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[though comprising a relatively small group of

terrestrial arthropods, scorpions are subjects of
considerable interest to both the scientist and lay-
person. In some areas of the world, including much
of Mexico, they are feared by rthe general public be-
cause of their highly toxic venoms. To those uneduo-
cated about them, scorpions are all assumed to be
lerhal; the rruth of the marer is, only about two
dozen of the 1200 or 30 species are considered dan-
gerous by medical experts. About 7 species of Cen-
truraides in Mexico are known to cause human
mortalicy: Simard and Watr (1990) estimated that
about 100,000 stings occur in Mexico each year,
and possibly as many as 800 prople die. Most mor-
tality involves young children and the elderly.

Scorpions are ancient arthropods, derived from
aquatic ancestors that Iived in the Silunan Period,
more than 400 million years ago. These ancient
fortms closely resemble modern scorpions in details
of basic anaromy. Apparently, the scorpion body
plan that developed so long ago is a highly success-
ful one. It is intetesting to note that a few of the fossil
seorpions were approoamately 1 moin length, far
grearer in size than the largest of roday's species,
which are just longer than 20 cm.

Scorpions are also interesting animals because of
their reproductive biology and ecology. All species
are viviparous, with embryos developing in the
female’s reproductve tract and receiving nourish-
ment from maternal tissues (Francke 1982). Polis
and Farley {1980) and Polis (1990} have suggesved

thar scorpions have very low reproductive rates in
comparison with most animals. A low r,, (maxi-
mum rate of population increase) for several spe-
cies 15 in pare due to long generation times and low
survivorship among sexually immature females.
Gestation periods may be quite long, ranging from
several months in many buthids to more than a year
and a half in certain scorpionoids {Polis and Sissom
1920), The young are fairly large ar birth, and time
to maturity is at the minimum about 2 years {in
SOme Species, matunty may not be reached for at
least =B years), Average longeviry is probably
around 4 vears, but Hadrurss spp. may live 25 years
(Polis 1990]. In peneral, then, scorpions resemble
long-lived vertebrate species in their life-history
trairs and should be regarded as “K-selected.™ Such
specics are often of great congem o conservation
biologists because they cannot replace their popu-
lationg rapidly.

Seorpions are important components of arid and
semiarid ecosystems, bur they are nor limited to
these areas. Other habitats in which they may be
found inelude deciduous and pine forests, grass-
lands, the floors and trees of cropical jungles, high
mounrdin slopes in the Himalavas and Andes (up
to 14,000 feet elevation}, deep subtropical and
tropical caves, and even cemain rocky interridal
habitats at the ocean’s edge. Despire this, we still
tend to think of scorpions as desert animals, and
current evidence suggests that deserts harbor more
species than other ecosystems, Scorpions may be
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very abundane; Levy and Amirai (1980) measured
dengities of 1,12fm* in the Middle Eastern Lefrrus
geiinguastriatus, and Polis {1990) reported densities
of 8=12/m? in Serradigitns littoralis, an intertidal
scorpion from the Baja California peninsula.

The diversity of scorpions in Mexico, as judged
by world standards, is exceptional. Currently, more
than 200 species and subspecies of scorpions are
known From Mexico, more than any other country
in the world {Lourengo and Sissom 2000), Mexico
i5 a land of grear diversity in landforms, elevation,
climate, and vegetation {chaprers 1 and 2). Oppor-
tunities for prolific speciation of Mexican scorpi-
ons have undoubtedly resulted from the country's
complex geological history (chaprer 1), which must
have repeatedly frapmented ancestral scorpion
populations,

Owr purpose here is to review scorpion bio-
diversity of the Baja California peninsula and the
states of Sonora, Sinaloa, Durango, Chihuahua,
Coahuila, Muevo Ledn, and Tamaulipas on the
mainland of Mexico. First, a brief history of taxo-
nomic research and a synopsis of the scorpion fauna
are provided, followed by an assessment of the pat-
terns of distribution and endemism {as corrently
understond) and the role scorpions mighe play in
future conservation strategies. Needs for further
studies of scorpion biodiversity m northern Mexico
are idenified.

Status of Biodiversity Research
in Morthern Mexico

Brief Historical Review of Efforts
o Catalog Dvversity

Pocock (1898, 1902} was among the earliest tax-
onomists to work extensively with scorpions from
Mexico, The firse comprehensive assesiment of scor-
pion biodiversity in Mexico was published by Hoff-
mann {1931, 1932); in his monograph, Hoffmann
synthesized all of the informarion known about
Menaean scorpions, described a number of new taxa,
and listed 15 species from the northern states {sev-
eral of which were misidentified and 4 for which he
relied solely on literature reportsj. Hoffmann fo-
cused primarily on mainland Mexico and had very
lictle marerial from the Baja California peninsula.

Omly a handful of papers pertaining to the Mexi-
can fauna were published in the next few decades
after Hoffmann's monograph, bur during che 1960
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and 19705, several 1.5, raxonomists (O, F. Francke,
W. ]. Gertsch, M. E. Soleglad, H. L, 5tahnke, and
5. C. Williams} rook an interest in the scorpions of
Mexico, including those of the northern states, The
publications of Stanley Williams, in particular, were
based on extensive fieldwork on the Baja Califos-
nia peninsula usmg ultraviolet detection cechnigues.
He colminated this research with an important
monograph of the Baja California fauna (Williams
1980, representing one of the most thorough smd-
ies of a regional scorpion fauna ever conducred.
Considering only corrently valid species, Williams
nearly wipled the number known from the penin-
sula, describing as new 33 (58.3%]) of the species.

