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Sunmary

The | atitudi nal gradient of species diversity is a nearly

uni versal pattern (Brown 1995) and | atitude has been said to have
the "bol dest signature" with respect to the spatial distribution
of biodiversity (Lewin 1989, Gaston 1996). 1In fact, the inverse
rel ati onshi p between species richness and latitude is known from a
di verse set of taxa, including vertebrates (manmal s--Si npson 1964,
Kauf man and WIllig in press; birds--Cook 1969, Bl ackburn and
Gaston 1996; herptiles--Kiester 1971, Rosenzweig 1995; fish--
Macpherson and Duarte 1994, berdorff et al. 1995), non-vertebrate
chordates (tunicates--Fischer 1960), invertebrates (ants--Brener
and Ruggi ero 1994, papilionid butterflies--Scriber 1973, termtes-
-Col lins 1989, crayfish--France 1992, anphi pods--France 1992,
gastropods--Rex et al. 1993, coral --Fischer 1960), protozoans
(fossil foramniferans--Stehli et al. 1969) and plants (col umar
cacti--Murelle and Ezcurra 1997, fossil angi osperns--Crane and

Li dgard 1989, trees--Currie and Paquin 1987, orchids--Dressler
1981). Although many studi es appear each year on this topic,
progress to ascertain a convincing general underlying mechani sm
has been stym ed. The current ecol ogi cal approach to research on
the latitudinal gradient suffers froma lack of rigor and
creativity in the exam nation of the pattern and in the quest for
the process (detailed below). In addition, progress should be
enhanced by capitalizing on new technol ogies to handl e |arge

dat asets and perform conparative research across taxa to search
for generalities.

Probl em St at enent

Al though the latitudinal gradient of species diversity is
pervasive, 30 years of intensive research has yielded no genera
expl anation for the pattern. | propose to address four problens
that | see in current approaches to research on the | atitudina
gradient. The first two issues relate to the pattern itself:
shape and components. First, the latitudinal gradient usually is
characterized only as a sinple relationship between species
richness and latitude; little attention is paid to the

mat hematical formof the relationship. Second, the [atitudinal
gradient is typically characterized sinply as a pattern of species
richness; there is little exploration of other related |atitudina
patterns. One exception is Rapoport's rule, the positive



rel ati onshi p between geographi c range size and | atitude (Stevens
1989), although this relationship has been chall enged of |ate
(e.g., Gaston et al. in press). The final two issues relate to
the el ucidation of the causal process itself: generality and
testability. Third, the sinplest starting point is the idea that
the ubiquity of the latitudinal pattern of diversity is due to a
conmon nechanism However, many of the hypothesi zed expl anati ons
apply only to a restricted set of places, times, or taxa. Fourth,
current hypot heses (see Rohde 1992) predict only the inverse

rel ati onshi p between species richness and latitude that is already
known to exist; predictions unique to a hypothesis or set of

hypot heses nust be devised and tested to narrow the possible field
of causal nechanisns. Wth recent advances in geographic
information systens, it is possible to address these issues in a
guantitatively rigorous nmanner, including devel opnent of

t heoretical nodels and eval uation via enpirical tests.

Descri ption of the Latitudinal Pattern: | propose to conpile
data on the distributions of a nunber of taxa to be incorporated
intoa @S for use in spatially explicit analyses. | have

conpil ed distributions for all mainland New Worl d manmal s (~1500
species) that are ready to be digitized into AS. In addition,

ot her organi snal datasets are available for exam nation (e.g.,
North American Breeding Bird Survey, Cogger 1994, Turner et al.
1995). Rigorous quantitative anal yses of various vertebrate,

i nvertebrate, and plant groups will provide a conprehensive

exam nation of the pattern and allow ne to | ook for generalities
(such as the mathematical formor the existence of corollary
patterns such as Rapoport's rule). Specific questions include the
follow ng, to be addressed for each individual taxonom c group and
conpared anongst groups to reveal any general phenonena.

What is the formof the relationship between species richness
and latitude? |Is there a single linear gradient, a
different relationship within and outside the tropics, or
no gradient at all?

Do significant |atitudinal patterns occur consistently across
all levels of diversity (al pha--local richness, beta--
speci es turnover, gama--regional richness)?

Are there significant latitudinal patterns in variables other
t han speci es richness, such as geographi c range (Rapoport's
rul e), numerical dom nance in comunities, or snoothness of
range edges?

Are there differences in patterns between ani mals and pl ants,
endot hernms and ectotherns, nmarine and terrestrial
organi sns, flying and nonvol ant ani nal s?

