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Abstract

Aim: The Mexican Transition Zone (MTZ) is an area where the Nearctic and

Neotropical biogeographical regions overlap, generating high species richness and

endemism. The objective of this study was to analyse if potential changes in the

composition and the geographical location of areas of endemism (AEs) for beetles

and mammals during the Last Glacial Maximum (LGM), the mid-Holocene (MH) or

the Last Interglacial (LIG) have influenced the definition of the MTZ in the present.

Location: Mexico and Central America.

Methods: Ecological niche models (ENM) were generated describing the current dis-

tribution of 218 species associated with the MTZ and then transferred to three

periods into the past. A parsimony analysis of endemicity (PAE) was run to identify

current AEs. The transferred models of each set of species that form the current

AEs were used to assess if the geographical ranges of the species’ ecological niches

changed over time, or whether they remained stable supporting the validation of

the AEs during three past recent periods (LGM, MH and LIG).

Results: Two current AEs were detected that persisted geographically during the

three past periods (LGM, MH and LIG).

Main conclusions: The results show that some AEs change through time as a

response of climate, whereas others remained stable. Thus, the MTZ could be con-

sidered as a dynamic zone at least over the last 130,000 years. The climate analysis

of the AEs allows them to be recognized either as true spatio-temporal units, or as

temporarily restricted patterns of co-distribution resulting from changes in climate

over time.
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1 | INTRODUCTION

The Mexican Transition Zone (MTZ), also known as the Mexican-

Central American transition area (Darlington, 1957), is a transitional

area between the biotas of the Nearctic and Neotropical biogeo-

graphical regions (Halffter & Morrone, 2017). Halffter (1976)

defined the MTZ as the area including the south-western United

States, Mexico and Central America, extending down to the low-

lands of northern Nicaragua. The MTZ has a high degree of overlap

in biotic components, and is characterized by a: continuous

exchange of taxa between regions (Ferro & Morrone, 2014), broad

range of environments and available ecological refuges, and the

presence of several distribution patterns of fauna with different ori-

gins (Halffter, 1987).
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Halffter (1987) identified in the MTZ several geographical distri-

bution patterns for different groups of insects consisting of sets of

taxa sharing the same biogeographical history as a result of common

evolutionary history and biotic origin (Cenocron sensu Halffter,

1976). There are different distribution patterns known for Mexico:

the Mexican Plateau pattern of ancient of South America origin; the

Mesoamerican Montane pattern, as the result of dispersal from the

Central American Nucleus; the Nearctic pattern from North America;

the typical Neotropical pattern; and the Palaeoamerican pattern of

Palaearctic origin (Halffter, 1962, 1974, 1978). The MTZ has been

verified and widely studied by characterizing different groups, mainly

of insects (e.g. Guti�errez-Vel�azquez, Rojas-Soto, Reyes-Castillo, &

Halffter, 2013; Halffter, 1974, 1978, 1987; Morrone, 2015; Morrone

& M�arquez, 2001; Reyes-Castillo & Halffter, 1978) and mammals

(Aguado-Bautista & Escalante, 2015; Escalante, Morrone, &

Rodr�ıguez-Tapia, 2013; Escalante, Rodr�ıguez, & Morrone, 2004;

Morrone, 2010; Morrone & Escalante, 2002).

Areas of endemism (AEs) are patterns of co-occurrence (range

overlap) in the geographical distribution of endemic taxa defined by

the non-random congruence of occurrences between different taxa

(Cracraft, 1985; Szumik, Cuezzo, Goloboff, & Chalup, 2002). The

assumption is that these taxa share a common biotic history (Mor-

rone, 2009). It has been suggested that AEs have dynamic limits that

change as a function of climatic and geomorphological processes

that modify them (Crother & Murray, 2011; G�amez, Escalante, Espi-

nosa, Eguiarte, & Morrone, 2014). Furthermore, the identification of

AEs is a key element supporting biogeographical regionalization

(Escalante, 2009; Morrone, 2014b; Rojas-Soto, Alc�antara-Ayala, &

Navarro, 2003).

