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Introduction
Considering the rapid change in ecosystems over the past half 

century, ecosystem services have gained prominence since humanity 
owes everything to sustainable and good quality ecosystems. 
The notion of ecosystem services has become popular after the 
publication of the Millennium Ecosystem Assessment report in 2005. 
Ecosystem services are defined as the benefits that humans derive 
from ecosystems.1 In Madagascar, the adoption of the concept of 
ecosystem services is taking place in several stages. (1) in the late 
1990s: exploratory thinking on the total value of forest products; (2) 
in 2000-2004: advanced thinking with economists’ studies devoted to 
sustainable financing and the extension of the protected area network; 
(3) since 2004: implementation of project schemes valuing ecosystem 
services, including carbon sequestration, hydrological services, and 
biodiversity conservation.2 

Implementing ecosystem services means better ecosystem 
management on the one hand, and better protection of biodiversity on 
the other. According to the Millennium Ecosystem Assessment report 
in 2005, ecosystem services have been classified into 4 categories: 
(i) supporting or sustaining services, (ii) regulating services, (iii) 
provisioning or productive services, (iv) Tropical forests, especially 
rainforests, are the most productive and biodiverse ecosystems. In 
addition, tropical forests play a critical role in the water cycle.3 Rain 
tropical forest perform important regulating services. 

They play an important role in regulating the global climate 
through carbon sequestration.4 The aim of this study is to (i) analyze 
the effect of deforestation by comparing the abundance and diversity 
of the forest population versus the population in the degraded area. 
(ii) To identify existing ecosystem services of freshwater fauna while 
taking into consideration feeding group.

Materials and methods
For the first investigation, detailed informations are described 

in previous study.5 Three staggered campaigns were carried out 
(June, September and late November 2001). The study took place at 
Andasibe-Mantadia’s area in five draining protected rain forest within 
Andasibe National Park, in eastern Madagascar and five savoka 
streams draining the park’s largely deforested peripheral zone. Savoka 
is characterized by secondary vegetation. The stations are located at 
an average altitude of 710 to 950 m and the geographical coordinates 
vary from 18°48’56’’E to 48°22’47’’S. As for the second investigation, 
the sampling was carried out during ten days in September 2011. Six 
stations including three in the open canopy environment and three in 
the closed canopy environment, were selected. The study area is in the 
Antenina forest which is a tropical rainforest located in the Highlands, 
in the Vakinankaratra region. The stations are located between 
19°43’56’’S and 47°49’51’’E with 1350 m altitude. The fauna such 
as freshwater insects, molluscs, crustaceans, crabs and shrimps are 
collected by Surber net, but fishes were caught with a hawk net. The 
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Abstract

This study contributes to relevant information on the value of biodiversity and aquatic 
ecosystems in the rainforest of Madagascar. Freshwater biodiversity provides multiple 
invaluable benefits to human life through their ecosystem services. This paper is a synthesis 
of two research studies. The first study took place at Andasibe rain forest in the eastern cost of 
Madagascar and the second research was in the Antenina forest which is a tropical rainforest 
located in the Highlands, in the Vakinankaratra region. Forests streams were characterized 
by the high diversity (Shannon Index: from 12 to 15). 66 taxa were identified in the eastern 
cost of Madagascar, and 46 taxa in the highlands area. So, freshwater fauna Predators are 
dominant like Odonata who contribute to the control of the density and dynamics of prey 
such as malaria mosquitoes. The filter feeders purify the water in the freshwater ecosystem 
while the collectors eat the organic particles in suspension. Therefore, they recover organic 
matter from erosion. Shredders and grazers feed on detritus and coarse particles. These 
feeding groups play important roles in the flow of matter and nutrients cycling and are 
part of the regulating and support ecosystem services. Aquatic organisms are mostly edible 
including freshwater fishes, crustaceans, crabs, shrimps and some families of insects such 
as the Oligoneuriidae of Ephemeroptera. In this sense, they provide procurement services. 
Both rain forest protected park in the eastern cost and the highlands provide a socio-cultural 
service as it serves as a recreation area and cultural identity for the local population.

