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GEOGRAPHIC DISTRIBUTION OF WILD POTATO SPECIES!
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The geographic distribution of wild potatoes (Solanaceae sect. Petota) was analyzed using a database of 6073 georeferenced ob-
servations. Wild potatoes occur in 16 countries, but 88% of the observations are from Argentina, Bolivia, Mexico, and Peru. Most
species are rare and narrowly endemic: for 77 species the largest distance between two observations of the same species is <100 km.
Peru has the highest number of species (93), followed by Bolivia (39). A grid of 50 X 50 km cells and a circular neighborhood with
aradius of 50 km to assign points to grid cells was used to map species richness. High species richness occurs in northern Argentina,
central Bolivia, central Ecuador, central Mexico, and south and north-central Peru. The highest number of species in a grid cell (22)
occurs in southern Peru. To include all species at least once, 59 grid cells need to be selected (out of 1317 cells with observations).
Wild potatoes occur between 38° N and 41° S, with more species in the southern hemisphere. Species richness is highest between 8°
and 20° S and around 20° N. Wild potatoes typically occur between 2000 and 4000 m altitude.
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The wild tuber-bearing Solanum L. species (Solanaceae sect.
Petota Dumort.) and outgroup relatives in Solanum sect. Etu-
berosum (Bukasov and Kameraz) A. Child, hereafter called
wild potatoes, are relatives of the cultivated potato (Hawkes,
1990; Contreras and Spooner, 1999). The cultivated potato
(Solanum tuberosum L. and six other cultivated species that
are only grown in the Andes) is one of the world's principal
food crops (Walker, Schmiediche, and Hijmans, 1999).

In addition to these seven cultivated potato species, there
are 199 wild potato species (Spooner and Hijmans, in press).
These wild species all grow in the Americas, from the south-
western United States to central Argentina and Chile. They
have been collected intensively to contribute to potato gene-
banks, and they have been used in breeding programs to im-
prove the cultivated potato (Ross, 1986; Hawkes, 1990). There
is no evidence that wild potatoes are currently being domes-
ticated or traded or that their geographic distribution is delib-
erately altered by man, except for the case of S chacoense, a
species that is grown as an ornamental plant in Lima, Peru
(Ochoa, 1962). However, in some parts of the Andes there is
ongoing gene flow between wild and cultivated potato species
(Hawkes, 1979; Watanabe and Peloquin, 1989; Rabinowitz et
al., 1990).

Despite a purported great variability in wild potatoes (Haw-
kes, 1990), many of the species have a general appearance
similar to the cultivated potato (Spooner and Van den Berg,
1992). A typical wild potato has pinnately dissected leaves (a
few species have entire leaves), corollas in various shades of
purple (colors vary from white to blue to purple and pink),
corollas pentagonal to rotate (some are stellate), and fruits
spherical to ovoid (some are conical). This similarity has led
to widely conflicting taxonomic treatments of wild potatoes.
Hawkes (1990) and Spooner and Hijmans (2001) provide the
most recent taxonomic overviews of the entire group.
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Wild potatoes have been the object of intensive study. Spoo-
ner and Hijmans (2001) recently reviewed wild potato system-
atics and germplasm collection. Jansky (2000) reviewed the
value of wild and cultivated potatoes in breeding for disease
resistance. However, there has been no comprehensive analysis
of the geographic distribution of wild potatoes, which we pro-
vide here for the first time. We used geographic information
systems (GIS) to analyze a large georeferenced database of
locations where wild potatoes were observed.

We computed country- and species-level statistics. For each
species, we estimated the geographic area over which it occurs
and mapped the number of observations and species richness,
using grid cells. We determined the minimum number of grid
cells needed to include all species and related species richness
to latitude and altitude. Species richness is used because it is
asimple, widely used, well-understood, and useful measure of
taxonomic diversity (Gaston, 1996) and because it is less sen-
sitive than diversity indices to the problems of unsystematic
sampling intensities and procedures (Hijmans et al., 2000).

This study explores the use of geographic information sys-
tems (GIS) to describe the geographic distribution of wild crop
relatives. This type of study can provide baseline data for fur-
ther GIS analysis for exploration, conservation, and use of
germplasm of wild crop relatives (Guarino et a., in press), as
well as for studies of the factors that explain the geographic
distribution of these species.