In recent decades, mathematical algorithms have been developed

to infer the potential geographical distribution of species. Known as

ecological niche models (ENM; Peterson, 2001), they are used to

estimate the requirements of a species in an environmental space

and to identify the species’ potential geographical range (Anderson,

2012; Peterson et al., 2011). These algorithms are widely used in

biogeography and macroecology, mainly to determine species’ poten-

tial area of geographical distribution (Mota-Vargas & Rojas-Soto,

2012; Peterson, 2001). Because ENMs can be used to identify the

environmental (niche) requirements of a species, they can also pre-

dict the occurrence of the same conditions at other times and in

other spaces (Anderson, 2012). They are thus widely used in studies

focusing on the transfer of ecological niches to other temporal and

geographical scenarios (e.g. Rojas-Soto, Sosa, & Ornelas, 2012; Var-

ela, Lobo, & Hortal, 2011; Waltari & Guralnick, 2009).

Although the AE in MTZ have been extensively studied (e.g.

Escalante et al., 2004, 2013; Guti�errez-Vel�azquez et al., 2013; Halff-

ter, 1964, 1974, 1978, 1987; Halffter & Morrone, 2017; Morrone,

2010, 2015; Morrone & M�arquez, 2001; Reyes-Castillo, 1970;

Reyes-Castillo & Halffter, 1978), the potential geographical perma-

nence of co-occurrences in the past has never been evaluated,

although there are reports of differential and individual responses of

species to climate change throughout the Pleistocene (Chen, Hill,

Ohlemuller, Roy, & Thomas, 2011; Lorenzen et al., 2011). Corral-

Rosas and Morrone (2017) recently published an analysis of the cen-

ocrons in the MTZ using a time-sliced cladistic biogeographical

approach, but they included a wide span time ranging from the Mio-

cene to the Pleistocene. Validating the temporal stability of AEs in

the MTZ by species’ ecological niche transferences in the recent past

is an important biogeographical topic, and the species that poten-

tially occupy these areas are expected to form a spatio-temporal bio-

geographical unit (Morrone, 2009).

In this study, we transferred the climate niches of different spe-

cies of mammals and beetles in current AEs in the MTZ to the

recent past, with the objective of obtaining evidence of either stabil-

ity or spatio-temporal modification of the AEs. Some studies have

already described stability between the Last Glacial Maximum (LGM;

22 ka) and current AEs for the genus Bursera (G�amez et al., 2014);

and for mammal ranges in Mexico under scenarios of future climate

change (Aguado-Bautista & Escalante, 2015). Thus, we expected to

find stability in the present composition and geographical location of

the AEs observed for beetles and mammals relative to the past,

owing to the climate variation that occurred in the mid-Holocene

(MH; 6 ka), the LGM and the Last Interglacial (LIG; 130 ka).

2 | MATERIALS AND METHODS

2.1 | Study areas and presence data

The study area extends from northern Mexico to northern Nicaragua

(including Guatemala, Honduras and El Salvador), following the defi-

nition of the MTZ by Halffter and Morrone (2017). However, we did

not include the south-western United States where AEs are absent

for our taxon groups. We compiled a database from presence

records of 55 species of beetles from 19 genera in the family Passal-

idae and 51 species belonging to four genera in the family Scarabaei-

dae (Ateuchus, Canthon, Onthophagus and Phanaeus; Table S1.2);

groups previously studied in the MTZ (Guti�errez-Vel�azquez et al.,

2013; Halffter, 1987; Marshall & Liebherr, 2000; Miguez-Guti�errez,

Castillo, M�arquez, & Goyenechea, 2013; Morrone & M�arquez, 2001).

For the mammals, we included 112 species (Table S1.3) considered

to be endemic to Mexico (Ceballos & Arroyo-Cabrales, 2012) and

those recorded in AEs in the MTZ in previous studies (Aguado-Bau-

tista & Escalante, 2015; Escalante et al., 2013), excluding the insular

species and those of the Baja California peninsula which are not

included in the MTZ. The records were obtained from databases

curated by the Global Biodiversity Information Facility (GBIF; http://

www.gbif.org/) and the CONABIO’s Sistema Nacional de Informaci�on

sobre Biodiversidad (http://www.conabio.gob.mx/institucion/snib/d

octos/acerca.html; Accessed February 2015). To complement the

data for mammals, we also included information from the Atlas Bio-

geogr�afico de los Mam�ıferos Terrestres de Am�erica del Norte (Escalante,

2013), and for the beetles, we used unpublished records from the

Colecci�on Entomol�ogica IEXA of the Instituto de Ecolog�ıa, A.C.

