
RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 111, NO. 6, 25 SEPTEMBER 2016 1097 

*For correspondence. (e-mail: aravind@atree.org) 

2. Shiah, F. K., Chung, S. W., Kao, S. J. Gong, G. C. and Liu, K. K., 
Biological and hydrographical responses to tropical cyclones  
(typhoons) in the continental shelf of the Taiwan Strait. Cont. 
Shelf Res., 2000, 20, 2029–2044. 

3. Shi, W. and Wang, M., Observations of a hurricane Katrina-
induced phytoplankton bloom in the Gulf of Mexico. Geophys. 
Res. Lett., 2007, 34, L11607; doi: 10.1029/2007GL029724. 

4. Subrahmanyam, B., Rao, K. H., Rao, N. S. and Murty, V. S. N., 
Influence of a tropical cyclone on chlorophyll a concentration in 
the Arabian Sea. Geophys. Res. Lett., 2002, 29, 2065–2069. 

5. Naik, H., Naqvi, S. W. A., Suresh, T. and Narvekar, P. V., Impact 
of a tropical cyclone on biogeochemistry of the central Arabian 
Sea. Glob. Biogeochem. Cycles, 2008, 22, 3020–3031. 

6. Lin, I.-I., Typhoon-induced phytoplankton blooms and primary 
productivity increase in the western North Pacific subtropical 
ocean. J. Geophys. Res., 2012, 117, C03039; doi: 10.1029/ 
2011JC007626. 

7. Prasanna Kumar, S. et al., Response of the Arabian Sea to global 
warming and associated regional climate shift. Mar. Environ. Res., 
2009, 68, 217–222. 

8. Neetu, S. et al., Influence of upper-ocean stratification on tropical 
cyclone-induced surface cooling in the Bay of Bengal. J. Geophys. 
Res., 2012, 117, C12020; doi: 10.1029/2012JC008433. 

9. Roy, R., Prathihary, A., Mangesh, G. and Naqvi, S. W. A., Spatial 
variation of phytoplankton pigments along the southwest coast of 
India. Estuarine Coastal Shelf. Sci., 2006, 69, 189–195. 

10. Gibb, S. W., Cummings, D. G., Irigoien, X., Barlow, R. G., Fauzi, 
R. and Mantoura, C., Phytoplankton pigment chemotaxonomy of 
northeastern Atlantic. Deep-Sea Res. II, 2001, 48, 795–823. 

11. Jeffrey, S. W. and Vesk, M., Introduction to marine phytoplankton 
and their pigment signatures. In Phytoplankton Pigments in Ocea-
nography (eds Jeffrey, S. W., Mantoura, F. C. and Wright, S. W.), 
UNESCO Publishing, Paris, 1997, pp. 85–126. 

12. Marie, D., Partensky, F., Jacquet, S. and Vaulot, D., Enumeration 
and cell cycle analysis of natural populations of marine picoplank-
ton by flow cytometry using the nucleic acid stain SYBR Green I. 
Appl. Environ. Microbiol., 1997, 63, 186–193. 

13. Shenoy, D. M. et al., Production of dimethylsulphide during the 
seasonal anoxia off Goa. Biogeochemistry, 2012, 110, 47–55. 

14. Shenoy, D. M. and Dileep Kumar, M., Variability in abundance 
and fluxes of dimethylsulphide in the Indian Ocean. Biogeochem-
istry, 2007, 83, 277–292. 

15. Bardhan, P. et al., Carbon and nitrogen isotopic composition of 
suspended particulate organic matter in Zuari Estuary, west coast 
of India. J. Mar. Syst., 2015, 141, 90–97. 

16. Uye, S. I., Nagano, N. and Tamak, H., Geographical and seasonal 
variations in abundance, biomass and estimated production rates 
of microzooplankton in the Inland Sea of Japan. J. Oceanogr., 
1996, 52, 689–703. 

