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Abstract

Passiflora mollissima (Kunth) L.H.Bailey, Passiflora tricuspis Mast. and Passiflora nov sp.
are three little-known passion fruit species occurring in the Yungas of the department La Paz,
Bolivia. These species are used as a fresh fruit and Passiflora mollissima and Passiflora nov
sp. are prepared in juices as well. For crop development, it is necessary to identify potential
cultivation areas. Climate plays a key role in determining the aptitude of a site for a plant
species. Within the DIVA-GIS software, the BIOCLIM tool uses information on species’
collection sites in combination with detailed climatic data to model the climate-based
potential distribution of the species. During field trips, 61 Passiflora mollissima, 234
Passiflora tricuspis and 87 Passiflora nov sp. collection sites were described and used to
determine climate-based potential distribution areas within the study area. Additional
coordinates of Bolivian collection sites from herbaria (LPB and NYBG) and the W’
TROPICOS database, were used to identify climate-based potential distribution areas at
national level. Additional data on vegetation and land use were used to determine overall
potential distribution. Only a small zone in the study area was found to be highly suitable for
Passiflora mollissima cultivation. Climate-based potential distribution areas of Passiflora nov
sp. and Passiflora tricuspis appeared to be larger but suitability was generally lower. At
national level, zones with high climate-based potential for Passiflora mollissima were
extended over the eastern slopes of the Andes. Large parts of Bolivia showed low to medium
suitability for Passiflora tricuspis cultivation whereas climate-based potential of Passiflora
nov sp. cultivation seemed limited to neighbouring provinces. Only small differences were
found between climate-based potential and overall potential distribution.
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1. Introduction

It is generally accepted that a rapid and large loss of plant diversity is occurring worldwide.
Conservation of biodiversity, especially of those species important for human nutrition and
crop improvement, is therefore an urgent task (FAO, 1996; Jarvis et al., 2003). Bolivia is
among the 15 countries in de world with the highest biodiversity. An important Bolivian
centre of diversity is situated in the Yungas (Ibisch and Mérida, 2003), located on the eastern
slopes of the Andes (Ibisch et al., 2003).

Passiflora is the largest genus in the Passifloraceae family and comprises over 450 species
(Vanderplank, 1996). It contains different species with present and potential importance for
agriculture (Mazzani et al., 1999). Seventy Passiflora species have been recorded in Bolivia
of which 20 are endemic (Ibisch and Beck, 2003). Passiflora mollissima (Kunth) L.H. Bailey,
Passiflora tricuspis Mast. and Passiflora nov sp. are three underutilized species present and
consumed in the Yungas of the department La Paz in Bolivia. Passiflora mollissima and
Passiflora nov sp. are cultivated in this area. According to literature references, Passiflora
mollissima and Passiflora tricuspis are promising and the latter is also widespread in the
Yungas. Passiflora mollissima is native to the Andean highlands from Venezuela to Bolivia
and is used as a fresh fruit, in juices or desserts (Cardenas, 1989; Espinosa, 1992;
Vanderplank, 1996). Passiflora tricuspis is widespread over tropical and subtropical America
and used for fresh consumption (Vasquez and Coimbra, 2002). Passiflora nov sp. is a new
species confined to the Yungas where it is used either fresh or in juice.

For crop domestication and development, and in order to increase cultivation areas of
underutilized species, it is necessary to have information on species ecology and define
potential growing zones. The present study developed this information using spatial analyses.
Spatial analyses based on specimen occurrence data combined with environmental
information are a powerful tool to generate valuable information in species diversity studies
(Segura et al., 1999; Scheldeman et al., 2006) and to map potential species distribution
(Stockwell and Peterson, 2002; Vargas et al., 2004).

The main objectives of the present study were to define and map for each of the three species
studied: (1) present distribution and population density; (2) climate-based potential
distribution to define potential cultivation areas using climate data; and (3) overall potential
distribution, which is the modified climate-based potential distribution using non-climatic
environmental factors.

