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Abstract. We analysed the biogeographic patterns of woody Introduction

legumes in the Baja California peninsula, NW Mexico. From

the specimen labels of eight herbaria, we digitized 4205 records Woody legumes are, together with giant columnar
from 78 species, and projected them onto a grid of 205 ¢5¢tj one of the most distinctive elements of the Sonoran
cartographic cells (20’ longitude15' latitude). Most species and Baja Californian Deserts (Dimmitt 2000; Ezcurra et

followed distribution patterns that coincide with floristic sub- .
divisions of the peninsula. Endemism is high, reaching 60 - al. 2002). The subtropical character of these deserts,

70% in the centre of the peninsula, where the driest deserts aretheir biogeographic connection with the dry tropical
found and where significant floristic changes took place during  forests of the Pacific coast of Mexico, and especially the
Pleistocene glacial events. The number of cartographic cells bi-seasonal nature of their rainfall (Hastings & Turner
(i.e. their geographic ranges) were log-normally distributed, 1965; Ezcurra & Rodrigues 1986), have allowed the
as has been reported for many other taxa. Floristic richness development of a conspicuous arboreal flora (Felger et
was found to be clumped around some cells where the ob- 5] 2001) that makes this region physiognomically quite
served richness is s_lgnlflcantly higher than could _be expected distinct and very different from other deserts in North
T:]om chance variation. We tested the hypothesis that these »p0jea (Shreve 1951). In these arborescent deserts,
otspots’ could be attributable to great collection efforts or to . . .
woody legumes play a crucial role: Their capacity to

large land surfaces, but we still found 16 cells where richness . - -
is significantly high once these two factors are accounted for. @meliorate the harsh environmental conditions under

Species richness and micro-endemism increase towards the their canopies makes individual trees true fertility is-
south, conforming to Rapoport’s rule that predicts that species lands and safe sites for a myriad of organisms (McAuliffe
ranges become smaller towards the equator while richness 1990; Smith et al. 1997). Among the many positive
increases. The floristic hotspots for woody legumes in Baja interactions that woody legumes have with other spe-
Cglifornia_l occur in the Cape Region and along the Sierra de la cies, they can act as ‘nurse plants’ by facilitating the
Giganta in the southern Gulf Coast, where 77% of the total - ggiaplishment of other species under their protective
peninsular legume flora can be found. These hotspots are o o0 (o o Turner et al. 1966: McAuliffe 1984; Fowler
mostly unprotected, and should be considered priority areas
for future conservation efforts. 1986; Yeaton & _Romero-Manzanares 1986; Franco &
Nobel 1989; Valiente-Banuet et al. 1991; Suzan et al.
1996), a mechanism of vital importance in the renewal
Keywords: Biogeographic range; Desert; Endemism; Facili- of desert vegetation. The facilitation process relies on
tation; Latitudinal pattern; Leguminosae. three basic mechanisms: (1) the improvement of
hydrological conditions for seedlings (Shreve 1931;
Nomenclature: Wiggins (1980); Hickman (1993); Skinner &  Turner et al. 1966; Nobel 1989; Nobel & Geller 1987;
Pavlik (1994); International Legume Database & Information Franco & Nobel 1989; Valiente-Banuet et al. 1991,
Service, www.ildis.org/legumes.html Valiente-Banuet & Ezcurra 1991); (2) the improvement
of soil fertility (Garcia-Moya & McKell 1970; Romney
etal. 1980; Montafia et al. 1988), and (3) the improvement
of microclimatic conditions, especially reduced tempera-
ture and radiation, which leads to the formation of safe
microhabitats (Steenbergh & Lowe 1977; Valiente-
Banuet & Ezcurra 1991).
Because of their capacity to regulate the environment
and to supply resources or refuge for other species,
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desert woody legumes are true ‘environmental engi- We checked four herbaria in Mexico (MEXU, ENCB,

neers’ 6ensuones et al. 1994). Although they are notin  HCIB and BCMEX), and four in the United States (SD,