The study of the mainland faona has consisted
largely of sporadic papers describing newly discoy-
ered species, Williams (1968a) partially described
the vagjovid fauna of the Cuatrociénegas area in
Coahuila; of 5 species reported, 1 is apparently
endemic. Mitchell {1968} described the remarkakble
roglobyric genus Typflochactas, with 1 of its origi-
nal species [T rbodesi Mitchell) recorded from La
Cueva de la Mina in Tamaulipas. Diaz Najera
{1964, 1975} published numerous new distribu-
tional records for many species in Mexico. Since rhe
19305, a few papers have dealt with the scorpion
biodiversity of mainland Mexico. These papers de-
scribed new species andfor provided partial taxo-
nomic revisions. Two papers provided assessments
of the fauna of the state of Sonora [Sissom 1991
Sissom and Stockwell 1991). Relatively detailed
distributional information for 2 species in northern
Mexico has also been presented {Shelley and Sissom
1993; Yahia and Sissom 1996},

A number of complete studies of the Mexican
scotpion fauna have appeared in the last few vears:
catalogs of the world Eauna {Fet er al, 2000) and of
the Mexican fapna (Beotelspacher 2000}, as well as
a synoptic review of the entice Mexican fauna
{Lourengo and Sissom 2000}, Two addidonal spe-
cies of Vaejowis have been described from Sonora
{Capes 2001; Hendrixson 2001} since publication
of the Catalog of the Scarpions of the World (1758
1998) {Fet et al. 2000),

Approaches to Biodiversity Analysis

Almose all of the early information on scorpion
diversity was obtained by the conventional rock-

rolling technique, which entails looking underneath
rocks, logs, and other surface cover to find scorpi-

ons. [n wsing this method it s important w returm
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these ohjects ro their original positions after roll-
ing them to look for scorpions, Many different kinds
of organisms are dependent on surface objects for
fererd and shelver (because of the favorable micro-
climate offered). Failure ro replace such surface
objects will canse many of these organisms o die
unnecessarily.

The rock-rolling technigue appreciably underes-
timates the total scorpion diversity in an area, but
diversity assessment can be greatly improved by
nsing the wliraviolet light detection method {Wil-
liams 1948b). The method enables researchers to
locare seorpions when they are acrive ar night and,
consequently, provides more information on ecol-
ogy and behavior than do other methods. Use of this
tool throughout Mexico will reveal significant num-
bers of new species, especially in the genera Diplo-
centris and Vaejords, UY light derection, although
the method of choice for most scorpion research-
ers, 15 mevertheless dependent on the activity pat-
terns of the scorpions. Owing to the sporadic na-
ture of nightly and seasonal surface occurrence of
some species, nat all of the species at a given loca-
tion may be collected unless sampling is conducred
periodically. Some species are only sporadically
active on the surface throughout the warmer months
of the year, whereas others exhibit brief periods of
mtense actvity. In general, of sampling larpe areas
(e.g., one or more geopolivical staves) black-lighting
gives more return per unit effort than the other
methods (both in numbers of species and numbers
of individuals). In our UV hght-sampling regime for
roadside collecring in che Unived States, for example,
we have sampled at least 5 localines per night
(double that if we are able to divide into 2 separate
collecring parties). Consequently, a 2-week collecr-
ing trip can vield large numbers of specimens from
many localities, as demonstrated by the work of
5. €. Williams on the Baja California peninsula.

Pitfall trapping, 2 more labor-intensive method,
is also quite productive. There are some limitations
to this method as well, In montane habitats and
other rocky soils, it may be difficule to dig the holes
necessary o set up the traps. Lithophiles and bur-
rowing forms, which typically wair near their crev-
ices or burrows for prey without moving around
much on the surface, are not as likely to be taken
by this method, except during the marting season
when males are actively moving in search of females.
Pitfall rapping is also affected by seasonal activiry
patterns of species; trapping must be conducted
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throughour the warm season to maximize the spe-
cies catch ar a given location. Unlike UV -light sam-
pling, it is not feasible to thoroughly sample large
geopraphical areas with picfall trapping, each trap
transect takes considerable rime ro ser up, and this
fFactor rescricts the number of localities that can be
sampled on a collecting trip. The traps muse be left
open long enough to generate a catch, and the sites
must be revisited ro obrain the specimens, Pirfall
trapping seems most vseful when the investigator
is working at 1 or several study sites over an ex-
tended perod. Another limitation of the method s
thar specimens collecred in anrifreczefalcohol wraps
Inecessary to prevent cannibalism} are gererally not
well preserved.

Obraming g complete accounting of the species
present is only one of the problems in assessing scor-
pien biodiversity in northern Mexico., Accurate es-
timates of the geographical distributions of most
species in mainland Mexico are lacking. This is pri-
marily due ro inadequate sampling, bue it is also due
in part to the rariry or sporadic surface ocourrence
of some species. Given thar few sites have been in-
tensively investigated, mainly isolated records of
individual species have accumulared. The problem
can be illustrated by fieldwork conducted ar Big
Bend Ranch State Park in southwesterm Texas
(Sissom and Henson, unpubl. daca), an area simi-
lar ro many mounrainous sices in neighboring scares
of northermn Mexico. At this site, a series of ransects
were monitored for 4 vears. Based on observations
made on & 20 m x 100 m racky slope transect over
#3 nights, the probability of finding the uncommon
Vaejowis irmtermediug Borelli on a given night was
11.1%, and no more than 3 individuals were seen
on any night. On the same rransece, the probability
of finding another uncommon species, Pseudo-
wroctonis apacheanus {Gersch and Soleglad), was
22.2%. Of the 2 specics, at least V. intermedius oc-
curs in northeastern Mexico, and both taxa possi-
bly exhibir similar densities over much of their range.
It is interesting that, although 8 species were observed
on that transect over the 4 years, an average of only
2.7 species {range 0=6) were observed nightly.

As sampling in Mexico continues, some species
currently thoughe to be endemics may be found to
exhibit a broader geographical distribution. There-
fore, to understand parrerns of endemism more
fully, filling out the distributional data for the scor-
pion species in northern Mexico should be given

high priority.
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scorpion Diversity in Mexico

Mexico is a medium-sized country, and its scorpion
diversity 15 stll impressive when one standardizes
species diversity according ro area, An arbitrary
measure of species density used here is the number
of species per 100,000 km®. Scorpion diversity of
15 representative countrics from § continents is
tabulated in table &.1 o facilitate raw and seandared-
ized comparisons,

The present state of knowledge suggests thar
Mexico has more families, genera, and species than
any other country in the world {rable 6.11. Species
density, however, falls below that of several small
countrics, namely Cuba, Veneruela, and Ecuador.
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Ar the same rime, it should be nored thar the spe-
cies density of the Baja California peninsula is ap-
proximately twice that of the most scorpion-rich
country listed in the table. The scorpion tauna of
the peninsula appears to be the most diverse in the
world (ar least among areas = 10,000 km?). It is
likely thar other parts of Mexico will exhibir similar
species densities once they become berter sampled;
baged on existing museum collections, states such
as Oaxaca, Guerrero, and Michoacan show consid-
erable promise. However, it is difficult to say with
any degree of certainty whar percenrage of the fauna
remains o be discovered and described.

several factors should be considered in making
these comparisons. First, whereas estimates of species

Table 6.1. Comparison of world scorpion diversities nsing representative countries.

