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Ethnobotany and Effects of Harvesting on the Population Ecology of Syngonanthus Nitens 
(Bong.) Ruhland (Eriocaulaceae), a NTFP from Jalap~o Region, Central Brazil. The handi- 
crafts made from Syngonanthus nitens scapes have been an important source of income for 
rural communities in the Jalap~o region of Brazil since the late 1990s. This study analyzed S. 
nitens harvest and management techniques and the economic importance of the handi- 
crafts. We also tested the effects of harvest on S. nitens population ecology. Handicrafts 
provide about US$1,8OO/year per artisan, being especially important to women. Experimen- 
tal scape harvesting in mid-October, which is when knowledgeable artisans harvest and 
when the seeds are mature, had no consistent effects on population density, plant survival, 
or reproduction (clonal or sexual) after one year. Since 40% of the new recruits come from 
seeds, harvest after seed maturation, combined with removal of only the scapes and not the 
flowerheads, can allow for S. nitens seeds to remain in the populations and help ensure sus- 
tainability of the growing S nltens handicraft actwity. Important economic aspects of S. 
nltens harvest sustamability include the high value of the handicrafts and the fact they are 
not perishable. 

Etnobot~nica e efeitos do extrativismo na ecologia populacional de 5yngonanthus nitens 
(Bong.) Ruhland (Eriocaulaceae), um produto florestal n~o-madeireiro (PFNM) da regi~o 
do Jalap.~o, Tocantins, Brasil. O artesanato de escapos de Syngonanthus mtens (capim 
dourado) 6 importante fonte de renda para comunidades do Jalap~o, Tocantins, desde o tim 
dos anos 1990. Este estudo caracterizou a import~ncia econ6mica deste artesanato, as t6c- 
nicas de manejo e extrativismo e testou efeitos da colheita sobre a ecologia populacional da 
esp6cie. O artesanato rende cerca de US$1.8OO/artes~o anualmente (-R$345,00/m~s), 
sendo especialmente importante para mulheres. A colheita experimental de escapos em 
meados de outubro, 6poca de colheita declarada por artes~os tradicionais, e quando as se- 
mentes est~o maduras, n~o afetou de maneira consistente a densidade populacional, a so- 
breviv~ncia ou a reprodu(;~o (sexuada e assexuada) das plantas pot um ano. Um aspecto 
importante deste artesanato E o interesse estar voltado para o escapo, e n~o para os cap[tu- 
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los, como ocorre para uhlizag~o de outras sempre-vivas para ornamenta~o de interiores 
Assim, a recomenda~o de colher ap6s a matura~o das sementes e cortar os capitulos n~.o 
prejudica a atwidade artesanal e mantEm as sementes nos campos fimidos, o que E impor- 
tante para a din~mica t0opulacional, visto que 40% dos recrutas provem de sementes. As- 
pectos importantes para a sustentabilidade con6mlca da atividade s~.o o alto valor de mer- 
cado e o faro do artesanato n~o set um produto perecivel. 

Key Words: Syngonanthus nitens, Brazlhan Cerrado, handicraft, scape harvesting, herb, 
resource management, economic importance, biodwersity. 

The harvest of non-timber forest products 
(NTFP) has been identified as a possible way to 
combine biodiversity conservation with income 
generation in rural communities around the 
world (Nepstad and Schwartzman 1992; Redford 
and Padoch 1992; Ticktin 2004). However, some 
authors argue that it may be difficult for NTFP 
to guarantee economic and/or ecological sustain- 
ability. This is either because the values of NTFP 
are overestimated and do not represent a reliable 
income source, or because the shift from subsis- 
tence harvesting to a commercial scale leads to 
overexploitation of natural resources (Belcher et 
al. 2005; Boot and Gullison 1995; Hall and 
Bawa 1993; Redford and Padoch 1992). 

The harvesting of NTFP can have different 
impacts on the individuals and plant populations 
exploited depending on the plant life history, the 
part of the plant harvested, and the intensity and 
time of harvesting, as well as environmental and 
management conditions (Ticktin 2004). To de- 
termine the economic significance and ecological 
impacts of the harvesting and sale of NTFP, it is 
essential to understand the harvesting and man- 
agement techniques applied by local harvesters 
and to test experimentally the effects of harvest- 
ing on individuals and populations (Endress et al. 
2004; Hall and Bawa 1993; Martin 2004; Paoli 
et al. 2001; Ticktin and Johns 2002). 

In Central Brazil, various species from the Eri- 
ocaulaceae, Xyridaceae, and Cyperaceae families 
are heavily harvested for their scapes (flower 
stalks or stems) and flowerheads, which are used 
as dry ornamental plants (sempre-vivas). This 
trade has occurred since the end of 19 th century 
and holds high economic importance, especially 
in the states of Minas Gerais, Bahia, and GoiSs 
(Giulietti et al. 1988). This commercial exploita- 
tion is thought to be responsible for the popula- 
tion declines of several species which are now 
considered at risk of extinction on a regional scale 
(Giulietti et al. 1996; Mendonga and Lins 2000). 

