Chapter 19

Multilevel and Transdisciplinary Approaches
to Understanding Endangered Primates

in Complex Landscapes: Golden-Headed Lion
Tamarins in Southern Bahia, Brazil

Kristel M. De Vleeschouwer and Becky E. Raboy

Abstract The effect of forest fragmentation on arboreal species can be measured and
quantified at various scales using a variety of technical approaches. Multidisciplinary
studies or networks of studies that integrate information across scales and fields of
expertise provide the most comprehensive understanding of fragmentation. We illus-
trate the use of a multifaceted approach to assess the threats, and conservation status,
of golden-headed lion tamarins (Leontopithecus chrysomelas, GHLTs), an endan-
gered primate residing in a highly complex landscape of Southern Bahia, Brazil. Most
remaining habitat is in the hands of private landowners. In the west, the cattle industry
has contributed to the severe fragmentation of forests and led to small and extremely
isolated fragments. Local GHLT extinctions are occurring quickly. In the east, declin-
ing market prices of cocoa and the rapid spread of a fungal disease have devastated
cocoa production, and once rather contiguous expanses of shade-cocoa forests are
rapidly being converted to unsuitable habitat. GHLTs have been studied at the popula-
tion level, with increasingly more information being generated on their behavior,
ecology, demographics, habitat, genetics, and health. GHLTs (and their landscapes)
have also been studied at broader levels, yielding vital information regarding habitat
change and fragmentation trends over time, predictors of the presence and absence,
and viability and threat analysis via simulation modeling. Collectively, this informa-
tion is giving rise to a more integrated sense of the mechanisms by which anthropo-
genic pressures are affecting GHLTs. Additional factors regarding the rich history of
GHLT conservation efforts are discussed in this chapter. In an environment as
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spatially and temporally dynamic as Southern Bahia, a conservation management
approach involving evaluation, adaptation, synthesis, and prioritization is critical
towards developing efficient conservation action plans sensitive to the continuously
changing socioeconomic context.

Introduction

Human-induced habitat degradation and fragmentation can influence the behavior,
health, and ecology of animals, and lead to changes in the genetic structure, demogra-
phy, and dynamics of animal populations—often in detrimental ways (Marsh 2003;
Clarke and Young 2000). Documenting the changes that occur as a result of habitat
degradation and fragmentation is essential for understanding a species’ status and
enabling conservation actions to ensure a species’ long-term survival (Chapman and
Peres 2001). Collective information on the landscape, habitat, genetics, health, popu-
lation demographics, ecology, community interactions, behavior, and general biology
of animals and their populations serve to better characterize the effects of habitat
fragmentation and degradation than any one factor alone. Multidisciplinary studies
integrating information across scales and implementing diverse techniques may pro-
vide the best understanding of fragmentation (Soulé 1985; Lindenmayer and Peakall
2000). Factors impacting species survival interact across scales and disciplines are
cumulative in their influence on population dynamics (Gilpin and Soulé 1986).
Studies that are spatially and temporally explicit, comparative in nature, and incorpo-
rate species perspective further aide in a holistic approach to understanding the factors
affecting a threatened species. In this chapter we illustrate the use of such a compre-
hensive approach to assessing the conservation status of the golden-headed lion tama-
rin (GHLT, Leontopithecus chrysomelas), an endangered primate residing in the
highly complex landscape of Southern Bahia, Brazil (Fig. 19.1).

GHLTs are small-bodied arboreal primates threatened by extreme habitat frag-
mentation and loss of the Atlantic Forest in Southern Bahia (Pinto and Rylands
1997; IUCN 2011). They are frugi-faunivores, live in small groups (5-7 individuals
on average), and maintain home ranges that can be quite large (20-200 ha) (Rylands
1993; Raboy and Dietz 2004; Kierulff et al. 2002b; Oliveira et al. 2010). Generally
one female per group breeds once or twice a year, usually producing twins, and
infants are reared cooperatively by the group (French et al. 2002; Tardif et al. 2002;
Raboy 2002). Populations range mostly in areas of secondary forest in various
stages of degradation and some remaining tracts of mature forests (Pinto and
Rylands 1997; Zeigler et al. 2010). In addition to mature and secondary forest, they
use shade-cocoa plantations (Oliveira 2010). Pasture is generally unusable to
GHLTSs and anything more than a small field likely serves as a barrier for movement.
The GHLTSs’ preference for epiphytic bromeliads for prey foraging and tree holes
for sleeping likely limit their use of types of degraded habitats that lack such
resources (Rylands 1996).