1.1 Study Area
Research was carried out within the parts of the provinces Nor Yungas and Sur Yungas that
belong to the Yungas of the department La Paz (Ibisch et al, 2003). Nor Yungas and Sur

Yungas cover 2,290 and 5,770 km?, respectively (INE, 2004) and are situated between 14°54°
- 16°44°S and 67°58” - 66°49°W (see Figure I).
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Figure I: Map of study area indicating its location in Bolivia and South America
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The Yungas are defined in slightly different ways according to specific authors. We combined
definitions following Killeen ef al. (1993), CIMAR (1994) and Ibisch et al. (2003). The
Yungas can be divided in two zones:

e humid montane forest: from about 400 - 1000 masl up to about 2500 - 2800 masl

Zone characterized by highly diverse, evergreen forest that can be subdivided in three
altitudinal levels. In the lowest level, forest is structurally similar to the Amazon forest. In the
following level, trees are evergreen and canopy varies between 15 to 25 m while emerging
trees reach 40 m. This level is situated on steep slopes with shallow, stony soils. The highest
level consists of cloud forest with canopy barely closed and several lower dense layers. Forest
is characterized by presence of fog during most of the year.

e Upper montane forest: between about 2500 — 2800 masl up to about 3200 - 3500 masl:
Zone characterized by evergreen cloud forest, whose diversity declines with altitude. Trees
are low to medium high and have coriaceous leaves. Relief is more pronounced with steep
slopes and mountain ridges.

Figure II shows altitude, mean annual temperature and annual precipitation in Nor Yungas
and Sur Yungas. Altitude varies from 300 up to peaks of 6000 masl. Mean annual temperature
varies between —5 and 27 °C whereas annual precipitation ranges between 500 and 2100 mm.
Lower areas have highest mean annual temperature and precipitation.
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Figure II: Altitude, mean annual temperature and annual precipitation in Nor Yungas and Sur Yungas
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2. Materials and methods
2.1 Data Collection

During field trips, collection sites of Passiflora mollissima, Passiflora tricuspis and
Passiflora nov sp. sites were described. Exact location and altitude were determined using a
GPS (Magellan®TM SporTrak) and an altimeter (SUUNTO vector; = 5 m). Additional
coordinates from herbarium specimens obtained from the Herbario Nacional de Bolivia
(LPB), the New York Botanical Garden (NYBG) and the W* TROPICOS database of the
Missouri Botanical Garden (MO) (http://mobot.mobot.org/W3T/Search/vast.html) were
obtained for Bolivian collection sites of Passiflora mollissima and Passiflora tricuspis.

DIVA-GIS 5.2., a free Geographic Information System (http://www.diva-gis.org/) was used
for spatial analyses and for producing all maps in the present paper. This program can import
databases of collection sites (Hijmans ef al., 2001). Georeferenced data were checked for
inconsistencies by overlaying collection site database and the administrative boundaries
database of DIVA-GIS. For each collection site, name of department and province should be
the same. If names are different, this reflects an error and collection site should be removed
(Hijmans et al., 1999).

2.2 Present Distribution and Population Density of the Three Passiflora spp.
Using DIVA-GIS, a dot map was made of the collection sites for each species based on data

obtained during field work. Dot maps are a simple but accurate way of visualizing distribution
patterns (Skov, 2000). Present distribution and population density at collection sites were
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determined for each species using three methods. Firstly, we mapped population density,
using the point-to-grid richness analysis tool in DIVA-GIS. We used a 5 minutes grid
(corresponding to about 9 x 9 km at the equator). We applied the circular neighbourhood
option with a 10 minute radius which produces a smoother surface and eliminates border
effects caused by the assignation of the grid origin (Hijmans et al., 2001). Secondly, we
determined area of distribution by calculating average distance and maximum distance
between all possible pairs of collection sites. Thirdly, area of occupancy was determined,
defined as the "area within its 'extent of occurrence' which is occupied by a species, excluding
cases of vagrancy" (IUCN, 2006). IUCN recommends using a 2 x 2 km grid to define this
parameter. We used a Lambert equal-area-azimuthal projection, with -67.4 as the central
meridian and -15.8 as the reference latitude to superpose a 2 x 2 km grid on Bolivia. The
histogram tool in DIVA-GIS allowed determination of number of grid cells containing
collection sites and thus the area occupied.

Altitudinal range was determined using descriptions of collection sites. Climate information
was obtained using data of the ‘WorldClim’ database (http://www.worldclim.org), which
contains 19 climate variables on temperature and precipitation. The finest resolution available
was 30 arc seconds (often referred to as 1-km spatial resolution) (Hijmans et al., 2005). Data
were processed in SPSS 12.0. A Kruskall-Wallis test was applied to compare average altitude,
mean annual temperature and precipitation between species.