MATERIALS AND METHODS

Wild potato distribution data—Our sources of wild potato distribution data
were the following: (1) the Inter-genebank Potato Database, which has data
from seven genebanks in the USA, Peru, The Netherlands, Germany, Argen-
tina, the UK, and Russia (in order of size of contribution) (Huaman, Hoekstra,
and Bamberg, 2001). (2) Data from 16 collecting expeditions in 12 countries
by D. M. Spooner and coworkers (Spooner and Hijmans, 2001). These in-
cluded records that are not in genebanks because they were collected as her-
barium species or were lost as living specimens after collection. (3) A data-
base of herbarium records developed by J. G. Hawkes (Hawkes, 1997). (4)
Hawkes and Hjerting (1969; Argentina, Brazil, Paraguay and Uruguay). (5)
Hawkes and Hjerting (1989; Balivia). (6) Ochoa (1990; Boalivia). (7) Ochoa
(1999, Peru). (8) Spooner et al. (1998; Guatemala). (9) Spooner et al. (1999;
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Peru). (10) Spooner, Hoekstra, and Vilchez (2001; Costa Rica). (11) Spooner
et a. (in press, Mexico).

We used all records from sources 1-3 that included a species name and
passport data. Passport data include a description of the location of origin
(such as locality name), administrative units (such as departments and dis-
tricts), and geographic coordinates. However, coordinate data were absent for
many records. For the genebank databases, coordinates were assigned using
the locality description where possible. For Hawkes (1997) database this was
only attempted for species for which we had fewer than five observations
with coordinate data. Sources 57 were used to verify and improve the geo-
graphic coverage of our species distribution data (see below). Additional her-
barium records were taken from sources 8-11.

The presence of coordinate data allowed the analysis of the database with
GIS; we used ArcView-GIS (Environmental Systems Research Institute, 1999)
and DIVA-GIS software (Hijmans et al., 2001). Coordinate data in genebank
databases often lack precision and were checked and modified following pro-
cedures described by Hijmans et a. (1999). First, we checked for gross errors,
such as accessions located in the oceans. Then, we made overlays (simulta-
neous spatial queries) of the collection sites and administrative boundary da-
tabases (first level subdivision for Mexico and Centra America; first and
second level for the United States and South America; and first, second, and
third level subdivision for Peru). We compared the names of the administrative
units according to the wild potato distribution database with those of the
administrative boundary database. In case of discrepancies between the two
databases, the coordinates were checked against the locality description and
new coordinates were assigned where needed.

Dot maps of the distribution of all species were compared with published
species distribution maps from the floristic sources 5-7. When general areas
of occurrence were already represented on our maps, we did not include
additional points, because of a possible lack of precision of many of these
maps, and the risk of duplicating records. However, if it appeared that our
distribution maps did not include all major areas where a species was reported
to occur, we did copy additional observations for these areas. Species names
follow Spooner and Hijmans (in press), who list 196 wild species in sect.
Petota and three outgroup species in sect. Etuberosum. Taxonomic groups
below the species level (subspecies, varieties, and forms) are all treated within
their component species.

Country- and species-level distribution—The number of observations and
species in the database were tabulated by country. This was done separately
for rare species, here defined as species for which we had fewer than five
observations. The number of observations per species was calculated and
plotted. The average number of observations per species was calculated to
assess intensity of collection by country, given the species richness it harbors.

Area of distribution—For each species we estimated the area over which
it occurs, using two statistics: (1) Maximum distance (MaxD) between two
observations of a single species was calculated as the largest distance (in
meters) between all possible pairs of observations of one species. (2) We
assigned a circular area (CA,) with a radius r to each observation and cal-
culated the total area of all circles per species. Areas where circles of a species
overlap are only included once. Area is expressed as the area relative to the
area of one circle, i.e., the number of circular areas covered. We decided to
use a radius of 50 km (i.e., CAy).

The assumption is that each point observation represents a group of plants
that covers a circular area with a 50-km radius. Expressing CA, as the number
of circles instead of the absolute area makes it more easily comparable across
different studies and scales (when a radius other than 50 km is chosen).

The CA,, statistic was plotted against the number of observations to explore
differences in abundance between species. A species with a relatively high
number of observations per CAg, would be abundant within its area of dis-
tribution, whereas a low number would indicate that a species was more
scattered over the range in which it occurs.

