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Abstract
Extensive ecological studies have been carried out on various aspects of Dal Lake, however, the
interaction between macrophytes and macroinvertebrates is poorly understood. In order to fill this void a
survey of macroinvertebrate community associated with submerged macrophytes was conducted in
selected sites of Dal Lake, Kashmir from March to September, 2012. A composite gerking frame box
sampler with an inbuilt grappler was used for collection of macrophytes. Altogether 21 invertebrate taxa
were collected out of which 18 were identified upto genus level. However, of these only 4 families
(chironomidae, ceratopogonidae, planorbidae and Lymnaeidae) showed >75% share on the total
abundance. Representatives of some other groups were found occasionally (density ranging from 5-11
individuals per m2) these included dytiscidae, pisauridae, corixidae and gomphidae. Maximum number of
macroinvertebrates were found attached to Ceratophyllum demersum (198 individuals per m2), followed
by Potamogeton crispus (112 individuals per m2), Hydrilla verticillata (95 individuals per m2) and least
for Myriophyllum spicatum (8 individuals per m2).
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1. Introduction
The term phytophilous macroinvertebrates refers to those aquatic organisms whose size ranges
from 200-500 µm (Rosenberg and Resh, 1993) [56] and are necessarily associated with
macrophytes (Rooke, 1984; Cry and Downing, 1988; Linhart, 1999) [55, 14, 43]. Heterogeneous
group of invertebrate taxa exhibit preferences for submerged aquatic plants (Dudley, 1988;
Cry and Downing, 1988; Cattaneo et al., 1998; Balci and Kennedy, 2003) [19, 14, 10, 4]. The
association between macrophytes and invertebrates can either be trophic (i.e. for food), spatial
(for habitat) or both (Soska, 1975; Linhart et al., 1998; Bogut, 2007) [63, 44, 7] as the
invertebrates may utilize the macrophytes or the periphyton growing on their surfaces as a
direct food source (Higler, 1975; Cattaneo and Kalff, 1980; Gregg and Ross, 1985) [32, 9, 27], as
a shelter from predators (Harrod, 1964) [31] and spawning and attachment sites (Keast, 1984)
[38]
. Besides these are a primary link between fish and macrophytes (Schultz and Dibble, 2012)
[60]
the quantity and diversity of the phytophilous invertebrates can indicate the status of a
water body (Dvorak et al., 1982) [21].
Dal lake in Kashmir Himalayas has been facing cultural eutrophication over the past forty
years or so. As a consequence there has been shallowing of most of its basin and deterioration
of its water quality followed by severe infestation with macrophytes, submerged as well as
emergents. The contribution of these aquatic plants to the structure and function of freshwater
lentic habitats has long been recognized (Muller et al., 2001; Varga, 2001; Grenouillet et al.,
2002) [48 ,67, 28]. There have been a number of studies on the limnology of the lake so far (Vass
and Zutshi, 1979; Kachroo and Suri, 1987; Zutshi and Khan, 1988; Yousuf and Parveen, 1992;
Kundangar and Abubaker, 2001; Qadri, 2012) [68, 36, 72, 71, 39, 52] but there is no information
regarding the diversity and density of phytophilous invertebrates present in Dal lake. In order
to fill this knowledge gap regarding the occurrence, abundance and distribution pattern of the
phytophilous invertebrates, the present study was undertaken.
Correspondence
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2. Materials and Methods
2.1 Study area
The Dal lake is situated at an altitude of 1584m a.s.l. between the north latitudes 34° 03’- 34°
13’ and east longitudes 74° 48’- 75° 08’ in the north-east of Srinagar city. It is a Himalayan
urban lake probably derived from an enlarged oxbow in the flood plains of River Jhelum
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(Dianelle, 1922; De and Paterson, 1939) [17, 16]. For the
present study a preliminary survey was conducted at 15 sites

Covering major habitats in the four basins of the Dal Lake
(Fig. 1).

Fig 1: Location map of Dal Lake, Kashmir and the sampling sites

A total of 21 macroinvertebrate taxa belonging to 15 families
under 11 orders spread over 3 phyla, viz., Annelida,
Arthropoda and Mollusca were recorded from the lake
(Table 2). Insects with 9 taxa was the most diverse group
being represented by Diptera (4 species), Odonata (2 species)
and Hemiptera, Coleoptera and Lepidoptera (each
contributing one species). The non-insect arthropods
included crustaceans and spiders. All the five species of
molluscs were gastropods (snails). Leeches and segmented
worms represented the phylum Annelida.