The geographic range of GHLTS is characterized by two distinct vegetation types:
coastal humid forest in the east and semideciduous and mesophytic forest in the west
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(Pinto and Rylands 1997). These two distinct vegetation types coincide with two
different predominant economic activities, cocoa cultivation in the east and cattle
ranching in the west, resulting in different levels of forest fragmentation and distur-
bance (Figs. 19.2 and 19.3). The cattle industry has contributed to severe fragmenta-
tion of the western portion of the species’ range (Pinto and Rylands 1997). Only small
and extremely isolated fragments remain, yet they have considerable edge effect, and
local GHLT extinctions are occurring quickly (Zeigler et al. 2010; Raboy et al. 2010;
Fig. 19.2). Shade-cocoa plantations predominate in the east where some relatively
large forest fragments still exist (Fig. 19.2). However, the decline of cocoa prices and
the rapid spread of a fungal disease (witches’ broom) devastated cocoa production,
and many landowners are steadily converting their shade-cocoa plantations into cattle
ranches or other crops, increasing the level of forest degradation and fragmentation
and decreasing the amount of suitable interconnecting matrix habitat (Schroth and
Harvey 2007; Cassano et al. 2009). Currently, over 90 % of the species’ range is in the
hands of private landowners. Shade-cocoa is the predominant usable habitat remain-
ing for the GHLTs (Raboy et al. 2004; Oliveira 2010).

Techniques from diverse disciplines such as ecology (population, community,
landscape), animal behavior, botany, veterinary science, and geography have all
been used to study GHLTs. The more techniques and disciplines implemented, the
more profound our understanding of the species has become.

Scale

Choice of scale can be critical for accurately documenting the effects of habitat
fragmentation at relevant levels and reveal previously unknown aspects of a species’
biology. Primates may be studied at all scales including individuals, groups, popula-
tions, or metapopulations—or at levels within an individual such as cells and DNA.
Choice of scale is often inextricably linked to limitations of time, funding, tech-
niques being implemented, and project feasibility, although ultimately it should be
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Fig. 19.2 Map of the GHLT distribution indicating main vegetation types. Bahia state is indicated
in gray on the inset. Vegetation types were based on a reclassification of land cover at 30 m resolu-
tion published in Landau et al. (2003) from 1996 to 1997 Landsat data

determined by the research questions. Table 19.1 lists past and current research
projects focused on in situ GHLT biology, the scale at which they were (or are)
being implemented and the techniques used.

When results from lower scales are combined, they can provide detailed and
multilayered insight into the large-scale impact of habitat fragmentation, particu-
larly when multidisciplinary studies are involved. For example, a feeding ecology
study can be relevant in a specific habitat and population, providing information on
the type of food resources (and limitations therein) for that specific region (Rylands
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Fig. 19.3 Aerial view of fragmentation over Una Biological Reserve and surrounding areas. Photo
by James Dietz

1982; Raboy et al. 2004; Guidorizzi 2008; Catenacci 2008). But studying or com-
parison of data on the feeding ecology in different habitats and populations provides
insight into the range of resources used by the various populations that compose the
metapopulation, improves our understanding of how habitat fragmentation alters
this aspect of the species’ biology, and provides information to develop conservation
actions both for specific populations and the metapopulation in general. Comparative
work on ecology and demographics is in progress for five field locations where
GHLTs have been studied (Table 19.2). Likewise, assessing a population’s health
status through biological sampling can lead to specific recommendations for that
population (Monteiro et al. 2007), while comparing samples across populations can
provide additional understanding on the impact of larger scale landscape factors
such as proximity of human populations across the metapopulation (e.g., health
assessment study by Catenacci et al.; Table 19.1).

Effective programs promoting primate conservation generally operate on larger
spatial and temporal scales than those typically addressed by a single scientist, e.g.,
embracing a species’ entire geographic region, or including a number of generations
or scales sufficient to monitor ecosystem change (Chapman and Peres 2001). Setting
up collaborative projects to analyze data or samples collected by studies at a smaller
scale can prove useful to clarify issues at a larger scale and meet the demand for
information at the scale needed for conservation purposes, provided comparability
is maintained across studies. Examples of such collaborative projects for GHLTs
that combine samples collected through studies conducted at the population level to
investigate metapopulation questions include Grativol and Magro’s genetic study
and Catenacci et al.’s health assessment (Table 19.1) and spatiotemporal metapopu-
lation modeling recently published (Zeigler et al. 2013) and in progress by authors
drawing on multiple population studies.
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Fragmentation: Past, Present, and Future

Southern Bahia has had a complex series of socioeconomic stressors that created its
current fragmented habitat (Camara 2003; Young 2003). Historically, the landscape
of Southern Bahia was influenced by timber harvesting, agriculture, livestock, and an
increasing human population (Galindo-Leal and Camara 2003). Cocoa cultivation in
the traditional cabruca system has on one hand slowed down deforestation through
preserving part of the native shade tree cover, but at the same time also caused con-
version of large tracts of mature forest into secondary forest or agroforestry systems
(Ledo 2010). Since 1965, Brazil’s forest legislation prohibiting logging of Atlantic
forest and enforcing the establishment of legal reserves has allowed for a partial
recovery of the Atlantic forest, though mostly in the form of secondary forest, while
the area of mature forest continues to contract (Gonzalez and Marques 2008).