To describe species distributions we use the terms **endemic” and ‘“‘rare.”
We use “‘endemic” for species that occur in relatively small areas (have a
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small range size) (Rabinowitz, 1981; Gaston and Williams, 1996) and ‘‘rare”
for species that have been observed in relatively few cases.

Grid based distribution—We compared the number of observations and
species using a grid with 50 X 50 km cells and summarized the results by
country. We used ArcView-GIS to transform the coordinate data to the Lam-
bert equal-area azimuthal projection, with 80° W as the central meridian and
the equator as the reference latitude (Environmental Systems Research Insti-
tute, 1999). Because the origin of a grid is arbitrary but can influence the
results, it may not be accurate to assign a point to one cell only, if the point
is located near one or three other cells. Therefore, the data were assigned to
grid cellsusing a circular neighborhood (Bonham-Carter, 1994; Cressie, 1991)
with a radius of 50 km, using the DIVA-GIS software. All the observations
within that neighborhood were assigned to its respective grid cell, and an
observation can, therefore, be assigned more than once. The result is a
smoother grid, which is less biased by the origin of the grid and aso less
sengitive to small changes (errors) in the coordinate data. When we discuss
grid cells in this paper, these refer to circles with an area of wr? = 7854 km?
with their center in the middle of the grid cells with an area of 2500 km2.

To assess the distribution of species over grid cells, we plotted the number
of species per grid cell against the number of grid cells. Data on plant dis-
tributions can be biased due to spatial differences in recorder (a person who
takes data) effort (Rich and Woodruff, 1992; Gaston, 1996; Hijmans et al.,
2000). In extreme cases, differences in number of species between areas
would reflect the amount of time spent there by recorders and not reflect actual
differences in distribution. We assessed the extent to which the number of
observations predicts the number of species by plotting the number of species
vs. the number of observations per grid cell.

Complementarity analysis—To further analyze aspects of species distri-
bution and endemicity we identified the smallest area (number of grid cells)
needed to capture all wild potato species. This type of complementarity anal-
ysis is typicaly used in studies for optimal reserve selection (Csuti et al.,
1997). We used the agorithm described by Rebelo (1994; see also Rebelo
and Siegfried, 1992) and implemented in the DIVA-GIS software that selects
grid cells so as to identify the minimum set of cells that captures a maximum
amount of species. The algorithm selects the cell with most species in it and
then, step by step, selects cells that contain the highest number of additional
(not previously included) species. In the case of cells having the same number
of additional species, arandom cell is selected from such cells. Selecting these
complementary cells is a nonlinear optimization problem for which Rebelo’'s
(1994) agorithm finds a near-optimal solution. We determined the minimum
number of grid cells needed to include all species and mapped the location
of these grid cells.

Distribution by latitude and altitude—To summarize the species distribu-
tion data, the number of species was tabulated by latitude and atitude. First,
the number of species that occur in strips of 1° |atitude was determined. Then,
to obtain a smoothed line, for each 1° latitude zone the moving average was
calculated, using five adjacent zones (two at each side). The GTOPO30, a 30"
grid (each cell is ~0.8 km?) with altitude data (United States Geological
Survey, 1998) was used to estimate atitude for all wild potato localities. This
estimate was only used for the records for which the passport data did not
include dtitude. Observations were then grouped in classes of 250 m atitude
and the number of species per class was plotted. The five-observation moving
average was calculated and plotted.

RESULTS

Country- and species-level distribution—Wild potatoes oc-
cur in 16 countries (Table 1). Four countries (Argentina, Peru,
Bolivia, and Mexico) account for 88% of the records in the
database. Peru has by far the highest number of species (93
species; 47% of the total). Peru also has the highest absolute
and relative (over all species in a country) number of rare
species (here defined as species with five or fewer observa-
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TaBLE 1. Wild potato distribution by country. Number of observations
(obs), species, rare species (obs = 5), and the ratio of observations

to species.
Rare
Country obs Species species obs/species
Argentina 1688 28 4 60.3
Bolivia 1303 39 5 334
Brazil 24 3 0 8.0
Chile 100 4 1 25.0
Colombia 144 13 7 111
Costa Rica 24 1 0 24.0
Ecuador 142 15 7 9.5
Guatemala 69 6 0 115
Honduras 1 1 0 1.0
Mexico 926 36 6 25.7
Panama 15 2 0 75
Paraguay 22 2 0 11.0
Peru 1420 93 42 15.3
USA 158 3 0 52.7
Uruguay 13 2 0 6.5
Venezuela 24 3 1 8.0
Total 6073 199 72 30.5

tions), and 15 Peruvian species occur only once in our data-
base (out of 17 species that occur once).

