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Summary

1. The abundant centre model predicts that species abundance will decline from the centre towards

the periphery of the geographic range. Thus, we expect to find decreases from the centre towards

the edge in variables related to population dynamics such as population density and reproductive

output. However, evidence for this pattern is contradictory, suggesting that geographically periph-

eral sites may not be ecologically peripheral. Populations may thrive in pockets of suitable habitat

at the edge of the range or may be locally adapted to peripheral conditions.

2. This study examines how the position of a site within geographic and climatic ranges of 13

species is related to the population dynamics at one common location, The Desert Laboratory at

TumamocHill, Tucson, AZ, USA.

3. Weused data on survival, fecundity, germination fraction and population density from a 25-year

long-term data set on winter annual plants to determine whether there was a relationship between

distance to the centre of the range and population dynamics. Geographic distance was calculated by

determining the distance from theDesert Laboratory to the centre of the observed range determined

from locality records. Climatic distance was calculated using the niche modelling software, maxent,

and subtracting themean climatic profile for the species range from that of theDesert Laboratory.

4. There was no relationship betweenmean populationmetrics and distancemetrics.We found sig-

nificant relationships between some geographic distance metrics and variance in fecundity, survival

and per-germinant fecundity, but not germination fraction or population density. We did not find a

relationship with anymetric of population dynamic variation and climatic distance.

5. Synthesis. Our results indicate that geographic distance from the centre of the range of 13 annual

plant species more strongly predicts their population dynamics than climatic distance. This study

reinforces the importance of examining vital rates and their variation in order to properly capture

the effect of position within a range on population dynamics.

Key-words: abundant centre model, annual plants, demographic variability, geographic

range, niche modelling, plant population and community dynamics, Sonoran Desert

Introduction

Elucidating the mechanisms shaping variation in population

dynamics across species geographic ranges is the key to under-

standing what creates geographic range limits and ultimately

drives ecological and evolutionary processes such as specia-

tion, extinction and coexistence. The abundant centre model

has been invoked as a general rule in biogeography to describe

the structure of populations across species geographic distribu-

tions (Antonovics 1976; Brown 1984; Kirkpatrick & Barton

1997; Gaston 2003; Guo et al. 2005). This model assumes that

the most favourable conditions will be found at the centre of a

species range, and thus the centre will support greater abun-

dances than geographically peripheral sites. Several additional

predictions arise as corollaries of the abundant centre model.

For example, central populations are expected to have high per

capita fitness and may serve as demographic source popula-

tions, whereas peripheral populations may be demographic

sinks (Kanda et al. 2009) that exhibit more temporally variable

population dynamics (Nantel & Gagnon 1999; Williams, Ives

&Applegate 2003) and are more prone to extinction (Gargano

et al. 2007). However, although some species have decreased

abundance towards the periphery (Woodward 1997; Alexan-

der et al. 2007), many other species do not (Carey, Watkinson*Correspondence author. E-mail: katgerst@email.arizona.edu
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& Gerard 1995; Hodkinson et al. 1999), and recent literature

reviews raise considerable doubt about the generality of the

abundant centre pattern in nature (Sagarin & Gaines 2002;

Gaston 2003; Sexton et al. 2009).

The lack of consistent evidence for the abundant centre

model has caused researchers to question whether geographi-

cally peripheral populations are necessarily ecologically or cli-

matically peripheral (Yakimowski & Eckert 2007; Duffy et al.

2009; Jarema et al. 2009) and to call for the integration of bio-

physical variables into studies of species geographic range

dynamics (Sagarin, Gaines & Gaylord 2006). Traditionally,

studies have classified populations as being either geographi-

cally central or peripheral. Yet, habitat quality can be patchy

throughout a range, and geographically peripheral popula-

tions may occupy pockets of locally favourable habitat. Con-

versely, populations may ‘spill over’ into ecologically marginal

habitat at the geographic range centre. Using geography alone

as a surrogate for the degree of ecological peripherality or cen-

trality of a site, relative to the niche requirements of a species,

potentially masks the importance of climate and microhabitat

in shaping population dynamics. Furthermore, geographically

peripheral locations may not be ecologically peripheral if cur-

rent range limits are not at equilibrium with physiological lim-

its or if geographically peripheral populations are locally

adapted to range edge environments.