No.of No.of No. of WNo. of
Region Familiecs Genera  Species  Species/10% km?
MNorth America and Antilles
Mexico (toral) 7 12 127 10406
Baja Califormia peninsula & 14 Gt 41.64
United Srates (fotal) 5 12 LE 0.9
Southwestern states (T, MM, AZ, CA) 5 12 Al 4,67
Cubka rd 10 24 1165
South America
Argentifia 2 9 50 1.51
Beaxl 4 1d 93 1Lpg
Colombia 4 9 41 el
Ecuador 4 ) EL 12,7k
Weneruela 4 1% 124 13 600
Alrica
Egyprt 3 14 20 2,00
Mamibia q 7 5 7
sonth Africa and Lesotho 3 19 Lo .07
Asia
Indea i i | B 298
Saudi Arabia 4 14 19 .58
Yemeno 4 14 3z 6.0
Australasia
Australin 4 B 9 (k38

Mumbers of species are based on existing poblshed records and do oot inclode koown infroduced species. The list alse dos
i Inclede subspects [5ce meath Scorpions are viry wnevenly dlserlbuted aceoss dbe Unined Seares, with 80 of B4 species
cecurming i fhe southwesiern border aranes, For rhin reapen, separane spevies demnsinies are given for the coamtry as @ whole

aod for those sourbrwestern stabes.
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densiry will likely increase considerably in Mexico,
the smaller countries that have been reasonably
sampled will have a larger percentage of their spe-
cies already known; with less geopraphical area,
there is less potential to conrain many large unex-
plored areas that can hold a sizable number of
endemics. Second, subspecies and synonyms are not
considered in this analysis. There seems to be a gen-
eral rrend to reconsider the status of subspecies (e.g.,
Prendini 2000 ), and it is expected that many sub-
species will eventually be considered valid species,
whereas others will be synonymized; in addinon,
somwe old synonyms will be revived and considered
valid species. Subspecies were especially proliferated
over the vears by taxonomists who worked with Ol1d
World seorpions [eg., according to Fer et al, [2000],
the genus Scorpio Linnaews curcently bas 1 species
divided into 1% subspecies, and Ewscorpins Thorell
has 5 species and 42 subspecies). This trend was not
as prevalent in the New World {(including Mexico),
and only a moderate number of subspecies has been
described. Adjusrments in subspecies and synony-
mies will influence species density caleulations, but
because subspecies typically make up a minor per-
cenrage of a counrry’s fauna, this influence will noc
be great. As an example, South Africa represented a
country with a large number of subspecies. Prendini's
(2001) reassessrment of described Opistophtbalmus
scorpions {which constiture abour one-third of the
known South African scorpion fauna) raised the
total nomber of recognized species in that country
from 92 to 101 and changed the species density
from 7,33 1o 8.07. There are 20 remaining subspe-
cies from other genera in South Africa; in compari-
som, Mexico has 18,

Obviously, the scorpion faunas of some parts of
the world are better known than those of others.
The fauna of the Baja California peninsula is cer-
tainly one of the best known {although not com-
pletely inventoried), but there are areas outside of
Mexico that have also enjoyed a grear amount of
taxonomic attention (e.g., Cuba, Namibia, South
Africa, Venezuela). Generally speaking, however,
most of the countries listed in table 6.1 are inade-
quately sampled, and the mainland of Mexico is
certainly comparable to any of those.

Lourengo (1994} supggested thar the tropics (par-
ticularly in South America) will eventually hold the
greatest scorpion diversity, and perhaps this will
eventually be proven true as in many other taxo-
nomic groups. In fact, Lourengo proposed that an
endemic area in the wopical Andes encompassing
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all of Exvador, abour 40% of Colombia, and abour
25% of Peru has the highest diversity in the world,
even compared directly to that of the Baja Califor-
nid peninsula. The tropical Andean area mdeed
demonstrares high diversity (6 families, 12 genera,
and 68 species), bor irs estimated surface area is
approximately 1,060,000 km*—more than 7 dimes
the area of the Baja California peninsula. Calculat-
ing species density as above, the known diversiey of
the rropical Andes endemic area is 6.4 species!
101, (0H} k. Even if the cataloged diversity of this
ared teiples, as Lourengo suggests is possible once
the fauna iz more completely known, it will still
reach only half the species density of Baja Califor-
nia {assuming no additional species are found on

the peninsola, which is unlikely).

Scorpion Diversity

m Northern Mexico

A current checklist of scorpions known from the
spares of northern Mexico is provided in table 6.2,
The fauna in this part of Mexico comprises & fami-
lies, 16 genera, and 109 species. Based on the num-
ber of known species, northern Mexico has more
than half the total species (109 out of 197) in the
country. The better sampled fauna of the Baja Cali-
fornia peninsula contributes &0 of the 109 species
in the north,

Family Buthidae

The family Buthidae is represented in northern
Mexico by a single genus, Centraroides Marx
tfiE. 6.1, 1), In eastem border states {1.e., Chihua-
hua, Coahwila, Nuevo Ledn, Tamaulipas) there are
only 3 apecies, C, iftaties {Say), C. rifeyi Sissom, and
C. gracilis (Latreille). Cemtruraides vittaius is also
widely distributed in the central United States, and
C, gracilis has a very wide range, occurring in
Florida, the Caribbean, Ceneral America, and north-
ern South America. In the westernmost areas of
northern Mexico (states of Durango, Sonora, and
Sinaloa, and the Baja Califormig peninsula), 6 spe-
cies are recorded: C. exilicanda (Woodl, C. infama-
s (Koch), C. pallidiceps Pocock, C. suffusus Pocock,
C. margaritatus {Gervais), and C. wittatus. Several
of rhese are highly venomous and are known to
contribore to human mortalivy. The axonomy of
the genus is poorly understood, with highly variable
species diagnosed primarily on the basis of color and
morphometrics. Evaluating the faona of Durango



Table 8.2, Checklist of the scorpion species of northern Mexico.