However, no published studies to date have ex- 
amined the effects of scape harvesting on the 
population ecology and dynamics of these 
species. 

In the JalapSo region, Tocantins state, handi- 
crafts made from the scapes of Syngonanthus 
nitens (Bong.) Ruhland (Eriocaulaceae) (Fig. 1) 
have been a very important source of income to 
local communities since the late 1990s. Over the 
last few years, the demand for S. nitens handi- 
crafts has put increased pressure on plant popula- 
tions as the number of artisans and the demand 
for raw material has increased. Due to concerns 
about the increasing number of new artisans, 
families from a local community (Mumbuca) 
asked the Brazilian federal environmental agency 
(Ibama) to propose management techniques to 
prevent overexploitation of S. nitens. The present 
study was carried out as part of an effort to guar- 
antee ecological and economic sustainability to 
the handicraft activity in the region. The Jalap~o 
region is in the Cerrado biome, which originally 
covered more than 2 million km 2, mainly in Cen- 
tral Brazil. Despite its high biological diversity 
and rates of endemism as well as its importance 
to local communities' livelihoods, the Cerrado 
has been overlooked by many conservation initia- 
tives (Silva and Bates 2002; Marris 2005). Pro- 
moting sustainable uses of Cerrado products is 
one strategy to promote the conservation of this 
biodiversity hotspot (Klink and Machado 2005). 

In this study, we aimed to (1) characterize the 
harvesting, management, and crafting techniques 
and the economical importance of Syngananthus 
nitens handicrafts in Jalap~o region; (2) quantify 
S. nitens density, survival, flowering, and repro- 
ductive rates over a one year period; and (3) test 
the effects of scape harvesting on S. nitens indi- 
viduals and populations by comparing the plant 
density and rates of survival, flowering, and re- 
sprouting in harvested and unharvested (control) 
plots. 
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Hg. 1. Handicraft pieces made from Syngonanthus nitens scapes. 

Methods 
STUDY AREA 

Our study sites are located in the Jalap~o re- 
gion within the Cerrado biome. The savanna-like 
vegetation of this biome has been largely con- 
verted to extensive monocultures, especially soy- 
bean and pastures (Furley 2004; Myers et al. 
2000; Oliveira and Marquis 2002). Today more 
than 80% of the Cerrado area has been disturbed 
(Mittermeier et al. 2000), and only 2.6% of the 
biome is inside protected areas (Aguiar et al. 
2004). The Jalap~o is a 53,340 km 2 region in To- 
cantins State. Its isolation, combined with its 
sandy, nutrient-poor soils, has made it unattrac- 
tive to large-scale agricultural uses, thus con- 
tributing to the preservation of the natural vege- 
tation (Souza-Jtlnior 2002). The human 
population density is approximately 0.6 inhabi- 
tants/km 2, and the local economy is based on 
subsistence agriculture, extensive cattle raising, 

and, more recently, S. nitens handicrafting (Se- 
plan 2003a). This region has the largest legally 
protected continuous areas of Cerrado: the 
Jalap~o State Park, with 158,000ha; the Serra 
Geral do Tocantins National Park (Estaqfio 
Ecol6gica), with 716,000, both created in 2001 
(Silva and Bates 2002); and Nascentes do Par- 
nafba National Park, with 733,000 ha, created in 
2002. 

The Cerrado region is characterized by sea- 
sonal precipitation, with distinct rainy and dry 
seasons (Ratter et al. 1997). The mean precipita- 
tion in Jalap~o region is 1,700mm, 900/0 of 
which falls between October and April, and the 
annual mean temperature is 27~ (Seplan 
2003b). The landscape is composed of scrubland 
areas on alfisoils where shrubs and trees (up to 
10m tall) occur among grasses (cerrado sensu 
stricto and campo sujo) (Ratter et al. 1997; Ribeiro 
and Walter 1998). The numerous watercourses 
are surrounded by gallery forests where the trees 
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Fig. 2. A rosette (A) and three Syngonanthus nitens plants with scapes (B). 

can reach up to 20 m height. In Jalap~o, most of 
the gallery forests are swamp forests, (called 
veredas) dominated by buriti palm (Mauritiaflex- 
uosa L.f.). These swamp forests are delimited by 
humid grasslands (campos #midos) on organosoils 
dominated by grass species around 0.50m in 
height and characterized by the occurrence of 
Xyridaceae, Cyperaceae, and Eriocaulaceae, in- 
cluding Syngonanthus nitens. These humid grass- 
lands occur as a belt between the scrubland (cer- 
rado or campo sujo) and the gallery forest (Ratter 
et al. 1997). In Jalap~o, they are usually between 
50 and 100m wide. 