The kinds of response variables used to test the abundant

centre model may also limit our ability to infer population

dynamic differences across the geographic range. Previous

tests of the abundant centre model have focused on snapshot

estimates of abundance (Enquist, Jordan & Brown 1995;

Samis & Eckert 2007; Krasnov et al. 2008) or performance

(Jump & Woodward 2003; Kluth & Bruelheide 2005). Such

measurements do not necessarily capture the appropriate

range of temporal variation in population dynamics. Although

mean environmental conditions may be suitable at the geo-

graphic periphery, climatic extremes could exceed the species’

tolerance in occasional years (Olmsted, Dunevitz & Platt 1993;

Bowman et al. 2005). This would result in equivocal patterns

of abundance or performance during most short-term studies,

but greater variance at the geographic periphery over longer

time periods. The data necessary to quantify demographic var-

iability over meaningful temporal scales are difficult to attain.

Most examples to date rely on harvest records (e.g. hunting

licenses, fisheries stocks) or large-scale national surveys (e.g.

North American Breeding Bird Survey; Coelho et al. 1994;

Curnutt, Pimm&Maurer 1996;Mehlman 1997;Williams, Ives

& Applegate 2003). These studies are valuable for examining

patterns over broad spatial scales and for large numbers of spe-

cies, but in most cases they are unable to provide detailed

demographic information such as variation in vital rates.

Moreover, few studies have integrated variation in multiple

vital rates across the life cycle (Nantel & Gagnon 1999; Kluth

&Bruelheide 2005; Angert 2009).

In this study, we ask, how does long-term demographic per-

formance relate to thepositionof a specieswithin its geographic

and climatic range? We have examined long-term population

dynamics atone location formultiple species ofSonoranDesert

winter annual plants that vary in their distances from their

range centres. This approach enables us to look for patterns

across species using detailed demographic data from a single

site.Moreover, cross-species comparisons can suggest howbio-

geography influences local dynamics and species coexistence

(Ackerly 2003; Chesson et al. 2004).Desert annuals are charac-

terized by high inter-annual population fluctuations driven by

unpredictable and highly variable precipitation (Schwinning &

Sala 2004; Bowers 2005).Although the populationdynamics of

all species are variable, species differ significantly in the magni-

tudeof that variability (Venable 2007).

We hypothesized that differences among species in long-

term mean and variance of survival, fecundity, per-germinant

fecundity, germination fraction and population density are

related to differences in species positions within their geo-

graphic and climatic ranges. Specifically, we predicted that spe-

cies for which our study site is geographically and climatically

central would have highermeans and lower temporal variances

in ourmeasures of population dynamics than species for which

our study site is farther from the species’ geographic range cen-

tre or climatic average. Because pockets of climatically suitable

habitat may be found at the geographic periphery and unsuit-

able habitat may occur near geographic centres, we predicted

that climatic variables would explain greater variance than

geographic variables.

Materials and methods

LONG-TERM DEMOGRAPHIC PERFORMANCE

Data on demographic performance (means and variability) come

from a 25-year study of winter annuals at The University of Arizona

Desert Laboratory on Tumamoc Hill, initiated in 1982 with fourteen

1.2-m2 plots. Forty-two additional plots were added in 1992, and 20

in 1995, for a current total of 72 plots, half of which are in the open

and half under shrubs. These plots have been visited every year fol-

lowing each autumn andwinter rain event to document winter annual

seed germination. Individual plants have been mapped at germina-

tion and followed until death for four to seven censuses per year to

quantify lifetime survival and reproduction. The average number of

seeds produced per survivor was determined as a pre-dispersal fecun-

dity estimate (either direct count of seeds or of reproductive structures

later multiplied by the mean seed number per reproductive structure)