danger of extinction, cutting of these trees for wood, UC, CAS, DS). For each specimen we captured the
charcoal, and land clearing is putting the safe sites they species identity and the geographic information on the
harbour under dangerous risk (Franks 1999). Recent collection site. When geographic coordinates were miss-
reports have underscored the need to understand anding, we approximated them by locating the site from the
protect the biodiversity of woody legumes and other description in the label. When the label description was
desert keystone species, in order to ensure the long-terminsufficient to locate the collection site, we discarded
survival of the desert communities as a whole (Burquez the information from that specimen. We discarded
& Quintana 1994; Nabhan 2000; Suzan et al. 1999). approx. 20% of all the specimens checked, and we
This paper describes the biogeographic patterns of the finally formed a database with 4205 geo-referenced

woody legumes of the Peninsula of Baja California, in
Mexico, to identify patterns of rarity and endemism, and
to pinpoint areas of significantly high species richness
as potential targets for future conservation efforts.

Study area

Baja California is a long, narrow peninsula in NW
Mexico, with an area of almost 145 000%(imcluding
the islands of the Sea of Cortés). It is ca. 1300 km long
and, on average, ca. 100 km wide, and runs in a NW-SE
direction (Fig. 1). Its northwestern slopes are covered by
mediterranean scrub fed by winter Pacific rains, while
its southern tip —the Cape Region— is covered by dry
tropical scrubs and forests fed by late summer cyclones
calledchubascosThe rest of the peninsula is covered
by dry deserts, which may receive both winter and
summer rains, usually in very low and variable amounts.

The peninsular flora comprises some 3000 species
(Shreve & Wiggins 1964; Wiggins 1980; Leén de la Luz
& Dominguez-Cadena 1989; Lenz 1992; Ledn de la Luz
et al. 1995), 670 of which are woody plants. With 80
species, thé.eguminosaecomprise 12% of the total
woody flora. The legumes are the family with the high-
est number of trees, and the second family in number of
woody shrubs, after thAsteraceae Various studies
have analyzed the biogeographic patterns of different
faunal groups in the peninsula (Taylor & Regal 1978;
Williams 1980; Murphy 1983; Due & Polis 1986; Brown
1987; Upton & Murphy 1997; Grismer 2002), but simi-
lar studies on plants are lacking.

Methods

We worked in total with 78 species of woody leg-
umes (App. 1) beinging to 32 genera within the three
legume subfamiliedimosoideaen = 34;Faboideagn
= 25; Caesalpinoideaen = 19). We discarded all intro-
duced species, and two rare native spe€iaggalpinia
pulcherrimaand Leucaena brandeggefor which we
found no records in the herhari collections we visited.

records for a total of 78 species. Although we only
registered in detail the records within the Peninsula of
Baja California, we also registered qualitatively if the

species had records outside the peninsula.

We divided the Peninsula of Baja California into
228 cartographic cells, each ca. 20'in longitude and 15'
in latitude (see Fig. 1; each cell corresponds to a chart at
a scale of 1 : 50 000 published by Mexico’s National
Institute of Statistics, Geography, and Informatics
[INEGI], and covers ca. 698 Kmnalthough they may
vary slightly in size). Cellsn(= 23) without collection
records were not included in the analysis.

Based on the herbarium and geographic information,
we constructed two numeric matrices of 78 speckB5
geographic cells. One of them (a frequency matrix) con-
tained in each element, {) the number of specimens
collected for a given specie$ in a given celljj, while
the other (a presence-absence or incidence matrix) con-
tained in each element a 1 if the species had been col-
lected in that cell, or a 0 if the species had not been
collected. The elements of the frequency matrix added to
a total of 4205 records, while the incidence matrix totaled
1284 presences. Adding all the elements for each column
(i.e. geographic cell) of the frequency and incidence
matrices, we could estimate, respectively, the collection
effort (h) or the species richness)(in each cell.