SPECIES AND HANDICRAFT ACTIVITIES 

Syngonanthus nitens is a perennial polycarpic 
herb with leaves arranged spirally in a basal 
rosette with diameter of ca. 4 cm (Fig. 2). The 
plants are clonal, and fertile rosettes can annually 
produce 1 to 10 scapes (flower stalks or stems), 
with each scape bearing a capitulum flower 
(Giulietti et al. 1996; Parra 1998; Schmidt 
2005). In Jalap~o, S. nitens' flowering starts in 
July, and seeds are produced from the beginning 
of September through October. Each capitulum 
bears on average 60_+ 14 seeds (minimum 0 and 
maximum 237; n=250) measuring 0.7 to 
1.0ram length and 0.2 to 0.35mm wide 
(n=100) and weighing about 0.033rag each 
(Schmidt 2005). Seed longevity in laboratory 
conditions, is around 10 months and germina- 
tion rates (at 22/30~ can reach 92_+7% 
(Schmidt et al. n.d.). Flowers and seeds are prob- 
ably pollinated and dispersed by wind. The 
species occurs in all the Cerrado biome (Giulietti 

et al. 1996), in areas with intermediate humidity 
within the humid grasslands. In some regions of 
Bahia, Goi~s, and Minas Gerais states, the scapes 
and flowerheads are harvested to be used as dried 
ornamental flowers (everlasting plants or sempre- 
vivas) (Giulietti et al. 1996). The use of scapes to 
make handicrafts takes place mainly in Jalap~o re- 
gion, but also in the cities of Tocantfnia (Tocan- 
tins State) and S~o Domingos (Goi~is State) on a 
smaller scale. 

The handicrafts are made of coils of S. nitens 
scapes sewn tightly together with strips from 
Mauritia flexuosa young leaves. The handicrafts 
are bright and gold in color, hence their common 
name "golden grass" (capim daurada) (Fig. 1). 
The most traditional handicraft pieces are baskets 
and hats, but new products and designs have 
been introduced by tourists and by Sebrae, the 
governmental agency for working capacity build- 
ing. Today, the artisans associations sell bracelets, 
belts, earrings, purses, and different kinds of 
boxes. 

ETHNOBOTANICAL INTERVIEWS 

In December 2002, we conducted semistruc- 
tured and nonstructured interviews with har- 
vesters and artisans from six rural communities 
(Mumbuca, Carrapato, Formiga, Fazenda Nova, 
Rio Novo, and Prata) as well as in urban areas of 
Mateiros and Ponte Alta municipalities. We asked 
questions related to: the origin of handicraft ac- 
tivities in Jalap~o; the spread of the technique 
among the local communities; how artisans learn 
crafting; how, where and when the raw materials 
are obtained; how the humid grasslands are man- 
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aged; the amount of time dedicated to handicraft 
activities; and the economic returns. In each lo- 
cality, at least five interviews were conducted with 
men and women, depending on the opportunity 
and availability of harvesters and artisans. Addi- 
tional information was also obtained later as the 
study progressed and local communities got to 
know and trust the research team. In total, we 
obtained information from more than 70 har- 
vesters and artisans. 

In August 2004, we recorded selling prices at 
local associations and interviewed four female ar- 
tisans (15 to 64 years old) to estimate the time 
spent to make different pieces. We weighed these 
pieces (3-5 of each kind) to estimate the amount 
of scapes used and the per hectare profitability. 

POPULATION ECOLOGY AND EFFECTS OF 
SCAPE HARVESTING 

Harvesters from the Mumbuca community 
participated in the planning and execution of the 
ecological studies, which were initiated in August 
2003 in three humid grasslands located in the 
Jalap~o State Park (10 ~ 21' S; 46 ~ 36' W). To se- 
lect our study sites, we chose humid grasslands 
that were traditionally considered good harvest- 
ing sites for the Mumbuca community, and that 
had been burned for the last time in 2002. The 
sites were separated from each other by 3 to 
10 km. 

To characterize S. nitens density as well as rates 
of recruitment, mortality, resprouting, and flow- 
ering, in each study site we established 40 1 • 1 m 
plots, where we counted all the S. nitens individu- 
als and classified them as flowering or nonflower- 
ing. Then, in each plot, we established one 
0.25 • 0.25 m subplot where we tagged all the S. 
nitens individuals. Rosette diameter of the tagged 
plants was measured with a digital caliper; scape 
number and height from reproductive plants 
were recorded. We considered each rosette of 
leaves as an individual and noted whether it had 
evidence of resprouting. The individuals that ap- 
parently had originated from seeds and had not 
resprouted were called solitary genets. The individ- 
uals with resprout evidence (hereafter called ram- 
ets) may either be originated by resprout of an- 
other rosette and/or may be originated by seed, 
producing new rosettes themselves. Contact be- 
tween rosettes and evidence of stem connections 
were the most important characteristics used to 
classify plants as ramets. 

In addition, since there were relatively few 

flowering individuals within the 0.25 • 0.25 sub- 
plots, at each study we also tagged 200 flowering 
individuals outside the plots. Here no two ramets 
of a genet were tagged. 