17. Maya, M. V., Karapurkar, S. G., Naik, H., Roy, R., Shenoy, D. M. 
and Naqvi, S. W. A., Intra-annual variability of carbon and nitrogen 
stable isotopes in suspended organic matter in waters of the western 
continental shelf of India. Biogeosciences, 2011, 8, 3441–3456. 

18. Rose, K., Roff, J. C. and Hopcroft, R., Production of Penilia avi-
rostris in Kingston Harbour, Jamaica. J. Plankton Res., 2004, 26, 
605–615. 

19. Parab, S. G. et al., Monsoon driven changes in phytoplankton 
populations in the eastern Arabian Sea as revealed by microscopy 
and HPLC pigment analysis. Cont. Shelf Res., 2006, 26, 2538–
2558. 

20. Willey, J. D. and Paeri, H. W., Enhancement of chlorophyll a pro-
duction in Gulf Stream surface seawater by synthetic versus natural 
rain. Mar. Biol., 1993, 116, 329–334. 

21. Naqvi, S. W. A. et al., Seasonal anoxia over the western Indian 
continental shelf. In Indian Ocean Biogeochemical Processes and 
Ecological Variability (eds Wiggert, J. D. et al.), American Geo-
physical Union, Washington, DC, USA, 2009, pp. 333–345. 

22. Madhu, N. V. et al., Enhanced biological production off Chennai 
triggered by October 1999 super cyclone (Orissa). Curr. Sci., 
2002, 82, 1472–1479. 

23. Moutin, T. M. and Thingstad, T. F., Does competition for nano-
molar phosphate supply explain the predominance of the cyano-
bacterium Synechococcus? Limnol. Oceanogr., 2002, 47, 1562–
1567. 

24. Darroch, L., Malin, G., Hatton, A. and Liss, P., Algal production 
of dimethylsulphoxide (DMSO) in seawater. Canadian Meteoro-
logical and Oceanographic Society, Canada, 2005; http:// 
search.proquest.com/science/docview/21053815/B9A9214ED51E
4B14PQ/1?accountid=28216. 

25. Williams, R. and Claustre, H., Photosynthectic pigments as bio-
markers of phytoplankton populations and processes involved in 
the transformation of particulate organic matter in the Biotrans 
site (47N, 20W). Deep-Sea Res., 1991, 38, 347–355. 

 
 
ACKNOWLEDGEMENTS. We thank Dr R. Roy, Mr Srikant Patil,  
Ms Sunita Mochemadkar and Ms Supriya Karapurkar for their help in 
data generation and Mr H. Dalvi and Mr Thorat for their assistance dur-
ing field trips. This work was supported by the Council of Scientific 
and Industrial Research, New Delhi (OLP 1204). This is NIO’s contri-
bution no. 5887. 
 
 
Received 20 August 2015; revised accepted 12 May 2016 
 
 
doi: 10.18520/cs/v111/i6/1091-1097 

 
 
 
Conservation of Cremnoconchus  
Blanford 1869, an iconic freshwater  
gastropod genus from the Western 
Ghats, India 
 
N. A. Aravind1,*, Roshmi Rekha Sarma1 and  
N. A. Madhyastha1,2 
1Ashoka Trust for Research in Ecology and the Environment,  
Royal Enclave, Srirampura, Jakkur Post, Bengaluru 560 064, India 
2‘Inchara’, Srinivasa Nagara, Chitpadi, Udupi 576 101, India 
 
Freshwater ecosystems in the Western Ghats are fragile 
and highly susceptible to environmental disturbances. 
The freshwater biota is particularly vulnerable  
because even the slightest change in habitat can lead 
to extinction. Freshwater gastropods are an important 
and diverse group in the freshwater ecosystem,  
accounting for about 20% of all metazoan animal  
recorded extinctions. The Western Ghats in India 
harbours an endemic genus of freshwater mollusc, 
Cremnoconchus. To date, 12 species of Cremnoconchus 
are known, and they are recorded only from the spray 
zones of waterfalls in the Western Ghats biodiversity 
hotspot. They are point endemic and confined to the 
western escarpments of the Ghats between 300 m to 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 111, NO. 6, 25 SEPTEMBER 2016 1098 

1400 m asl. Only three species have been assessed for 
the IUCN Red List of Threatened Species. Given the 
limited distribution and vulnerability to environ-
mental changes of all known Cremnoconchus species, we 
assess their conservation status using standard ‘Red 
List’ criteria and recommend conservation measures. 
 