The distribution of the number of observations by species
is far from uniform (Fig. 1). The most frequently observed
species are S. acaule (630 observations), S. leptophyes (337),
S megistacrolobum (320), S bukasovii (252), and S. cha-
coense (205). These five species account for 29% of the re-
cords and S. acaule alone accounts for 10%. The 72 species
(36% of al species) with the least number of observations
(five or less) make up only 3% of the records. A similarly
skewed distribution has been described for Bolivian genebank
accessions by Hijmans et a. (2000) and for the interpotato
genebank by Huaman, Hoekstra, and Bamberg (2001).

The ratio between the number of observations and the num-
ber of species varies strongly across countries (Table 1). The
ratio is very high in species-poor USA as well as in species-
rich Argentina, indicating that these two countries have been
explored more intensively for wild potatoes than have other
countries, relative to their species richness. Theratio islow in
many countries, some of which have low wild potato species
richness. However, other countries in this group have an in-
termediate level of species richness, such as Ecuador and Co-
lombia. Because the number of species tends to go up with
collecting effort, the countries with alow ratio between species
and observations would be the most likely places to find spe-
cies that have not yet been discovered.

Area of distribution—Most species are narrow endemics
and only 39 species occur in two or more countries. Most of
these country co-occurrences are from Bolivia and Argentina
(13 species in common) and from Bolivia and Peru (10 species
in common). Solanum chacoense is the only species that oc-
curs in five countries, followed by S acaule and S. commer-
sonii which occur in four countries. The average greatest dis-
tance between two observations of the same species (MaxD)
is 411 km. For 77 species, MaxD is <100 km, and for 100
species (50% of the total), MaxD is <200 km (Fig. 2). The
greatest MaxD observed was for S. acaule. At the time of this
research, this number had recently increased by 732 km to a
total of 3253 km, due to the recent discovery of this species
in Ecuador (Spooner, Cadtillo T., and Lopez J. [1992] who
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Fig. 1. Number of observations of wild potatoes by species.

identified it as S albicans; but Kardolus [1998] recognized it
as an anomalous new hexaploid variety of S acaule). Average
circular area (CA,,) over al speciesis 6.7, but its distribution
is strongly skewed. Seventy-two species have a CA,, of <2,
and 124 have a CA4, of <5 (Fig. 2).

Clearly, both maximum distance and circular area go up
with the number of observations. On average, a species has a
CA,, of 0.16 times its number of observations (Fig. 3, regres-
sion line). There are, however, important differences among
species. For example, S acaule and S. chacoense occur in an
area of comparable size (CA,, = 73 for S acaule and 74 for
S. chacoense), but S. acaule has been observed about three
times more often, suggesting that S. acaule is much more
abundant. Solanum commersonii is third in terms of CA,,, but
is only 17th in terms of number of observations. The CA,, of
S. commersonii is 0.36 times its number of observations while
for S acaule it is 0.12 times its number of observations. This
suggests that S. commersonii is less abundant within its area
of distribution than S acaule.

Grid based distribution—The grid based maps showing the
number of observations (Fig. 4) and species richness (Fig. 5)
give a much more refined picture than the country summaries
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Fig. 2. Maximum distance between two observations of one wild potato
species (MaxD) and circular area (CAs,). A circular area with a 50 km radius
was assigned to each observation. Areas where circles of a species overlap
were only counted once. The area is expressed relative to the area of one
circle. Species sequence is not necessarily the same for MaxD and CA.
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Fig. 3. Circular area (CAg,) vs. number of observations of wild potato
species. Each dot refers to one species. A circular area with a 50 km radius
was assigned to each observation. Areas where circles of a species overlap
were only counted once. The area is expressed relative to the area of one
circle. Regression line: y = 0.15x, R? = 0.68. The two dotted lines (y = 0.1x
and y = 0.5x) are included for comparison only.