We tested the effects of harvest on S. nitens 
population ecology in two ways. We randomly 
selected half of the 40 plots and asked local har- 
vesters to harvest them in the way they usually 
do. Therefore, not all individuals or scapes were 
harvested, and some rosettes were likely up- 
rooted. We also removed all the scapes from 100 
of the 200 flowering individuals outside of the 
plots, avoiding rosette uprooting. Both harvesting 
experiments were carried out from October 15- 
18, 2003. Unharvested plots and plants were 
used as a control to be compared with harvested 
areas and plants 

Censuses of all the plots and plants tagged 
were carried out five times over a one year period: 
in August 2003, October 2003, and February, 
June, and August 2004. 

STATISTICAL ANALYSES 

Plants Inside the 1 • 1 Meter Plots 

We assessed differences in initial (August 
2003) density of S. nitens plants among the three 
study sites using ANOVA, followed by the Tukey 
test. The initial densities of flowering plants were 
compared among sites using ANCOVA, with 
total density as the covariant. Within each site, 
we used t-tests to compare the initial total density 
and density of flowering individuals between 
control and harvested plots. 

To compare densities of individuals in har- 
vested versus control plots over the five census 
periods, we used the two-way repeated measures 
ANOVA. The treatment (control or harvested) 
and site were used as factors of the ANOVA. We 
used ANCOVA to compare flowering rates (in 
2004) between harvested and control plots, using 
the total density per plot as the covariate. Data 
were square-root transformed to achieve normal 
distribution (Zar 1999). 

Plants Tagged outside the Plots 

We used the plants tagged outside the plots to 
verify the effects of harvest on individuals. Rates 
of survival, resprouting and flowering were com- 
pared between control and harvested plants using 
Chi-square tests. Rosette growth (diameter in Au- 
gust 2004-diameter in August 2003) of harvested 
versus control plants was compared using t-tests. 
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The number and height of scapes produced in 
2004 (one year after experimental harvesting) 
were compared between control and harvested 
plants using ANCOVA, where the covariates 
were the number and height of scapes in the pre- 
vious year. 

Comparison between Reproduction in Ramets 
Versus Solitary Genets 

We compared rates of survival of solitary 
genets versus ramets using a Chi-square test. For 
the survivorship analysis, we used only control 
individuals. For analysis of flowering rates, we 
considered all the individuals tagged in 2003 
(i.e., before harvest), and then only plants from 
the control treatment in 2004. The ramets were 
randomly sampled so these comparisons could be 
made with samples of equal size. 

Results 
THE ETHNOBOTANY OF 
SYNGONANTHUS NITENS 

The making of handicrafts of S. nitens began 
in Jalap~o, in the Afro-Brazilian community of 
Mumbuca. Indigenou~ people, probably from the 
Xerente ethnic group, taught the art to local in- 
habitants when passing through the region 
around the 1930s. For decades the handicrafts 
were only made by women for household uses 
and/or sporadic selling. However, since the late 
1990s, the Tocantins State government has been 
advertising S. nitens handicrafts as a state trade- 
mark. During this period, the Jalap~o region be- 
came a famous off-road and ecotourism destina- 
tion. Together, these events caused a great 
increase in handicraft sales. 

Due to interest in this alternative source of in- 
come, women--and more recently men and chil- 
d ren- f rom all villages and cities in the region 
have started to harvest scapes and sew S. nitens 
handicrafts. Today, there are at least 12 local 
community associations with more than 600 arti- 
sans. The handicrafts are usually sold in small 
shops of local artisan associations. Some artisan 
associations have access to communication tech- 
nology and are therefore able to receive orders 
and send them directly to shop owners in large 
Brazilian cities by mail. However, most of the 
sales are actually made by intermediaries who dis- 
tribute the handicrafts widely and gain high prof- 
its. Presently, the local artisan associations are not 
able to compete with experienced intermediaries 

who come from large cities because they do have 
training in the necessary skills. 

OBTAINING THE RAW MATERIALS FOR 
S. NITENS HANDICRAFTS 

The raw materials for S. nitens handicrafts are 
obtained from public lands, protected areas, and 
private lands. The private lands where S. nitens 
are harvested are areas where the landowners ei- 
ther live or else have hired people to oversee and 
take care of their property. Although harvesting 
inside protected areas is prohibited according to 
the Brazilian law, the government has still not 
purchased the land in Jalap~o's designated pro- 
tected areas from the prior landowners. There- 
fore, until the state government pays for the land, 
harvesters are not officially prohibited from har- 
vesting in these protected areas. 

The increase in demand for raw materials for 
S. nitens handicrafts has created an internal trade 
of S. nitens scapes and M. flexuosa strips. Conse- 
quently, some people, mainly men, have begun to 
collect raw materials exclusively to sell to artisans. 
Therefore they are "exclusively harvesters." 