Keywords: Critically endangered, endemic radiation, 
mollusc, Red List, waterfalls. 
 
FRESHWATER ecosystems are highly vulnerable to envi-
ronmental perturbations making the biodiversity they 
harbour more prone to extinction than terrestrial or ma-
rine species1,2. Freshwater biota account for nearly 10% 
of total biodiversity described so far3–5. Thus, there is an 
urgent need to develop conservation measures for fresh-
water ecosystems6. Endemic freshwater molluscs, in gen-
eral, are sensitive to habitat degradation because of their 
low dispersal ability, habitat specialization, and relatively 
small ranges which make them more vulnerable to extinc-
tion. Of these, freshwater gastropods are an important and 
diverse component of freshwater ecosystems worldwide7 
and are also among the most vulnerable groups, making 
their conservation a matter of concern8. So far, the status 
of only 1500 out of 5000 freshwater gastropods has been 
assessed9. They comprise only 5% of the world’s snail 
fauna but account for 20% of recorded extinctions7. The 
status of a majority of them is unknown, due to lack of 
experts and baseline data relating to their distribution, 
population, threats, basic life history, physiology, mor-
phology and diet9. Thus, the already considerable magni-
tude of extinction and levels of threat indicated by the 
IUCN Red List is likely to be an underestimate10. 
 The Western Ghats in India is not only a biodiversity 
hotspot11 for terrestrial biological diversity, but also for 
freshwater taxa such as fishes, crabs and molluscs7,12. A 
recent assessment of freshwater biodiversity of the West-
ern Ghats shows that it is a ‘globally significant centre of 
diversity and endemism for freshwater species’13. Until 
recently, except for the recent Red List assessment of 
freshwater biodiversity, there are no comprehensive stud-
ies13. Molur et al.13 showed that nearly 16% of the 1,146 
freshwater species assessed are threatened with extinc-
tion13. Much of these threatened species are narrow-range 
endemics which are under severe threat13. Among them is 
the species that belongs to freshwater gastropod genus 
Cremnoconchus. This genus is one of the unique compo-
nents of freshwater ecosystems of the Western Ghats with 
a high endemic radiation14.  
 Cremnoconchus is the only freshwater genus from Lit-
torinidae, and the rest are exclusively marine. This family 
is one of the five gastropod families of marine origin that 
have radiated into freshwater habitats in tropical regions 
of Asia. The family consists of about 205 species in 17 
genera15,16. Of this, genus Cremnoconchus is known only 
from the Western Ghats of India, where it is mostly con-
fined to the western escarpment (except for two records) 

between altitudes of 300 m and 1400 m asl (refs 14, 17). 
It is restricted to spray zones of waterfalls in the central 
and northern Western Ghats (between 13.90N and 
20.77N). The species confined to the central Western 
Ghats are point-endemic and in a highly specialized habi-
tat, which makes this group highly vulnerable to even 
subtle changes in the environment. Three species were 
described by British malacologists between 1863 and 
1870 from the northern Western Ghats, and recently six 
more have been described from the central Western 
Ghats14, while three more new species are under descrip-
tion (Aravind and Roshmi, under preparation). Of all the 
freshwater gastropods reported from this region, only 
three species of Cremnoconchus have been listed in the 
IUCN Red List (C. syhadrensis and C. carinatus as  
‘Endangered’ and C. conicus as ‘Vulnerable’17). 
 Despite being a biogeographically interesting taxon, 
there has been no study on the ecology and conservation 
of Cremnoconchus. A literature survey shows that only 
18 papers have been published on Cremnoconchus, of 
which only 2 dealt with conservation while others were 
on taxonomy and distribution. In this paper, we assess the 
conservation status of all known Cremnoconchus species 
using standard Red List criteria (version 3.1) and draw a 
conservation plan. 
 The distribution data of Cremnoconchus was compiled 
from extensive field surveys undertaken in the past 15 
 