For 19 climatic variables available in the Worldclim project (Hij-

mans, Cameron, Parra, Jones, & Jarvis, 2005) we applied a variance

inflation factor (VIF) analysis (Marquardt, 1970) for each species, to
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reduce the dimensionality of niches by the selection of the most

common influential variables for all species (Table S1.1). The projec-

tions back to the MH and the LGM were generated using the Model

for Interdisciplinary Research on Climate (MIROC-ESM) (Watanabe

et al., 2011). For the LIG, the projection was based on the model of

Otto-Bliesner, Marshall, Overpeck, Miller, and Hu (2006). The envi-

ronmental layers possessed a resolution of 30 s (~1 km2) for the

Current and LIG layers, and of 2.5 min (~25 km2) for the MH and

LGM layers.

2.2 | Ecological niche models

To obtain the ENMs for the species we applied MAXENT 3.3.3k (Phil-

lips, Anderson, & Schapire, 2006), which is a correlative algorithm

based on the principle of maximum entropy that uses presence

records and environmental variables to generate suitability for pres-

ence models with a logistical probability map of values from 0 to 1,

where 1 represents the ideal conditions for the presence of the spe-

cies (Phillips et al., 2006). Following the approach of Muscarella et al.

(2014), when generating the individual species models, we searched

for the best combinations of features classes and regularization mul-

tipliers (=models) by selecting the models with the Akaike’s informa-

tion criterium corrected for small sample sizes (AICc). For species

displaying an excessive geographical over-prediction (mostly related

to species possessing low numbers of occurrences), we chose the

default parameters in MAXENT. The extrapolation and clamping

options were deactivated in all cases. For species with 12 or more

records we ran four cross-validated replicates, selecting a final model

with the lowest test omission rate, and the lowest difference

between the training and the testing AUC values. Although MAXENT

uses a default model validation (AUC; Fielding & Bell, 1997), we

applied a further two alternatives to evaluate the models: (1) for spe-

cies with 12 or more records we used partial ROC curves (AUC

ratios; Peterson, Papes�, & Sober�on, 2008), and (2) for species with

fewer than 12 records we applied a Jackknife method (Pearson, Rax-

worthy, Nakamura, & Peterson, 2007). For more information on the

validation of the models see Appendix S1.

As ENMs do not consider historical aspects such as biogeograph-

ical barriers or dispersal capacity (accessibility areas sensu Barve

et al., 2011; Sober�on, 2007), each model was assigned an area of

historical accessibility. To do so, we first explored the use of physio-

graphic provinces and drainage basins (Fenneman & Johnson, 1946;

INEGI, 2001; Lehner, Verdin, & Jarvis, 2008) selecting only those

where at least one occurrence record was present. However,

because diverse species showed over-predicted potential areas, we

decided to explore the use of buffers over a minimum convex poly-

gon. After a comparison between 0.5- and 1-degree-wide (~56 and

~112 km, respectively) buffers, we excluded the 1° buffer due to the

over-prediction observed in mountain areas which did not match the

historical distributions of the species. To transform the logistic maps

into binary maps we allowed an omission error reproduced by the

“10th percentile training presence” threshold (Peterson et al., 2008).

To identify co-occurrences in the past that might correspond to

non-analogous climate regions, we applied a mobility-oriented parity

(MOP; Owens et al., 2013) analysis. The results of this analysis are

presented in Appendix S2. The analyses were run in R 3.3 (R Core

Team, 2016) using the libraries “dismo” (Hijmans, Phillips, Leathwick,

& Elith, 2016), “ENMeval” (Muscarella et al., 2014), “usdm” (Naimi,

2015) and “ENMGadgets” (Barve & Barve, 2016).

2.3 | Patterns of endemism

The parsimony analysis of endemicity (PAE; Morrone, 1994; Rosen,

1988; Rosen & Smith, 1988) assumes the existence of a common

historical explanation for the assemblages of areas based on shared

taxa, focusing particularly on discovering the natural patterns of dis-

tribution of organisms. To build a presence–absence species matrix,

PAE uses either point occurrences or an overlay of grid cells drawn

on a map of the study area (Morrone, 1994; Rosen, 1988). Using the

parsimony algorithm, PAE creates sets of grid cells that constitute

the distributional congruence patterns represented through taxon–

area cladograms. Since its conception, there have been diverse inter-

pretations of PAE as well as criticisms (e.g. Garz�on-Ordu~na, Miranda-

Esquivel, & Donato, 2008; Moline & Linder, 2006; Peterson, 2008).