The strips (or buriti silk) used to sew the scapes 
of S. nitens are obtained from young unopened 
leaves of juvenile M. flexuosa palms throughout 
the whole year. Harvesters claim that this extrac- 
tion does not injure the palms, especially if they 
allow the plant to produce one or two new leaves 
after harvest, before gathering a new leaf from the 
same plant. Harvested palms are easily identified 
because most of the leaf petiole is left in the 
plant. However, the increasing demand for strips 
can threaten palm individuals in areas close to the 
villages, which tend to be subject to higher har- 
vesting pressures. 

During the harvesting of S. nitens scapes, each 
harvester can obtain between 276g-l ,068g 
(mean 666g+ 199g) of scapes in one hour. Usu- 
ally, all the scapes from the plants that are har- 
vested are taken. However, harvesters do not gen- 
erally collect all the scapes in any given area, 
thereby leaving around 20% of the plants unhar- 
vested. The scape harvesting is done between July 
and October. While knowledgeable artisans state 
that the harvesting should occur after mid- 
September, new artisans, and particularly those 
who are exclusively-harvesters, maintain that the 
harvest can occur after mid-August or even earlier 
(Table 1). The early harvesting is carried out as a 
way to obtain more raw materials--that is, by 
collecting scapes before other harvesters get there. 
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TABLE l. PLANT PHENOLOGY EVENTS AND HARVESTING ACTIVITIES OF S. NITENS ON JALAPXO. 

The early harvesting is favored by the existence of 
vast uninhabited areas that are difficult to access 
and control. 

Today S. nitens harvesting is becoming more 
competitive, and harvesters stock scapes and sell 
them for higher prices after the harvest period. In 
September 2004, one kilogram of S. nitens scapes 
was sold for the equivalent of US$7 to 10, 
whereas the same amount could be sold for 
US$18 in June of the following year (US$1 is 
equivalent to about R$2.3). 

All the local people interviewed asserted that 
scape production is higher one year after burning. 
According to this perception, the grasslands 
should be burned during the dry season (May to 
October) in order to stimulate scape production 
of S. nitens (i.e., flowering) in the following year. 
Therefore, harvesters maintain that the best man- 
agement regime for S. nitens would involve the 
burning of humid grasslands every other year. 
However, in reality not all humid grassland areas 
are in fact burned so frequently, since the region 
is large and humid grasslands are common. Fire is 
also used to promote plant sprouting to feed the 
cattle during the dry season, a common practice 
in the Cerrado biome (Klink and Machado 2005; 
Mistry 1998). Fire frequency in the Jalap~o re- 
gion is high, and it is rare to find areas unburned 
for more than three years. 

MAKING OF HANDICRAFTS AND 

ECONOMIC IMPORTANCE 

The time dedicated to making handicrafts is ex- 
tremely variable among artisans. In general, 
women make handicrafts for a few hours every day 
while doing housework and raising children. Men 
make handicrafts when they have no outside activ- 
ities, such as subsistence agriculture, cattle raising, 
or temporary jobs in farms or roads. Women's ac- 
tivities, therefore, tend to be more constant. 

Artisans state that it is difficult to calculate ac- 
curately their monthly income because the time 
they dedicate to making handcrafts is highly vari- 
able and sales are not constant during the year. 
For example, during vacation periods, tourism is 
more intensive and so are the sales. Nonetheless, 
based on the time artisans dedicate to making 
their crafts and the average selling prices of differ- 
ent art pieces (Table 2), we estimate that the 
mean income generated from this activity ranges 
from US$65 to 350 per artisan each month 
(-R$150 to 800/month). Given that the scape 
density found in the ecological part of this study 
(about 50 scapes/m2), and the amount of scapes 
needed to make each handicraft piece, we calcu- 
late that one hectare of humid grassland can yield 
between US$2,090 and 6,670 each year. How- 
ever, this calculation refers to only those areas of 
grassland where S. nitens occurs and not the 
whole grassland area. 

S. NITENS POPULATION ECOLOGY 

The density of S. nitens plants appears to be 
highly variable in humid grasslands (Fig. 3), 
since some of our plots had very high S. nitens 
densities (more than 220 individuals/m2), while 
no S. nitens individuals were found in other 
plots. The initial densities of S. nitens differed 
among sites (ANOVA F2,117=7.94, p=0.001). 
Site 1 had the lowest density of plants (59 + 46 
individuals/m 2 [mean_+ SD], Tukey; p < 0.03), 
and sites 2 and 3 had a similar initial plant den- 
sity (94 -+ 51 and 91 _+ 42 individuals/m 2, respec- 
tively, Tukey; p = 0.98, Fig. 3). The flowering 
rates of S. nitens also differed among sites in 
August 2003 (ANCOVA F2,117 = 27.45, 
p < 0.001), with site 2 having the highest density 
of flowering plants (56+ 17%), followed by site 
1 (47+17%), and then site 3 (18+8 %, Tukey 
tests, p<0.01, Fig. 3). 
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TABLE 2. RESOURCES REQUIRED FOR A N D  I N C O M E  GENERATED FROM DIFFERENT TYPES OF SYNGONANTHUS 

NITENS HANDICRAFTS.  VARIATION IN  T H E  ESTIMATED I N C O M E  IS DUE TO T H E  VARIABLE TIME SPENT 

H A N D I C R A F T I N G  A N D  ALSO TO T H E  KIND OF HANDICRAFT  PIECE MADE. 