 

 
 
Figure 1. Distribution of Cremnoconchus in the Western Ghats,  
India. 
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Table 1. Distribution of different species of Cremnoconchus in the Western Ghats 

   Altitude 
Species      Location Coordinates (m asl)     River basin 
 

Cremnoconchus syhadrensis Ahwa, Gujarat 20.77N; 73.68E 404 NWG west flowing river basin 
Cremnoconchus syhadrensis Harishchandraghad, Maharashtra 19.50N; 73.72E 773 Krishna 
Cremnoconchus syhadrensis Anjani, Nashik district, Maharashtra 19.92N; 73.50E 1219 NWG west flowing river basin 
Cremnoconchus syhadrensis Igatpuri, Nashik district, Maharashtra 19.70N; 73.55E 600 NWG west flowing river basin 
Cremnoconchus syhadrensis Matheran, Raigad district, Maharashtra 19.01N; 73.29E 416– NWG west flowing river basin 
    569  
Cremnoconchus syhadrensis Khandala, Pune district, Maharashtra 18.77N; 73.35E 297 NWG west flowing river basin 
Cremnoconchus syhadrensis Lonavala, Pune district, Maharashtra 18.75N; 73.40E 610 NWG west flowing river basin 
Cremnoconchus syhadrensis Bhor Ghat, Pune district, Maharashtra 18.77N; 73.37E 599 NWG west flowing river basin 
Cremnoconchus syhadrensis Vadgaon, Pune district, Maharashtra 18.73N; 73.64E 729 Krishna 
Cremnoconchus syhadrensis Khandala, Pune district, Maharashtra 18.75N; 73.49E 610 Krishna 
Cremnoconchus syhadrensis Sinhgarh Fort, Pune district, Maharashtra 18.37N; 73.76E 1000 NWG west flowing river basin 
Cremnoconchus syhadrensis Torna Fort, Pune district, Maharashtra 18.28N; 73.62E 1400 Krishna 
Cremnoconchus syhadrensis Rajgarh Fort, Pune district, Maharashtra 18.25N; 73.68E 1300 Krishna 
Cremnoconchus canaliculatus Bhor Ghat, Pune district, Maharashtra 18.77N; 73.37E 599 NWG west flowing river basin 
Cremnoconchus canaliculatus Tamhini, Pune district, Maharashtra 18.43N; 73.44E 650 NWG west flowing river basin 
Cremnoconchus canaliculatus Mahabaleshwar, Raigad district, Maharashtra 17.94N; 73.57E 692 NWG west flowing river basin 
Cremnoconchus canaliculatus Torna Fort, Pune district, Maharashtra 18.28N; 73.62E 1400 Krishna 
Cremnoconchus canaliculatus Mahabaleshwar, Satara district, Maharashtra 17.92N; 73.63E 1092 NWG west flowing river basin 
Cremnoconchus canaliculatus Mahabaleshwar, Satara district, Maharashtra 17.86N; 73.67E 1125 NWG west flowing river basin 
Cremnoconchus canaliculatus Mahabaleshwar, Satara district, Maharashtra 17.96N; 73.66E 1200 NWG west flowing river basin 
Cremnoconchus conicus Harishchandraghad, Maharashtra 19.50N; 73.72E 773 NWG west flowing river basin 
Cremnoconchus conicus Khandala, Pune district, Maharashtra 18.75N; 73.49E 610 Krishna 
Cremnoconchus conicus Torna Fort, Pune district, Maharashtra 18.28N; 73.62E 1400 Krishna 
Cremnoconchus conicus Bhor Ghat, Pune district, Maharashtra 18.11N; 73.61E 645 NWG west flowing river basin 
Cremnoconchus conicus Mahabaleshwar, Satara district, Maharashtra 17.96N; 73.66E 1200 NWG west flowing river basin 
Cremnoconchus conicus Mahabaleshwar, Satara district, Maharashtra 17.92N; 73.63E 1103 NWG west flowing river basin 
Cremnoconchus spAM Amboli, Sawanthwadi district, Maharashtra  15.95N; 73.99E 720 NWG west flowing river basin 
Cremnoconchus castanea Belkal Thirtha, Udupi district, Karnataka 13.84N; 74.90E 373 Suparnika 
Cremnoconchus castanea Arasinagundi, Udupi district, Karnataka 13.88N; 74.84E 384 Suparnika 
Cremnoconchus cingulatus Hulikal, Udupi district, Karnataka 13.72N; 74.99E 475 Haladi 
Cremnoconchus dwarakii Hulikal, Udupi district, Karnataka 13.72N; 74.99E 475 Haladi 
Cremnoconchus agumbensis Someshwara, Udupi district, Karnataka 13.49N; 75.08E 379 Swarna 
Cremnoconchus hanumani Hanuman Gundi, Chikmagalur district, Karnataka 13.27N; 75.16E 830 Swarna 
Cremnoconchus hanumani Kadambi 1, Chikmagalur district, Karnataka 13.24N; 75.18E 941 Swarna 
Cremnoconchus globulus Kadambi 2, Chikmagalur district, Karnataka 13.24N; 75.17E 967 Swarna 
Cremnoconchus globulus Kadambi 1, Chikmagalur district, Karnataka 13.24N; 75.18E 941 Swarna 
Cremnoconchus spKK Kathlekan, Uttara Kannada district, Karnataka 14.27N; 74.74E 436 Sharavathy 
Cremnoconchus spKO Kollur Ghat, Udupi district, Karnataka 13.90N; 74.82E 250 Suparnika 