However, many manuscripts comparing PAE have demonstrated that

it identifies patterns of congruence very well (see Escalante, 2015;

Morrone, 2014b).

The PAE is used to identify AEs by searching for synapomorphies

in the MTZ, building cladograms based on a parsimony analysis of a

matrix of species’ presence–absence and areas (Morrone, 2014b).

However, this analysis may be sensitive to changes in scale and

selection of taxa, i.e. the grid cell size will depend on the size of the

areas of distribution of the species under analysis (Linder & Mann,

1998; Morrone & Escalante, 2002; Posadas & Miranda-Esquivel,

1999; Rapoport & Monjeau, 2001). Therefore, in this study units

proportional to the distribution area of the different taxa analysed

were represented by a grid of 1°91° that retrieved better-supported

areas (after a previous exploratory analysis using a 1.5°91.5° grid

size; see Appendix S3). From the overlap of this grid with the speci-

fic distribution data, we assembled a presence–absence matrix com-

bining the mammals and beetles (see Appendix S4) because previous

analyses (not shown) demonstrated support (i.e. more synapomor-

phies) when using a combined matrix.

The TNT 1.1 program (Goloboff, Farris, & Nixon, 2008) was used

to obtain a strict consensus tree for the matrix in the current sce-

nario. The methodology used by G�amez et al. (2014) was followed

for the parameterization of the parsimony analyses. The AEs were

identified with the support of at least two geographical synapomor-

phies (species), but based on a more relaxed consistency index (ci)

than those suggested by Platnick (1991) in order to detect possible

patterns of endemism with a lower degree of geographical sympatry.

For the present, we used at least one geographical synapomorphy

with a ci = 1 and a second geographical synapomorphy with a

ci = 0.5 (only when showing reversals) or 1 (Escalante, 2015).
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Finally, once all AE’s had been identified and to obtain evi-

dence of either stability or spatio-temporal modification of the

AEs in the MTZ in the recent past, we searched for the same

overlapped areas throughout the sum of species’ maps transferred

to the three past scenarios inside or near the cells where AEs

where found. We used the web platform ITOL 3 (Letunic & Bork,

2016) to plot the cladograms and ARCMAP 9.2 (ESRI, 2006) to

generate the maps.

3 | RESULTS

A total of 218 potential geographical distribution maps were

obtained with their respective three projections into the past (MH,

LGM and LIG) based on 17,740 records. In the following analyses,

we excluded 41 species because of a poor performance in the Jack-

knife test and eight species in the Partial-ROC test (see Appendix S1

for more on validation).
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3.1 | Patterns of endemism

We obtained a total of four AEs grouped into two zones (Fig-

ure 1). Zone I consisted of one AE (Node a) characterized by

three beetles (Chondrocephalus gemmae [ci = 1], C. granulifrons

[ci = 1] and Onthophagus chiapanecus [ci = 1]), coinciding with the

Chiapas Highlands province (Morrone, 2014a). Zone II included

three nested AEs in a geographical area that was named as the

Mountainous Area of Eastern Mexico. The first nested AE (Node

b) was found in the Sierra Norte of Oaxaca consisting of four

mammals (Cryptotis magna [ci = 1], Habromys ixtlani [ci = 1], H. lep-

turus [ci = 1] and Microtus oaxacensis [ci = 1]). The second nested

AE (Node c) also included the eastern part of the Trans-Mexican

Volcanic Belt with three species (Peromyscus bullatus [ci = 0.5],

Sorex macrodon [ci = 1] and Yumtaax recticornis [ci = 1]). Finally,

the biggest AE (Node d) is supported by three beetles (Proculejus

sartorii [ci = 0.5], Spurius halffteri [ci = 0.5] and Vindex agnoscendus

[ci = 1]) in the southern Sierra Madre Oriental, as well as the pre-

viously mentioned mountainous areas. An autapomorphy was

found in the Sierra Norte of Oaxaca (Megadontomys cryophilus)

between nodes b and c.