Han&craft Mean Number of Scapes Time Spent Esumated Yearly 
Item Weight (g) Reqmred ~ Price 2 (US$) (Daysp Income (US$) 4 

Purse 206 1,805 15.0-21.5 3-6 2,100 
Hat 185 1,619 19.3-23.6 4-8 1,115 
Sous plat 57 503 4.3 0.5-1 1,970 
Small hat for 3 26 1.3 4-8 2,415 

keychains 
Bracelet 9 78 0.9 6-10 2,145 

Each scape weighs about 0.1143 g, as estimated by weighing 100 scapes (n = 8 x 100 scapes). 
2 Minimum and maximum prices found in the association of Mumbuca community in August 2004. 
3 Estimated from interviews with four female artisans between 15 and 60 years old. 
4 Estimates assume 26 days of work/month. The Brazilian minimum salary in August 2004 was R$260.00/month. Estimates 

are based on the assumption that only one kind of item is made at a time. R$1.00 =US$0.43 (June 2006). 

Tagged plants produced an average of 2.3 +- 1.9 
scapes; we rarely found individuals producing as 
many as 60 scapes. Scape production in the three 
sites varied between 28 and 106 scapes/m 2 in 
2003 and 16 and 46 scapes/m 2 in 2004. Among 
the individuals that flowered in 2004 in the con- 
trol subplots, 49% flowered also in 2003. Sixteen 
percent of  the flowering individuals were new, re- 
cruited after August 2003. 

About 60% (808 individuals) of  the 1,336 in- 
dividuals tagged in August 2003 were ramets. 
There were no significant differences in flowering 
rates between solitary genets and ramets in 2003 
(• 0.2; p = 0.64; n = 159) or in 2004 (• 0.09; 
p=0.76;  n=60).  Similarly, the number and 
height of  scapes did not differ significantly be- 
tween solitary genets and ramets in 2003 (t tests; 
p > 0.2 df= 652.). However, in 2004, ramets pro- 
duced more ( t=-2 .6 ;  p=0.012; df=92) and 
taller (t =-2.4;  p = 0.017; df= 92) scapes than did 
the solitary genets. 

EFFECTS OF S. NITENS SCAPE HARVESTING 

There were no significant differences in S. 
nitens density between experimentally harvested 
l x  1 m plots and control plots (F 1114=0.05, 
p = 0.824), and there were no significant interac- 
tions between harvest and site (F21=0.8; 
p = 0.45, Fig. 3). In addition, harvesting aid not 
significantly affect flowering rates in the year fol- 
lowing harvest (2004) in any of the studied sites 
(ANCOVAS, p > 0.28 df= 1; 1; 37) (Fig. 3). It 
is important to note that in August 2003 (before 
harvest) there were no significant differences in S. 
nitens density between plots assigned to be hat- 

vested and used as control plots in any of the 
three sites (t tests; p > 0.2, df= 19). 

For the plants tagged outside the plots, there 
were significant differences between control and 
harvested plants in rates of flowering, scape produc- 
tion, vegetative reproduction, and rosette growth. 
However, these harvests effects did not show any 
consistent pattern among the sites (Table 3). 

Discussion 
ECONOMIC IMPORTANCE OF S. NITENS 

The successful trade of NTFP, which allows for 
biodiversity conservation and contributes to the 
livelihoods of local communities, is a complex 
challenge that depends on numerous economical 
and ecological variables (Belcher et al. 2005; Hall 
and Bawa 1993). The trade of handicrafts of Syn- 
gonanthus nitens is an important economic option 
for families in Jalap~o for several reasons. These 
include the fact that S. nitens handicrafts are well 
priced in the region and in Brazilian and foreign 
urban areas. Our results indicate that at present 
S. nitens allows Jalap~o artisans to earn about 1.5 
times the minimum Brazilian salary (US$110/ 
month in August 2004) or even more. This is 
highly relevant in a region where the majority of  
the people do not have formal jobs, and rarely 
have incomes higher than twice the minimum 
salary. These earnings are high in comparison to 
other NTFP from the Cerrado region (Sawyer et 
al. 1999) and other parts of  the world (Ghimire 
et al. 2005; Gunatilake et al. 1993; Marshall and 
Newton 2003; Reis et al. 2000; Runk 1998; 
Ticktin et al. 2003). The per-hectare profitability, 
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Fig. 3. Density (mean + SD) of S. nitens individuals in August 2003 and August 2004, in three humid grass- 
lands sites (n = 20 control plots and n = 20 harvest plots in each site). The scapes were harvested in October 2003. 
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TABLE 3. SURVIVAL, GROWTH AND REPRODUCTION OF HARVESTED VERSUS CONTROL SYNGONANTHUS nitens 
PLANTS. ALL PLANTS HAD SCAPES THAT WERE HARVESTED IN OCTOBER 2003.1 