Geographic ranges

For each species, we estimated from the incidence
matrix its distributional range within Baja California as
the number of cells where each species was found, i.e. as
the sum of incidences for each species over all cells. We
then analyzed the statistical distribution of ranges for
the whole floristic set, comparing it with the lognormal
distribution, under the null hypothesis that geographic
ranges, as an estimate of abundance, are lognormally
distributed (Preston 1960; May 1975; Rapoport 1975).
Based on the ancillary information collected from the
herbarium specimens, we also classified each species
(App. 1) according to its distribution in the continent as:
(1) endemicsK), for species whose distribution is re-
stricted to the Peninsula of Baja California; (2) regional
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Fig. 1. Geographic distribution ofa] species richness of woody legumds; ¢ollection effort measured in number of collected
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specimens of woody legumes per cad);richness of genera of woody legumeh;richness of endemic species of woody legumes

in Baja California. The size of each dot is proportional to the frequency value observed for that cartographic cell.
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speciesR), for species that are also found in the larger of species found increases in a non-linear fashion, less
Sonoran Desert or in the California Biotic Province, and than proportionally to the number of specimens,
(3) continental specie€y, for woody legumes that are  eventually approaching an asymptote that corresponds
widely distributed in North America, extending beyond to the true richness of the area. The models that describe
the borders of Baja California, the Sonoran Desert, and this relationship have been called ‘accumulation functions’
the California Biotic Province (we classified as endemics (e.g. Soberon & Llorente 1993; Flather 1996; Moreno &
some species that are also marginally present in the Halffter 2000). Of these, one of the most commonly used
midriff islands of the Sea of Cortés and in the coastal is Clench’s model (Soberén & Llorente 1993):
fringe of the midriff in the Mexican State of Sonora). abh

By visually comparing the observed distribution maps S= 1)

. . o ) . a+ bh

of the 78 species, we identified six well-defined patterns
of geographic distribution within the peninsula, and
classified each of the species into one of the different
patterns. These areas where many species tend to coin
cide were later used for the interpretation of other ob-
served biogeographic trends.

wheres is the species richness estimated for a given
collection efforth, ais the asymptotic richness for well-
collected areas (i.e. whdn=x), andb is the rate at
‘which new species are found at the beginning of the
collection process (i.e. whén= 0). Although this model

fits reasonably well most collection processes, it was
not meant to compare different areas but to describe the
Latitudinal effects accumulation process in any given area. When more
than one area is involved, collectors often make a choice
on where to collect based on how many uncollected
species they are able to find for a given number of new
specimens. Thus, we want a predictor of species rich-
ness that is based not on the absolute collection effort
(measured as the number of specimens), but on the
relative effort (measured as the number of species iden-
tified relative to the number of specimens collected).
For this purpose, we re-wrote Clench’s equation by
solving fora as a function ofgh):

Species richness and endemidie plotted species
richness ¢) of each cell against the latitiude of the cell.
Additionally, we then calculated, for each geographic
cell and for latitudinal bands of 15', the relative ende-
mism, i.e. the proportion of endemic species with respect
to the species richness of the cell or the béitd,).

Latitude and species rang&ecalculated mean latitude

for each species as the mean of the central latitude of
all the cells in which the species was present, and
plotted these values against its geographic range. Be- (& s)

cause some northern species have continuous, dis- s=a- \b h) @

each species is supported by a large number of collected
Biodiversity ‘hotspots’ specimens. Thus, we can now re-write Eq.(2) in order to

~express the expected number of species in geographic
~ We tested whether the observed patterns of species cg|| j as a function of the redundancy of the collection
richness ¢) could be attributed to random variation, or  affort in that same cell:

whether they should be ascribed to some systematic

cause. Firstly, we calculated the frequency distribution § = K+ @, 3)

of species richness in the geographic cells, and tested it wherek andd are linear constants that can be estimated

against a Poisson distribution as the null model for a from simple regression by fitting for all the 205 cells of

random distribution of counts. Thus, we were able to the peninsula the observed species richngyagainst

identify cells that departed significantly from the the redundancy of the collection effog)( With the

Poisson model, either because they had a very high, or parameters of the fitted equation, we can calculate for

a very low number of species. We then proceeded to each cell the expected species richng9s4s predicted

test whether these departures from the random null by the redundancy of the collection effort.