Estimates for the remaining amount of Atlantic forest cover vary greatly depend-
ing on the source, from 7-8 to 27 % (SOS Mata Atlantica/INPE 1993; 2008;
Galindo-Leal and Camara 2003; IESB et al. 2007). Ribeiro et al. (2009) analyzed
fragmentation in the Atlantic forest in eight geographical subregions including a
“Bahia region” (delineated as eastern Bahia and almost all of Espirito Santo and
Sergipe) based on centers of endemism published in Silva and Casteleti (2003). In
the Bahia region 16.7 % of original forest remained, and the largest fragment was
29,000 ha. Also within this region, 40-50 % of the forest was within 100 m of an
edge (Ribeiro et al. 2009). SOS Mata Atlantica did similar analyses for the entire
state of Bahia. They estimated 1.6 million ha of the remaining forest representing
8.38 % of the original Atlantic forest biome (Mata Atlantica and de Pesquisas
Espaciais 2008). Raboy et al. (2010) characterized the forest located within the
range of GHLTs. They found that 94 % of the patches (N=784) were <1,000 ha, and
52 % were <100 ha in size. Twelve patches reached sizes >10,000 ha. Comparisons
of current and past forest cover convey a picture of recent pressures on the land-
scape. Zeigler et al. (2010) showed that forest cover loss in the GHLT distribution
area between 1987 and 2007 was 145,796 ha (13 %). Zeigler et al. (2010) also noted
1,419 less fragments over the 20 years, and that mean patch size decreased by 10 ha.

In terms of how forest loss has affected population trends, survey work in com-
bination with landscape analysis (Raboy et al. 2010) documented a range reduction
for the GHLTs, in particular, from the west where fragments were found to be
smaller and more isolated from one another. Predictive work demonstrated that
Core Area Index (the proportion of core area to total patch size) and area of frag-
ments were variables that could potentially explain GHLT’s presence or absence.
Both forest cover across the landscape and the GHLTs ranging on it have showed
significant decline.

Predicting future trends is a vital tool for conservation practitioners. Changes in
landscape structure as well as a species’ response to such changes can be modeled
to predict outcomes under various scenarios of future change. In the case of GHLTs,
the likelihood of continued habitat loss is high. Recent changes to the Brazilian for-
est code reduce the level of protection for hilltop forests (the majority of the forest
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left in the western portion of the GHLT distribution area), and the margin of forest
necessary to maintain along riverbanks. These changes will have a profound nega-
tive effect on the amount of remaining forest in the western of the GHLT range, and
forest integrity and connectivity in the east, threatening region-wide conservation
(Law No 12.727, of Oct. 17 2012).

Zeigler (2010) looked at predicted future vulnerability of forest loss throughout
the GHLT landscape using the most significant predictors of past landscape change
(distance from previously cleared areas, elevation, and human population density).
Results indicated that most remaining habitat is highly vulnerable to future loss.
Additional studies by the same team looked at what might happen to GHLTSs in the
future by conducting population viability analysis of the species throughout their
entire distribution given no future landscape change (Zeigler et al. 2010) and of
selected metapopulations in the western half of the species range given likely
trends in future deforestation or reforestation (Zeigler et al. 2013). At current or
increased rates of deforestation, most metapopulations suffer from increased extinc-
tion risk and decreased abundance and genetic diversity, indicating that major
efforts to protect populations and tracts of habitat of sufficient size throughout the
species’ distribution will be important to protect the species from continuing decline
and extinction (Zeigler et al. 2013; Raboy 2008).

