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Introduction

Many of the pressures faced by lemur populations are global
issues affecting primates worldwide. All human societies, to
varying degrees, are converting land from natural states to
modified food-producing states. This conversion of primary
forest threatens biodiversity in rural populations through-
out the world. The hunger of the developed world for tropical
hardwood lumber has also reached across all continents,
and this commercial logging continues to impact tropical
forest ecosystems. Even hunting is relatively global, al-
though mediated by differing cultural beliefs and practices,
hunting is a major threat in at least certain parts of all tropi-
cal continents.

In contrast, other human activities threatening forests are
of a more local character and for this reason are more diffi-
cult to predict or detect. However, these locally unique
threats can be equally or more detrimental than more com-
monly-recognized threats.

Rum is a very important part of Malagasy rural and urban
culture. Although commercially-produced rum ("toaka") is
available, most consumers buy the illegal "toaka gasy" pro-
duced by individuals in rural areas. Toaka gasy is produced
to various degrees throughout the island but eastern central
Madagascar is known as an area of very high production
(Irwin 2000 et al.; S. Lehman pers. comm.), and rum from
this region has a strong reputation for good quality and
taste. Similar larger-scale production is known from the
Masoala peninsula (Vasey 1997, pers. comm.).

At Tsinjoarivo, very little of the locally-produced rum is con-
sumed locally; large quantities of toaka gasy are sold to
wholesalers who transport it to Antananarivo and other ur-
ban centres for sale. Entering the commercial scale of pro-
duction is potentially dangerous in that any ecological and
environmental impacts of this activity will be amplified.
Here we provide a preliminary report of the effects of illegal
rum production on the rainforest community at Tsinjoarivo,
eastern Central Madagascar. Our results suggest that this
activity constitutes a serious, but previously unrecognized,
threat to the forest ecosystem.

Materials and Methods

MTTI conducted botanical inventories and lemur censuses at
Tsinjoarivo between June and October 2001, and studied
the behavior and ecology of one lemur species, Propithecus
diadema, from December 2002 to December 2003. HVR con-
ducted socioeconomic surveys in several local villages in
Tsinjoarivo commune during February and May 2003.

The Tsinjoarivo region (19°41’ S, 47°48 E; 1400-1650 m asl)
contains central domain high-altitude rainforest (Humbert
and Cours-Darne 1965; DuPuy and Moat 1996). Although
land-cover maps from the 1960’s indicate nearly continuous
forest cover (FTM 1972), a satellite image from April 2000
shows that considerable deforestation and fragmentation
has taken place, mostly in the western half of the forest cor-
ridor. In this area, forest exists as isolated and semi-isolated
fragments surrounded by cultivated land, villages, and sec-
ondary vegetation dominated by two small woody shrubs:
Dingadingambavy (Asteraceae: Psiadia altissima) and
Rambiazina (Asteraceae: Helichrysum bracteiferum).

Results

Socioeconomics of rum production

Rum production is arguably the single most lucrative activ-
ity in the Tsinjoarivo region. Villagers cultivate rice, pota-
toes, sweet potatoes, corn, beans and taro, and keep rela-
tively small numbers of cattle, pigs, chickens and ducks.
However, the soils and local conditions are only marginally
suited to agriculture, and failed rice harvests are common.
We believe that many settlements would be unsustainable
economically without the cash infusion that rum provides.
From the villagers’ point of view, rum provides a "fallback"
source of income that is more reliable than farming. The de-
mand is constant, and rum producers from a radius of more
than 15 km gather weekly at the "Toby Toaka" (rum market)
in Tsinjoarivo, where wholesalers buy the rum in 20-litre
"jerry cans".

The prices vary between 300 and 800 Ariary (approx. $0.25
to $0.67 USD) per litre. The minimum yearly production we
encountered for one person was 40 1, and the maximum was
2790 1. This signifies an annual income supplement (assum-
ing an average price of 550 Ariary per litre) of between
22,000 and 1,534,500 Ariary (approx. $18 to $1280 USD) per
producer. This is a considerable amount given that Mada-
gascar’s per capita GDP is estimated at $800 USD (CIA
World Factbook 2004), and the average in rural areas is
likely much lower.