model could be attributable to collection biases

introduced by (a) the effect of collection effort, or (b) Effect of land areaOne of the most common models

the land area of the cell. used to describe the species-area relationship is the
‘power function’ models = cA? wheresis the number

The effect of collection intensityis well-known that as of species present in an area of $ize an exponent

collection effort increases in any given area, the number (showing values < 1 for the curve to be convex),&rd
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a coefficient of proportionality (Arrhenius 1921; Pres- where the parametets and d are derived from the
ton 1962; MacArthur & Wilson 1967). For the 205 cells  regression of species richness against collection redun-
of ourdata set, this model can be ratten aso/i =cA% dancy, the exponents estimated from the species-area
Whereo/i is the species richness predicted by the model regression, and the standard cell akgas calculated

for a celli whose land area &. It also follows that for a from the exponentially-weighted average of all cell land
cell of standard arety the expected floristic richness will ~ areas.

be 0/0 = cA;. From these equations, it can be deduced We then calculated the Pearson residugjsbé-

that, if the expected richnesal({) of a cell of standard tween the observed and the predicted species richness
land areay) is known, the expected richness ) of a values € = (o — 04)/@)' where & is the value

cell with a different land ared\) can be calculated as ] ) )
, predicted by Eqg. (6). Because species richness values

o —d A are discrete counts with expected Poisson distributions,
=0 E (4) the Pearson residuals should behave asymptotically as

" K he land £ th lis f normal deviates (Everitt 1992), and their significance can

We make HSWA?) t € 1an a(;e_fa oft el ce Sh or anb Ibe calculated from the Normal distribution. Thus, all cells
average numuer ot Species, and ifwe rep ace the symbo having species richness values significantly higher than
for the expected rlchneSda’0 by its equivalenty (the

o ; . those predicted by the combined effect of the redundancy
species richness expected after correcting for collection ¢ " - Ciection and the land area of the cell. can be
effort), then it follows that !

plotted in the map as areas where biodiversity is higher

A z than expected by either chance factors, by the effect of
o =9 (—) (5) reiterated collection, or by the effect of large land areas

A (Mourelle & Ezcurra 1996). Finally, because by testing
That is, the expected number of species inicelbr- for significance of the residuals in 205 cells we run the

rected for land area, can be simply derived from the risk of increasing the probability of type-l errors, we
collection-corrected richnesg}, the ratio betweenthe  applied a Bonferroni correction on the acceptance
actual land area of the cell and the standard landAfea ( threshold for significant residuals (Sokal & Rohlf 1995).
Ay), and the exponent of the power functiah (t can

also be shown that, in order to fulfill the condition that
the sum of expected richness values for all cells equals
the sum of the observed frequencies (a necessary condi-
tion for the analysis of frequency residuals), then the
value of the standard cell area is equal to the
exponentially-weighted average of all cell land areas:

) (M\ (¥2)
~S0) ® --'

10 20 30 40 50 60

no. of species

In order to estimate the value of the parameters, we no. of cells

randomly selected 20 cartographic cells, and added to 25 b
eachcell arandom fraction of the contiguous eight cells,
creating thus 20 area samples of geographic size ranging
between one and nine cells (Dunn & Loehle 1988). The
species richness in these cells of variable size was
regressed against area using the log-log transformed
model (logS=logc + zlogA), and the exponetwas
estimated £ = 0.498). With this value, we estimated
the average land ared.j, which was 594 krh

no. of species

0 1 2 3 4 5 6 7 8

no. of cells (log, scale)
Fig. 2. Frequency distributions of the geographic ranges of

woody legumes in Baja California.No. of cells on a linear scale;
b.No. of @lls on alogarithmic axis. In both plots, the continuous

A test for significant richnesgzinally, the expected
species richness for each cartographic cell was calcu-
lated by putting Egs. (6) and (3) together:

A z line marks the predicted values of the log-normal distribution,
d, =(k+ dpi)-(—) 7) and at both sceb, the observed histogram did not differ
Ay signficantly from the predicted lognormal serigsX> 0.05).
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Results mostly of species of wide continental distribution,
while the non-endemic species in the rest of the penin-