Perspective

Better assessment and integration of species perspective into conservation biology
and landscape studies may reveal novel ways to interpret fragmentation, its associ-
ated stressors, and potential solutions. For example, our impression of good habitat
for GHLTs was initially biased by our human-centered view that secondary forest
and human-altered habitats were inferior to mature forest for GHLTs. Studies
showed though that GHLTs had affinities to degraded habitats for certain resources
(Raboy et al. 2004; Catenacci 2008), and that shade-cocoa plantations were suitable
habitats (Oliveira 2010). Connectivity is another point where perspective matters.
Based on the concept of functional connectivity, traversable habitat (albeit lower
quality according to some set specification) actually connects seemingly isolated
forest patches into larger mixed-habitat patches. GHLT researchers have in the past
used various definitions to classify fragments as isolated, ranging from 30 m to
1 km of isolation (Raboy et al. 2010; Zeigler et al. 2010). Zeigler et al. (2011) varied
the resistance levels of the matrix habitat and identified the impact on functionally
connected complexes in the GHLT range discovering the landscape becomes some-
what less fragmented the further GHLTSs are capable of dispersing in matrix habitat.
The maximal dispersal distance is unfortunately currently unknown.

Great emphasis has recently been placed on biodiversity conservation in lieu of
single species conservation programs. Different species, even sympatric, may be
differently affected by continued forest loss and fragmentation. Conservation efforts
that are good for one species may not work for others, and such species-specific
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needs should not be overlooked when developing conservation actions for GHLTS,
particularly for actions that affect relatively large regions encompassing diverse
network of threatened species. For example, when mounting corridors or restoring
degraded areas, factors such as the choice of vertical structure or species of fruit
trees planted will have to take into account the needs of many species using the cor-
ridor, not just GHLTSs. An approach to considering species perspective was taken by
Paglia (2003) who considered population viability of three threatened Southern
Bahian species including two primates, the GHLT, and the yellow-breasted capu-
chin (Cebus xanthosternos), as well as a parrot Red-browed Amazon (Amazona
rhodocorytha). Forest patches of 2,700-3,600; 5,700-10,000, and 3,300—4,100 ha,
respectively, were required to ensure a 95 % chance of surviving for 100 years given
several assumptions for each species (Paglia 2003). As such, conserving forest
patches, the size necessary for GHLTSs, might aide parrots, but would not be suffi-
cient for Cebus. In addition to differing needs in terms of the amount of forest nec-
essary to survive in the future—each species will have varying abilities to traverse
matrix habitat, and thus functional connectivity will be different for each.

Comparative Studies

Landscape and survey data show that GHLTSs occur in a complex landscape, com-
posed of different vegetation types (evergreen vs. semideciduous), under different
forms of economic land use (agriculture vs. cattle ranching) and corresponding
degree of fragmentation (Pinto and Rylands 1997). Habitat degradation and varying
land use have resulted in a mosaic of various types of unsuitable (pasture, rubber
tree plantations, urban and some other agricultural forms of land use) or suitable
(swamp, mature, secondary forest in different stages of regeneration) habitat for
GHLTs (Pinto and Rylands 1997). This landscape complexity presents a wide vari-
ety of threats, each of which impacts the different species in contrasting ways.
Obtaining sufficient and comparable data for each of these different landscape and
habitat configurations is extremely challenging, given the large spatial scale
involved, yet this is imperative for making sound and adequate conservation actions
for the entire metapopulation.

Setting up collaborative projects to analyze data or samples collected at the level
of populations allows for comparing across populations, and addressing questions
at the metapopulation level. Since the 1990s researchers spread across four projects
have been studying GHLT behavior and ecology (sometimes simultaneously) in
representative habitats through long-term monitoring (Table 19.2). Two projects
were set up inside Una Biological Reserve, one in contiguous forest habitat and one in
heterogeneous and patchy habitat. Two other projects were established outside of the
reserve, one in an isolated semideciduous forest fragment and one in shade-cocoa
agroforest, studying groups in shade-cocoa and mosaic forest. The data collection
methods from these sites were similar which has thus far offered an insight into the
range of food sources and sleeping trees used in each habitat, home ranges,
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densities, reproductive rates, and demographic parameters among others, across
habitats (Table 19.2). Additional collaborative projects have been set up to compare
certain aspects across study areas at the metapopulation level (i.e., genetics, vegetation
studies and phenology, and health aspects such as infectious diseases and parasite load).

Valuable lessons about the impact of fragmentation on a species can also be
learned by evaluating it in context to closely related species that share similar envi-
ronmental stressors. There are three other species of lion tamarins: black lion tama-
rins (L. chrysopygus: endangered), golden lion tamarins (L. rosalia: endangered),
and black-faced lion tamarins (L. caissara: critically endangered). While each of
these species lives in different regions of the Atlantic forest and faces unique threats,
basic biology and ecology are comparable (Kleiman and Rylands 2002a). All reside
in heavily fragmented habitats (Holst et al. 2006). Of the four species, GHLTs have
the largest amount of contiguous forest left (Holst et al. 2006). Looking at the pat-
terns of fragmentation and species response that occurred for other lion tamarin
species may help predict the GHLTs’ future fate given further fragmentation. For
example, Grativol et al. (2001) demonstrated loss of allelic diversity in and consid-
erable genetic divergence between four recently isolated population of GLTs and
Dietz et al. (2000) found that inbreeding increased infant mortality, posing a threat
to the viability of all but one of the remaining wild populations of GHLTs. These are
possible concerns for GHLTSs too (Moraes 2011).