The richness map of node a (Figure 2a) showed a high overlap of

the three species that comprised it in the Sierra Madre of Chiapas,

along the boundary between Mexico and Guatemala. Meanwhile, the

maximum overlap of the species in Node b (Figure 3a) was found in

the highland mountains of the Sierra Norte de Oaxaca (nine species;

Table 1), also delimiting the junction between de Eastern Trans-Mex-

ican Volcanic Belt and the southern Sierra Madre Oriental.

3.1.1 | Mid-Holocene

The overlap of the species in Chiapas (node a) was extended

throughout the Sierra Madre from Mexico to Guatemala, repre-

sented by extensive areas supported by the three species and

including the current overlapped areas (Figure 2b). For node b the

maximum overlap in the cells was found in the southern Sierra

Madre Oriental (Figure 3b) with seven species (Table 1).

3.1.2 | Last Glacial Maximum

In node a there was a reduction in the overlap extent compared to the

present, with a maximum of two species (Chondrocephalus gemmae

and C. granulifrons). However, the AE was projected in one of the cells

found in the present (Figure 2c). The mountainous area of eastern

Mexico remains clearly delimited in this climatic period, following a

pattern like that in current time (Figure 3c). The maximum overlap was

found in the Sierra Norte of Oaxaca with 10 species (Table 1).

3.1.3 | Last Interglacial

There was an overlap in Guatemala, outside of the current cells

found in the Sierra Madre, where two species of node a mostly
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prevail (Chondrocephalus gemmae and C. granulifrons; Figure 2d).

Otherwise, node b’s pattern was found mainly in the Sierra Norte of

Oaxaca (Figure 3d), with a maximum overlap of nine species

(Table 1).

4 | DISCUSSION

The MTZ comprises a set of co-distribution patterns and inter-

changes of species. Our results showed modifications in the geo-

graphical distribution ranges for most of the species, as was

expected. In some cases, species gradually moved away from their

past to their current ranges, while in other cases, species maintained

their geographical ranges, but amplified or reduced their areas. These

observed patterns also generated areas of permanency along the

four analysed periods, giving climatic support to the historical pat-

terns assumed for AEs. These results suggest that the MTZ has been

a dynamic and complex region over time, but maintained areas of cli-

matic stability for at least the last 130,000 years. Halffter (1964,

1976, 1987) highlighted the importance of climate as one of the

determining factors in the establishment of the congruence patterns

in the MTZ. The results we obtained suggest that the role of climate

has been more relevant in driving the species composition in the

past than was previously thought, challenging the pervasive view

(Morrone, 1994, 2014b) that AEs have been the result of history.

The dynamic nature of the MTZ could be a response to the extreme

climate conditions of the Pleistocene (Ruddiman, 2001), charac-

terised by diverse periods of glaciation associated with global climate

change (Ehlers & Gibbard, 2004; Haffer, 1969).

As the current patterns obtained for the beetles coincide largely

with those reported by Morrone (2010) and Guti�errez-Vel�azquez

et al. (2013), we are confident in the performance of the ENM

reconstructions, and therefore in their transferences to the past.

Moreover, the MOP analysis demonstrated that past scenarios

mostly possess climates analogous to those in the current scenario.

The responses were different, however, for mammals and beetles.

The AEs formed in Chiapas are supported by beetles (Chondro-

cephalus gemmae, C. granulifrons and Onthophagus chiapanecus)
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belonging to the Mesoamerican Montane cenocron (Halffter, 1978),

and probably to the Mesoamerican Montane sub-pattern

(Palaeoamerican cenocron), in the past restricted to the Chiapas

Highlands province (from Mexico to northern Nicaragua). In contrast,

the AEs observed for mammals were of species endemic to the MTZ

in eastern Mexico, particularly in the Sierra Norte de Oaxaca, the

eastern part of the Trans-Mexican Volcanic Belt and the southern

part of the Sierra Madre Oriental. These differences could relate to

two mechanisms: First, species might differ in their dispersal capac-

ity, and secondly, beetles and mammals might belong to distinct cen-

ocrons (marked by different routes and time of historical arrival),

although both groups of organisms appear to respond similarly to

changes in climate.