Eval uati on of Possi ble Underlying Processes: It is
difficult to determne the ecologically significant effects of
"latitude" and this is the crux of the problemin discerning the
causes for the latitudinal diversity gradient. Too nany times
latitude is dism ssed as not being a real variable. Renenber
that, although latitudinal parallels are a human construct, they
do reflect physical features of geography. Latitude characterizes
the rotation of the earth on its axis, the tilt of the earth



relative to the sun, and the input of solar energy. (Only areas
bet ween the Tropics of Cancer and Capricorn--the tropics--ever
recei ve solar radiation which falls perpendicularly on the earth;
this produces the nost intensive heating of the earth's surface.
Wthin the Arctic or Antarctic Grcle, sunlight is delivered at a
low angle and heating is mnimal.) So, is latitude primarily a
variable that quantifies input of solar radiation to the earth's
surface? O, is it a nore conplex variable that encapsul ates

gl obal patterns of tenperature, precipitation, and productivity?
Does it incorporate a nultiplicity of interacting factors that
woul d not be as meaningful if considered individually? To address
t hese issues, solar input will be nodeled in a realistic nanner
across geographi c space, incorporating digital elevation nodels,

cl oud cover patterns, etc. This is will enable ne to exam ne the
rel ati onship between latitude and the input of solar radiation or
ot her environnmental variables to see how these variables relate to
species patterns and if they quantitatively capture |atitude

t hrough statistical explanation of organisnmal patterns.

Use of ASwll allowne to analyze environnmental data (such as
tenperature, precipitation, productivity, etc.) in a spatially and
geographically explicit context in order to characterize the
environnental tenplate on which species distributions are
overlain. There are practical and conceptual questions about how
species are affected by their environnent. For exanple, what
environnental conditions are nost inportant to the organi sm
(likely to be taxon-specific): mean conditions, general
variability, extrenes, or threshold conditions? Wat netrics best
encapsul ate the ecol ogi cal influences of the environnent? To
assess the direct inportance of the abiotic factors, | wll

eval uate taxonom c groups to see if richness patterns have tight
and consistent links to specific environnental variables. In
addition, | would like to assess how biotic interactions anong
speci es may affect species richness and nay be related to

| atitude. Measuring biotic interactions is difficult and we have
little informati on how they vary over geographic space. One
possibility for neasuring interaction involves parasitism
currently amattenpting to obtain data on the rel ati onshi p between
| ati tude and the nunber of parasite species wthin single host
speci es. The discovery of an inverse relationship would supply a
bi oti ¢ mechani sm by whi ch speci es packing, and thus the nunber of
species, is increased in the tropics.

Further, research such as Connell's (1961) intertidal study of the
i nteraction between abiotic and biotic effects on species
distribution establish what m ght be a parallel to the latitudina
gradient (Brown et al. 1996). To test this possibility, | wll
eval uate an abi otic-biotic hypothesis that invokes a conbination
of abiotic and species-interaction nechani sns as causes for the
latitudinal pattern. Briefly, Kaufman (1995) proposed that
abiotic factors are nost limting at high latitudes and decrease
in inmportance toward the tropics, whereas biotic interactions are
nost limting in the tropics and decrease in inportance as abiotic
factors becone limting. Abiotic factors limt the nunber of



species directly through increased physiol ogi cal stress and
indirectly through decreased productivity. In contrast, biotic
interactions, within constraints set by productivity, limt the
| ocal abundance (or dom nance in the community) and distribution
of species, and thus provide opportunities for nore species to
coexist. Further, abiotic and biotic factors affect the

di stributions of individual species, with abiotic conditions
tending to set the high-latitude range boundary, whereas biotic
interactions set the lowlatitude range boundary. This

abi otic-biotic nechani smpredicts several other phenonena to vary
in concert with latitude: species' range size (positive;
Rapoport's rule), |level of dom nance of the nbst common species
(positive), and range characteristics such as the variability of
t he edge (negative).

Devel opnment of Theory and Conceptual Approaches: To
address the questions el aborated above, | wll devel op new
statistical approaches or incorporate those of others presently
bei ng devel oped. The current body of statistics does not deal

wi th many aspects of testing for pattern in | arge-scale
statistical distributions. Mny ecol ogi cal questions are not
properly addressed by regression and correlation (which are
appropriate for a single controlling factor) but require
statistics sensitive to nultiple interacting variables, each of
whi ch may be necessary but not sufficient or limting but not
controlling. For such research, it is inportant to establish
rigorously any breakpoints or boundaries for distributions of

poi nts (Bl ackburn et al. 1992, Thonson et al. 1996). In addition,
geostatistics provides techniques for analysis of spatial patterns
and dynamcs, and is ripe for application to ecology (Rossi et al.
1992, Liebhold et al. 1993, Villard and Maurer 1996).

Random zati on techni ques al so can provide a powerful tool to

di sti ngui sh between determnistic patterns and random (null)

di stributions.