Synthesizing and Evaluating

GHLT researchers are convinced of the need for integrating work across scales and
disciplines as evidenced by the wide array of collaborative projects in progress
(Table 19.1) or being planned and publications integrating disciplines and scales
will be soon available (e.g., Zeigler et al. 2013). Here we present some insights
available from looking broadly across available studies.

Data on the species’ feeding ecology and food sources used in different areas and
habitats (Raboy and Dietz 2004; Catenacci 2008; Guidorizzi 2008; Oliveira et al.
2010) indicate that GHLTs use a large variety of food sources, which could serve as
an advantage in an increasingly unpredictable landscape where plant species com-
position changes due to habitat modifications. In mature and heterogeneous forest,
GHLTSs use a large number of plant food species, whereas in semideciduous forest
and shade-cocoa agroforest they rely on a smaller number of species as a key feed-
ing resource (i.e., bromeliads in semideciduous forest, Guidorizzi 2008; exotic jack-
fruit in shade-cocoa agroforest, Oliveira et al. 2011). It’s been suggested that the
large plant diversity in the GHLT’s diet reflects a tendency to diversify and use
available resources when possible (Catenacci 2008), in which case the floristic com-
position of areas likely determines the diversity of the GHLT s diet. This seems true,
given that vegetation transect studies have demonstrated a higher species diversity
in older growth forest versus regenerating areas (Piedade and Maruim; Pessoa 2008)
and the lists of species consumed in those two areas are extensive, but contain
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relatively few species consumed in both areas (Raboy and Dietz 2004; Catenacci
2008). So, the botanical composition of an area indeed seems to explain variation in
the GHLT’s diet composition. But does this mean that diets in semideciduous forest
and modified areas, such as shade-cocoa, are nutritionally poorer? GHLTSs captured
in shade-cocoa weighed more than those in mature forest, suggesting good body
condition, and thus adequate diet composition (Oliveira et al. 2011). Do GHLTSs in
shade-cocoa and semideciduous forest eat a low number of species because they can
persist on a less diverse diet in these areas, or because low species richness of the
area limits their choice of food plants? Does this then imply that these environments
are more challenging for GHLTSs, and that GHLTs are potentially more vulnerable
to seasonal food shortage and changes in floristic composition in degraded and
human-altered habitats? This is hard to answer without data on floristic composition
in shade-cocoa and semideciduous forest, the total number of species available in
each area, their nutritional value, and existing plant defense mechanisms that may
make certain species unsuitable for GHLT consumption.

Both ecological and human-induced differences in resource availability exist
among habitats, forcing GHLTSs to adapt in different ways. Vegetation studies docu-
ment lower species richness and more pronounced seasonal changes in fruit avail-
ability in the mesophytic forest in the western part of the species range compared to
the coastal humid forest of the east (Guidorizzi 2008; Pessoa 2008; Pessoa et al.
2012). The existing ecological differences between east and west might have
prompted GHLTS to evolve mechanisms to deal with food shortage. Landscape data
have demonstrated more severe human-induced fragmentation of western compared
to eastern forests (Raboy et al. 2010), and thus edge effects are expected to be more
pronounced, all contributing to the floristic composition of an area and the choice of
plants available to GHLTs. In shade-cocoa agroforest, agricultural management
practices strongly reduce species diversity among shade trees (Sambuichi and
Haridasan 2007; Schroth et al. 2011), affecting GHLT diet choice. In all, dietary
flexibility versus specialization and the particular importance of key food species
may have different relevance in the western mesophytic forest vs. the eastern humid
forest, and in poor or modified habitats where species richness is low, due to eco-
logical factors, human factors, or a combination of both. Integrated analyses of
overall floristic composition and data on feeding ecology may answer some of these
issues. Such comparisons will be instrumental for understanding whether in semi-
deciduous forests and in degraded and modified habitats, GHLTs rely on key spe-
cies because they prefer to, or because they have to, and improve our understanding
of the species’ vulnerability to alterations in vegetation composition due to ecologi-
cal and human-induced habitat differences.