The type of responses of the observed AEs for the temporal

windows analysed coincides with those found in other studies that

track AEs in different climate change scenarios. For example, spe-

cies of the plant genus Bursera associated with Mexican Dry Trop-

ical Forest (G�amez et al., 2014) were characterized by the stability

and permanence of AEs during the LGM, whereas Aguado-Bautista

and Escalante (2015) showed changes in the geographical location

of the AEs for Mexican mammals under future climate scenarios.

In the former case, the AEs may have been maintained by

Pleistocene refugia (Haffer, 1969), while in the latter example cli-

mate probably promoted geographically unstable areas of congru-

ency.

The differential response of species to climate change (Chen

et al., 2011) is a factor that can shape and modify the stability and

the limits of AEs in time (Crother & Murray, 2011). Although specia-

tion and extinction are considered processes that can affect the

composition of the AEs (Anderson, 1994), climate change could have

a more relevant effect in recent time, and maybe several of the cur-

rent patterns traditionally explained by historical factors might be

better modelled by climate. The discovery of geographical co-occur-

rences in the past, especially the displacement synapomorphies,

could be based on species responses to changes in climate that

would, in turn, affect the stability of the AEs and the permanence of

the species in them.

Although our study found changes in the geographical distribu-

tion of the AEs, care is needed in the interpretation because of the

limitations of the methods used. These include: (1) the impossibility

of verifying the species’ distribution in the past (Varela et al., 2011)

unless there are sufficient fossil records, (2) the assumption that cur-

rent records are sufficient to describe the climate requirements of

each species in the present and in the past (Varela et al., 2011), and

(3) not accounting for the variation that may exist in the climate

between different general circulation models (Varela, Lima-Ribeiro, &

Terribile, 2015).

Despite these limitations, the persistency of AEs recovered in

the past could effectively correspond to current AEs. The equiva-

lence found in the geographical location and species composition is

an indication that these AEs persist over time. An example of this

can be observed in the species currently forming the AE in Chiapas

(Chondrocephalus gemmae, C. granulifrons, and Onthophagus chia-

panecus), that exhibit congruence in all three analysed periods

despite their geographical expansion.

The analyses used to evaluate the temporal dynamics of the dis-

tribution areas that currently make up the AEs are not new. In fact,

the PAE has been used as an analytical approach to the problem of

time in cladistic biogeography before (Cecca, Morrone, & Ebach,

2011; Rosen, 1988). The first studies (e.g. Rosen & Smith, 1988)

compared the cladograms of different temporal windows and is

known as the dynamic PAE (Rosen, 1988). However, the study of

G�amez et al. (2014) is the only one to compare cladograms among

recent periods (Upper Pleistocene and the present) using ENM.

Traditionally, AEs have only been tested in the spatial dimension

(Noguera-Urbano, 2016) assuming that they share a common biotic

history (Morrone, 2009). However, to fully understand the AEs it is

necessary to capture both historical and ecological factors. Thus, the

AEs were also evaluated in a recent historical time, adding the cli-

matic dynamism to the concept of co-distributions. While it cannot

be denied that historical events form common biogeographical pat-

terns, ENM suggest that climate plays a fundamental role in the for-

mation and recognition of different historical distribution patterns.

Testing species permanence in AEs over time from a climate per-

spective allows us to recognize that these areas are true spatio-

TABLE 1 Species in the cells with maximum overlap in the
Mountainous Area of Eastern Mexico in each period. The plus (“+”)
were species included in the maximum overlap. Species with the
symbol (~) were not found in the pixels with the maximum overlap
but they were near to. Abbreviations: Mid-Holocene (MH), Last
Glacial Maximum (LGM) and Last Interglacial (LIG)

Present MH LGM LIG

Species\Loca-
tion

Sierra
Norte of
Oaxaca

Southern
Sierra Madre
Oriental

Sierra
Norte of
Oaxaca

Sierra
Norte of
Oaxaca

Cryptotis

magna

+ + + +

Habromys

ixtlani

+ + + +

Habromys

lepturus

+ + + +

Megadontomys

cryophilus

+ + +

Microtus

oaxacensis

+ + + +

Peromyscus

bullatus

~ ~

Proculejus

sartorii

+ + + +

Sorex

macrodon

+ + + +

Spurius halffteri ~ + +

Vindex

agnoscendus

+ + ~

Yumtaax

recticornis

+ + + +

958 | PINILLA-BUITRAGO ET AL.



temporal units, but also considers the effect of climate change in

areas of congruency over time.
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