 
 
years throughout the Western Ghats from Kanyakumari 
(8N) in south till Tapti in North (21N), and comple-
mented from published literature, collections in the Zoo-
logical Survey of India, Pune and the Natural History 
Museum, London. All data are georeferenced using 
Google Earth. Garmin eTrex GPS was used to record  
coordinates for the primary data collection, and QGIS 
Software was used to map the distributions (Figure 1 and 
Table 1).  
 The geographic range of Cremnoconchus was calcu-
lated using the extent of occurrence (EOO) and area of 
occupancy (AOO) methods18. These two measures were 
used to assess restricted-range species under criterion B 
of IUCN’s Red List procedure19. The extent of occur-
rence was calculated by constructing the minimum  
convex polygon around known occurrence points of 
Cremnoconchus in GEOCAT19,20 and AOO was calcu-

lated as the number of grids occupied by points multi-
plied by 4 km2. We used a grid size of 2 km  2 km as 
recommended by IUCN for conservation assessment18. 
 For each site where Cremnoconchus was seen, several 
disturbance parameters were recorded (Table 2). The 
ranking is purely based on presence or absence of a par-
ticular type of disturbance. 
 All known Cremnoconchus species are endemic to the 
Western Ghats between latitudes 13.90N and 20.77N; 
four are endemic to the northern Western Ghats (15.95N 
and 20.77N) and eight are endemic to the central West-
ern Ghats (between 13.90N and 15.75N) (Table 1). All 
central Western Ghats species are point endemics known 
only from either one or two localities. Cremnoconchus 
syhadrensis and C. canaliculatus are the only two species 
that are widely distributed in the northern Western Ghats. 
All northern Western Ghats species, except Cremnoconchus
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Table 2. Different types of disturbances recorded in waterfalls where different species of Cremnoconchus were recorded 

Species LULCC* Recreational# Tourism** Washing/cleaning1 Garbage/sewage2 Others3 Disturbance score 
 

Cremnoconchus syhadrensis + + + + + + 6 
Cremnoconchus conicus + + + + +  5 
Cremnoconchus canaliculatus + + + + +  5 
Cremnoconchus spAM + + + + + + 6 
Cremnoconchus castanea  + +    2 
Cremnoconchus cingulatus + +  + + + 5 
Cremnoconchus dwarakii + +  + + + 5 
Cremnoconchus agumbensis  +    + 2 
Cremnoconchus hanumani  + +    2 
Cremnoconchus globulus  + +    2 
Cremnoconchus spKK + +     2 
Cremnoconchus spKO  +    + 2 