3. Methodology
The physico-chemical properties of overlying water was
determined in accordance with standard methods prescribed
in A.P.H.A (1998) [2]. A modified composite gerking frame
box sampler (Gerking, 1957) [24] with an in-built grappler
(Habib and Yousuf, 2014) [30] was devised to trap the
phytophilous macroinvertebrates. The sampler comprised of
an open metal frame (height= 75 cm, base=30 cm×30 cm)
and movable flaps. In the laboratory the sample was
segregated into batches. A single batch was taken at a time
which was thoroughly diluted in water and phytophilous
invertebrates were removed, this process was repeated thrice.
Initially the animals with calcareous exoskeleton were
preserved in 4% formalin and soft bodied organisms in 70%
ethanol (Borror et al., 1976) [8]. Attempt was made to identify
live invertebrates up to the lowest possible taxonomic level
readily achievable for each taxon with the help of standard
works of Edmondson (1959) [22], McCafferty and Provonsha
(1998) [46], Wetzel and Likens (2000) [60], and many other
standard online published keys.

Table 1: Physico-chemical parameters (average values) of Dal lake

4. Results
During the period of March-September, 2012 the water of
Dal lake was found to be high in nutrient concentration
(Table 1). The concentration of nitrate-nitrogen (290.7 µg l1
), total phosphorus (248.5 µg l-1) and the values of
conductivity (210 µS cm-1) shows that the lake is eutrophic
in nature. Calcium (51 mg l-1) was found to be the dominant
cation. Besides, average pH was alkaline (8.3), alkalinity was
108 mg l-1 and hardness was recorded to be 111 mg l-1.
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Parameters

Average

Water temperature (oC)
Secchi depth (m)
pH
Dissolved Oxygen (mg l-1)
Specific conductivity (µS cm-1)
Total Dissolved Solid (ppm)
Nitrate- nitrogen (µg l-1)
Total-phosphorus (µg l-1)
Free CO2 (mg l-1)
Alkalinity (mg l-1)
Calcium (mg l-1)
Magnesium (mg l-1)
Total hardness (mg l-1)
Chloride (mg l-1)

20.9
1.3
8.3
6.7
210.3
94.0
290.7
248.5
8.5
108
51
12
111
22
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Table 2: Community structure of phytophilous invertebrates found in Dal Lake
Phylum
Annelida

Order

Family

Rhynchobdellida

Glossiphoniidae

Pharyngobdellida

Erpobdellidae

Haplotaxida

Tubificidae
Chironomidae

Arthropoda

Diptera
Odonata
Hemiptera
Coleoptera
Lepidoptera
Amphipoda
Araneae

Ceratopogonidae
Psychodidae
Coenagrionidae
Gomphidae
Corixidae
Dytiscidae
Pyralidae
Gammaridae
Pisauridae
Planorbidae

Mollusca

Basommatophora
Lymnaeidae

Genus
Helobdella sp.
Glossiphonia sp.
Erpobdella sp.
Limnodrilus sp.
Branchiura sp.
Chironomus sp.
Procladius sp.
Bezzia sp.
Psychoda sp.
Enallagma sp.
Sigara sp.
Coptotomus sp.
Gammarus sp.
Gyraulus sp.
Promenetus sp.
Parapholyx sp.
Lymnaea auricularia
Lymnaea columella

ind. m-2) as compared to 230.95 ind. m-2 of molluscs.
Because of the monthly dynamics in there abundance. The
mean density (Fig. 2) was highest for chironomidae (52.6
ind. m-2) followed by lymnaeidae (46.3 ind. m-2),
ceratopogonidae (35.4 ind. m-2), planorbidae (19.6 ind. m-2).