We also defined vegetation and land use in collection sites by using digital maps from the
“Centro digital de recursos naturales de Bolivia” (http://rangeland.tamu.edu/bolivia).

2.3 Climate-based Potential Distribution of the Three Passiflora spp.

Climate plays a key role in determining the aptitude of a site as a habitat suitable for a specific
plant species (Woodward, 1987; Skov, 2000; Rafigpoor et al., 2003). Climate-based potential
distribution, defined as the distribution of locations where all climatic indices fall within the
extreme values derived from characterizing the collection sites was calculated. We used the
BIOCLIM tool within DIVA-GIS that combines geographic coordinates of a species’
collection sites with detailed climate data. Climate-based potential cultivation areas were
delineated within the study area using coordinates of collection sites taken during field work.
To identify climate-based potential cultivation areas at national level, all historical collection
sites (collection sites taken during field work and additional coordinates of Bolivian collection
sites from herbarium data) were used. As the source of these additional data is not always
clear, the model’s percentile was set to 95 %, thus removing the upper and lower 2.5 % of the
values, to exclude possible errors from outliers. We determined range of altitude, mean annual
temperature and annual precipitation for the grid cells that appeared to be suitable for
cultivation.

2.4 Overall Potential Distribution of the Three Passiflora spp.

Climate-based potential distribution merely represents the potential area where an organism
could exist based on suitable climate. While the climate-based potential for a species may be
geographically large, in many cases the current distribution is much more limited (Jarvis et
al., 2003; Graham and Hijmans, 2006). Different factors such as vegetation, geology or soils
constrain distribution. Overall potential distribution is the modified climate-based potential
distribution determined by these constraints (Skov, 2000). For this study, detailed data were
only available for vegetation type and land use. Climate-based potential distribution range
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was limited to vegetation types and land uses found in collection sites to obtain the overall
potential distribution. We determined range of altitude, mean annual temperature and annual
precipitation for grid cells where overall potential distribution had been determined.

3. Results
3.1 Present Distribution and Population Density of the Three Passiflora spp.

Geographical distribution and population density for each of the three species are shown in
Figure III. Passiflora mollissima was only found in Sur Yungas whereas the other two species
occurred in both provinces. Highest population density for Passiflora mollissima was found in
an area bordering Nor Yungas and Sur Yungas. For Passiflora tricuspis and Passiflora nov
sp., highest population density was found in central Nor Yungas. Passiflora tricuspis and
Passiflora nov sp. were mainly observed in the same areas although distribution of Passiflora
tricuspis was larger.

Figure III: Geographical distribution and population density of the three Passiflora species in the study area (°:
collection site; [: population density with darker areas indicating higher population density)
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Table I shows calculated distribution and density indicators per species. Average distance
between collection sites was highest for Passiflora tricuspis and lowest for Passiflora nov sp.
However, maximum distance between collection sites was similar for both species. Passiflora
mollissima had lowest area of occupation and maximum distance between collection sites but
had a higher average distance between collection sites than Passiflora nov sp. Maximum
distance increased with number of collection sites. Passiflora tricuspis had highest maximum
number of collection sites per grid cell.
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Table I: Number of collection sites (N), average distance (AD) and maximum distance (MaD) between
collection sites, area of occupation (AOO) and maximum number of collection sites per grid (Max N/grid) per
species

N  AD(km) MaD(km) AOO (km?) Ma(’;lgi 2*‘)5“‘1
Passiflora mollissima 61 20 54 26 16
Passiflora tricuspis 234 43 97 58 32
Passiflora nov sp. 87 13 95 32 28

Table II shows altitude, mean annual temperature and precipitation for the collection sites for
each of the three species. Passiflora mollissima collection sites were significantly higher
located and had significant lower annual mean temperature and precipitation values than the
other two species’ collection sites (p << 0.01). No significant differences were found between
Passiflora tricuspis and Passiflora nov sp.

Table II: Altitude, mean annual temperature and precipitation for collection sites from fieldwork and potential
distribution locations (based on collection sites found during in field work and on additional information from
herbarium databases) for each species

Mean annual ~ Annual precipitation
Altitude (masl) temperature (°C) (mm)
Mean Range Mean Range Mean Range

Passiflora mollissima

Collection sites 2900 2600 -3500 13 9-16 700 600 - 900

Potential distribution 2400 - 4100 7-16 500 - 1000
Passiflora tricuspis

Collection sites 1100 400 - 1800 22 19 -25 1400 1100 - 1900

Potential distribution 100 - 1800 17 -26 600 - 1900
Passiflora nov sp.