of up to five individuals per species per cohort per plot. Dormant

seeds were counted each year in 180 soil cores located on adjacent

plots starting in 1990 (see Venable & Pake 1999 for methods). Several

species were recorded only occasionally, so we restricted the analysis

to 13 native species with consistent presence throughout the study

period:Daucus pusillus (Apiaceae), Eriophyllum lanosum, Evax multi-

caulis, Monoptilon bellioides, Stylocline micropoides (Asteraceae),

Eucrypta micrantha, Pectocarya recurvata, Lappula redowskii (Bora-

ginaceae),Draba cuneifolia (Brassicaceae),Erodium texanum (Gerani-

aceae), Plantago insularis, Plantago patagonica (Plantaginaceae) and

Vulpia octoflora (Poaceae). For each species, these observations quan-

tify the population density (seedlings plus dormant seeds m)2), germi-

nation fraction (proportion of dormant seed bank that germinated

each year) and lifetime per-germinant fecundity, lb (calculated by

multiplying the average survival from germination to reproduction, l,

by the average number of seeds produced by survivors, b) for every
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germinated seedling for the past 25 years. Population density and ger-

mination fraction data cover 17 years rather than the entire 25-year

study span, as the soil cores quantifying the seed bank were started in

1990.We calculated the long-termmean and variance in demographic

success for each demographic parameter. We calculated the variabili-

ties formean survival (l) and germination fraction as relative standard

deviations of means [standard deviation ⁄ (mean*(1 ) mean))], which

is appropriate for these binomially distributed variables (Morris &

Doak 2004). Mean fecundity, per-germinant fecundity and popula-

tion density were ln-transformed. Standard deviations of these values

were then transformed back to their original scale to calculate the

geometric standard deviation of lb.

DISTRIBUTION RECORDS AND MODELL ING

We compiled collection records from multiple online data bases and

regional herbaria (see Appendix S1 in Supporting Information). We

discarded all records without latitude and longitude coordinates, and

duplicate records of the same locality, resulting in 370–1752 records

per species (Table 1). We used these collection records to model the

probability distributions of species occurrences using the maximum

entropy ecological niche modelling program maxent v. 3.2.19 (Phil-

lips, Anderson & Schapire 2006). This program requires only pres-

ence data and has been determined to perform well compared with

other niche modelling methods (Elith & Graham 2009). We created a

probability distribution of species occurrences based on known pres-

ence records and 19 ‘bioclim’ climatic variables taken from the

Worldclim data set (http://www.worldclim.com, see Appendix S2).

Climate variables are based on climatic conditions averaged over the

period between c. 1950 and 2000. maxent was run for 500 iterations

per species. The convergence threshold was set to 1 · 10)5, a recom-

mended value based on the North American breeding bird survey

data and small mammal data fromLatinAmerica (Phillips, Anderson

& Schapire 2006). The accuracy of the niche models was evaluated by

constructing the model using 70% of presence records as training

points, with the remaining 30% used to validate the data set as testing

points. Model accuracy was determined using a receiver operating

characteristic (ROC) analysis (Phillips, Anderson & Schapire 2006).

The area under the ROC curve (AUC) of the resulting plot of sensitiv-

ity vs. (1 ) specificity) provides a measure of model performance. An

optimal model that perfectly predicts a species’ occurrence would

have an AUC of 1.0, whereas a model that predicted species occur-

rences at random would have an AUC of 0.5. After creating models

for all 13 species using all 19 bioclim variables, we selected nine vari-

ables that were consistently the most influential in determining the

distributions of all 13 species and then constructed reduced models

using the same procedure outlined above. The nine variables used in

reduced models were Bio1, Bio2, Bio3, Bio5, Bio6, Bio9, Bio11,

Bio16 and Bio18 (seeAppendix S2 for descriptions).

GEOGRAPHIC AND CLIMATIC DISTANCES BETWEEN

THE DESERT LABORATORY AND SPECIES RANGES

We calculated several metrics of the position of the Desert Labora-

tory in each species’ range as follows:

Climatic distance

We summarized climate profiles for each species following the meth-

ods described in Evans et al. (2009). We calculated the mean of each

bioclim climate variable within the species’ range, weighted by the

species’ predicted probability of occurrence. This was performed by

multiplying the bioclim value of each grid cell by the corresponding

occurrence probability from the reduced-variable maxent model, then

summing these and dividing by the total number of grid cells.We then

calculated the distance between the Desert Laboratory and the spe-

cies’ distribution inmultivariate climate space usingMahalanobis dis-

tance. Each Mahalanobis distance calculation incorporates the

difference between the climate mean for the range and the climate at

the Desert Laboratory across the 19 bioclim variables. These values

were calculated by multiplying the inverse covariance matrix describ-

ing the covariances among the 19 bioclim variables with the array of

arithmetic differences between each bioclim variable and the Desert

Laboratory. Since this multivariate metric takes into account the

covariation between climate values, it was preferred over a multivari-

ate Euclidean distance calculation.