A substantial difference in macrofaunal structure was
observed throughout the growing season. Although the
phytophilous arthropod fauna (11 taxa) was much more
diverse than molluscs (5 taxa) and annelids (5 taxa) in the
lake but the mean density of the arthropods was less (83.6

Fig 2: Mean density of the phytophilous invertebrate families
2

In the class insecta- larval, pupal/nymphal stages were
observed during the period of investigation. For instance,
ceratopogonidae were found in high number in March-April
(~67 ind. m-2) but were found absent during June - July.
Similarly other insect species like coenagrionidae, which
were found in low numbers in peak summer months (~1 ind.
m-2). But the average population density of chironomids was
recorded highest during May, June and July (69-89 ind. m-2)
followed by a decreasing trend from August onwards.
However, some families did not substantially influence the
structure and diversity of macrofauna associated with aquatic
plants. These were dytiscidae (1.5 ind. m-2), pisauridae (1.1
ind. m-2), corixidae (0.9 ind. m-2) and gomphidae (0.8 ind. m-

) had a dynamic distribution (Fig. 3).
There was not much difference in the abundance of annelid
species throughout the sampling season (Fig.4). The
population density of family erpobdellidae ranged from a
minimum of 6 ind. m2 to a maximum of 15 ind. m2 in March
and June respectively. Family Glossiphoniidae which was
represented by Hello Della sp. and Glossiphonia sp. were
Found during late summers and early spring were larger in
size than those found in rest of the months, their mean
abundance was found to be 6.1 ind. m-2. However,
tubificidae worms were not found attached to the shoot of
macrophytes but were collected from the sediment that
remained attached to the base of macrophytes.

~ 320 ~
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Fig 3: Arthropod taxa richness on the examined macrophytes on monthly basis

Fig 4: Abundance of the phytophilous macro-annelids on monthly basis

a positive co-relation with the increase in temperature as
maximum number of individuals were observed during peak
summer months.

In phylum mollusca the highest share to abundance (Fig. 5)
was contributed by lymnaeidae (78 ind. m-2) closely followed
by planorbidae (34 ind. m-2). The species were found to have

Fig 5: Abundance of the plant attached pulmonate snails on monthly basis
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Coenagrionidae) commonly called dragonfly. Olive-green
naiads of this species were observed during late summers. At
this time their gills were threadlike and hairy and the wing
pads were minuscule. As the time progressed their caudal
lamellae (gills) became more triangular (Fig. 6). The
specimens collected during spring were not only large but
also dark brown in colour with well-developed wing pads.
Density of the species was low from May onwards probably
due to the emergence of adult damselflies.

Maximum number of individuals and taxa were recorded
from Ceratophyllum demersum (198 ind. m-2, 20 taxa)
followed by Potamogeton crispus (112 ind. m-2, 18 taxa),
Hydrilla verticillata (95 ind. m-2, 18 taxa) and least for
Myriophyllum spicatum (8 ind. m-2, 2 taxa). The average
Shannon diversity index was found to be 2.1 while evenness
was 0.5 and the proportion of dominance was recorded to be
0.8 for Dal lake.
5. Discussion
Dal lake was found to be highly rich in nutrients during the
period of study. As also reported by other limnological
investigations (Trisal, 1987; Yousuf and Parveen, 1992;
Ganai et al., 2010; Qadri, 2012) [65, 71, 23, 52] the water of Dal
lake was found to be alkaline in nature and the alkalinity and
hardness were well within the limit of hard-type (Moyle,
1945) [47] and moderately hard type (Sawyer, 1960) [59]. The
variation in electrical conductivity, total phosphorus and
Nitrate-nitrogen reflect the difference in concentration of
dissolved ions as a result of uptake by primary producers.
Due to an overall poor habitat quality its phytophilous
community was represented by pollution tolerant species
having tolerance value greater than 7 (taxa tolerance values
taken from Hilsenh off, 1988; Plafkin et al., 1989) [33, 51].
Generally high number of macroinvertebrates were found
attached to C. demersum followed by P. crispus and H.
verticillata and least for Myriophyllum spicatum. Contrary to
other studies (Chilton, 1990; Wilson and Ricciardi, 2001;
Balci, 2002; Karim et al., 2009) [11, 70, 4, 37] a drastic decline in
number of invertebrates associated with M. spicatum was
observed despite of it having elaborate surface area for
colonization (Lillie and Budd, 1992; Linden and Lehtiniemi,
2005) [41, 42]. It may be as a result of increased release of
allelopathically active compounds that might have hampered
the growth of periphyton which in turn limited the
invertebrate diversity (Sand-Jensen and Sondergaard, 1981;
Gross, 2000; Leu et al., 2002) [57, 29, 40].
The results indicated a substantial difference in macrofaunal
density throughout the growing season, primarily as a result
of succession in generation of predominant invertebrate
species (Dvorak and Best, 1982) [21]. Although the
phytophilous arthropod fauna was much more diverse than
molluscs and annelids in the lake but the mean density of the
group was less, the reason being that majority of insects
spend only a part of their life cycle as larvae and pupa in the
aquatic environment and later emerge out as adults that
occupy the terrestrial habitat as aerial beings (Balci, 2002;
Albertoni et al., 2007; Baron and Ostrofsky, 2010) [3, 1, 5].
The aquatic legless larvae of diptera outnumbered all the
other aquatic insects, both in terms of individuals and
species. This finding is not surprising at all as these are
usually the most abundant phytophilous macroinvertebrates
(Bergey et al., 1992; Glime and Clemons, 1972; Iverson et
al., 1985; Linhart et al., 1998) [6, 26, 34, 44] in lakes. The
complete absence of certopogonidae (Bezzia sp.) in June-July
was probably because of development of immature larvae
and subsequent adult emergence with increase in temperature
(Gerry and Mullens, 2000; Lysyk, 2007) [25, 45]. Although
chironomids were present throughout the sampling period,
but towards the end of July their population got less. Chutter
(1961) [12] observed similar seasonal variations in occurrence
of chironomids.
The developmental stages of most of the species were
observed during the sampling period. Among insects worthmentioning invertebrate was Enallagma sp. (Odonata-

