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Abstract: A study was made on the temporal fluctuations of 
distribution of aquatic insects around Phumdi Live (PL), Phumdi 
Mixed (PM) and Phumdi Dry (PD) areas of Loktak Lake.  Phumdis 
are a heterogeneous mass of soil, vegetation and organic matter.  
The study revealed  the presence of predators, and the absence 
of herbivores and detritivores in both PL and PM, the PD area was 
totally devoid of insects.  Although both the habitats supported 
the same predator groups hemiptera and odonata, diversity 
and density in terms of family and species were higher in PL 
than in PM.  Temporal fluctuations revealed that the Shannon-
Weiner’s Diversity Index values were highest in June for both 
PL (0.726) and PM (0.47).  In both the sites the highest density 
was recorded in February.  The relative abundance of hemiptera 
was higher than that of odonata in most of the months in PL.  
Phumdi Mixed was represented by one species of hemiptera 
only, in the month of February and dominated by odonates 
otherwise.  Community composition of odonata larvae did not 
show any difference between the two habitats.  Although the 
study revealed low diversity and density of insects in both sites, 
the PL community provided a better habitat to aquatic insects 
than that of PM.  These are of value as fish food and in turn for 
fish production.

Keywords: Phumdis, hemiptera, odonata, Loktak Lake, insect, 
diversity, density.
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Loktak Lake, a Ramsar site, (93046’–93055’E & 
24025’–24042’N) is the largest fresh water lake (26km 
long and 13km wide with 980km2 catchment area) in 
the Manipur State of northeastern India  (Fig. 1).  The 
unique feature of the lake is the floating island called 
phumdis which form the Kaibul Lamjao National Park 
(the only home of Rucervus eldii eldii).  Phumdis, are 
a heterogeneous mass of soil, vegetation and organic 
matter at various stages of decomposition (Image 
1).  They float on lake water with about one-fifth of 
thickness above and four-fifths under the water surface 
appearing in three distinct vertical zones, lying one 
above the other.  The uppermost root zone is generally 
0–15 cm thick followed by the next mat zone of 25–
65 cm and the lowermost peat zone 0–25 cm.  Free-
floating plants, such as water hyacinth and partly 
decomposed roots and rhizomes contribute greatly to its 
development.  There are three types of phumdis.  They 
are Phumdi Live (PL) mostly consisting of paragrass 
like Brachairia mutica, Alternathara phitoxiroides 
and plants like Salvinia calcullata,  Cyperus difformis 
and Heydichium spicatum etc; Phumdi Mixed (PM) 
comprising both live and dry paragrass and plants, and 
Phumdi Dry (PD) comprising  dead, dry paragrass and 
plants (Singh et al. 2003).  Phumdis provide a biological 
sink to the key nutrients and govern the water quality 
and nutrient dynamics of the lake by absorbing most 
of the nutrients and accumulating them in their tissues 
(WISA & LDA 2002).  

Faunal distribution and their assemblage is 
strongly dependent on the composition and structure 
of vegetation (Korkeamaki & Suhonen 2002) and 
invertebrates are recognized as an essential food 
source for nesting and juvenile water fowl, fish, 
and amphibians in wetland systems (Swanson et al. 
1979; Batzer et al. 1999).  There are several studies 
on invertebrates, mainly aquatic insects in different 
fresh water systems or aquatic insects associated with 
individual plant species or with the plant community 
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(Wellborn & Robinson 1987; Parsons & Malthews 
1995; Das & Gupta 2010; Hazarika & Goswami 
2010).  No study on the insects of Loktak Lake is on 
record.  In this study we attempt to find the temporal 
fluctuations of distribution of aquatic insects around 
different types of phumdis of Loktak Lake in terms of 
diversity and density.  Extrapolation of this data might 
be of help to the planners in chalking out fish culture 
and lake management programmes. 

Materials and Methods
Aquatic insects were collected from the south-

western region of the lake through an extensive survey 
around the PL, PM and PD habitats during February 
to July, 2008 whereby the vegetation was disturbed 
and a circular net (mesh size 60µm) was dragged 
around the vegetation for one minute (Subramanian & 
Sivaramakrishnan 2007).  Three such drags constituted 
a sample.  Collected insects were immediately sorted 
and preserved in 70% ethyl alcohol.  They were later 
identified using a Dewinter advance stereozoom  

Microscope with the help of standard keys (Kumar 
1973a,b; Bal & Basu 1994a,b; Westfall &  Tennessen 
1996; ZSI 2004).  A number of identified insects 
were confirmed in the entomological laboratory of 
the Zoological Survey of India.  Diversity indices 
were worked out using the package Biodiversity 
Professional Version 2.