Keywords: Diversity, freshwater macro invertebrates, fish, feeding group, ecosystem 
services, humid tropical forest, eastern cost, highlands of Madagascar
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diversity is highlighted by the Shannon-Weaver index. The feeding 
groups are determined by the following references:6–9 

Results
The first table includes the following the number of individuals 

captured, abundance and diversity of freshwater fauna sampled. The 
second table concerns the list of freshwater fauna sampled according 
the feeding group and the endemics species or genus are indicated by 
the abbreviation (E).

Among the 66 taxa, aquatic insects are the most abundant, 
amounting to 98% of the individuals sampled, the remaining 2% 
are Crustacea and Crayfish, Planaria, Molluscs and Annelids. The 
Baetidae (Ephemeroptera) are dominant and represent 21% of the 
captured Macroinvertebrates, then the Orthocladinae (Diptera) 17%, 
the Simuliidae (Diptera) with 15% and finally the Hydropsychidae 
(Trichoptera) with about 7%. Among 50 taxa, four taxa are fishes, 46 
taxa are freshwater invertebrates. From 37% to 63% of the sampled 
fauna are Trichoptera. From 22% to 40% are Coleoptera.

Feeding method, (E): Endemicity Although most of the taxa 
are identified at the higher rank, i.e. at the family and genus level, 
the results obtained reflect the riches and the high endemicity 
of Madagascar’s rain forest freshwater fauna. For example, the 
Ephemeroptera, nine families among the eleven existing families 
in Madagascar, are sheltered in this type of forest. Still in this order 
Ephemeroptera, but at the level of the family Tricorythidae, three 
genera are endemics (Madecassorythus, Ranorythus and Spinirythus), 
the only genus Tricorythus is cosmopolitan among the four genera 
constituting this family. 

All the different trophic groups are represented. The dominance 
of predatory organisms is well marked. This type of interaction is 
mostly beneficial because we have seen the presence of mosquitoes 
(Culicidae, Anopheles), vector of paludismin our study area. Odonata 
participate in the control of the density and the ecological balance 
of the population dynamics of this Diptera by predation. The filter 
feeders are composed of all the genera of the family Tricorythidae 
(Ephemeroptera), Oligoneuriidae (Ephemeroptera), Hydropsychidae 
(Trichoptera), Philopotamidae (Trichoptera) and Simuliidae (Diptera).
These freshwater animals are equipped with specialized organs for 
water filtration to recover food particles. Therefore, they contribute to 
the purification of water. The Tricorythidae family has long bristles on 
the mouth parts. The Oligoneuriidae are distinguished by the labium 
of their mouth parts which take the shape of a sickle, covered with 
numerous setae. The two families of Trichoptera and the nymph of 
Simuliidae are provided with sheaths through which water circulates. 
Aquatic insects filter water through their sheaths. These filter feeders 
are found in the forest area because they need fresh and well oxygenated 
water. Collectors collect suspended fine particulate organic matter and 
recover inorganic material from erosion. Grazers are more abundant 
than shredders because they exploit the particles already shredded 
by the shredders. Since the role of shredders is to crush and chop 
up coarse organic material such as shredded foliage, stems and dead 
wood that have become detritus, the scarcity of shredders may reflect 
the existence of disturbance to riparian vegetation, including the 
destruction of the forest in its watershed.