Geospatial distance

We calculated the distance between the Desert Laboratory and the

location of each species’ geometric range centre. We estimated the

range centre as the centroid of the minimum convex polygon

surrounding observed collection records using diva gis Version 7.1

(Hijmans et al. 2005). For statistical analyses, we took the natural log

of these distance values.

Geographic distance

For each species, we calculated differences between the latitude of the

Desert Laboratory and themean latitude of the set of observed collec-

tion records. We also calculated analogous differences using longi-

tude values. We used latitude and longitude separately because these

may capture different gradients across species ranges (e.g. tempera-

ture vs. precipitation). This allowed us to better quantify the relative

importance of directionality in determining the role that distance

from the centre of a range plays in influencing demography.

RANGE SIZE

To determine whether range size had a potentially confounding effect

on range position at the Desert Laboratory, we calculated the size of

Table 1. Species used for this study, number of points used for model

generation,AUC (area under ROC curve) and range size

Species

Number of

occurrence points

used to generate

maxent model

maxent

AUC

Observed

range

area (km2)

Daucus pusillus 1369 0.972 6 146 300

Draba cuneifolia 1256 0.967 4 145 200

Eriophyllum lanosum 380 0.997 433 700

Erodium texanum 671 0.990 1 905 800

Eucrypta micrantha 370 0.940 1 004 900

Evax multicaulis 371 0.989 1 582 500

Lappula redowskii 721 0.968 7 894 000

Monoptilon bellioides 414 0.998 399 600

Pectocarya recurvata 504 0.998 458 900

Plantago insularis 783 0.996 2 165 900

Plantago patagonica 1205 0.974 6 384 600

Stylocline micropoides 298 0.997 705 500

Vulpia octoflora 1752 0.955 11 161 900

ROC analysis (receiver operating characteristic) was used to

determine model accuracy (Phillips, Anderson & Schapire 2006).
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each species’ observed range. This was performed by calculating the

area of the minimum convex polygon around all observed collection

records using diva gis 7.1. For statistical analyses, we took the square

root of range areameasured in square kilometres.

STATIST ICAL ANALYSIS

Relationships between explanatory variables (geographic and cli-

matic distances, range size) and response variables (mean and vari-

ance in per-germinant fecundity, fecundity, survival, germination

fraction, and population density at theDesert Laboratory) were anal-

ysed with simple linear regression in sas version 9.1 (SAS Institute,

Cary, NC, USA). We then used hierarchical partitioning analysis to

calculate the independent effects of correlated distance metrics (geo-

graphic centroid distance, climate distance and range size) on mea-

sures of population dynamic variance. Variables in which zero-order

correlations were near zero were excluded from this analysis (Murray

&Conner 2009).

Results

There were no significant relationships between the mean met-

rics of population dynamics [per-germinant fecundity (lb), sur-

vival (l), fecundity (b), germination fraction and population

density] and any geographic or climatic distance metric (all

P > 0.1, Table 2). The following results all relate to the vari-

ance of population dynamicmetrics.

DEMOGRAPHIC VARIAT ION AND CLIMATIC DISTANCE

FROM MEAN OF RANGE

maxent model results performedwell (AUC ranging from 0.940

to 0.998; Table 1) with the reduced nine-climate-variable

model (see Appendix S3 for a brief description of model results

and Fig. S1 for modelled distribution maps). We found no

relationship between any metric of population dynamics (all

P > 0.09) and the climatic distance (Mahalanobis distance)

between the Desert Laboratory and the mean climate for the

species ranges (Table 2). The Mahalanobis climatic distance

had a positive relationship with the geospatial distance from

the centre of the range to the Desert Laboratory

(slope = 4.58, intercept = )18.4,R2 = 0.656,P = 0.008).