presented in Table 1. Species richness is clearly not homoge-
neously distributed within countries. There are few areas with
many species, and many areas with few species (Figs. 5, 6).
The number of species follows a similar pattern to that of the
number of observations. There is a strong positive correlation
between the number of observations and species richness per
grid cell (Fig. 7; compare Figs. 4 and 5). On average over all
grid cells, there are 4.2 observations per species. Important
deviations from this average are some areas in the USA and
Argentina. As mentioned above, the number of observations
in these two countries is high in comparison to the number of
species. There is a relatively high number of samples in Ar-
gentina, particularly in the areas with high diversity. For ex-
ample, there are 421 observations in the cell in Argentinawith
the highest number of species (17), a much higher ratio than
for Peru (213 observations, 22 species) or Bolivia (141 ob-
servations, 20 species). However, in Argentina wild potatoes
occur over a larger area than in any other country (295 grid
cells) and the number of observations averaged out over that
area has an intermediate value (17 per grid cell), lower than
that of Peru (21) and of Bolivia (36; Table 2).

Speciesrichnessis particularly high in the southern and cen-
tral Andes, and in central Mexico (Fig. 5). Going from north
to south, the principal areas with high species richness are (1)
the central Mexican highlands (México and Michoacan states);
(2) asmall areain central Ecuador (Chimborazo province); (3)
a stretch from northern to central Peru (in Ancash, southern
Cajamarca, La Libertad, and Lima departments); (4) southern
Peru (in Cusco department); (5) central Bolivia (in Cochabam-
ba, Chuquisaca, and Potosi and to a lesser extent La Paz an
Tarija departments); and (6) northern Argentina (Jujuy and
Salta provinces).

There are few cells with many species (Fig. 6). Cells with
more than 15 species are only found in Peru, Bolivia, and
Argentina; Ecuador and Mexico are the only two additional
countries that have cells with nine or more species (Table 2).
Only 5% of the cells have more than ten species, while 52%
of the cells only have one species (Fig. 6).

The highest number of species in a single grid cell is 22
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and occurs in the department of Cusco in south Peru. Two
cells have 20 species, one in the Bolivian department of Potosi
(on the border with Chuquisaca) and one in the Peruvian de-
partment of Ancash. There are two cells in the Peruvian de-
partment of Cusco with 19 species and one cell in the Bolivian
department of Chuquisaca with 18 species. Although Peru has
more species, its most species-rich areas are comparable in
species richness to those of Bolivia. However, Peru has more
cells with a high number of species, and its most species-rich
cell only has 24% of all species present in the country. This
again illustrates the high number of endemic species in Peru.
In Balivia, in contrast, the most species-rich grid cell has 51%
of all Bolivian species (Table 2). There are aso occurrences
of relatively species-rich areas in Ecuador (60% of all species
in that country), Argentina (61%), and in all countries with
only a few species, but to a lesser extent in Colombia (31%)
and Mexico (36%).

Complementarity analysis—Although nine grid cells are
enough to capture 51% of al wild potato species, the mini-
mum number of grid cells needed to capture all speciesat least
once is 59 (out of 1317 total cells) (Figs. 8, 9). Twenty-three
cells contribute only one additional species each (Fig. 9). The
locations of the first 15 grid cells that get selected by Rebelo’s
(1994) agorithm follow a pattern that can only partly be in-
ferred from Fig. 5. The early appearance of cells from Mexico
and Ecuador (grid cells number 4 and 7 in Fig. 8) may seem
surprising because they have only an intermediate level of spe-
cies richness (Fig. 5), but the species in these countries are al
different from those observed in Peru and Bolivia (the single
observation of S acaule mentioned above is the only excep-
tion). Areas in Argentina are selected later (numbers 6 and 13
in Fig. 8) than might be expected on the basis of its high
number of species (Fig. 5). Thisis because some of the species
in these cells were already included in area number 3 (Fig. 8)
in southern Bolivia

In northern Peru and southern Ecuador, there is a group of
four nearby cells that are selected at an early stage (within the
first 15 iterations). This means that in these areas, there are
not only individual cells with a high level of species richness,
but that there is also a high turnover of species composition
between nearby grid cells. Despite its second rank (tied with
Ecuador) for rare species (Table 1), Colombia is not included
in the selection at an early stage because its species are not
geographically clustered (see aso Fig. 5; Table 2).