Ecological, demographic, and survey studies indicate that GHLTs are able to
survive and reproduce in a variety of habitats, including older growth forest, hetero-
geneous degraded forests, shade-cocoa agroforest, and smaller isolated forests
(Raboy et al. 2004; Oliveira 2010). Rapid degradation and increased amount of
human-altered habitat may have forced GHLTSs into using some of these areas more
than they would have if more pristine habitat (the habitat in which they evolved in)
still existed. While it is hard to tease apart preference from necessity, researchers
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have been documenting the extent to which GHLTs can use and thrive in different
habitats. Birth rates and individual weights are higher in shade-cocoa (Oliveira et al.
2010). Yet, does this mean the species thrives there? More births seem like a benefit
but population growth also requires low mortality and high reproductive success.
How do differences in resource availability and predation risk between habitats
affect birth and mortality rates? Mature forest may provide safer habitat, with lower
predation risk and improved survival, whereas shade-cocoa provides abundant
resources but at the cost of increased predation (Oliveira and Dietz 2011). Slower
reproductive rates, steadier population growth, and long-term stability may be char-
acteristics of more advanced forest, whereas high reproductive rates but larger pop-
ulation turnover may be more typical of modified habitats, leaving GHLTs (in
particular small populations) in modified habitats more vulnerable to random fac-
tors affecting population growth. GHLT presence in isolated and degraded forest
fragments in the west is probably the clearest case of GHLTs’ use of suboptimal
habitat and landscape. Comparative work comparing surveys 15 years apart indi-
cates that local extinctions are common in the west; however, we still see GHLTS in
surprisingly small and isolated fragments with extreme edge effect. The patches on
which they persist may no longer be able to support healthy reproducing popula-
tions and those populations still present have entered a downward spiral to local
extinction—a phenomena known as the extinction debt (Tilman et al. 1994).

Studies on seed dispersal and interspecies interactions have improved our under-
standing of the role of GHLTSs in their community. Studies on associations between
GHLTs and Wied’s marmosets tested hypotheses on the benefits of interspecies
associations in relation to ecological factors such as predation and food resources
(Raboy 2002; Raboy and Dietz 2000; Oliveira and Dietz 2011). Interspecific asso-
ciations with Wied’s marmosets in shade-cocoa may be determined by predation
risk, whereas those in more undisturbed habitat may be shaped largely by foraging
benefits. Further, GHLTs seem crucial for the dispersal of bromeliad seeds, and
thus may well be instrumental for maintaining one of their own principal food and
foraging resources (Fontoura et al. 2010). GHLTs also help regenerate degraded
forest, by dispersing seeds across vegetation types (Catenacci et al. 2009; Cardoso
2008; Cardoso et al. 2011). More studies on community ecology are particularly
important for understanding how changes in behavior and population dynamics of
GHLTs as a consequence of habitat modification might affect the ecological com-
munity. As we are beginning to understand the complex network of which GHLTs
are part, we will gain a better understanding of how conservation actions directed
towards one species may affect others, which will help us in developing species
conservation plans that are adequate for not only GHLTSs but also other Atlantic
Forest species.

Integrated landscape and GIS research have helped dispel a false notion that
GHLTs are relatively safe from threat. The last population estimates available for
GHLTs (6,000—-15,000; Pinto and Rylands 1997) presented an optimistic population
estimate and implied a relative security in numbers for the species. Moreover,
increased visibility of GHLTs and other forest species near farms and towns added to
this notion that the species are more abundant than previously thought. However,
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increased sightings may actually be an effect of habitat modification, with GHLTs
increasingly forced towards the limits of urban centers and agricultural zones, where
they are more likely to be noticed. Thus, it can be harder to convince scientists, con-
servationists, and the general public that conservation actions are as pressing as for-
merly believed. Consequently, mounting conservation programs is deemed less
critical and conservation funding is directed elsewhere. Recent multidisciplinary GIS
and modeling studies have demonstrated GHLT range reduction, continuing and pro-
jected habitat degradation and destruction, decreased functional connectivity of habi-
tat, and larger number of local extinctions for the species. The western populations of
GHLTs have already reached the stage where intense management of individuals will
likely be needed, but the eastern populations may be at a great disadvantage due to
continued economic troubles, causing conversion of shade-cocoa to non-habitat.
Eastern populations may still be saved principally through carefully thought-out
landscape management, but actions are slow to take place. As Kleiman and Rylands
(2002b) indicated, “we cannot, yet again, watch and wait as a threatened species
reaches numbers so small that the species’ survival becomes critically endangered.”

