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The Last Glacial Maximum 

Earth was a much different place 18,000 years ago. The climate was significantly colder and drier 

due to the massive ice sheets that covered much of the planet (Map 1). The presence of the glaciers 

pushed the jet stream to the south, resulting in high precipitation over the southwestern US, while the 

rest of the continent was extremely dry (Hill, 2006). The mean annual temperature of what is now 

northern Arizona, for instance, was 1.7 °C/year, while the total annual precipitation of rainy Seattle was 

approximately 650 mm compared to upwards of 1200 mm today (based on WorldClim climate data; 

Himjans et al., 2005). Sea level was about 150 meters lower than today (Zasadni & Klopyta, 2014), 

creating land bridges between continents and allowing the dispersal of plants and animals. 

Understanding what the Earth was like during the ice age is a multidisciplinary task involving a 

wide variety of methods. Geomorphologists read clues from the physical landscape left behind by 

ancient glaciers (e.g., Zasadni & Klopyta, 2014). Paleoclimatologists use mathematical models that 

incorporate complex ocean-atmosphere processes to reconstruct ancient climate conditions (e.g., Gates, 

1976). And biogeographers compare the spatial distributions of specific species assemblages and the 

abiotic habitat conditions that they tend to occupy, in order to understand migration corridors or 

barriers throughout history. Phytogeography, a sub-discipline of biogeography, specifically addresses 

questions about plant distributions, past & present (e.g., Weber, 1965).  
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Although the continental ice sheets of North America rendered much of the continent 

unsuitable for vegetative growth, many species were able to survive in unglaciated areas, called refugia. 

The glaciers were limited to the south by temperature and to the north by precipitation, leaving major 

refugial habitats in Beringia and northwestern United States. Once the glaciers retreated, species spread 

south from Beringia and north from the northwestern US to recolonize the continent.  

 

Physocarpus monogynus – mountain ninebark 

Physocarpus monogynus (mountain ninebark) is a small 

shrub (typically 2-4 feet tall) that grows in open rocky slopes, 

wooded areas, along streams, in the foothills, montane or 

subalpine zones. It also prefers “north-facing slopes, ridges of 

mountain ranges, often limestone outcrops” (Oh, 2015). 

According to the Flora of North America, it occurs at elevations 

between 5900 – 8500 ft (Alexander, 1997). Bunches of white 

flowers grow throughout the summer, and the leaves are lobed 

and oval-shaped with heart-shaped leaf bases (see Fig 1). It is a 

member of the rose family (Rosaceae), and it is native to CO.  

P. monogynus has an interesting distribution: it is 

strongly associated with the Central Rockies, with a disjunction 

in the Black Hills of South Dakota (Map 3). One theory for this 

disjunction is that the species dispersed to there from the Front 

Range of the Rockies after glacial retreat. This is unlikely, 

however, given the physiological isolation of the Black Hills from 

the Front Range, and the gap in suitable habitat between these two 

areas. A more likely scenario is called the vicariance hypothesis: a 

widespread species became fragmented as the species was forced 

to contract its range into suitable habitat. That fragmentation left 

behind the disjunct populations that we see today (Weber, 1965). 

One way to test the dispersal versus vicariance hypothesis is to map the species distribution 

over time. If habitat is shown to be more widespread during the LGM, then the vicariance hypothesis is 

supported. However, if habitat is shown to be restricted to the Front Range, for example, and excludes 

the Black Hills, then the dispersal hypothesis is supported. Maxent (Phillips et al., 2006) is a species 

distribution modeling software that constructs models of relative occurrence probability, based on 

known occurrence or collection points and environmental layer inputs. It compares the values of the 

environmental layers extracted at each of the occurrence points to that of a random background sample 

of points. It begins by assuming a uniform probability of occurrence over the landscape and moves 

towards increasing entropy – thus, Maximum Entropy (Phillips et al., 2006).  

 

 

Figure 1: Physocarpus monogynus  

(mountain ninebark) 
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Modeling suitable habitat 

Suitable habitat for Physocarpus monogynus (mountain ninebark) was modeled for current and 

LGM climate conditions using four bioclimatic variables: mean annual temperature (°C), annual 

precipitation (mm), temperature seasonality (°C), and precipitation seasonality (%). These climatic 

variables were chosen because they are critical in the complex mountainous terrain that mountain 

ninebark prefers. While the annual precipitation and mean annual temperature are relatively self-

explanatory, temperature & precipitation seasonality require some explanation. Temperature 

seasonality can be interpreted as “a measure of temperature change over the course of the year” 

(O’Donnell, 2012). Precipitation seasonality, on the other hand, can be interpreted as, “a percentage of 

precipitation variability where larger percentages represent greater variability of precipitation” 

(O’Donnell, 2012). The model shows the probability of occurrence within a given cell.  

 

Bio1 Annual Mean Temperature 

Bio4 Temperature Seasonality 

Bio12 Annual Precipitation  

Bio15 Precipitation Seasonality 

These response curves show the probability of occurrence based on a given value of each variable. 
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