Taxon

BC BCS

50N 5N DGO CHIH COAH WL TAMPS

Family Buthidae
Cemtraroides exilicamd
Coentrurondes graclly
Cewbratondes dnfamnitng

Cembrurordes srargariiafg

Centraroides poallidiceps
Centriceides rileyl
Centruroddes saffusis
Cemirnroides vitfatus
Family Chacridae
Wullibroitens allenii
Family Diplocenoridac
Biocwlus calrornsis
Bioculus cerralvensis
Biocwlus comondar
Bioculus crigensis
Diplocenirns coduailli
Diplocenitas diabio
Diplocemitas ferrmginens
Diplocenirns gertschi
Diplocentras findo
Diplocentras spitzeri
Diplocemias awhited
Dhiploeertrus mnilliaen si
Farmily lomidag

Amyroctomas phaiodacryles

Hadruris arizomeirsis
Hadrarrses eoncobor
Hindrarrses Bivsmties
Hadrarrus printeri
Family Superstitioniidae
Superstitionia donensis
Typhlochactas cavicola
Typblochactas rhodesi
Family Vaejovidae
Paravaeforis pumilis
Parsroctonns arvadi
Parsroctenns baergi
Parnroctonns bajae

Parnroctonts borregoensis
Faruroctonns coaluilanus

FParsroctonus gracilior
Parwroctonns luterlus

Farsroctomnes witidus

Farurvetonug psewdopumilis

Paruroctonns silvesir
Parnroctonns stabnkel
Parnrociostns sarernsis
Parmrogtonus sbabensls
Parsrocionns ventosis
Parnroeioins cantins

Peewdourociomes anareas

Pirwdptrocionns calers

Peeudomwrociomis chicano
Peewdowroctonns lindsayi

Peewdowroctiormes rujfulis
Sevradigitus bechteli
Servadigits adcocki
Serradigitus agilis

B

BC
BC
BC
B

BC

BC
BC
BC
(1
BC

BC

BC

BC
BC

B

RS

2888 §

B BB

2

28 B

SON

S0ON

S50ON
SON

SON

SON

SON

BON

S5OM

50N

BON

BON

TAMPS
DGO
SIN
S5IM
TANMPS
(BLIF)
DGO CHIH O OODAH ™NL TAMPS

WL
TAMPS
ML
SIM
COAH NL

CHIH ©O0AH WL

TAMPS
TAMPS

COAH

CHIH

CHIH

[comm o



Table 6.2, Contitued

Taxon BC BCS 50N 5N DGO CHIH COAH NL  TAMPS
Serradigites aftredi SON
Servadigitus armadientis BCS
Serradigitus bawert BC
Serradigibus calides COAH
Serradigitus duryeri BCS
Sevradigitus gertsehi BC BCS
Serradigitiis glpanbdensis BECS
Serradigitus haradoni BCS
Serradigitis harbisomni B
Serradigities hegrne B BCS 50N
Serradigities liitaralis BC BCS
Serradigitus minsiys BCS
Serradigitus pacificus B
Serradigitus polisi SON
Serradigitus subrilivranns S0M
Serradigitus yagui SON
Smeringnrns gramdis BT
SMREITHERTHS WERIETISIE BC SON
Symropis MaIcrera BCS
Vaejoris bilineatns COAH  NL TAMPS
Vaejouss bramews BLCS
Varjovis cagiers CoAH WL
Vawjovis coabuilae MG CHIH  COAH
Vaegorss pomfasies BC S0ON
Viaejoris crassimdmms M0 ML
Vaejoris decipiens SON CHIH
Vaefoods diagi ECS
Viaegorrs sirsdberiana RS
Vaejopis galbuz RS
Vaejoeds glotmsis DGO COAH
Vaeforis graveaidus B BCS
Vaeforis birsuticands B
Vaeforis boffmanni B BCH
Vaeforis insularis BCS
Vaefouss fntermedius D0 CHIH COAH ML
Vaefouis janssi BCS
Vaefovis magdalensis BCS
Viaefouis manryi S0
Vaejovis minckleyi COAH
Vaejows patterson BCS
Yaejforis peninsularis BCS
Vaciowis pequenc S0OM
Vaejovis plarmicki TAMPES
Vasjoris puncipalpi BCS
Vaejopss purifanus RO BCS
Vaejoris rossmpni ML TAMPS
Vaefords rabritamies ML
Vaefous somorde SOM
Vaepopss spinigericg B 0N
Vaejoris sprosses NL  TAMPS
Vaeforis paguero CHIH
Vaejoms elicdinenis BC BCS
Vaefors piitatus BCS
Viaejoris waerings B
Vaejmris wasers 0 CHIH COAH ML
Vejoroidus Tongfunguis ECS
Total SpeciesSrare 32 41 24 E i 9 13 13 10

Subspecies are pot included. Abbreviations for smie name= BC = Baja Califormia {perthemn stote of the Baja Califormia peninsulal;
BCS = Baja Calllomula Swe; 30N = Sonora; SIM = Slosbea; DGO = Dueangss CHIH = Chilvwahua; COAH = Coahulla; WL = Nugvo

Ledn; TAMPS = Tamaalipas,



Figures 6.1, Representative scorpions from northern Mexico. 1, Buthidae: Centruroides exilicanda
{Wood} from Arizona, New Mexico, the Baja California peninsula, and Sonora. 2, Diplocentridae:
Diplacentrus whitel (Gervais) from Texas, Chihuahua, Coahuila, and Nuevo Lean. 3, luridae: Hadrurus
cortcolar Stahnke from the Baja California peninsula. 4, Superstitioniidae: Superstitionia donensis
Stahnke from the southwestern United States, Sonora, and the Baja Califorma peninsula. 5, Vaejovidae:
Parseroctomis gracilior (Hotfmann) from Texas and New Mexico southwest to Aguascalientes [in northern
Mexice documented only in Coahuila). 6, Vaejovidae: Vaefours crassimanis Pocock from Texas, New
Mexico, Anizona, Durango, and Nuevo Leon. (All photos by W, D. Sissom. )
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should be especially interesting. A map generared
by Hoffmann {1938} indicated that the ranges of
C. suffusws and C. infarmatus were contiguous, but
no precise localities were published o support the
disrributional boundaries. Most recently {de Armas
and Frias 20000, O, suffusus chigravigh Borelli was
proposed as a junior synonym of C. vittatus, plac-
ing a third species in Durango.