Observed 1200 400 - 1600 22 20 - 25 1300 1200 -2000

Potential distribution 500 - 1600 20 - 25 1200 - 2000

Fig IV shows vegetation and land use in Nor Yungas and Sur Yungas. Passiflora mollissima
collection sites mainly occurred in evergreen sparse woodland, deciduous sparse woodland
and in evergreen forest.
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Figure IV: Vegetation and land use in Nor Yungas and Sur Yungas
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These areas are characterized by very dispersed extensive animal husbandry with alpacas,
llamas and vicufas. In other parts, silvopastoralism with bovines and (fire)wood is
predominant. Passiflora tricuspis and Passiflora nov sp. were found in areas with evergreen
forest and evergreen-deciduous forest. Land use in these areas consisted of extensive farming
with perennial crops.

3.2 Climate-based Potential Distribution of the Three Passiflora spp.
Fig V shows results of BIOCLIM analysis for the three species in the study area. Only a small
zone in the study area was found to be highly suitable for Passiflora mollissima cultivation.

Climate-based potential distribution of Passiflora nov sp. and Passiflora tricuspis appeared to
be larger but suitability was often low, especially in Sur Yungas.
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Figure V: Climate-based potential distribution of the three Passiflora species within the study area

Paaslfiora moliiasimms Paasifiorg Wiclsnis Pasafiora hov sp.

Level of suitahility

O Low

O medium 0 40
= \15"_: High kilomneters
B E:cellent

Figure VI shows climate-based potential distribution for the three species at national level.
Table II indicates range of altitude, annual temperature and precipitation of suitable grid cells.
Results show that Passiflora mollissima could be cultivated in a larger area on the eastern
slopes of the Andes in Bolivia and many locations showed high to excellent suitability. For
the different climate variables, areas within climate-based potential distribution have larger
ranges than the ranges of climate variables found following collection sites during our field
work. However, these differences are small.

Passiflora tricuspis had a much larger area suitable for cultivation than Passiflora mollissima,
but the majority of grid cells showed only low to medium suitability. Climate parameter
ranges were slightly different compared to results from our collection sites. However,
minimum altitude and annual precipitation were lower than in the collection sites.

Passiflora nov sp. showed only limited distribution outside the study area. As no extra

collection sites were added, range of altitude, mean annual temperature and annual
precipitation are the same as for our observed collection sites.
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Figure VI: Climate-based potential (left) and overall potential distribution (right) of the three Passiflora species
in Bolivia
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3.3 Overall Potential Distribution of the Three Passiflora spp.

Eliminating all grid cells from the climate-based potential distribution maps with different
types of vegetation and/or land use than those found in any of the collection sites, we obtained
overall potential distribution patterns as shown in Figure VI. Limited differences were found
within Bolivia. Mainly, grid cells with low suitability were removed although also high
suitable grid cells were eliminated. We compared minimum and maximum altitude, annual
temperature and precipitation between climate-based potential and overall potential
distributions and no differences were found.
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4. Discussion
4.1 Present Distribution and Population Density of the Three Passiflora spp.

Passiflora mollissima had a smaller area of occupancy but a larger average distance between
collection sites than Passiflora nov sp. This indicates that, compared to Passiflora mollissima,
Passiflora nov sp. occurred more commonly in one region but was more rarely found outside
this region. This is also shown by the fact that the maximum distance between collection sites
of Passiflora nov sp. and Passiflora tricuspis was about the same although the latter had been
collected from more locations. Because Passiflora tricuspis was more collected, one would
expect that this species has the highest area of occupancy and maximum number of collection
sites per grid and this was confirmed by the results.

Resolution of the grid cells affects the results and the number of collection sites per grid cell
will increase with size grid cell. We used a 9 x 9 km grid (and a circular neighbourhood with
a radius of 18 km) to strike a balance between the desire for high resolution and limiting
geographic sampling bias (Hijmans et al., 2000; Graham and Hijmans, 2006).