Results and Discussion
PL and PM areas were represented by two orders 

of insects, Hemiptera and Odonata; the PD area was 
devoid of insects.  Seven species belonging to four 
families were recorded around PL.  They were Ranatra 
varipes and Laccotrephes ruber (Nepidae), Gerris sp. 
(Gerridae), Diplonychus rusticus (Belostomatidae) 
belonging to the suborder Heteroptera, order Hemiptera 
and Tramea sp., Leucorrhinia sp., Sympetrum sp.  
belonging to the family Libellulidae of the suborder 
Anisoptera, order Odonata (Images 2 a–g).  Around PM 
only four species belonging to two families, and two 
subfamilies were recorded. They were Diplonychus 
rusticus belonging to the family Belostomatidae and 
all three Odonata species recorded in PL. Among the 
families, Libellulidae was the most prominent, being 
present throughout in both sites (Table 1).

The Shannon-Weiner’s Diversity Index values 
around PL were relatively higher in most of the months 
than that of PM.  In both sites, Shannon H’ were highest 
in June, 0.726 for PL and 0.47 for PM.  Around PL, the 
highest evenness was recorded in March and the lowest 
in July, while the Berger Parker Dominance index was 
just the reverse.  In contrast, around PM the highest 
evenness was recorded in June and the lowest in April 

Image 1. Phumdis (floating mat) of Loktak Lake

Figure 1. Loktak map, Manipur (source - Envis Centre in 
Biogeochemistry, J.N.U, New Delhi)  
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Order Family / 
subfamily Species PL PM 

Hemiptera

Nepidae 
Ranantrinae Ranatra varipes + -

Nepinae Laccotrephes ruber + -

Gerridae 
Gerrinae Gerris sp. + -

Belostomatidae 
Belostomatinae

Diplonychus 
rusticus + +

Odonata

Libellulidae 
Trameinae Tramea sp. + +

Leucorrhininae Leucorrhinia sp. + +

Sympetrinae Sympetrum sp. + +

Table 1. Distribution of aquatic insects around Phumdi  
Live (PL) and Phumdi Mixed (PM) area of Loktak Lake.

Table 2. Temporal variation of  Shannon Weiner diversity 
index  (H’ ), Evenness index (J) and Berger Parker index of 
dominance (d) around Phumdi Live (PL) and Phumdi Mixed 
(PM) habitat of Loktak Lake 

Habitat Diversity 
index Feb Mar Apr May Jun Jul

PL

H' 0.714 0.598 0.657 0.292 0.726 0.353

J' 0.918 0.993 0.94 0.971 0.933 0.739

d 0.313 0.286 0.319 0.6 0.308 0.688

1/d 3.2 3.5 3.133 1.667 3.25 1.455

PM

H' 0.423 0.292 0.398 0.426 0.47 0

J' 0.886 0.971 0.834 0.893 0.985 0

d 0.48 0.6 0.545 0.556 0.375 0

1/d 2.083 1.667 1.833 1.8 2.667 0

Image 2g. Diplonychus rusticus

Image 2f. Sympetrum sp.

Image 2d. Leucorrhinia sp.

Image 2e. Tramea sp.

Image 2a. Ranatra varipes

Image 2b. Gerris sp.

Image 2c. Laccotrephes ruber
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(Table 2).  The density of insects for both the orders 
was recorded the highest in February and the lowest 
in May in the PL area.  Around PM, while Odonata 
was recorded throughout with the highest density in 
May, hemipterans were present only in the month of 
February  (Fig. 2).

The Loktak Lake has been declared as a Ramsar 
site because of its floating mass of vegetation 
phumdis, large water fowl population and unique 
fish breeding ground below the phumdis.  It was 
also included in the Montreux Record, in 1993, due 
to several ecological problems (Ramsar Convention 
Bureau 1997).  This study recorded low diversity and 
density of insects in both sites compared to other fresh 
water lakes like Kanjli Lake (Kaur et al. 2004) and 
Harike Wetland (Bath & Kaur 1997) in Punjab.  The 
study revealed the presence of only predators in both 
sites while herbivores-detritivores were totally absent.  
The absence of sensitive groups like Ephemeroptera 
in both sites might be an indication of perturbations 
of the system (Rosenberg & Resh 1993).  Another 
important factor could be predation pressure as 
aquatic insects are the food of insectivorous fishes, 
and are an important component in the diets of both 
nesting and juvenile waterfowl.  Lake Loktak supports 
a significant population of water fowl and harbours a 
variety of air breathing insectivorous fish (Singh 1992; 
Singh 1999).