DEMOGRAPHIC VARIATION AND GEOGRAPHIC

POSIT ION WITHIN RANGE

We found a significant positive relationship between variance

in lb (per-germinant fecundity) and the geographic distance

between the Desert Laboratory and the centre of a species

range (the centroid of a polygon around the observed and the

predicted range) (slope = 3.8, intercept = )14.9,
R2 = 0.339, P = 0.037; Fig. 1). We also found a significant

positive relationship between variance in l (survival) and the

geographic distance (R2 = 0.359, P = 0.030), as well as a

Table 2. Linear regression statistics for relationships between distance metrics and demographic variables [per-germinant fecundity (lb), survival

(l), fecundity (b), germination fraction and population density]. Bold values represent significant regression statistics (P £ 0.05)

Climate distance

Geographic

centroid

distance

Mean latitude

distance

Mean longitude

distance Range area

R2 P R2 P R2 P R2 P R2 P

Mean

lb 0.009 0.976 0.002 0.897 0.012 0.723 0.002 0.893 0.021 0.640

l 0.105 0.280 0.045 0.485 0.053 0.449 0.005 0.918 0.175 0.153

b 0.008 0.769 0.008 0.759 0.008 0.761 0.010 0.700 0.004 0.825

Germination fraction 0.049 0.466 0.163 0.171 0.026 0.593 0.202 0.123 0.041 0.505

Population density 0.000 0.997 0.078 0.349 0.154 0.184 0.129 0.226 0.008 0.768

Variance

lb 0.150 0.191 0.339 0.037 0.007 0.779 0.372 0.027 0.202 0.123

l 0.237 0.090 0.359 0.030 0.049 0.467 0.295 0.055 0.336 0.038

b 0.076 0.363 0.278 0.064 0.049 0.468 0.464 0.010 0.099 0.293

Germination fraction 0.006 0.798 0.021 0.637 0.109 0.271 0.035 0.540 0.068 0.387

Population Density 0.001 0.896 0.058 0.428 0.154 0.184 0.074 0.370 0.026 0.600

Ln (distance between the Desert Laboratory and the center of species range (km))
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Fig. 1. Variation in per-germinant fecundity (lb) increases with

greater distance between the Desert Laboratory and the centroid of

the species’ range based on observed records [SD(lb) =

)14.9 + 3.8(distance), R2 = 0.339, P = 0.037]. Each four-letter

code represents one species coded by the first two letters of the species

and genus name. See Table 1 for a full species list.
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marginally significant relationship between variance in b

(fecundity) and the geographic distance (R2 = 0.278,

P = 0.064, Table 2). There were no relationships between ger-

mination fraction variance or population density variance and

distance from the range centre (Table 2).

Differences between the Desert Laboratory and observed

latitude and longitude of species ranges show that some species

at the Desert Laboratory had distributional peaks that were

more central along the latitude axis but not longitude (e.g.

Eriophyllum lanosum), some species were more central along

longitude but not latitude (e.g. Lappula redowskii), and others

did not have distributions that peaked at the Desert Labora-

tory on either axis (e.g. Plantago insularis; Figs 2 and 3).

Furthermore, although the Desert Laboratory was closer to

the southern periphery of the distribution for some species,

such as Eucrypta micrantha, it was closer to the northern

periphery of the distribution of others, such asEvaxmulticaulis

(Fig. 2). Likewise with longitude, the Desert Laboratory was

closer to the western periphery of the distribution for some spe-

cies (e.g. Evax multicaulis) but closer to the eastern periphery

of the distribution for others (e.g. M. bellioides) (Fig. 3). So

although any two species may both be peripheral at the Desert

Laboratory relative to the centre or edge of their distribution,

they may be along different geographic axes of their distribu-

tions and hence spatial marginality can encompass different

ranges of climatic marginality. There were no species for which

the Desert Laboratory represented a central point along both

longitudinal and latitudinal axes.

There were no significant relationships between differences

in the latitude of the Desert Laboratory relative to the mean

latitude of the species range and variance in lb, l, b, germination

fraction or population density (Table 2). There was a signifi-

cant positive relationship between lb variation and the distance

of the Desert Laboratory from species’ mean observed longi-

tude (R2 = 0.372, P = 0.027). When analysed separately,

there was also a marginally significant positive relationship
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Fig. 2. The relative frequency of presence records at different latitudes. Dotted line represents the latitude for the Desert Laboratory. Each four-

letter code represents one species coded by the first two letters of the species and genus name. See Table 1 for a full species list.
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with variance in l (R2 = 0.295, P = 0.055) and a significant

positive relationship with variance in b (R2 = 0.464,

P = 0.010) (Table 2). That is, there is an increase in variation

in survival, fecundity and per-germinant fecundity as observed

species distributions are more eastward relative to the Desert

Laboratory. There was no significant relationship between var-

iance in germination fraction or population density and longi-

tudinal distances of the observed range (Table 2).