Rati onal e for NCEAS Support

Thi s postdoctoral project conbines theoretical nodeling with
enpirical testing. |In addition, the proposed work would help
advance statistical nmethods for application to | arge-scale spatia
ecol ogy. Synthesis will occur both through quantitative anal yses
of latitudinal patterns for different taxa and enpirical testing
for a consistent link of environmental variables and theoretical
mechani sns of proposed causes. The Center seeks to support novel
approaches to address pertinent ecol ogical issues; ny project
certainly falls under this objective. This research is
data-intensive and requires the type of state-of-the-art G S
facilities that the Center provides. |In addition, | foresee

col  aboration with those at the National Center for Geographic
Information and Analysis. Finally, this research conpl enents that
of the "Ecol ogi cal and Evol utionary Dynam cs of Species' Borders”
wor ki ng group, as both research agendas require us to confront

i ssues dealing with distributions and their edges, statistical and



nodel i ng i ssues, and rel ated spatial aspects in their application.
As a postdoctoral associate, ny performance as a nmenber of the
Speci es' Borders working group woul d be enhanced and vi ce versa.

Proposed Activities and Ti metabl e

| propose to begin this postdoctoral research 1 Septenber 1998,
with a 2-year total duration for the project. The initial 6
nmonths will be spent gathering rel evant datasets and scanni ng or
digitizing organismal distributions as well as coverages for

rel evant environnental data. The next year will be spent

anal yzing data, exploring statistical approaches, and follow ng up

on results. In part, ny results will be ny guide, as each
gquestion answered will certainly outline new questions. In this
time period, I will wite papers on results fromtaxa that nerit
address in and of thenselves. During the final six nonths, | wll

draw together significant results (both positive and negative) to
be published as synthetic papers addressing rel evant issues of the
[ atitudi nal gradient.

Antici pated Results and Beneficiaries

Wiy are there so many organisns in the tropics? This fundanent al
guestion of diversity has been asked repeatedly. | seek to nake
substantial progress in this area of ecology by forging a deeper
under st andi ng of the dynam cs which lead to the pattern of

di stributions of species and by advancing statistical nethodol ogy
as applied to |large-scale and spatial ecol ogi cal questions.
foresee witing several synthetic papers fromthis project, in
addition to presenting the results at such neetings as those of

t he Ecol ogical Society of Arerica. | hope that this work, and
interactions that it will foster, will help to integrate such

sci ences as ecol ogy, geography, environnental science, and
conservation bi ol ogy.
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Proposal Keywords - please indicate keywords that apply to your
proposal as instructed for each category bel ow

1. Organi zati onal Focus 4. Taxononi c G oup

(pick 1) (pick all that apply)
_____ dobal _X_ Plants
__ Ecosystem _X_ Invertebrates
_X_ Comunity _X_ insects
___ Meta-popul ation ____other terr. inverts
__ Popul ation _X_ marine inverts
____ Organi snal ____aquatic inverts
____ Cellular _X_ Vertebrates
Mol ecular _X_ mamual s
_X_ birds
2. Regi onal Focus _X_ reptiles/anphibi ans
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——————————————————————— ____ Mcrobes
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X_United States
____ Sout hwest
Nor t hwest 5. Met hods

Sout hcentr al
Nor t hcent r al
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____ Sout heast _X_ Statistical nopdeling

_ Northeast _ Nurmerical Analysis
_X_ Africa X_ Sinul ati on node
____Antarctic Vi sual i zati on
____Arctic Met a- anal ysi s
_X_ Asia Cl assification and Mappi ng
_X_ Australial Nz Oher _dS, geostatistics
_X_ Canada
_X_ Central Anmerica 6. Research Application
_x_ Europe (rank up to 3)
_X_ South Anerica e

G obal acid rain

3. Ecol ogi cal Thene
(rank up to 3)

amensal i sm

bi odi versity

bi ogeogr aphy
conmensal i sm
conmmuni ty dynam cs
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conpl ex systens

di spersal

di st ur bance

ecol ogi cal economi cs
evol ution

genetics

gl obal change

nmet hodol ogi cal innovation
m croclimte
nmut ual i sm

nutrient cycling

agriculture

aquacul ture

coastal resources
conservation
ecosyst em managenent
ener gy

envi ronnental policy
fisheries

forestry

gl obal war m ng

human popul ati on

| and nanagenent
ozone

pol lution

reserve siting/design

restoration

t oxi col ogy
Q her
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(pick all that apply)



pal eoecol ogy

pl ant - ani mal interactions
popul ati on dynam cs
predator-prey interactions
primary production

soi |l processes

successi on

parasitism

symbi 0si s

O her

_X_ Marine
___ Benthic
__Pelagic
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___ Wetl ands