The future is likely to provide us with many more insights, and more examples
of the value of a comprehensive approach to GHLT conservation. For now, perhaps
the most compelling example of how being comprehensive has helped us and can
help us in the future is Raboy and Zeigler’s integrated studies (Table 19.1) employ-
ing a range of different data, including GIS, demographic, and ecological data from
a wide range of areas, and landscape analyses to provide not only an image of
GHLT absence and presence in the current landscape, but also a basis for exploring
future scenarios of landscape change, and potential conservation actions.

Evaluating, Prioritizing, and Creating an Action Plan

Brazil is one of the world’s richest biodiversity regions and a world leader in biodi-
versity conservation (Mittermeier et al. 2005). The increasing cadre of conservation
professionals has resulted in a national protected area system, the elaboration of
threatened species lists, a large number of conservation NGOs, and a conservation
system based on sound science involving capacity building of conservation scien-
tists (Mittermeier et al. 2005). These elements have greatly facilitated lion tamarin
conservation. As a result of a process of adaptation and reevaluation, over the years,
GHLT research has moved from a generalized understanding of the ecology and
demographics of GHLTs in the wild to understanding more specifically the influ-
ence of habitat on GHLT biology and the role landscape plays in all of this. In par-
ticular, conservation efforts for lion tamarins have been closely guided and evaluated
through the International Committee for the Conservation and Management of the
Lion Tamarins (ICCM; an official advisory organ to the Brazilian Government) and
Population and Habitat Viability Assessments (PHVAs; Seal et al. 1990; Ballou
et al. 1998; Holst et al. 2006). The PHVA Workshops use detailed data on species
biology, genetics, and ecology integrated with estimates of human-based threats,
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such as current and projected land use patterns and sophisticated computer models
to evaluate the risk of wildlife population decline or extinction under alternative
future management scenarios. These models serve as tools for scientists and wild-
life managers to develop detailed recommendations for conservation action focused
on the most urgent problems. The resulting Action Plans (Seal et al. 1990; Ballou
et al. 1998; Holst et al. 2006) served as a guideline for implementing both new
research projects and conservation plans.

In response to the research needs defined during the 1990 PHVA, the first
long-term research project in the relatively pristine eastern part of Una Biological
Reserve was initiated, providing information on basic ecological parameters, in
addition to detailed behavioral data. Following additional recommendations during
the 1997-2006 PHVAs, Project BioBrasil was initiated in degraded and heteroge-
neous habitat in 2002, a project in semideciduous forest in 2006, and a project in
shade-cocoa in 2008. During the 1990 workshop, conservationists were still under
the assumption that the number of GHLTs in the wild was quite low. Conservation
actions deemed necessary focused on securing and protecting habitat, conducting
inventories and protecting wild populations, and establishing scientifically man-
aged self-sustainable captive populations as a future source of animals to restock
suitable habitat lacking tamarins. Then, following findings that the species also used
shade-cocoa agroforest (Alves 1990), and a detailed species survey conducted in
1993-1994 (Pinto and Rylands 1997) suggesting a higher number of GHLTSs remain-
ing in the wild, conservation priorities defined for the GHLT conservation program
during the 1997 PHVA changed considerably. Reintroduction no longer became an
objective, the captive population was reduced in size, and it was decided that con-
servation actions should concentrate on forest protection and increasing forest con-
nectivity (Ballou et al. 1998). In case suitable habitat became available, given the
complications of reintroducing captive-held animals (Kierulff et al. 2002a; Beck
et al. 2002), translocations, rather than the reintroduction of captive animals, would
be preferred. In turn, research priorities as defined in 1997 and 2005 became strongly
determined by the need to obtain the necessary data to develop adequate guidelines
for landscape management, such as the identification of important forest fragments,
and the construction of corridors as a means of increasing connectivity, and infor-
mation on the use of shade-cocoa agroforest (Ballou et al. 1998; Holst et al. 2006).
Further, the 2005 PHVA also emphasized the importance of research in other under-
studied habitats (semideciduous forest), as well as at the level of the landscape, in
addition to genetic and health studies. Additional comparative research projects
were set up in response to this (Table 19.1).

The work of the ICCM has been interrupted since the reorganization of IBAMA
and ICMBio in 2007, prompting the lion tamarin programs to find other means of
directing and evaluating its research and conservation actions. For example, in
2011, the GHLT research community organized a Research Symposium at the State
University of Santa Cruz (UESC; Ilhéus, Bahia, Brazil) with the aim of sharing
recent work and discussing potential future avenues for research. This allowed for
the dissemination of information to the global GHLT community, compilation of
recent advances in research, and identification of gaps in knowledge of GHLT
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biology, ecology, and conservation, which resulted in a list of research topics con-
sidered high priority for future research (Vleeschouwer et al. 2012).