The number of legume species in the cells varied sula are dominated by legumes of regional distribu-

between 1 and 32 (Fig. 1a), with the highest species tion.

richness towards the Gulf Coast and the Cape Region,

east and south of the peninsula. Turner et al. (1995) | atitudinal effects

reported similar patterns of richness for woody legumes

in the Sonoran Desert region. Similar trends were Species richness tends to increase towards lower

found for the richness of genera (Fig. 1c), and for the latitudes, with two outstanding peaks of high diversity:

richness of endemic species (Fig. 1d). The Pacific the Cape Region and the Sierra de la Giganta (Fig. 4a).

incline of the peninsula, although poor in legumes, has The same trend was observed for all subfamilies, al-

a relatively high proportion of endemic species. The though it was more marked for the Mimosoideae, a

collection effort varied greatly at the scale of our group of high tropical affinities. Within the group of

study: while some cells were represented in the endemic species, woody legumes in the south showed

collections by only one specimen, other cells yielded smaller ranges than species of central and northern

more than 200 specimens (Fig. 1b). As we expected, affinities, i.e, micro-endemism is concentrated towards

the effort of collectors seems to be the result of two the Cape Region (Fig. 4b). Finally, the proportion of

factors, namely accessibility and floristic richness. endemic species in latitudinal bands was quite constant

Indeed, many cells with high species richness have south of the midriff region (ca. 60 - 70%, decreasing to

been collected intensely and repeatedly, but also those around 50% in the Cape Region), but decreased rapidly

cells that are nearer to the trans-peninsular highway north of 29 Latitude, as the California Biotic Province

are more collected than those removed from easy access.and the Lower Colorado Valley replace the Baja Cali-

Additionally, many areas that are poor in legumes have fornian deserts (Fig. 4c).

been intensely collected, possibly because they present

other interests for biologists. Areas such as the Bjodiversity ‘hotspots’

temperate forests of the Sierra de San Pedro Martir, or

the spectacular sarcocaulescent Central Desert clearly  The distribution of species richness in cells was

fall into this last category. highly clumped: The mean richness per cell was 6.27,
and the variance : mean ratio was 6.4, departing sig-
Geographic ranges nificantly (P < 0.0001) from the expected value of

unity for random frequency values (Greig-Smith 1984;
Each species occupied, on average, 17.8 map cells Hayek & Buzas 1997). Furthermore, the observed dis-
(some 11521 kA). The distribution was markedly tribution also departed significantly from the random
skewed, with the majority of species occupying less expectation of a Poisson distribution (Fig. 5).
than 10 cells (ca. 7000 Kn and three widespread
species occupying more than 57 cells (ca. 40000.km  The effect of collection intensityhe relationship be-
The observed distribution of ranges did not differ tween the number of species and the number of speci-
significantly from the lognormal distribution model  mens collected fitted significantly to Clench’s model
(Fig. 2a, b), as has been reported repeatedly for other (Fig. 6a). Furthermore, when the data were regressed
taxa (e.g., Willis 1922; Preston 1960; Rapoport 1975; against collection redundancy, it was found to conform
Anderson 1977; Gaston 1990; Brown et al. 1996). All significantly to the expected linear model (Fig. 6b).
three subfamilies showed similar range distribution Indeed, the cells where the collection effort has been
patterns. more redundant are, on average, better represented in
With the exception of nine species distributed the collections than those cells where redundancy is
throughout the peninsula, all other 69 species could be low.
classified into one of five distribution patterns (Fig.
3a-d): North (Lower Colorado Valley and mediter- Hotspots of significant richnesSixteen cells were

ranean scrubs of the California Biotic Provinee, 12 found where, after correcting for the effects of collection
species); Central Gulf Coast£ 9); Pacific Coast(= intensity and land area, the floristic richness still
4); South-Centern(= 15); and Cape Region (granitic  departed significantly from a random distribution (Fig.
tip of the peninsulan = 29). Although poor in total 7). These cells are located very clearly along the

richness, the fog deserts of the Pacific coast have a Southern Gulf Coast of the peninsula, and throughout
large proportion of endemics (Figs. 3c and 4c). The the Cape Region, two biotic subdivisions of the Baja
non-endemic flora of the Cape Region is composed Californian drylands where the richness of woody
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Fig. 3.Patterns of geographic ranges of woody legumes in Baja CalifarNarth;b. South-Centreg. Central Gulf Coast (I) and
Pacific Coast (II);d. Cape Region. The ratios endemic:regional:continental species is 1:6:5 for the North; 13:1:1 for the South-
Centre; 6:2:1 for the Central Gulf Coast; 4:0:0 for the Pacific Coast; and 12:2:13 for the Cape Region.