S*te 1 Site 2 Site 3 

Control Harvest Control Harvest Control Harvest 

Number of plants. 99 99 92 93 98 96 
Survival (%) 99.0 97.0 98.9 98.9 100.0 96.9 
New resprouts (%) 70.7 67.8 58.3 65.1 36.1 a 50.0 a 
Rosette growth (mm)* 2.1 + 12.9 2.9+ 10.2 -0.4_+ 14.2" -6.5 _+ 16.1" -1.4_+5.7" 0.7_+7.4* 
Flowering plants (%) 29.6* 40.8* 22.8* 14.0' 4.0* 25.8* 
Number of scapes 2.2_+ 1.1; 5.0_+4.3* 2.2+ 1.8 2.1 _+ 1.8 1.3_+0.5 1.8_+0.9 
Scape height (cm) 48.3+ 10.1 46.0_+9.0 43.6_+8.3 47.1 _+4.8 31.9_+2.8 32.8_+9.8 

Based on harvest experiments with plants tagged outside plots in August 2003. 
�9 Differences in total number of plants is due to the fact that some plants and their tags were not found in subsequent samples, 

probably because of the increase of grass cover during the one-year period; 
* Mean+SD; differences in rosette diameter variation (final-mltiai diameter), between control and harvested plants, t-test, 

p<0.03; 
* Differences in frequency between control and harvested plants, (Z2; p < 0.04); 
* Mean + SD; differences in scape production between control and harvested plants (ANCOVA) considering the 2003 values as 

covariables, p = 0.01. 

US$2,090 to 6,670/year, is also high for NTFP 
(Belcher et al. 2005; Murthy et al. 2005; Ticktin 
et al. 2003). In addition, this income can be en- 
hanced if the social and environmental benefits of 
the products could be considered (Anderson and 
Putz 2002). This can be attained by increasing 
the organizational and bargaining capacity of the 
local associations (Belcher et al. 2005) while in- 
corporating management techniques that are eco- 
logically sustainable. 

Three additional aspects of S. nitens handi- 
crafting make this activity locally important. 
First, economic activities in this region are typi- 
cally carried out by men, such as physical labor 
on farms, house building, and road construction. 
In contrast, the handicrafts provide income 
mostly for women who generally do not have 
other income sources. Second, handicraft produc- 
tion allows artisans to dedicate time to other ac- 
tivities, such as housework, subsistence agricul- 
ture, and cattle raising, and does not require 
seasonal migration, as do some available jobs in 
the region. Finally, scapes can be stored to be 
used year around and handicrafts can be sold 
whenever there are buyers interested in them, 
since they are not perishable, which is a common 
problem among a number of NTFP (Godoy and 
Bawa 1993). 

POPULATION ECOLOGY OF S. NITENS 

Syngonanthus nitens populations rely consider- 
ably on sexual reproduction, a characteristic 

recorded for other monocotyledonous clonal 
species (e.g., Guardia et al. 2000). The fact that 
approximately 40% of new recruits come from 
seeds is consistent with the high rates of seed pro- 
duction and germination (Schmidt et al. n.d.). 
Ramets and solitary plants have similar flowering 
rates; therefore, both can generate new seedlings. 

Observations from two of the study sites coin- 
cide with the traditional knowledge that S. nitens 
flowering rates are greater one year after burning. 
However, these observations should be taken 
with caution because of the spatial and temporal 
variability in S. nitens population ecology, and 
also because environmental factors other than fire 
(e.g., amount of biomass and soil cover in the 
grasslands) may influence S. nitens flowering. In- 
deed, site 3 had a higher flowering rate in 2004, 
two years after burning, than in 2003. Longer- 
term experimental studies will be necessary to un- 
derstand the importance of fire on the population 
ecology of this species. 

EFFECTS OF HARVEST ON 

S. NITENS POPULATIONS 

High spatial and temporal variability are com- 
mon in the dynamics of plant populations and 
can make the effects of harvesting difficult to as- 
sess (Boot and Gullison 1995; Hall and Bawa 
1993). We did not identify consistent effects of 
scape harvesting on any of the population param- 
eters analyzed over the one year study period. 
Syngananthus nitens population dynamics may be 
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more influenced by factors such as soil humidity, 
nutrient availability, soil vegetation cover, and fire 
than by scape harvesting per se. More research 
will be necessary to assess this. 

It is possible that harvesting S. nitens scapes in 
mid-October does not influence the individual 
survival, growth, or reproductive capacity (sexual 
and asexual) of this species at all. Several ecologi- 
cal and harvesting characteristics of S. nitens sup- 
port this hypothesis. First, scape harvesting does 
not cause death of harvested individuals, except 
by occasional rosette uprooting; second, the rates 
of flowering and vegetative propagation of har- 
vested individuals did not change in the year after 
harvesting; and third, scapes are not essential tis- 
sues for plant survival and growth. 