Discussions and conclusion
The taxonomic richness of the Andasibe forest (eastern cost) is 

higher (66 taxa) than that of Antenina (50 taxa). This can be explained 
by the high number of sampling stations (10 stations versus 6 stations).
It is the same for the Shannon index (15 versus 12) and the number of 

individuals collected (25 700 versus 1 530). In the Andasibe forest, the 
diversity of the forest population (Shannon index = 15) is higher than 
that of the population in the degraded area (12). This is not the case 
for the Antenina forest, the difference in forest fauna diversity (12) 
is small compared to that of the open canopy area (11). As Andasibe 
is a protected area, the freshwater forest population benefits from the 
protection of the ecosystem, but in Antenina, human frequentation is 
intensive. Local people use the forest trees for firewood. In this study 
area, there is illegal gold mining. It has a negative impact on river 
ecosystem and biodiversity. It not only destroys the forest and the 
physical characteristics of the river (e.g. turbidity, water flow velocity) 
but also it deteriorates the water quality leading to water pollution.10

Freshwater fauna, especially Macro invertebrates are good 
bio indicators and have been used in several countries for many 
years.11 In our case, they are indicators of deforestation. The humid 
tropical fauna of Madagascar (Andasibe and Antenina) hosts several 
endemic species. We have seen that all the genera of Tricorythidae 
(Ephemeroptera) are met in our study area with clearly elevated 
endemicity. All species (four species) of the genus Madecassorythus 
are endemic.12,13 Similarly, all species (two) of Ranorythus14 all species 
(three) of Spinirythus15 and nine species of Tricorythus15 are endemic 
to Madagascar. This family is a good tool for cladistic analysis and 
the study of the biogeography of the tricorythid Afrotropical fauna.16 
Based on feeding group, shredders are detritivores that feed on 
coarse fractions of dead leaves. Grazzers are herbivores that eat algae 
attached to the substrate associated with organic or mineral matter and 
collectors that feed on fine particles deposited on the substrates. These 
organisms are the prey of predators which are either insects or fishes 
and the final consumer is mankind. So, freshwater fauna are useful 
not only for its participation in the flow and cycle of matter, but also 
to reduce the products of erosion which harm the health of the river 
hydro system. Therefore, they contribute to the support service.

Regulating services are the non-material benefits provided by the 
proper functioning of ecosystems. 

Filtering organisms play an important role in water purification; 
these organisms contribute to the regulatory service of water de 
pollution. Predators contribute to the reduction of insect pests. 
They also attack the immature stages (eggs and larvae) of invasive 
species.17 In fact, they control the spread of invasive species. So, 
their role is part of the regulatory service. The aquatic ecosystem 
plays the role of water reservoir and storage during the flood period, 
especially the one in the forest area that prevents flooding. This is 
the water regulation service. Ephemeroptera community composition 
changes in response to changes in various environmental variables.18 
They have the potential to be employed the development of biotic 
insects to monitor agricultural practices.19 The order ephemeroptera 
is useful forhuman health. Ephemeroptera cuticles are evaluated as a 
source of chitin which was transformed into Chitosan. Ephemeroptera 
chitosans are shown to have strong inhibitory activity on cancer cells.20 
Elassoneuria larvae of the Olgoneuriidae (Ephemeroptera) have been 
sold as “Mangoro River shrimp” in the eastern coast of Madagascar 
(Comm. Pers); human consumption of mayflies has been observed in 
ten countries.21 These insects are rich in proteins, minerals, B vitamins, 
essential amino acids and low in fat.22 Species of four families of fishes 
collected and species of Decapoda are valued as sources of protein 
and used as food sources for humans. These animals serve the supply 
service. As already mentioned, predators play a role in regulating 
the density of prey such as Odonata that which eat mosquitoes. 
This order of insects provides an indirect service that is indicative 
of climate change because 4°C warming in larval stage if damselfy 
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Ischnura elegans decreased the flight muscle mass and a lower fligth 
endurance.23 Ephemeroptera provides a socio-cultural service as some 
companies use this order in the marketing field. Nike introduced a line 
of ultra light running shoes called “Mayfly” in 2003.24 

The protected area of the humid tropical forest of Andasibe and 
the humid forest of Antenina attract many tourists and researchers 
(Comm. Pers). They are recreational and educational areas. Walking 
in the forest maintains good mental health. The biodiversity inside the 
forest provides inspiration for artists and designers. The rainforest of 
Madagascar provides socio-cultural service.
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