Impact of rum production on forests

The impact of rum production on the forests at Tsinjoarivo is
threefold. First, the cultivation of sugarcane leads to in-
creased per capita demand for land conversion. Second, the
distillation process requires large amounts of firewood, thus
increasing the per capita demand for this limited resource.
Finally, the distillation process requires the addition of
"laro" (tree bark from particular species). It is unclear
whether this bark is a necessary component of fermenta-
tion, as the producers contend, or whether it simply adds a
desired flavor.
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We found that only 5 species, all within the genus Syzygium
(Myrtaceae), are used as laro at Tsinjoarivo. However, our
botanical transects found that these trees were heavily ex-
ploited, and that this exploitation has caused a considerable
loss of forest biomass. Within 61 botanical transects (10 x
100 m) at the fragmented forest site of Mahatsinjo, we found
an average value of 108 dead Syzygium trees per hectare.
Here we count both trees that are stripped but still standing
(this "girdling" leads to tree death) and trees that are cut
and stripped (these have the potential to regrow, but re-
growth has not yet been observed). These dead Syzygium
trees accounted for, on average, 1.54 m” per hectare of basal
area (counting stems > 5 cm dbh), or more than 5% of the liv-
ing total. Laro extraction therefore: (1) alters the physical
structure of the forest, creating light gaps which promote
changesin local temperature and humidity, and (2) alter the
forest’s species composition by selectively removing Syzy-
gium species.

Behavioral studies are revealing that the trees being lost
are in fact important food resources for lemurs. Wild sifakas
(Propithecus diadema) at Tsinjoarivo eat leaves of all five
Syzygium species, and were also observed to eat the fruit or
seeds of the two Syzygium species observed to fruit during
2003 (Irwin, unpublished data). This genus is also known to
be eaten by sifakas at other sites (Mantadia: Powzyk &
Mowry 2003; Ranomafana: Hemingway 1995, P. Wright
pers. comm.), as well as by Eulemur fulvus rufus and Eule-
mur rubriventer at Ranomafana (Overdorff 1993), and by
Varecia variegata variegata at Manombo (Ratsimbazafy
2002), Ranomafana (Balko 1998) and Nosy Mangabe (Si-
mons Morland 1991).

None of the 37 forest fragments from which our botanical
data were collected host all nine local lemur species: species
richness varies from 0 to 7, and both Eulemur fulvus and E.
rubriventer were absent from all surveyed fragments (Irwin
unpub. data). Along with fragmentation effects, and low-
level extraction of other tree species, we hypothesize that
rum-related extraction has contributed to these local extinc-
tions.

Discussion

In light of the data presented here, it is important to realize
that Malagasy forests which are otherwise protected or rela-
tively undisturbed may suffer disproportionately in areas
where large-scale rum production exists. Rum-related ex-
traction greatly alters the forest’s structure and composi-
tion, and removes species known to be lemur food resources.
Unfortunately, conservation efforts in Madagascar cannot
"write off" forests close to human habitation, as natural for-
ests sufficiently remote from human settlement are too few.
We must be able to protect lemur populations within walk-
ing distance of villages, by identifying and mediating the ef-
fects of culturally-based practices such as rum production.
Rum production and consumption are so deeply ingrained in
Malagasy culture that any attempts to remove them will
likely fail. Instead, we recommend investigating alternative
production methods designed to have lessened ecological
impacts.

In order to begin assembling a broader geographic perspec-
tive of this problem for a manuscript currently in prepara-
tion, we invite any researchers who have encountered ille-
gal rum production in other areas of Madagascar to kindly
contact one of us. In particular, the following information
would be most useful: (1) sugar source (e.g. sugar cane), (2)
plant species used for "laro", (3) some estimate of the volume
of production (i.e. for local consumption vs. for export), and
(4) any botanical data or counts measuring the impact on
forest structure and composition.