IMPLICATIONS FOR SUSTAINABLE 
HARVESTING OF S. NITENS 

Some aspects of both the harvesting and hand- 
icraft activities of S. nitens appear to contribute to 
its sustainability. Syngonanthus nitens is abundant 
in Jalapfio and exhibits high rates of survival and 
recruitment both from seeds and vegetative prop- 
agation, which can prevent high population fluc- 
tuations (Cook 1979). Since the species is poly- 
carpic, the same individual can produce scapes 
several times in its lifetime. Moreover, plant mat- 
uration is fast, and scape production can occur 
during the first year of the individual's life. This 
fast production contrasts with NTFP extracted 
from species with long life cycles (Peres et al. 
2003) and with palm and herb species with inter- 
mediate life cycles (Reis et al. 2000; Siebert 2004; 
Ticktin and Johns 2002). 

Given that about 40% of S. nitens recruits 
come from seeds, one potential effect of scape 
harvesting could be a decrease in seed availability, 
especially if the harvesting occurs before seed 
maturation and dispersal. This could reduce 
seedling recruitment and cause population size 
reduction. Harvesters and some preliminary tests 
indicate that early harvesting, before September, 
can cause more rosette uprooting, killing adult 
plants with sexual and clonal reproductive poten- 
tial. The timing of harvesting is likely extremely 
important to the potential for sustainability of S. 
nitens handicrafts. We only tested the impacts of 
harvesting in October, which may be significantly 
different from the impacts of harvesting in earlier 
months when the plants are still flowering or 
with immature seeds. Harvesting after seed matu- 
ration (after mid-September) allows the dispersal 

of at least part of the seeds before or during scape 
harvesting. 

Reductions in population size of other Erio- 
caulaceae species, including other Syngonanthus 
spp. whose flowerheads are exploited as dry orna- 
mental plants (sempre-vivas) in Central Brazil, 
have been attributed to scape harvesting during 
the flowering period (L.C. Bede, personal com- 
munication; Giulietti et al. 1996). In this con- 
text, a central aspect of the potential sustainabil- 
ity of S. nitens for handicrafts relates to the fact 
that scapes, and not flowerheads, are used. When 
Eriocaulaceae species are used for ornamental 
purposes, the economic value is determined by 
the color and structure of the flowerheads, and 
these characteristics change, decreasing quality 
and value, after seed production (L.C. Bede, per- 
sonal communication). In contrast, harvesting of 
S. nitens scapes after seed production has no neg- 
ative impact on the handicraft activity. In addi- 
tion, the flowerhead can be cut and the seeds dis- 
persed in the grasslands during the harvesting, 
also with no harm to the handicraft activity. 
Therefore, the recommendation for later harvest- 
ing is feasible for the scape handicrafts, but not 
for flowerhead ornamental exploitation. 

Based on the above results, the Tocantins State 
Government, through its Environmental Agency 
(Naturatins), established a regional law (Portaria 
55/2004 and 092/2005) allowing scape harvest- 
ing only after September 20% and requiring 
flowerhead cutting and dispersal in the grassland 
areas just after scape harvesting. This regional law 
can be updated regularly whenever new informa- 
tion is obtained, and therefore can be an efficient 
tool for contributing to the sustainability of S. 
nitens handicraft activities. 

In this case, we see a real possibility for achiev- 
ing conservation of natural ecosystems combined 
with income generation to local communities. To 
guarantee this, land use changes (such as conver- 
sion to agricultural areas or cattle pastures) will 
need to be prevented in the humid grasslands in 
Jalap~o, and harvest activities should be orga- 
nized, with early extraction avoided. In addition, 
local associations need to improve their organiza- 
tional and marketing effectiveness so that they are 
collectively able to control harvesting activities 
and use the adoption of sustainable management 
techniques as a way to provide added value to 
their products. Another important aspect needed 
to ensure sustainability in both ecological and 
economic terms is the maintenance of harvesters' 
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access to the harvesting areas. This is especially 
important since the high value of the raw mate- 
rial for S. nitens handicrafts is already encourag- 
ing local landowners to restrict the access to their 
land and/or charge harvesters for extracting 
NTFP. One possible way to help ensure har- 
vesters' access would be through the implementa- 
tion of  Extractives Reserves, which have been es- 
tablished elsewhere in Brazil (Allegretri 1990) 
and could also help legitimize local control of 
harvesting activities. 

Finally, in order to develop an effective man- 
agement plan for S. nitens and the humid grass- 
lands in which it is found, it will also be essential 
to (1) study the effects of  fire on S. nitens popula- 
tion dynamics and humid grasslands diversity, 
and (2) to determine the effects of the exploita- 
tion of the young leaves of  buriti palm. 
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