*Land-use and land-cover change around waterfalls; **Large-scale tourism with more than 25 people; #Small scale recreational activities with less 
than 15 persons; 1Washing and cleaning includes bathing, washing clothes and cleaning vehicles; 2Dumping of garbage and sewage influx; 3This  
includes road-widening activities, vehicular disturbance, etc. 
 
 

Table 3. Number of sites, altitudinal range and region in the Western Ghats where Cremnoconchus was reported 

Species No. of sites Altitude (m asl) Distribution** Size of the waterfalls 
 

Cremnoconchus syhadrensis 10 404–1400 NWG Small, medium and large 
Cremnoconchus conicus  3 610–1400 NWG Small, medium and large 
Cremnoconchus canaliculatus  7 599–1400 NWG Small, medium and large 
Cremnoconchus spAM*  1 720 NWG Large and medium 
Cremnoconchus castanea  2 373–384 CWG Large 
Cremnoconchus cingulatus  1 475 CWG Medium 
Cremnoconchus dwarakii  1 475 CWG Medium 
Cremnoconchus agumbensis  1 379 CWG Small 
Cremnoconchus hanumani  1 830–941 CWG Large 
Cremnoconchus globulus  2 941–967 CWG Large 
Cremnoconchus spKK*  1 436 CWG Small 
Cremnoconchus spKO*  1 250 CWG Small 

*Species yet to be described formally; **NWG, Northern Western Ghats; CWG, Central Western Ghats. 
 
 
spAM from Amboli have wide altitudinal (400 m–
1400 m asl) (Table 3) and latitudinal range. Six out of 
eight species in the central Western Ghats species are 
found at lower altitudes (<800 m asl) (Table 1). 
 Of the 12 currently recognized Cremnoconchus spe-
cies, only 3 have been assessed for IUCN Red List status, 
they are: C. syhadrensis (Blanford 1863) and C. canalicu-
latus Blanford 1870 were categorized as endangered and 
C. conicus Blanford 1870 as vulnerable16 (C. carinatus is 
synonym of C. conicus according to Reid et al.14). The 
GeoCAT analyses for all species show that 9 out of 12 
species should be treated as critically endangered (CR) 
and the remaining 3 as endangered (EN) purely based on 
AOO and EOO. Nine species have AOO less than 8 km2 
and zero EOO. For three species, EOO cannot be calcu-
lated because a minimum of three points is required for 
plotting a convex hull, and these species are found in one 
or two locations only (Table 4). Among three remaining 
species, C. syhadrensis has maximum EOO and AOO 
(EOO = 4405.25 km2, AOO = 44 km2), followed by C. 
canaliculatus (EOO = 952.13 km2, AOO = 28 km2) and 

C. conicus (EOO = 323.26, AOO = 20 km2) (Table 4). 
Six of the 12 species are found within protected areas in 
the Western Ghats, and all these species are found in cen-
tral Western Ghats (Table 4).  
 Most waterfalls surveyed are experiencing threats in 
some form or the other (Table 2). Species of northern 
Western Ghats with wide distribution have a higher dis-
turbance score of six compared to eight central Western 
Ghats species with low disturbance score except for C. 
cingulatus and C. dwarakii which get disturbance scores 
of five. 
 Based on EOO, AOO, protection status and threats, 
Cremnoconchus spAm from Amboli, C. cingulatus and 
C. dwarakii should be treated as CR and the rest as EN 
under B1ab(iii)(iii)(iv), B2(iii)(iii)(iv). We also suggest 
elevating to a higher conservation status, C. conicus, 
which is currently assessed as vulnerable (VU) because 
of low EOO, AOO, high threats and as this species is not 
known to occur within any protected area. This species 
should be treated as EN under B1ab(iii)(iii)(iv), 
B2ab(iii)(iii)(iv). 
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Table 4. Extent of occurrence (EOO) and area of occupancy (AOO) and suggested status for different species of Cremnochonchus 