Graham and Hijmans (2006) found that correlation between maps created by point-to-grid and
by distribution models increased with decreasing resolutions. We used relatively high
resolutions and comparing results from population density mapping (created by point-to-grid)
(see Figure III) and climate-based potential distribution (created by distribution models) (see
Figure V), and found differences for each species. For Passiflora mollissima, there seems to
be a collection gap between two main areas with high population density. Some of those areas
showed very high suitability and are interesting for future plant collection. For Passiflora
tricuspis, areas with high suitability were mostly covered by field trips. Some areas with low
suitability however, were not yet explored. The same conclusion could be drawn for
Passiflora nov sp. that showed even less discrepancy between population density and climate-
based potential distribution.

Literature information on climate requirements was only available for Passiflora mollissima.
According to Espinosa (1992), Passiflora mollissima requires between 1200 and 1500 mm of
rainfall spread during the year whereas in this study lower levels of precipitation were found.
Different altitudinal range data were found: according to Green (1994), Passiflora mollissima
is a montane plant and is found in the Andes at altitudes between 2000 and 3200 masl. In
Colombia ranges are from 2200 and 3200 masl according to Romero (1956), and 1800 up to
3600 masl according to Espinosa (1992). In the present study, altitudinal ranges for collection
sites and climate-based potential distribution were larger.

4.2 Climate-based Potential Distribution of the Three Passiflora spp.

Ranges of altitude, annual mean temperature and precipitation between collection sites from
our field work and climate-based potential distribution based on all historical collection sites,
were similar (see Table II). Only maximum altitude of Passiflora mollissima and minimum
altitude of Passiflora tricuspis collection sites characterized during field work were lower and
higher, respectively than those of historical collection sites. This can be explained by the fact
that field work was carried out only in the Yungas, which ranges from 400 up to 3500 masl.

Stockwell and Peterson (2002) found that ten collection points are enough to make an
accurate prediction on bird distribution in Mexico. Guarino et al. (2002) stated that even

08/11/2006 112



Cartographie et SIG — Jeunes chercheurs en Géomatique ont la parole
Cartografie & GIS — Jonge onderzoekers aan het woord

limited information can be used to identify areas where a species has not been previously
recorded but where it might still be expected to occur. In the present study, according to those
criteria, we collected enough data to predict climate-based potential distribution in Bolivia.
However, for Passiflora nov sp. it was not possible to add additional herbarium data as this is
a new species. This restricts the possibilities to evaluate its distribution at national level. One
can thus only reliably predict climate-based potential distribution within a certain maximum
distance from the collection points. Comparing results of Passiflora mollissima and Passiflora
tricuspis, it is unlikely that Passiflora nov sp. could only be distributed in such a small area. A
possible explanation is that BIOCLIM uses too many parameters, which may lead to over-
fitting the model (Beaumont ef al., 2005).

However, as herbarium data are not always very accurate, using the latter data is not always
the solution to make predictions on a larger scale. Geographic co-ordinates of public
databases can be imprecise or even wrong (Hijmans et al., 1999). As stated above, validating
results of climate-based potential distribution would be a solution but is difficult in an area
with very limited literature information on species distribution (Sommer e al., 2003).

4.3 Overall Potential Distribution of the Three Passiflora spp.

We found that overall potential distribution was similar to climate-based potential distribution
for the three species. This confirms the fact that species distribution is explained mainly by
climatic factors (Woodward, 1987; Skov, 2000; Rafigpoor et al., 2003). Luoto et al. (2006)
stated that land cover information can give strikingly different results from those obtained
through purely bioclimatic models. In the present research, differences between climate-based
potential and overall potential distribution was limited as shown in Figure VI. No differences
were found when comparing ranges of altitude, temperature and precipitation.

5. Conclusion

The use of geographic collection data, in combination with the relatively simple GIS software
DIVA-GIS, allowed a quick estimate on distribution and population density for the three
species studied. Passiflora tricuspis had widest climate-based potential distribution area in the
study area and within Bolivia, although many grid cells showed low suitability. Passiflora
mollissima had a smaller climate-based potential distribution in higher, colder and drier areas
than Passiflora tricuspis but suitability was more often high to excellent. Passiflora nov sp.
had a comparable distribution as Passiflora tricuspis in the study area but climate-based
potential distribution at national level seemed limited. No substantial difference was found
between climate-based potential and overall potential distribution.
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