Centruroides scorpions, which range in adult
body size from about 35 to 110 mm, have slender
pedipalps and metasomas (“tails®; fig. 6.1, 1); the
metasoima is especially elongated in che male. Most
species have a tooth or mibercle undernearh the cur-
vature of the stinger, Many Centruroides species
are yellowish, with or withour dark stripes or mot-
tling on the dorsumy some of the larger species
(such as C, gracilis and C. smargaritaius) are darck
brown to blackish in coloration. The species tend
to be scologically plastic, nocurring ina wide range
of hahitats, including desert flats and rocky slopes,
arid and semiarid grasslands, serubland, decidu-
ous wods, and montane slopes ar least up to
2500 m in elevation. Unlike most other scorpions
it North America, they are acrive foragers and are
commonly encountered climbing in vegeration. In
daytime, they use surface cover, cracks and crev-
ices, or existing burrows of other animals as
retreats. Their high popolaton densities and their
climbing rendencies ofren place them on rhe walls
and roofs of human habitations, and they are
among the most common scorpions encountered

in households,

Family Chactidae

The tamily Chacridae is primarily Sourth Ameri-
can, bur 1 genus is endemic o Baja California Sur.
Nullibrotheas Williams is represented there by a
single species, N. allenii (Wood). This 15 a small
browmish, burrowing scorpion with robust pedi-
palps. s closesr relatives are in South America.

Family Diplocentridae

In northeen Mexico, there are 2 genera of diplo-
centrid scorpions, Bioculys Stahnke and Diplo-
cemtris Peters. Biocmiies, recently revalidated as a
monophyletic group (Stockwell 1992; Prendini
20001}, consists of 4 species endemic to southern
Baja California. Diplocentrus (fig. 6.1, 2) is a het-
erogensous assemblage of species widely distribueed
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from the sourhern United States {southern pares of
Arizona, New Mexico, and Texas) throughout
Mexico and into Central America. Eight species
eocur i northern Mexico (rable 8.2},

In diplocentrids, the pedipalp chelae are robust,
often bearing strong carinae and ceficulations in the
male {mosthy smooth and lnserows in the female),
and the telson bears a pronounced cone-shaped
tubercle underneath the curvarure of che sting.
Adults are commaonly reddish brown to blackish in
coloration; juveniles are vellowish. Most species are
around 45=60 mm in length, bur a few reach 80 tum
or more in length. Diplocentrid scorpions are obli-
gate burrowers with a more K-selected life history
[i.e., low reprodective rates, long gestation periads,
lomgz eime to reach matunty, longer life spans). The
natural history of only a few species has been
examined.

Family luridae

The family luridae consists of 2 genera in north-
ern Mexico: Amuroctomns Pocock and Hadrurus
Thorell. Amuroctormes 15 currently recognized as
monorypic. The species A. phaiodactylus (Wood)
s diseribwrced in Arizona, California, Nevada, and
Utah in the United States and into the state of Baja
California. Hedrirus (fig. 6.1, 3) is represented by
4 species in northern Mexico: H. arfzonensis Ewing,
H. concolor Stahnke, H, Birsstas {Wood), and
H. pimteri Stahnke {the latter 3 endemic to the Baja
California peninsula). These “giant desert hairy
scorpions™ are the largest scorpions in the region,
with several species reaching a lengrth of approxi-
mately 120 mmy they are also robust in bady form,
Despire their large size, their venom is nor very
porent.

Famuly Superstihiorindae

The Superstitioniidae Stahnke includes the genus
Superstitionia Stahnke and the remarkable Mexican
troglobites of the genera Typhblochactas Mirchell,
Sotarmochactss Francke, and Alacran Francke., Super-
stitiorsia (fig. 6.1, 41, a small scorpion wirh a median
dark srripe on the tecgires, is known o occur in Baja
California [both states) and Sonora. Two of the
species of Typhlochacias are known from caves in
Tamaulipas. These troglobives are small, whitish,
cyeless scorpions with moderate attensanon of the

appendages.
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Family Vaejovidae

The Vasjovidae is the most diverse family of
Morth American scorpions {Sissem 2000], wich 147
species [14 of which are polytypic) distributed from
sonthern Canada to Guatemala, Approximately
three-fourths of the scorpion species in the north-
ern states of Mexico are vaejovids,

Most Paruroctonus Werner {fig. 6.1, 5] are
psammuophiles and consequently exhibit a certain
degree of endemism in various sand dune systems.
The genus is well known on the Baja California
peningula, where 7 species have been recorded in the
northern state and 2 m Baja California Sur. One of
these species and 3 more are also recorded from
Sonora; all 4 species are also known from dunes of
southeastern California and southwestern Arizona.
The records in Sonora are based on materials col-
lecred mainly in che Puerto Pefiasco area; rhere are
apparently no published records for the exrensive
dunes of the Gran Desierto in the extreme north-
wiestern corner of the state. The fauna of the rest of
the northern mainland scares is bess well known: in
fact, ourside of the Baja California peninsula, only
3 species are known from a small handful of records.
A fourth species, P. boguillas Sissom and Henson,
deseribed from Boquillas Canyon in Big Bend Na-
tignal Park in Texas (Sissom and Henson 1998),
would be expected to occur in the sand dunes across
the Rio Grande m Mexico,

Vaejoris C. L. Koch {fig. 6.1, 6] is a large genus
{71 total species), clearly not monophyletic [Sissom
1985), which is very widely distriboted in North
America. A little more than half of the species o this
genus are recorded in the area under considerarion
here. The genus includes burrowing forms je.g., the
eusthemira, imtrepidus, and punctipalpi groups) and
crevice dwellers [the mexicanus group [sensu lato)
and the witiduhus group), Preliminary phylogenetic
analysis (Sissom 1985) suggeses that at leasr several
of these species groops should be clevated to genus
level,

Orher vaejovid genera in northern Mexico in-
clude Psewdowroctomus Stahnke {5 of 13 rotal spe-
cies in Morth America), Serradigitus Stahnke {19 of
24 species; all lichophiles), Smermgiens Haradon
{2 of 4 species; large species closely related vo Parwro-
ctomus, although only 1 is a true psammeophilel,
Symtropis Kracpelin {containing a single large litho-
philic species from the Baja California peninsula
and several islands in the Gulf of Californial,

Vejovoidus Srahnke (a single psammophilic species
endemic to the sand dones of the Vizcaing Desert
on the Baja California peninsula}, and Paravaefouis
Williams (with 1 species endemic to Baja Califor-
fia Suel.

