berger Parker Dominance(1/d) 8.092 4.667 7.633 6.024 9.5
Margalef index 3.125 3.601 3.233 3.478 3.126

(4    species),   Dytiscinae   (2   species),      Hydroporinae (3.50 species) and site IV (3.03 species). Berger parker
(2 species)  and  Noteridae  of  the  subfamily    Noterinae dominance indicated that the site V (9.17 species) was the
(2 species) in the survey area. most species rich site followed by the site I (8.92 species),

All specimens could be identified to the species level. site III (7.63 species), site IV (6.02 species) and site II (4.67
The Laccophilus were the most species rich genera with species) (Table 6).
4 species followed by Cybister (2species) and Hydrovatus The species were ranked according to their
(2 species), Amphiops (1species), Helochares (1 species), abundance. Common species were displayed on the left
Hydrophilus (1 species), Enorchus (1 species), and rare species on the right (Fig. 3). Abundance ranking
Regimbartia (1 species), Neohydrocoptus (1 species) and showed that site I and site III had less number of rare
Hydrocanthus (1species) (Table 5). species (i.e. abundance value 2) and had more number of

Species Diversity and Abundance Pattern: The beetles compared to other sites. Site II, site IV and site V were
collected from five different sites were compared and comparable to each other. 
Shannon’s indices were calculated as a measure of
diversity within the habitat. The diversity and a biotic Sample Based Rarefraction Curve for Five Different
index may be influence by any stresses, including Transects: Rarefraction curve is shown in (Fig. 4).
pollution [16, 17]. The total number of species and Expected number of species [ES (n)] has been plotted
evenness are two distinct component of diversity [18]. against number of individuals (n). This plot provides a
The present studies reveal that the family Dytiscidae is measure of species diversity. Steeper curve indicated
the dominant family with respect to species diversity communities that are more diverse. A steeper curve was
(53.82% species) and abundance. Hills diversity index observed for site I because of high species diversity, site
indicated     that   site   I   and   site   III  was  the  richest III was almost equally rich followed by site IV, site II and
(15 species) followed by site IV (14 species), site II and site V was low in diversity.
site V (With 13 species each). The sample size of the five
different sites were compared and Shannon H indicated Comparison of Species Turnover among Different Sites:
that the site I (5.25 species) was the most diverse followed To examine the difference in species composition between
by the site III (5.25 species), site II (4.74 species), site V the  different  sites  (Habitat)  Bray Curtis cluster analysis

common species (i.e. Abundance value 11 and 10) as
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Table 7: Distribution profile of water beetle fauna at Loktak Lake of Manipur
Species Variance Mean Chi-Sq d.f. Probability Aggregation
Laccophilus chinensis 6.8 3.6 7.55564 4 0.1079372 Random
Laccophilus inefficiens 3.3 2.4 5.5 4 0.238593 Random
Laccophilus parvulus 3.2 4.8 2.6667 4 0.6181594 Random
Laccophilus flexuosus 8.5 5 6.8 4 0.1453512 Random
Cybister sugillatus 0.7 2.2 1.2727 4 0.8666124 Random
Cybister tripunctatus 0.8 1.6 2 4 0.7387682 Random
Hydrovatus acuminatus 4.7 4.2 4.4762 4 0.3453927 Random
Hydrovatus boulouri 9.2 3.8 9.6842 4 0.0455188 Random
Helochares crenatus 1.3 1.6 3.25 4 0.519147 Random
Hydrophilus indicus 6.2 5.2 4.7692 4 0.3113999 Random
Enorchrus esuriens 2.3 2.6 3.5385 4 0.5262361 Random
Amphiops sps. 0.3 1.4 0.8571 4 0.9289623 Random
Regimbartia attenuate 13.5 6 9 4 0.0602721 Random
Neohydrocoptus subvittulus 2.3 1.4 6.5714 4 0.1588489 Random
Hydrocanthus spp. 4 8 2 4 0.7387682 Random

Fig. 3: Species rank abundance plot for five different sites.

Fig. 4: Sample based rarefaction curve for different sites.
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Fig. 5: Dendrogram comparing different sites by their water beetle species profile

(Single link) was calculated based on the similarity water bodies or on the margin of lakes, river etc. and they
richness and abundance of water beetle taxa and showed occupied the zone of emergent vegetation, mats of plant
that the population structure similarity was very closely debris or flooded terrestrial vegetation along the
similar between the site I and site III which form a single shoreline. They have their greater abundance and
cluster and site IV and site V  formed  another  cluster. Site diversity next to Hemiptera in the freshwater of Loktak
II stood apart as an out-group of the cluster consisting of Lake. In the present study, all the 15 species of water
site IV and site V. The overall species composition and beetles were collected from the 5 different collection sites
population structure at site I and site III were more similar of the above lake. The study of the diversity, abundance
compared to site IV and site V whereas site II was and species composition of water beetles in Kolkas
completely different from these two groups (Fig. 5). Region of Melghat Tiger Reserve, Central India reported

Habitat Preference Species Distribution: Species were collected from the province Denizli, Aydin, Ispark
distribution of water beetle fauna at different sites was and Antalya in Southwest Mediterranean region of
assessed. Almost all the species of water beetles showed Turkey [20]. The water beetles of the families Dytiscidae,
random distribution (Table 7). Hydrophilidae, Gyrinidae and Haliplidae were studied in

The aquatic Coleoptera constitute an important part Amir Kolayeh and part of Anzali [21]. 173 adult aquatic
of macrozoobenthos of freshwater habitats and  have beetles including hydradephagan adult in the following
their greatest abundance and diversity in the temperate taxa: Gyrinidae (Dineutus), Haliplidae (Haliplus) and
regions. Small and temporary or wetlands have more Dysticidae (Copelatus, Cybister, Hydaticus, Laccophilus,
species than large and permanent water bodies [19]. Megadytes, Pachydrus and Thermonectus) were collected
These insects are not selective in their choice of water [22]. About some 27, 7000 species of beetles were
bodies and occur in a wide variety of habitat, although described from the world fauna by the end of 1948 [23].
many species may prefer certain types of water bodies Out of these 5,000 are aquatics. Some three hundred and
[20]. Many of them, especially Dytiscids and many thirty of these occur in California and more than one third
Hydrophilids were generally found in habitat of small of them  being Dytiscidae. The diversity of Coleopteran

13 species of water beetles [19]. Some 31 aquatic beetles
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water beetles was studied in Kenyir water catchment of 8.  Valladares, L.F., J. Garrido and Garcia-Criado, 2002.
Terengganu, Malaysia in which both diversity and
abundance was found to be low with only four species of
water beetles indicating that ecosystem is under stress
[24].   The  result  indicated  that  the  diversity  of  the
water  beetles  fauna  of Loktak Lake was relatively high
(10 genera and 15 species). The water beetle fauna in the
present investigation were dominated by the family
Dytiscidae which comprised of 53% of the total species,
followed by Hydrophilidae 33.3% and Noteridae 13.34%.
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