legumes is much higher than could be expected by of northern distribution, the four species associated to the
chance variation. Sixty species7% of the total flora — Pacific Coast, and two rare legumdsysenhardtia

are present in these cells, which jointly conform less than peninsularisrestricted to the center of the peninsula, and
8% of the region’s terrestrial surface. The only species Senna pallidafound only in a small part of the Pacific
not found in these high-diversity cells are the 12 species coast in the Cape Region.
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latitude

Fig. 4.a.Relationship between latitude and richness of woody

legumes in 205 cartographic cells of Baja California. The

continuous line marks the mean richness for each latitudinal
band, and the arrows mark the latitudinal location of the Cape
Region and the Sierra de la GigamtaRelationship between

the range size of endemic species (measured as the no. of cells o A L i HRzo: Hyes
where the species has been collected) and its mean latitude o B
(measured as the average latitude of all cells where the species ‘ :. 1 B2 e
is present).c. Proportion of endemic species in latitudinal B
bands of 15'. I \
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Fig. 5. Statistical distribution of species richness of woody

legumes in the 205 cells. The bars mark the observed frequen- Fig. 7. Biodiversity ‘hotspots’ of extraordinarily high species
cies, the continuous line shows the expected Poisson values. richness for woody legumes in the peninsula of Baja Califor-
The observed values differed very significantly from the ex- nia. The dotted line shows La Paz geologic fault, which
pected random distributioG(= 467;df = 12;P << 0.0001). separates the Cape Region from the rest of the peninsula.
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Discussion

With very few exceptions, most species seemed to
follow well-defined distribution patterns that coincide
well with Shreve’s (1951) subdivisions of the Baja Cali-
fornia Peninsula: (1) the northern mediterranean sclero-
phyllous scrubs; (2) the Lower Colorado microphyllous
desert; (3) the Central Gulf Coast’s hot sarcocaulescent

483

some 15-20 glacial-interglacial cycles occurred (Imbrie
& Imbrie 1979; Van Devender & Burgess 1985), and
during the glacial phases, which occupied as much as
95% of the Epoch, temperate woodlands and the
sclerophyllous chaparrals occupied large parts of the
peninsula and the dry scrub became fragmented and
retreated into hot, climatically stable, lowlands (Van
Devender 1990; Riddle & Honeycutt 1990; Grismer &

desert; (4) the Pacific Coast fog-fed, sarcophyllous scrubs; McGuire 1993; Peinado et al. 1994). Conversely, during
(5) the crassicaulescent deserts of the South, and (6) thethe interglacial phases, which were warmer and drier,
tropical scrubs and dry forests of the Cape Region. Ende- the woodlands and chaparrals retreated north or high-up

mism is high throughout most of the peninsula, and
especially in its central part, possibly as a result of its 6
million years of isolation from the mainland, as reported
by Murphy (1983), and by Due & Polis (1986), among
others, for other taxa. The proportion of endemic species,
however, is not correlated with species richness, and
tends to be relatively high in the isolated, legume-poor

into the mountains, and the lowlands became again
covered by arid scrubs. It is likely that the succession of
long glacial periods followed by short interglacials may
have generated the local extinction of species with strict
tropical affinities, which found refuge in the climati-
cally stable tropical lowlands of the Cape Region, and
secondarily in the hot lowlands of the Lower Colorado