 No. of EOO AOO Current Status   Disturbance Suggested  
Species  sites (km2) (km2) status* (GeoCAT) Protected area** score status* 

 

Cremnoconchus syhadrensis 8 4,405.24 44 EN EN No 6 EN 
Cremnoconchus conicus 3 323.26 20 VU EN No 5 EN 
Cremnoconchus canaliculatus 7 952.13 28 EN EN No 5 EN 
Cremnoconchus spAM# 1 0 4 NA CR No 6 CR 
Cremnoconchus castanea 2 0 8 NA CR Mookambika WLS 2 EN 
Cremnoconchus cingulatus 1 0 4 NA CR No 5 CR 
Cremnoconchus dwarakii 1 0 4 NA CR No 5 CR 
Cremnoconchus agumbensis 1 0 4 NA CR Someshwara WLS 2 EN 
Cremnoconchus hanumani 1 0 4 NA CR Kudremukh NP 2 EN 
Cremnoconchus globulus 2 0 8 NA CR Kudremukh NP 2 EN 
Cremnoconchus spKK# 1 0 4 NA CR Sharavthi-Aganashini CR 2 EN 
Cremnoconchus spKO# 1 0 4 NA CR Mookambika WLS 2 EN 

*CR, Critically endangered; EN, Endangered; VU, Vulnerable; NA, Not assessed; **WLS, Wildlife Sanctuary; NP, National Park; CR, Conserva-
tion reserve; #These species yet to described formally. 
 
 The recent taxonomic review and subsequent field sur-
veys have shown that the genus Cremnoconchus has high 
diversification, especially in the central Western Ghats 
with several cryptic species14 (Figure 1). All the species 
found in the northern Western Ghats are sympatric with 
each other. There were only two incidences of sympatry 
in the central Western Ghats (C. globulus and C. hanu-
mani in Kadambi and C. dwarakii and C. cingulatus in 
Hulikal). In the northern Western Ghats, the habitats of 
Cremnoconchus are damp cliffs, streams, and waterfalls 
at an altitude between 400 m and 1400 m asl (ref. 14) 
(Aravind, unpublished data). In the Central Western 
Ghats, all the species are restricted to spray zones of  
perennial waterfalls between 370 m and 970 m asl. The 
species found in the northern Western Ghats undergoes 
aestivation during post-monsoon season once the streams 
dry up21. 
 The current distributional range of Cremnoconchus 
varies from less than 100 m2 for point endemic species 
that are restricted to the central Western Ghats, to 
4,400 km2 for the most widespread species C. syhadren-
sis. However, both AOO and EOO overestimate the area. 
In reality, the AOO for most of the point endemics will 
be as small as 50 m2 as they are confined to small to me-
dium waterfalls. For the widespread species C. syhadren-
sis, AOO will be less than 1500 m2. EOO and AOO 
analyses have limited application for species such as 
Cremnoconchus, which are highly restricted to special-
ized habitats such as waterfalls. Hence, one has to be 
careful when using these measures for highly habitat spe-
cialist taxa such as Cremnoconchus. 
 Hora22 indicated the uniqueness of waterfalls  
as a specialized habitat. Since then, a few studies have 
been carried out to assess the biodiversity of this unique 
habitat. The Western Ghats waterfalls harbour some of 
the interesting flora and fauna which are restricted to 
spray zones such as endemic grass Hubbardia heptaneu-
ron23, variety of liverworts24 and a Gesneriaceae member 
Henckelia pradeepiana25, to name few. The grass Hub-