RANGE SIZE

Observed species distributions (Table 1) ranged from small

and restricted to south-western deserts (i.e. 399 600 km2,

M. bellioides) to large, covering much of North America

(11 161 900 km2, V. octoflora) (see Fig. S1 for distribution

maps). Species with the largest ranges had range centres

(the centroid of minimum convex polygons) farthest from

the Desert Laboratory (slope = 1411.5, intercept =

)7111.4, R2 = 0.544, P = 0.004). There was a significant

positive relationship between range size and variance in l

(R2 = 0.336, P = 0.038, Table 2). However, there were no

significant relationships between range size and variance in

lb, b, germination fraction or population density (Table 2).

HIERARCHICAL PARTIT IONING OF VARIANCE

No hierarchical partitioning was performed on variables

related to germination fraction or population density since all

had near-zero correlations. The factor that had the strongest

independent contribution to variance in lbwas geographic dis-

tance (59.7% independent contribution to variance in lb), fol-

lowed by range size (22.2% independent contribution) and

climate distance (18.1% independent contribution). Likewise,

the factor that had the strongest independent contribution to

variance in l was geographic distance (42.2% independent

contribution to variance in l), followed by range size (36.9%

independent contribution) and climate distance (20.9% inde-

pendent contribution). Lastly, the factor that had the strongest

independent contribution to variance in b was geographic

distance (71.2% independent contribution to variance in b),
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followed by climate distance (16.4% independent contribu-

tion) and range size (12.4% independent contribution).

Discussion

We found no relationships between mean metrics of popula-

tion dynamics (lb, l, b, germination fraction and population

density) and distance between the Desert Laboratory and

the centre of a species range. This is perhaps not unexpected

because species may have innate differences in their popula-

tion structure or life histories that make interspecific compar-

isons difficult. For example, different species may have

different characteristic population densities or fecundities

(although we log-transformed mean values to minimize dif-

ferences in scale).

We found the predicted positive relationship between vari-

ance in per-germinant fecundity (geometric standard deviation

of lb) at the Desert Laboratory and the geographic distance to

the centre of each species ranges. When analysed separately,

variance in survival (l) was also related to geographic distance

and variance in fecundity (b) wasmarginally related to distance

from the range centre. Thus, as the distance between theDesert

Laboratory and the centre of species ranges increases, the

inter-annual variability in both survival and fecundity at the

Desert Laboratory becomes greater. This indicates that species

may be buffered against mortality effects and extreme plastic

responses in fecundity if they are near the centre of their range.

Conversely, if they are farther from the centre of their range,

species may be more likely to have relatively larger survival

and fecundity responses in favourable years and poor

responses in other years, suggesting that they may not be as

locally adapted to this site. Again, our metrics of variance are

standardized to reflect proportional deviations from each spe-

cies’ mean and thus permit comparisons across species.We did

not detect a relationship between variance in germination frac-

tion and any measure of geographic distance. However,

although seed dormancy is a trait influenced by climate and

affecting fitness, variation in this trait more likely reflects a bet-

hedging strategy than a poor response to environmental condi-

tions. Likewise, we did not detect a relationship between vari-

ance in population density and any measure of geographic

distance. This is noteworthy, as population density is predicted

to be more variable towards the edge of a range, and density is

the most commonly used measure of population dynamic dif-

ferences between central and peripheral populations (Brown,

Mehlman & Stevens 1995; Krasnov et al. 2008; Fuller,

Harcourt & Parks 2009). The lack of associations detected for

population density variation suggests that variation in per-

germinant fitness does not necessarilymatch variation in popu-

lation density over time. However, this is not necessarily

surprising as population density is strongly correlated with the

history of previous years, whereas per capita measures are not.