Distribution by latitude and altitude—Wild potatoes occur
between 38° N and 41° S. The highest number of species per
degree latitude (>20) occurs between 8° Sand 20° S, i.e., from
north-central Peru to central Bolivia, and around 20° N, in the
central Mexican highlands (Fig. 10). The distribution of the
number of species by latitude follows a bimodal distribution.
There is a remarkably similar pattern between 20° and 40° in
both hemispheres. However, in the zone between 20° N and
20° S, and particularly the zones between 8° N and 15° N and
8° Sand 15° S, the number of species is rather different, with
a conspicuously higher number of species in the southern
hemisphere.

Wild potatoes are most common in the tropical highlands
(compare Figs. 5 and 11), particularly between 2000 and 4000
m (Fig. 12). The average elevation for al speciesis 2770 m
when weighted by species, and 2890 m when giving equal
weight to all observations in the database. Ninety-one percent



November 2001]

HIIMANS AND SPOONER—GEOGRAPHIC DISTRIBUTION OF WILD POTATOES

2105
110°  100° 90° 80° 70° 60° 50° 40° 30°
e e e ——— —1
/ E L \ \ \‘\_.
/ \”: ! \""ﬁ" \ i'.,l \ "\\
d Ci;‘j_l I| II' II"\ II"'\ \\'\
’.E'“ I|| \I “|| \' \_Fd_ﬂ_, -304
30°f L. I S e
v T\ ‘ -" i | !ll ||||I I".I “"\I
' Q b i T 1/ |I .! '.IIII .\‘I
o --&.,L{L | \J‘\l #j‘ﬁm\% \ \ llll '.ll ‘\\i
.'I ;& 5 ! Y i li I'l, \ - o
I e s R I R i
Eé \ TR, o | | '. \
| L 2 | |
B~ VAR R~ SN |
| e fe % \ |
100 _[I o ! ;’ . - S 'f . - lii— - __Iil_____ _100-
P g e S .
|| | = Ry ot }Wjii | |
| he A w —_ 5 b | |
§ 72‘ \'rv"/&% "‘\}“ (M\)}
i s —A } _',L e Y
° ;. i 5N A~ | g
i |
| {% -
| . "
| | oy /f
100 | Yha ) - e
| | i""lc-a \“L f f
\ ~I \\{J‘(‘\ L Ill } |'{I j
| \ | - xij\< ||'I
20cb——— 1 | g e A )
lll\ I|I [ ( i q L) - 'II —:"—20
\ ' || N / f
I|II ___ll‘_ \ j E\. : / I-'I I.l"ll
swofl—r—t— | / s N
Number of '\ . / / ~——tape
observations | a
| - 1 [ II.' .."f ;.a
m 1-10 | | : i ﬁj_%_ / /
40° -\--"_ . 10-25 ||I 1 II." ."ll.l _h___hh"'f/-h—____ __H{f
| [] 25-50 \ / / / S (Y
\| [ 50-100 ". g / 40
\ Mw0-a2 | | e ) D a1
s ununil B g —
o \ \ | | / / A
50 \__\ \\- 'l\ 'II JI J.'Ill / {_,r- ,/, ~— 5 e
120° 110° 100° 90° 80° 70° 60° 50° 40°

30°  20°
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Fig. 6. Frequency distribution of the number of wild potato species per
50 X 50 km grid cell. A circular neighborhood with a radius of 50 km was
used to assign observations to a grid cell.

of the wild potato species occur, on average, above 1750 m.
Of al observations, 75% appear in areas above 2300 m. Al-
most all of the lower elevation species and observations are
from the plains and hills in Argentina, Brazil, Mexico, Para-
guay, Uruguay, and USA, i.e,, from high latitudes.

DISCUSSION

Although distribution maps of wild crop relatives are com-
mon (e.g., Zeven and Zhukovsky, 1975), this is the first study
in which a group of closely related wild crop relativesis sys-
tematically analyzed using GIS. This study is also unique in
its use of a very large number of georeferenced observations
for a single group of closely related wild species.

Wild potatoes occur between 38° N and 41° S. Speciesrich-
ness of wild potatoes is particularly high in the Central and
South American tropical highlands, with clear peaks between
8° Sand 20° S and around 20° N, i.e., areas in the Andes of
northern Argentina, Bolivia, Ecuador, and Peru, and in central
Mexico. Peru stands out for the high number of wild potato
species as well as for the high number of rare wild potato
Species.