The study recorded qualitative and quantitative 
differences in insect communities between the two 
sites, PL and PM, during the investigation period.  It 
also recorded an absence of insects around PD.  As 
availability of invertebrates depends on the availability 
of high quality plant habitat (Swanson et al. 1979) and 
plants are utilized by aquatic insects directly as a food 
source, sites for oviposition, and sources of respiratory 

oxygen (Rooke 1984)  it could be said that the PD area 
comprising of dead and dry plants could not meet 
their requirements for survival.  Higher diversity and 
density of aquatic insects in PL than in PM could be 
attributed to the luxuriant vegetation of the PL area 
which might have attracted more insects that looked for 
refuge, oviposition site and food, as their assemblage 
is strongly dependent on the composition, structure 
and greater surface area provided by the vegetation 
types (Merritt & Cummins 1996; Korkeamaki & 
Suhonen 2002).  Further local distribution patterns of 
macro-invertebrate communities could be significantly 
influenced by the competitors and predators of the 
particular habitat (Hart & Resh 1980).  The PM area 
being composed of dry and live plants was not a good 
foraging ground for the predators.  The presence of only 
Diplonycus rusticus in PM in the month of February 
in a much higher number than that in PL, mostly male 
with eggs on their back, could be due to the fact that the 
males looked for a safe area where predator pressure 
might be comparatively less for protecting their heavy 
egg mass laid by their female partners which made 
them less mobile reducing their foraging ability and 
increasing susceptibility to predators (Mc Gavin 1993; 
Kight et al.1995).  Chilton (1990) also suggested that 
the close proximity of differing plant communities 
could allow for emigration and immigration of 
invertebrates between macrophytes.

High association of Odonates with vegetation in 
aquatic systems has been recorded by several workers 
(Muli et al. 2000; Salmah et al. 2006).  The absence of 
differences in the community composition of Odonata 
larvae during the investigation period between the two 
habitats agreed with the study on the three genera of 
Namibian Libellulidae (Frank et al. 2005).  However, 
Odonata population was low in the PM area in most of 
the months and showed temporal fluctuation in both 
the sites.  In May while their population decreased 
in PL, representing only Sympetrum sp., in PM it 
increased with the presence of all the three species. 
This variability of population could be attributed 
to several factors like mortality, hatching of eggs, 
emergence, predation and availability of food.  
Preponderance of family Libellulidae in both the sites 
may be due to the fact that it is the largest family of 
Odonata, tolerant to several anthropogenic impacts 
and armed with long mid dorsal and lateral spines for 
avoiding predators.  Among the Hemipterans, larger 
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Figure 2. Temporal fluctuation of density (no./unit time) of 
two orders of insects around Phumdi Live (PL) and Phumdi 
Mixed (PM) area.
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representation of the family Nepidae in the PL area 
could be due to the fact that they usually inhabit lentic 
water where there is plenty of plant material for them 
to hold as they lie in wait for capturing prey (Usinger 
1968; McCafferty 1981).  The percentage of relative 
abundance of different species in the two habitats 
clearly indicated the preference of Hemipteran 
insects for PL.  Although odonates did not show any 
differences in the community composition between the 
two habitats, temporal fluctuations in the percentage of 
relative abundance of different species were recorded.  
The absence of Leucorrhinia sp. till the month of June 
and the sudden recruitment in large number with the 
highest percentage of relative abundance in the month 
of July around PL could not be explained.  However 
around PM their continuous increase in percentage 
relative abundance from February to May, and slight 
decrease in June indicated their preference for PM 
(Fig. 3).

The importance of phumdis in maintaining the 
ecology of the lake has been opined by several 
workers (Shyamjai 2002; WISA & LDA 2002).  Our 
study confirmed that the Phumdi Live community of 
the lake comprising of macrophytes and fresh plants 
provided better habitat to aquatic insects than that of 
Phumdi Mixed, which are of value as fish food and in 
turn fish production.  This link between aquatic insects 
and fish production could perhaps be exploited for 
better economy of the state. 
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