Also, these species make long-lived seed banks, which buffer

population density against year-to-year variation in reproduc-

tive success. Thus, our results highlight the importance of

studying vital rates (in this case, survival, fecundity and per-

germinant fecundity) in addition to population density in order

to accurately describe the effects of range position on popula-

tion dynamics. Since this approach utilizes a long-term data set

of population dynamics rather than a snapshot, we have been

able to maximize our ability to quantify the overall demo-

graphic characteristics of these species at this site.

Our separate analyses of mean latitudinal and longitudinal

axes relative to the Desert Laboratory indicate that variation

in fecundity, survival and per-germinant fecundity is associ-

ated with longitudinal, but not latitudinal, distance from the

geographic range centre. Specifically, the further east a species’

centre of distribution is from theDesert Laboratory the greater

the l, b and lb variation. This result suggests that species with

more mesic centres of distribution have greater demographic

variance when growing at the more arid Desert Laboratory

site. Interestingly, this tends to support the climatic distance

hypothesis.

We originally hypothesized that climatic distance would be

a stronger indicator of demographic variation than geographi-

cal distance, but our analysis of climatic distance using amulti-

variate descriptor of climate did not support this, despite the

previously described indirect support from the longitudinal

analysis above. In the multivariate analysis, no significant rela-

tionships were found between population dynamic variation

and climatic distance. However, it should be noted that, in this

study, geographic and climatic distances were highly correlated

and their overall trends were similar. The hierarchical parti-

tioning analysis suggested that climate distance had an inde-

pendent effect on the l, b and lb variation that was less than

half that of geographic distance. It is possible that our rela-

tively coarse quantification of climate may have weakened our

ability to detect a pattern. A site that is considered peripheral

in either a geographical or a macroclimatic sense could still

potentially be in a favourable microhabitat (Dinsdale, Dale &

Kent 2000; Lee et al. 2009). Alternatively, our result could be

due to local adaptation to differing environmental conditions

(Conover & Schultz 1995; Gonzalo-Turpin & Hazard 2009)

throughout the range. These possibilities could be further

explored through transplant studies and comparative studies

on physiological tolerances throughout ranges (Angert 2006;

Kimball & Campbell 2009). Furthermore, other aspects of cli-

mate, such as themaximum differences between climate layers,

might better capture the climatic distance between the Desert

Laboratory and a species range as whole.

The location of the Desert Laboratory within North Amer-

ica has an interesting effect on these results. Species with a large

range cannot have the Desert Laboratory close to their range’s

longitudinal centre due to the proximity of the Desert Labora-

tory to the west coast. Hence, by default, the Desert Labora-

tory is at the western but not necessarily the northern or

southern periphery of a large species range. Another conse-

quence of theDesert Laboratory’s location is that climatic var-

iation within the range increases with range size: Small ranges

can be included within the desert south-west, whereas larger

ranges necessarily include additional biomes. Thus, desert

endemic species have smaller ranges and are closer to their

centres of distribution than widespread species, for which the

desert is a peripheral environment within their range. Species
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with small rangesmay bemore likely to have less absolute vari-

ation in the climatic characteristics within their range, and be

more able to adapt to them and buffer variation (Maliakal-

Witt, Menges & Denslow 2005). Widespread species, on the

other hand, are more likely to occupy a large range of environ-

ments and thusmay bemore likely to be demographically vari-

able in any one environment. This, of course, depends on the

degree to which a wide-ranging species achieves its broad dis-

tribution via generalization, plasticity and local adaptation to

particular habitats within its diverse range (Gaston, Blackburn

& Lawton 1997; Pandit, Kolasa & Cottenie 2009). However,

with the exception of variation in survival, range size was gen-

erally not important in contributing to the relationships driv-

ing demographic variation.

To our knowledge, this is the first effort to utilize nichemod-

elling to quantify the climatic peripherality of a site and how

that relates to spatiotemporal population dynamic variation.

However, this work is complementary to recent studies eluci-

dating the environmental and genetic components of range

dynamics in migrating tree populations (Wang, O’Neill & Ait-

ken 2010). Additionally, a niche modelling approach is being

increasingly used to study biological invasions and the poten-

tial demographic consequences of niche specialization in

potential invaders (Rodder & Lotters 2009;Medley 2010). The

results presented here suggest that geography plays a strong

role in generating patterns of survival, fecundity and per-ger-

minant fecundity variation, but not germination fraction or

population density variation, within this guild of desert annual

plants.
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