Many wild potatoes species are narrowly endemic, and yet
a selection of only nine grid cells was needed to include 51%
of the species, which emphasizes the presence of areas of high
species richness. In a number of countries, the most species-
rich grid cell has a high percentage all species. This might
facilitate the design of in situ conservation reserves to protect
these species (as called for by Huaman, Hoekstra, and Bam-
berg, 2000). However, the clustering of species on the scale
used in this study is not directly meaningful for conservation
programs, which typically would operate in considerably
smaller areas.

The lower species richness around the equator, particularly
in the northern hemisphere, as compared with higher tropical
latitudes, contrasts with the general pattern of increasing spe-
cies richness (of all flora and fauna) towards the equator (e.g.,
Blackburn and Gaston, 1996; Gaston and Williams, 1996). The
absence of cool tropical highlands appears to be an important
factor that explains the paucity of wild potato species around
the equator, particularly in the northern hemisphere. The cli-
mate in these equatorial areas is also more humid and less
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Fig. 7. Ratio of the number of wild potato species to number of obser-
vations for each grid cell (obs. = 1247). Correlation coefficient = 0.74. Re-
gression line: y = 0.11 + 1.91In(x), R? = 0.65.

seasonal. The absence of a clear dry (or cold) season could
diminish the relative fitness of tuber-bearing perennials such
as wild potatoes. At higher latitudes, where the data are more
similar for both hemispheres, there is a considerable stretch of
high mountains in central Mexico (the Mexican transvolcanic
belt). At even higher latitudes, wild potatoes mainly occur be-
low 1500 m dltitude.

Our data were gathered from several sources (expeditions)
and this may have led to some redundancies. Particularly, type
localities of rare species were visited by different expeditions,
as these species may not be found elsewhere. Hence, some of
these species are even more rare and endemic than appears
from our data. Overal, however, it may make our data more
reliable given the timing dependency of the results of wild
potato exploration: there are differences within and among
years in the likelihood of finding certain species in certain
locations.

Some of our records are recent, but many date back many
years. In some cases, the habitat in which the species occurred
has now disappeared, and the species may no longer occur
there. For example, Spooner et al. (1998) describe a rapid rate

TABLE 2. Grid-based species richness statistics by country.

Total no. of

No. of grid spp. in the
cells with Mean no. Mean no. Highest cell with
one or more of spp. per  of obs. per  no. of spp. highest no. of
Country obs. grid cell grid cell in one cell spp. (%)
Argentina 295 2.4 16.6 17 61
Bolivia 124 6.2 36.4 20 51
Brazil 56 1.0 1.5 2 67
Chile 49 1.2 52 2 50
Colombia 65 1.9 6.9 4 31
Costa Rica 11 1.0 6.2 1 100
Ecuador 37 4.1 12.3 9 60
Guatemala 19 35 11.6 6 100
Honduras 2 1.0 1.0 1 100
Mexico 269 3.2 10.7 13 36
Panama 5 1.8 11.6 2 100
Paraguay 21 14 3.2 2 100
Peru 211 53 21.2 22 24
USA 119 1.2 4.1 2 67
Uruguay 22 1.2 1.7 2 100
Venezuela 12 2.1 6.5 3 100
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Fig. 9. Number of additional species included per grid cell, when select-
ing grid cells with the objective to select all species in as few grid cells as
possible. The first 15 sites correspond to the numbered grid cells in Fig. 8.

of loss of wild potato habitat in upland forests in Guatemala.
However, our recent experience in Peru, and elsewhere, indi-
cates that this is not always the case. For example, Spooner
et a. (1999) and Salas et a. (2001) collected many wild potato
species in Peru in the exact location, often at the type locality,
where they had been collected many years before. In some
cases, it was not possible to collect at documented localities,
but this was often attributed to phenology, as wild potatoes
often have a short growing period. In other cases, incomplete
locality data hindered collections.

Recorder effort (bias) (Rich and Woodruff, 1992; Gaston,
1996; Hijmans et al., 2000) aso influences the results. Nev-
ertheless, the consistency of the results (there are no sudden
gaps in the distributions) leads us to believe that we have
presented a good representation of overall wild potato distri-
bution, and this large database is one of the most comprehen-
sive for any group of plants. Although the number of obser-
vations per grid cell is a reasonably good predictor of the
number of species in that cell, we do not think that a high
number of species follows causally from a high number of
observations.