bardia heptaneuron has possibly gone extinct in Jog 
Falls, the type locality, due to the construction of dam 
upstream23. Many waterfalls where Cremnoconchus is 
found are under severe pressure from anthropogenic ac-
tivities such as recreation even inside protected areas. For 
example, Hanuman Gundi Falls in Kudremukh National 
Park in central Western Ghats, where C. hanumani (type 
locality) is found, is a famous tourist spot. The Hulikal 
waterfalls which has two sympatric species C. dwarakii 
and C. cingulatus is experiencing threat from the dump-
ing of waste, recreation, clearing of riparian habitat and 
pollution from the temple situated upstream of the falls 
(Figure 2). In an extreme case, the stream flowing 
through Mahabaleshwar, a hill station in the northern 
Western Ghats and a probable type locality for C. coni-
cus, is filled with sewage water, and efforts to locate  
from neighbouring town C. conicus was not successful17. 
The conservation of waterfalls along with the riparian 
habitat that maintains water flow during drier months is 
critical for the survival of Cremnoconchus. 
 Narrow endemic26 as well as ecologically specialized 
species27,28 are highly vulnerable to habitat changes due 
to anthropogenic activities. Cremnoconchus has all the 
features that make it highly vulnerable to habitat modifi-
cation. Nine out of 12 species are narrow endemics and 
occupy specialized habitats. The Cremnoconchus popula-
tion is threatened by land-use changes taking place up-
stream of the falls, disturbance in the form of recreation, 
dumping, development and riparian forest loss which are 
common features in these habitats18. All four northern 
Western Ghats species have high population density with 
more than 20 individuals per m2. These species are also 
experiencing high threats as most of the suitable habitats 
are in highly human-dominated landscape. Six out of 12 
species are found within the protected area (PA), and the 
rest are seen outside. PA sites in India are well-managed 
and protected; however, some of the famous waterfalls 
experience anthropogenic pressure from tourists, and  
others are relatively safe. 
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Figure 2. a, Waterfalls in Mahabaleshwar, the type locality of C. 
conicus; b, Medium size waterfalls in Hulikal, Karnataka; c, Small 
roadside waterfalls in Mahabaleshwar. d, C. syhadrensis; e, C. cana-
liculatus; f, C. dwarakii. g, Aestivating population of C. syhadrensis;  
h, Dumping of garbage upstream of waterfalls in Mahabaleshwar. 
 
 

 The study presented here is an attempt of a comprehen-
sive Red List assessment for any freshwater mollusc of 
India based on extensive field data unlike previous as-
sessment. All three Cremnoconchus described from the 
northern Western Ghats have been assessed as threatened 
mostly based on secondary data. Given the low AOO and 
EOO, severe threats and occurrence in few localities for 
C. cingulatus, C. dwarakii and Cremnoconchus spAM 
from Amboli, we assess these three species as critically 
endangered. Even though C. agumbensis, C. hanumani, 
C. globulus, C. castanea, Cremnoconchus spKK from 
Kathlekan and Cremnoconchus spKO from Kollur have 
low EOO and AOO and are found in only one locality, 
these species should be treated as endangered because 
they are found in PAs that are not greatly affected by  
direct human activities. However, land-use change in the 
upper catchment area might influence populations down-
stream, and this needs further investigation.  
 Predominantly restricted to western slopes of the cen-
tral and northern Western Ghats14, Cremnoconchus is an 
iconic component of the Indian freshwater biota. It is of 
global significance being the only freshwater genus of the 
near cosmopolitan otherwise exclusively marine, largely 
intertidal Littorinidae14. The waterfalls in the Western 
Ghats with highly specialist taxa such as Cremnoconchus 
face considerable conservation challenges. These unique 

habitats are under tremendous pressure from human-
mediated activities. A systematic conservation action 
plan needs to be developed which include restoration of 
riparian habitats surrounding the falls and restriction of 
anthropogenic activities not only in and around the water-
falls but also upstream. Habitat and catchment-based con-
servation approaches should be employed rather than a 
species-based approach. Long-term monitoring of the 
population trends and threats also needs to be studied. 
 Thus based on information available on the distribu-
tion, population status, specific habitat preference, threats 
and unique evolutionary history, there is strong reason to 
prioritize conservation efforts for these narrow range  
species and the habitat in which they occur.  
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