Fatterns of Diversity and Endemism

Although ic is biologically more proper o regard
endemism in relation o true biogeographical units,
rather than in relation to geopolincal boundares,
it is a face thar conservation issues {e.g., sering aside
reserves for protection of species and/or habitats)
are decided by governmenis. Consequently, the fol-
lovwing discussion refers to both natural biogeo-
graphical areas and geopolivical stares.

General Patterns

Scorpions typically do not exhibit high vagilicy,
although some species are readily transporred by
humans to new areas (e.g., several Cemtruroides
spp., Isowrtetrus maculatus). In general, specialized
burrowing forms {especially psammophiles) and
mantane species are more likely to exhibit restricred
distributions and high levels of endemism. Psam-
maphilic forms are restricted to loose, sandy soils,
and rheir occurrence in a particular area can wsu-
ally be predicted if sand dunes are present, As seems
typical of the biota of this region, mountains har-
boring species restricted o higher elevations often
represent isolated “islands™ surrownded by inhos-
pitable habirars.

Some large-scale propraphical trends in the fauna
of northern Mexico and the sourthwestern United
Srares are evident. Common to both geographical
arcas are the Sonoran and Chihuahwan deserts. The
2 deserts more or less interdigitate in southeastern
Arizona and southwestern New Mexico, and there
the faunas overlap. Interescingly, in this area there
is a general tendency for the Sonoran forms je.g.,
Centrurotdas exilicanda, Vaejovis spinigerus, Seper-
shitiomig domensis) to inhabit rocky outcrops, and
the Chihvahuan forms {Paruroctonus gracifior,
Vaejovis coabuilae, V. crassimanus, V. ruzselli} 1o
inhahit the low, often sandy, scrob habitars. The
habitar associations to the south of Arizona and
Mew Mexico in northern Mexico remain vnknown
at this time. Owverall, however, the Sonoran and
Chihwnahoan deserts are very different in species
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composition, and rhey consequently represent 2 dis-
tincr, major areas of scorpion endemism in northern
Mexico and the southwestern United States. Al-
though there is very Little overlap in the species, most
of the genera are held in common and possess cer-
fain species counterparts in the 2 regions. For ex-
ample, Centrurotdes exilicanda is the Sonoran coun-
terpart of the Chihnahuan (actually, central 1.5.)
species C, mittatses, ared Viaejotis spiniperns appears
to be the Sonoran counterpart of V. coahiiae,
Significant endemism iz expected in the moun-
tainous areas within the deserts. In particular, the
members of the Vaeiovis vorbiesi complex seem o
have responded evolutionarily to mountaintop iso-
lation in Arizona and MNew Mexico. These species
are generally restriceed to elevations above 2000 m,
commonly on steep slopes forested with pines and
oaks. It is expecred thar related forms will be found
in the northern part of the Sierra Madre Occiden-
tal and nearby isolated ranges. A very small amount
of unprocessed museum material documenes chis
expectarion. The lower arid and rocky slopes over
the same area are inhabived by Serradigitus spp. and
members of the Vagjoris mifidulus group. New spe-
cies of these groups should be found in significant
numbers in northwestern Mexico. Most of the
known species of Serradigitns are found on the Baja
Calitornia peninsula and in Sonora, with a single
isolared species in the Cuatrocienegas area. In the
case of the V. aitidulus group, there are 3 species
from the northeastern states, 2 from southwestern
Chihoahua and southeastern Sonora, and 1 from
the Baja California peninsula, The area ease of the

Conrinental Divide to Coahuila contains a great
deal of suitable habitat for species of both groups.

Bajo California Peninsula

and the Islands in the Gulf

af California

Due primarily ro the works of Stanley Williams, the
scorpion fauna of the Baja California peninsula and
its associated islands, with 60 known species, is
perhaps the most thoroughly assessed scorpion
fauna in the world (Williams 19801, (Nore: Williams
[1980) counted Vaeiovis fanssi from Isla Socorro in
the Islas Revillagigedos as part of the Baja Califor-
nia fauna and its associared islands. This island is
technically part of the state of Colima, and V. fanssi
is omitted from the peninsalar fauna in this discus-
sion.) Baja California seems quite extraordinary

compared to adjacent areas (mble 6.3), bur dis will

prove in parr o be a sampling artifact. The northern
seates of mainland Mexico have been the focns of
limited sampling with the UV technique (the fauna
of the southwestern United States, in contrast, s rela-
tively well sampled with the UV rechnique, bur many
new species and new state records await publicanon].

In any case, the faona of the Baja California
peninsula 15 very diverse, especially considering the
size of its geographical area {60 species in an area
consisting of approximately 140,000 km®}. Using
the previously recognized 8 biogeographic provinces
of the peninsula, Williams (1980 pointed out that
the highest diversity was observed in the Island
Province {32 species, omitting V. jfanssil and the
Volcanic Province {25 species]; least diversity was
seen in the WVansouveran {6 species) and Magdalena
Plain provinces {10 species).

Forty-five (73%) species of scorpions are en-
demic to the Baja California peninsula and the is-
lands in the Gulf of California {Williams 1980).
The highest levels of endemism are observed i the
Magdalena Plain {90%), Cape (87%), Volcanic
(B0%), and Island (78%) provinces. The Califor-
nian, Vancouveran, and Colorado Desert provinces
exhibit the lowest degree of endemism {oollectively,
7 of 30 species; 23%), as they share species with
adjoining southern California.

Mainland Mexico

Despite our still-fragmentary knowledge of the scor-
pion fauna of northern mainland Mexico, some
general biogeographical observations can be made,
The fauna of Sonora is better known than that of
the rest of the northern states, but the dara dernive
mstly from rock-rolling. Some UV searches have
been conducred in the Alamos area in the soath-
castern part of the state and along the coast. In
particular, the mountainous interior has been poorly
sampled, and this area has the greavest porential
for the discovery of additional species. Most of
Sonara lies within the Sonoran Desert and, conse-
quently, shares two-thirds of its 24 known species
with either Arizona or northern Baja California, or
both., Several other species are shared with Sinaloa
or Chihnahua, leaving only 5 species char are po-
tential endemics (based on corrent diseributional
information).

Lirtle is known of che fauna of Sinaloa and
Durango (tables 6.2 and 6.3). For both, but espe-
cially the tormer, there is only a small to moderate
amount of material available in museums, and much
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Table 6.3, Comparison of scorpion diversities across northern Mexico and the

sourhwespern United Srares.