Wild potatoes have been the object of intensive exploration
over many years (Spooner and Hijmans, 2001). While there
will still be some areas where further exploration would dis-
cover additional species, a low number of observations in a
cell ismore likely to be the result than the cause of low species
richness. Hence, the logic might be reversed: much collection
has taken place in areas with a known high species diversity,
referred to by Hijmans et a. (2000) as ‘‘hotspot bias.”” At-
tempts could be made to correct for recorder effort through
rarefaction (estimating how many species would have been
observed given a constant sample size per grid cell; Sanders,
1968; Prendergast et al., 1993; Gaston, 1996). However, this
would also lead to a great loss of information, because the
observed number of species would be replaced by an estimate.

Distributions of wild relatives of crop plants have previous-
ly been summarized by country (e.g., Huaman, Hoekstra, and
Bamberg, 2001). However, countries (or their subsidiary ad-
ministrative units) have different shapes and sizes. Hence, they
have only limited value in comparing geographic distributions
of wild plants, despite the advantage of being familiar entities.
Equal-area grid cells as used in this study are clearly to be
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Fig. 10. Wild potato species richness by latitude. Each observation rep-
resents the number of species found in a 1° latitude wide area. The lineis the
five-observations moving average.

preferred. Nevertheless, there are a number of methodological
issues that need to be considered when using grids.

Resolution (cell size) of the grid affects the results. Number
of species per grid cell will increase with the size of the grid
cell, but this increase will be different among areas. We used
a50 X 50 km grid (and a circular neighborhood with aradius
of 50 km) to strike a balance between the desire for high
resolution and geographic sampling bias (Hijmans et al.,
2000). This bias becomes less important when grid cell size
increases. We used a neighborhood of 7854 km?; most other
studies of species distribution on a continental (or global) scale
have used much larger grid cells. For example, Gaston and
Williams (1996) review various global studies using grids of
611000 km?. The same was aso used by Blackburn and Gas-
ton (1996) for a study on birds in the Americas. Given the
high density of observations, it was not necessary to use such
large grid cells in our study. This would have amounted to
serious information loss, and even smaller grid cells will be
more appropriate for design of in situ reserves or for planning
collecting expeditions to specific areas.

We used a circular neighborhood to assign values to grid
cells because this gives a smoother result, particularly for areas
with few observations (Cressie, 1991; Bonham-Carter, 1994)
and is less sensitive to the origin of the grid and small errors
in the locality data. However, this does include yet other fac-
tors (size, shape, and method used to define the neighborhood)
that need to be considered when interpreting the results, in
addition to the scale effect (effect of grid cell size). Research
is needed to better understand the effects of different gridding
methods and scales, in relation to data density and quality and
the objectives of the study.

A complication of using species richness is the existence of
conflicting taxonomic classifications (Gaston, 1996). Wild po-
tatoes are a classic case in this respect (Harlan and De Wet,
1971; Spooner and Van den Berg, 1992). We use the list of
species provided by Spooner and Hijmans (2001), which is a
compilation of taxonomic names that updates Hawkes (1990).
Nevertheless, future changes in species circumscription will
likely change the results presented here (Spooner and Hijmans,
2001). For example, the results of ongoing research described
by Van den Berg et a. (1998) and Miller and Spooner (1999)
on the 30 taxa of the S brevicaule complex suggest a need
for reduction of the number of species in this group. These
species occur in southern Peru and Bolivia and taxonomic re-
vision would reduce species richness here.
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Fig. 12. Wild potato species richness by altitude. Each dot represents the
number of species observed in an area covering 250 m of difference in alti-
tude. The line is the five-observations (1250 m altitude difference) moving
average.

Although Peru seems to be reasonably well explored (num-
ber of species over observations), it has an extraordinarily high
number of apparently rare species. This indicates that Peru
may still harbor unknown species, asillustrated by the ten new
Peruvian wild potato species described by C. M. Ochoa be-
tween 1998 and 1999 (Ochoa, 1999; Spooner and Hijmans,
2001). Peruvian species are also underrepresented in gene-
banks, and a collecting program is currently under way to fill
this important gap (Spooner et a., 1999; Salas et al., 2001).
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