Fig 6: The early (top) and late instars of Enallagma sp. showing
change in size and structure of wing pads (left) and gills or caudal
lamellae (right) as the nymph ages

The taxa belonging to family dytiscidae, pisauridae,
corixidae and gomphidae did not substantially influence the
structure and diversity of macrofauna associated with aquatic
plants. The possible reason might be that these species
besides being predacious in nature (Sokolovskaya and
Zhitneva, 1973; Reynolds, 1975 and Nyman et al., 1985) [62,
54, 49]
except corixidae - Sigara sp. which is herbivorous
(Stearns and Kenneth, 2008) [64] are known to have a high
dispersal potential thereby frequently immigrate and
emigrate in habitat (Savage, 1989) [58].
Pulmonate snails made a significant contribution to the total
phytophilous fauna of the lake. Higher density of
phytophilous snails over other groups has also been reported
elsewhere especially for temperate lacustrine lakes (Clarke,
1973) [13]. In lymnaeidae and planorbidae species the
oviposition occurred during April. Their egg masses were
found associated with tightly packed whorls of
Ceratophyllum sp. in large numbers (Fig. 7). The snails are
reported to thrive in waters rich in calcium (Sharpe, 2002;
Dalesman and Lukowiak, 2010) [61, 15] that is a dominant
cation in Dal lake owing to the predominance of lime rich
rocks in catchment areas (Zutshi et al., 1980; Qadri, 2012) [73,
52]
. Besides, temperature was found to strongly affect the
pace of their life cycle as during warmer temperature faster
growth and number of juvenile snails were observed
(Underwood et al., 1992) [66].
~ 322 ~
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11.

12.
Fig 7: Egg capsules of planorbidae

13.

6. Conclusion
Dal Lake was found to be very productive due to high
concentration of dissolved nutrients like nitrates and
phosphorus which in turn are limiting factors required for
growth of algae and other plants. These factors have made
the lake eutrophic in nature. Aquatic macrophytes were
found to be an important resource for invertebrates. These
provided a complex surface area for colonization and also
served as a food source for invertebrates. Temporal
difference were seen by increased abundance of lymnaeidae,
planorbidae and chironomidae. The mean density was
highest for molluscs mainly because these thrive in calcium
rich waters and at higher temperature which was the present
case. Hemiptera, Coleoptera and Araneae showed monthly
dynamics in their occurrence mainly due to their feeding
behavior and high dispersal potential. Studies such as these
would significantly add to our knowledge about the aquatic
biota which in turn might aid in formulating appropriate
management plans for conservation of the lake.
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