Mo, of Mo. of Moo of Mo, of
Region Families Genera Species  Species/10° km?
Morthern Mexico {oralh B 16 104 10,35
Baja Calibonia 4 9 EY. 44 68
Baja Califoroma Sur i 12 41 S6.58
Chihuahua 3 5 9 366
Coahuila 3 5 13 B.54
Durango 2 2 & o 45
Muevo Leda 3 3 13 1997
Sinaloa 2 2 3 i3
SOMHHE 5 T 24 1i.15
Tamauwlipas 4 4 10 12.56
Southwestern 1.5, border states (total) 5 12 i ENT
Arizoma 4 o a5 1185
Califormia i 11 49 1192
Mew Mexico® 4 7 12 3.81
Texas 3 3 19 175

Mumbers of species are based on existing published records, and the list does not indude subspecies (see rextl.
The dava pinr ar the grear dispariey o rhe kiown faunss of the spas of nomhern Mexico,

“Y7ich mdsid emtifications correced.

of it is unstudied. For example, there are no pub-
lished records for Vaeforis in Sinaloa, although a
few Sinaloan specimens of that genos have been
ohserved in collections {D, Sissom per obs.). As al-
ready indicated, the Sierra Madre Occidental should
be rich in species of the genus Serradigitus and
members of the Vaejors vorbies: complex. The vi-
cimity of Durango City is home ro the highly ven-
omons species Centraroides suffusws. Another
highly venomous species, C. infarmatus, ooccurs m the
southern part of the state. Eastern Durango is in the
southwestern part of the Chihuahuan Desere, and
some of the species known from there {Centruroi-
des vittarus, Vaejoris coabuilze Williams, V. cras-
sivians Pocock, V. globosus Borelli, V. intermedins
Borelli, and V. wawer [Gertsch and Soleglad]) are
the same as those that occur over much of the
Chihuwahuan Desert to the north (1.e., southeastern
Arizoma, southern New Mexico, and Trans-Pecos
Texas), Undoubredly, other species common in the
northern Chihvahnan Desert, such as Paruroctonns
gracilior (Hoffmann) and V. russelli Williamas,
should also oocur there. The apparent disjunction
of these Durango populations s cleacly noe real, bur
rather is the result of our poor knowledge of the
scorpion fauna of the stares of Chihuabua and
Coahwila.

In the central part of northern Mexico, occupied
by the expansive Chihuahuan Desert and its asso-
ciated noodesert sky islands, there 15 8 strong ren-
dency for species of the lowland scrub desert areas
to be widely distributed. These species include
C. vittatus, V. coabuilae, V. crassimanus, and P.
gracilior { C. viltatus, an ecologically plastic species,
is wsually more abundant in rocky outeroppings
within this area). Another common species of rocky,
arid slopes is the small Vaejoris waneri. Possible
endemics occur in biogeographic islands within the
Chihuahuan Desert Region—for example, Psendo-
sroctortes chicanc (Gentsch and Soleglad) and V.
vaguero in Chihuahua and V., minckleyi Williams
and §. calidus Soleglad in the Cuatrociénegas area
{Williarns 1968a; Gerrsch and Soleglad 1972; Soleglad
1974). Paruroctonus coabwilarmes Haradon is also
currently known only from the Cuatrociénegas area
{Haradon 1985), an area of outstanding interest
that has been investigated for many years. A com-
plete assessment of the scorpiofanna of Cuoatro-
ciénegas is unfinished, although it was begun by
Williams ( 1968a}; this author made significant col-
lections at the site, bur only published on the
vaejovids. Once a faunal inventory is completed for
Cuatraciénegas, this area will undoubtedly prove to
harbor very high local diversiry.
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The easvernmosr part of northern Mexico lies in
the coastal plain of the Gulf of Mexico. This plain
meets the Sierra Madre Orniental in soothern Buevo
Ledn and western Tamaulipas, The coastal plain ap-
pears 1o be quite depauperare in rerms of species di-
vergity, with only Centruroides vittatus, Diplocentris
diablo Stockwell and Millson, and Vaejoris biliveatus
Pocock (the eastern connterpart of V. wawers) cor-
renrly known {in the adjoining Rio Grande Valley in
Texas, V., crassimanus and V, reauerd are also found),
From the foothills of the Sierra Madre Oriental west-
ward, however, several endemic forms are encoun-
tered: Vaejoris rossmand Sissom, V. sprouged Sissom,
Driplocentras colwelli Sissom, D, ferruginens Frints and
Sissom, and V. rubrivsarus Sissom. The large, black
Centriroides pracilis, a common species that ranges
into Cenrral America (and introduced 1o Venezuela)
also gets inbo extreme southern Tamaulipas, as does
the small, mortled C. rileyi.

Patterrs of Local Diversity

Another way to consider diversity is to examine the
number of species in small localized areas (i.e., the
namber of sympareic species that mighr occupy
I km?), Typically, small localized areas in the
Sonoran and Chihuahnan deseris harbor betwesn
4 and B species, but some localities have fewer or
more. For example, on the Baja California penin-
sula, the wicinity of El Faro in the extreme north-
east has 5 species; the 5anto Tomas area, 7; San Barja
arca, 7; Bahia de los Angeles area, % La Par area, B
Todos Sanrtos arew, 6; and the Cabo San Lucas area,
& {Polis 1990). In the vicinity of Puerto Escondidod
Loreto there is extraordinary local diversity (by
scorpion standards), with 13 symparric species. In
contrasr, some locarions in the Sierra de San Pedro
Martir have as few as 3 species {Polis 1990,

The islands in the Gulf of California commonly
exhibit high diversity, One of the most remarkable
sires is 1sla Danzanee just off the coast from Puerto
Escondido: this small island, only 4,49 km? in size,
has been documented oo harbor 10 species (Williams
198405 Due 1992), Some of the other (Larger) islands
also have high diversiry: Isla San Jose, 12 species;
Isla Partida Sur, 10 species; [sla Carmen, 10 species;
and Isla San Marcos, 10 species. S5ome of the larg-
est islands {e.g., Isla Angel de la Guarda, Isla Cer-
ralvo, Isla Tiburén) have fewer species—rthis may
reflect inadequate sampling, but in the case of An-
gel de la Guarda, the degree of isolation may also
be a contributing factor,
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On the mainland, local diversity is poorly under-
stood, with only a few tentative examples worth
presenting. In Sonora, there are 3 reasonably well-
sampled sives: the areas around Puerto Pefiasco in
the north amd Alamos in the southeast are known
to have 6 species, and the vicinity of Guaymas has
7 specics (Williams and Hadley 1967; Haradon
1984; Sissom 19%91; Sissom and Stockwell 1991;
Sissom and Wheeler 1995}, The Cuatrociénegas
Basin in Coahuila has ar least 10 species and, based
on knowledge of the surrounding areas, undoubt-
edly more will be documented (Williams 1968a;
Soleglad 1974; Haradon 1983). Comparable re-
gions in southwest Texas may give additional in-
sight: the Sauceda Ranch Headquarters of Big Bend
Ranch Stare Park has 9 species, and in Big Bend
Marional Park, the Chisos Mountains and Basin and
Rio Grande Village each have 9.