coastal scrubs of the Pacific. Valley (Peinado et al. 1994). At the beginning of the
Many biogeographic patterns and trends, described Holocene (ca. 11000 YBP) the current dry, warm deserts
for other taxa, are also found in the woody legume flora of expanded (Axelrod 1979, 1981), and the dryland spe-
Baja California: The species abundances, as estimated bycies spread from these refuges, possibly giving origin to
their geographic ranges, conformed very closely to the the northern and southern patterns described in Fig. 4.
lognormal distribution of abundances, as described and The less drought-tolerant tropical species, however, must
predicted by many authors (e.g., May 1975; Pielou 1975; have been limited by the dry nature of the early Holocene
Preston 1980; Magurran 1988) who have postulated the (the Hypsithermal climatic interval, 8000-4000 YBP;
lognormal as the null random model of species abun- Spaulding 1991) and mostly remained in the hot low-

dance. It is inteesting to note that, although the distri-
bution of species ranges fits to the lognormal distribu-

lands of the Cape Region, with a secondary expansion
corridor in the souther Gulf Coast, aing thewetter,

tion, the scatter of these ranges in space is not randomwarm canyons of the Sierra de la Giganta.

but tends to concentrate in some geographic areas.

Indeed, some cartographic cells showed significantly

Other authors have given other reasons for the high
floristic richness of the Cape Region. Some argue that

more species than could be expected by chance, andwhen the Cape Region drifted from its original location

clearly formed well-defined ‘hotspots’ of floristic
richness.

Legume species richness is correlated with latitude,
as has been amply reported for many other groups
(e.g., Pianka 1966; Stevens 1989; Rosenzweig 1992;
Rohde 1998). A full 73% of the legume flora of Baja
California is restricted to the southern half of the
peninsula. Additionally, the species’ ranges tend to
decrease towards the tropics, confirming again a well-
reported phenomenon known as ‘Rapoport’s rule,’
which predicts that micro-endemism increases towards
the equator (Stevens 1989; Mourelle & Ezcurra 1997).
However, the proportion of endemic species is higher
in the central part of the peninsula, as many tropical
leguminous trees of widespread distribution in
continental Mexico are also present in the dry forests
of the Cape Region.

The causes of extremely high endemism in the

off the coast of Jalisco (some 6 MYBP), it must have
transported a significant section of the seasonal dry
tropical forest of the Pacific coast, which, as noted by
Gentry (1995) is exceptionally rich in legumes. This
original species pool was maintained in relative isola-
tion from the rest of the peninsula during the Miocene
and the mid-Pliocene (Murphy 1983; Riddle et al.
2000; Carrefio & Helenes 2002), and kept relatively
stable climatic conditions (Axelrod 1958, 1979). Under
this interpretation, the Cape Region is simply an
ancestral relict of the Pacific dry forests of Jalisco.
Other researchers, on the other hand, argue that, because
of its different origin, the Cape Region has a geologic
substrate dominated by gt which is markedly
different from the extrusive substrates, mostly basalt,
that are found on the ranges in its vicinity (see Leén de
la Luz 2000, and references therein). The main argument
behind this last line of reasoning is that the floristic

isolated central part of the peninsula are possibly related transition between the Cape Region and the peninsular
to the evolutionary history of the region during the deserts occurs abruptly around the La Paz Fault, sharp
Pleistocene Epoch (1.8 MYBP). During this period, N-S line that separates both geologic origins.
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Conclusions

1. The geographic ranges of legume species in Baja
California follow very closely the lognormal assump-
tions of random differences in abundance from one
species to the next.

2. The spatial distribution of ranges, however, is
clumped around well-defined hotspots of species
richness.

3. Species richness and micro-endemism increase
towards the tropical tip of the peninsula, conforming
well to the predictions of Rapoport’s rule.

4. The proportion of endemic species, however,

tends to peak towards the center of the peninsula, where

the driest deserts are found, and where significant floristic
changes took place during Pleistocene glacial events.

5. The floristic hotspots for woody legumes in Baja
California occur in the Cape Region and along the Sierra
de la Giganta in the southern Gulf Coast, where 77% of
the total peninsular legume flora can be found.

6. These hotspots are mostly unprotected, and should

be considered priority areas for future conservation
efforts.
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