Acknowledgements

We thank the Government of the Democratic Republic of
Madagascar and the Direction des Eaux et Foréts (DEF) for
research authorization (77-DGDRF/SCB, 115-MEF/SG/
DGEF/DADF/SCBF, and 133-MINENVEF/SG/DGEF/DPB/
SCBLF). For research facilitation we thank P. Wright, B.
Andriamihaja, and staff of the Malagasy Institute for the
Conservation of Tropical Environments (MICET Antana-
narivo), and the Institute for the Conservation of Tropical
Environments (ICTE Stony Brook: L. Donovan, F. van Ber-
kum). This research was funded by the Margot Marsh
Biodiversity Foundation and Primate Conservation, Inc. We
thank collaborators Jean-Luc Raharison and Karen Sa-
monds for assistance in the field and with manuscript prep-
aration. For assistance with data collection, we are greatly
appreciative to research assistants Edmond Razandrakoto,
Harison (Ranaivo) Rakotoarimanana, Edmond (Gilbert) Ra-
naivoson, Justin (Lenala) Rakotofanala, Charles Randria-
narimanana, Paul Rasabo, and Jean-Claude (LeJean) Rako-
toniaina.

References

Balko, E.A. 1998. A behaviorally plastic response to forest
composition and logging disturbance by Varecia varie-
gata variegata in Ranomafana National Park, Madagas-
car. PhD Dissertation, State University of New York Col-
lege of Environmental Science and Forestry, USA.

CIA World Factbook (2004)
http://www.cia.gov/cia/publications/factbook/geos/ma.html.

DuPuy, D.J.; Moat, J. 1996. A refined classification of the
primary vegetation of Madagascar based on the underly-
ing geology: Using GIS to map its distribution and assess
its conservation status. Pp. 205-218. In: Biogéographie de
Madagascar. W. Lourenco (ed.). ORSTOM, Paris.

FTM 1972. Ambohimilanja (Feuille Q-49). 1:100,000 topo-
graphic map. Antananarivo, Madagascar.

Hemingway, C.A. 1995. Feeding and reproductive differ-
ences of the Milne-Edwards’ Sifaka, Propithecus dia-
dema edwardsi. PhD Dissertation, Duke University,
USA.

Humbert, H.; Cours-Darne, G. 1965. Carte internationale
du tapis vegetal et des conditions écologiques. 3 coupures
au 1/1,000,000 de Madagascar. Travaux de la Section
Scientifique et Technique de I'Institut Francais de Pondi-
chéry (hors série).

Irwin, M.T.; Smith T.M.; Wright, P.C. 2000. Census of three
eastern rainforest sites north of Ranomafana National
Park: Preliminary results and implications for lemur con-
servation. Lemur News 5: 20-22.

Overdorff, D.J. 1993. Similarities, differences, and seasonal
differences in the diets of Eulemur rubriventer and Eule-
mur fulvus rufus in the Ranomafana National Park,
Madagascar. Int. J. Primatol. 14: 721-753.

Powzyk, J.A.; Mowry, C.B. 2003. Dietary and feeding differ-
ences between sympatric Propithecus diadema diadema
and Indri indri. Int. J. Primatol. 24: 1143-1162.

Ratsimbazafy, H.J. 2002. On the brink of extinction and the
process of recovery: Responses of black-and-white ruffed
lemurs (Varecia variegata variegata) to disturbance in
Manombo Forest, Madagascar. PhD Dissertation, State
University of New York at Stony Brook, Stony Brook.

Simons Morland, H. 1991. Social organization and ecology of
Black and White Ruffed Lemurs (Varecia variegata
variegata) in lowland rain forest, Nosy Mangabe, Mada-
gascar. PhD Dissertation, Yale University, USA.

Vasey, N. 1997. How many red ruffed lemurs are left? Int. J.
Primatol. 18: 207-216.