Some of the sites listed above exhibir the high-
est known local diversities in the world, with the
record apparently being 13 in the Loreto area in
Baja California Sur (Polis 19%0). Unfortunarely,
little has been published on local scorpion diversity
for the rest of the world, and o generare estimanes
would require scouring the records sections of nu-
mernis taxonomic descriptions, revisions, and re-
gional studies. Polis (1920}, however, reported that
some tropical localities (e, in Tomdad, YVenezo-
ela, Brazil, French Guiana, and Costa Rica} have
between 3 and 7 sympatric species.

Scorpions as Subjects
of Conservation Biology

Scorpions are cerminly not the *warm fuzzy™ ani-
mals that the average person finds so appealing, and
it 15 doubtful that the lay community will ever be
much concerned about their conservanion. Despite
this, some scorpion species may eventually be threat-
ened with exrinction due to habitar destruction, OF
particular concern wiould he the rroglobites; these
species are known only from single caves or cave
systems and are typically rare. Cave environments
can suffer ill effeces from pollution and develop-
ment, and species might be lost in localized situa-
tions. General habitat destruction, such as the
clearing of thornserub and rropical deciduons for-
est habitats, probably contributes to the demise of
certain scorpion species, bur may promote others.
Lourengo and Cloudsley-Thompson (1996} demon-
serated thar habitat deseruction in easrerm Brazil
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asanciared with wrbanization led ro a marked de-
erease in abundance of the buthid Tiryws stigroerus,
but a dramatic increase in T. serrulatus {a danger-
ous, parthenopenetic species). Given the ecological
plasticity of Cemtruroides spp, and the highly ven-
omous nature of some, habirat descrucrion might
warrant concern in parts of Mexdico.

A large problem in assessing the need for conser-
vation is the pawcity of ecological daea available for
scorpions, Only a few common species have been stud-
ied extensively enough to understand their population
dvnamics, As mentioned above, an mreresting fact of
scorpion life-hiseory is thar these animals tend toward
K-selected characteristics {Polis and Sissom 199,
There is, of course, a gradient in these life-history
charactenistics, with the members of the Scorpiomoidea
{Diplocentridae, Scorpionidae, Ischnuridae, erc.} ex-
hibiting the strongest K-selected trais. Hadrmerus {luri-
dae}, with most of irs species in northern Mexico and
the southwestern United States, also appears to fit in
this category. A potential concern with these species
is their appearance in the per trade. Almose all, if not
all, of the scorpions sold in the pet rade are wild-
caughe specimens, Currently, the more exotic species
{e.g., the African Pandinss Thorell and Hadogenes
Kraepelin; the Asian Heterowetrus Ehrenberg) are the
most popular, but Hadrerus is not uncommon in pet
stores. At this ume, we have no data to ndicatre
whether collecting for the per rrade has any impact
on the populations of scorpions, but the volume ot
trade for some species is signiﬁcant. Approximately
105,000 Pardimes imprerator (Koch) were exporeed
in 2 vears time (1995-1996) from 3 small counrries
in wesrern Africa (M. Haywood, pers. comm.), indi-
cating the magnitude of trade in this parteular spe-
cres, Although it seems doubeful thar levels of trade
in Hadrures will reach that of Pandirs, one should
remember that erade in the Mexdcan Brachypelma
tarantulas was judged significant enough to warrant
listing of these spiders on Appendix 1T of CITES
{containing species whose trade is to be rigorously
maonitored),

Scorpions also have potential use as tools for
identifying arcas of endemism to be considered for
conservation effors. They can and should be added
to the growing number of taxa suitable for this ap-
proach to conservation biology. Scorpions exhibit
a number of features thar would make rhem useful
in this regard. First, although some species are easily
and widely transported by humans (e.g., Isometrus
macilatus [De Geer|, certain species of Cantruroi-
des), many species trpically exhibir low vagility and
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often have restricted distributions. Second, scorpi-
ong in most habitats are readily surveyed by the
ultravialet detection technique, which renders sam-
pling and momcormg relatively casy and inexpen-
sive, This would be especially true of the desen
areas of northern Mexico,

Based on more than a decade of rescarch by
W. R. Lourengo in tropical South America { Lourengo
2001), seorpions exhibit geographical patterns of
endemism comparable to woody planes, birds, bur-
terflies, and other organisms. The knowledge of
scotpion endemistm, combined with similar data for
other taxa, has contributed to the recognirion of 25
refugia in the Neotropics. In fact, endemism of scor-
pions and other indicator species has played a role
in proposimg several conservation areas in Guyana,
French Guiana, and the tropical Andes {Lourengo
20001}, Whether scorpions realize their potential
to contribute to conservation efforts in northern

Mexico will most likely depend on the interest and
efforts of furure researchers.

Conclusions

In conclusion, the scorpion fauna of Mexico is one
of the richest in the world, if not the nichest. It cur-
rently has more families, penera, and species of scor-
pions than any other country, The fauna of rhe Baja
California peninsula and its associated islands is
very well known, but additional species should be
collected there in the futore. In compansoen, the
fauna of the mainland is very poorly known, and a
maore complete assessment of irs species diversiry
shonld be treated as a priority. In this regard, there
should be 3 specific objectives: {1) generaring a more
accurare species lisn (2) mapping out the disteibu-
tions of all species; and (3) obtaining information
on population biology and life-history patterns. As
these goals are reached, it will be possible to derer-
mine centers of endemism and which, if anv, spe-
cies may potentially be threarened with extinction.
Scorpions can play a significant role in shaping con-
seTvation strategies, as has already been shown in
Amazonia. The low vagiliry and habirar specializa-
tion exhibited by many species may prove useful in
helping to identify general areas of endemism.
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