Currently, the principal conservation planning instrument used by Instituto Chico
Mendes, the Brazilian Federal institute for the Conservation of Biodiversity (for-
merly part of IBAMA), is the National Action Plans (NAPs), comprehensive action
plans that address the conservation of Brazil’s endangered species (ICMBio 2012).
These NAPs propose and monitor the implementation of a series of actions that
allow for a harmonic relationship between regional development and the preserva-
tion of regional biodiversity. Some are limited to one taxon only (e.g., Brachyteles;
Jeruzalinsky et al. 2011), and others are cross-species action plans encompassing
entire regions and their corresponding subset of endangered species, e.g., the NAP
for the Conservation of Southeastern Mammals encompassing 27 species, including
GHLTs and a series of actions from Southern Bahia, over Minas Gerais, Espirito
Santo, Rio de Janeiro, and S3o Paulo states, up to the North of Parand (PAN-
MAMAC 2012). Obviously, this and other NAPs will have to incorporate species
perspective and reconcile the needs of all species as a basis for formulating mea-
sures that benefit all species together and their landscape.

Conclusions: Future Directions in GHLT Conservation

Our current knowledge on the conservation status of GHLTSs suggests that, due to
population numbers in the wild still in the low thousands, conservation strategies to
secure the long-term survival of the species are likely to be concerned primarily
with the management of the landscape, ensuring safe-guarding of representative
habitats and improving forest connectivity, and less with the management of indi-
viduals (Holst et al. 2006). This holds at least for the eastern part of the distribution
that contains most of the remaining GHLT populations in the wild (Pinto and
Rylands 1997). In the west, the intense degree of forest fragmentation means that
extinctions are imminent (Zeigler et al. 2010) and conservation strategies aiming at
restoring a healthy genetically viable western population of GHLTs will be more
intense, almost certainly involving management of individual GHLTs and groups
(e.g., translocations), in addition to management of forest and habitat linkage areas.
This difference between east and west affects research priorities for each area within
the distribution range (Vleeschouwer et al. 2012).

Recently, GHLT landscape and population data have been serving as a test case
for the development of new conservation biology modeling paradigms and specific
software in creation by the Chicago Zoological Society and the Conservation
Breeding Specialist Group of the IUCN (Lacy 2012). A diverse network of collabo-
rators have been working on ways in which to synthesize and computationally share
knowledge across disciplines, linked through population viability analysis (PVA).
Collaborators are in the process of developing a metamodel interface to run concur-
rent discipline-specific individually based simulation programs such as animal
movement, epidemiology, PVA, and a social or life-history simulator, using shared



19 Multilevel and Transdisciplinary Approaches to Understanding Endangered... 293

and modifiable input/output and all connected to a GIS platform with supporting
data that are spatially structured. For GHLTs the program is being implemented to
model the consequences of developing corridors for forest connectivity in certain
areas over others as measured by the long-term chances of population persistence
and maintenance of genetic diversity given the species movement rules and demo-
graphic factors across a complex landscape. Such modeling paradigms and software
will assist many conservation practitioners across the world and may have particu-
lar utility in multidisciplinary workshop settings.

Addressing future research and conservation priorities for GHLTs will require
broad multidisciplinary research projects on a larger scale (across habitats) as well as
the development of focused research questions in specific locations. The latter forms
the building blocks of well-integrated research, addressing issues such as the impact
of particular threats (e.g., predation risk in different habitats). Creating these building
blocks is greatly assisted by long-term monitoring of critical ecological parameters
in representative habitats, which can serve to identify specific pressures that may
become the subject of shorter term or more focused studies (Wintle et al. 2010).
Long-term monitoring is also critical towards investigating medium- to long-term
effects of natural environmental variation and human-induced environmental modi-
fications, including climate change, on population dynamics and GHLT behavior.

Finally, as we progress in understanding the factors that affect GHLT popula-
tions and what is needed to protect them, we should increasingly include additional
disciplines, particularly those addressing social, political, and economic issues. An
understanding of the economic factors behind particular threats, such as the impact
of cocoa prices on the maintenance of shade-cocoa plantations, or political factors
promoting economic development versus sustainability is essential for a full under-
standing of the underlying causes driving habitat modification. It is neither feasible
nor desirable to maintain GHLTS in protected areas only. Saving GHLTs will involve
the establishment of a network of collaborating private landowners who adopt
sustainable forest management and biodiversity-friendly methods of land use, as a
means of ensuring the maintenance and connectivity of critical tracts of forest. It is
only through the integration of studies on genetics, ecology, resource management,
economics, politics, and sociology that we can ever hope to achieve comprehensive
effective long-term management of threatened species (Clarke 2000).
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