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Both ecology and paleoecology are inter-disciplinary sciences that study the interactions and relationships between plants and animals (e.g., diet, predator-prey relations, etc.) and their physical environment (e.g., climate, water, soil, and physiognomic conditions). Ecologists study modern interactions and relationships while paleoecologists use a variety of prehistoric records (fossils, geological deposits, ice cores, and physiognomic conditions) to reconstruct past environments and understand how ecosystems functioned and evolved, with particular attention paid to defining past climates. 

Paleoecology uses ecological as well as paleontological and geological principles to understand past climates and ecosystems:
Ecological Principles: 
· Ecological Niche: The sum of these successful interactions and relationships in which an organism lives, reproduces, and maintains a population defines its ecological niche.
· An organism’s niche describes its interactions in its environment and includes
· its habitat, its patterns of activity during the day and night, the resources it uses, and competition with other organisms in that environment.
· Competitive Exclusion: Where two organisms are resource-dependent, only one will be able to successfully compete for those resources and survive in that ecological niche. Many adaptations organisms have with a particular environment are derived from competitive interactions.
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Fig. 1. Darwin’s finches are a classic example of competitive exclusion. Beak morphology (depth) is related to the size of the seed the finch can eat. When two finch species living on different islands (Los Hermanos and Daphne Major) their beaks are of a similar size. When they are sympatric (living in the same space, in this case an island) succeeding populations develop different beak morphologies in order to feed on different seeds and avoid direct competition. 
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Fundamental Niche: This is the sum of the environmental conditions – the organisms climatic tolerance limits, soil requirements, etc, - and the resources it needs to live in a place. Because the fundamental niche does not include the effects of competitive interactions with other organisms, it is larger than the realized niche (Hutchinson 1957). The fundamental niche refers to the species’ environmental envelope – usually conceived of in terms of climatic parameters - in which it may live (Williams and Jackson 2007).
· within which it maintains viable populations
· Realized Niche: Its realized niche is the actual space it occupies in any ecosystem at a given point in time. Among other factors, the realized niche includes how organisms compete with one another for resources, prey on each other, or avoid predation. 



[image: Figure 3. Fundamental, potential, and realized niches. Crudely drawn in Powerpoint by the author; see Jackson and Overpeck 2000 for the original version of this figure.]
Fig. 2. A species’ fundamental niche represents the sum of the environmental conditions in which it may live while its realized niche it where it actually live when other species are present. After Jackson and Overpeck 2000.





· Distribution Patterns (Soberón and Peterson 2005): A species’ distribution is a complex expression of its ecology, current competitive interactions, and evolutionary history that are determined by a diversity of factors operating with different intensities at different scales. Four factors determine a species’ distribution:
· Abiotic environmental conditions: These conditions include climate (temperature, precipitation, effective moisture, seasonality, etc.), the physical environment (e.g, bedrock type, soil, vegetation cover, etc.), etc., that impose physiological limits on species’ ability to live and reproduce in a particular area.
· Biotic factors: These are the interactions with other species that impact its ability to survive and reproduce in an area. Both positive (e.g., seed dispersors, pollinators, etc.) or negative (e.g., competitors, predators, diseases, etc.) factors may impact a species ability to maintain a population.
· Geographic accessibility: Regions that are not accessible (due to biotic or abiotic barriers) to a species at a previous point in time will likely not be occupied.
· A species’ evolutionary capacity to adapt to new conditions. Some species are generalists and can adapt to a wide variety of conditions and resources while others are specialists with very strict dietary and physiological requirements (Soberón and Peterson 2005).

Thus, in addition to the actual fossil and geological records, paleoecologists use ecological principles and their knowledge of modern organisms, their biology, behavior, habitat and environmental preferences, and their current distribution on earth to document past climates, reconstruct past ecosystems, and understand how ecosystems evolve.
· The distribution of modern taxa and knowledge of their biology, behavior, and preferred habitat is a primary method paleoecologists use to document past environments. That is, paleoecologists use the principle of uniformitarianism to develop modern analogues to compare to and interpret the fossil record. Validity of these analogues may be time dependent.
· [image: ][image: ]The presence of a species in a fossil assemblage tells us something about the past climate, habitat, and ecosystem. For example, because a 13,000 year old fossil assemblage in Pennsylvania (New Paris No. 4; star on map) contains an animal (Dicrostonyx hudsonius) 
Ungava lemming 
				Fig. 3. Modern distribution of Ungava lemming and location of New 
					Paris #4 fossil site that contains Dicrostonyx hudsonius

that is now found only in the far north of Canada we can infer that the climate in Pennsylvania 13,000 years ago was considerably colder.


Exercises
1) You will be drawing a graph similar to that of Fig. 2. Label the y-axis “Temperature” (increasing to top) and label the x-axis “Moisture” (increasing to the right). Draw and label the fundamental niche space of Species 1 as in Fig. 2. Now draw and label the fundamental niche space of Species 2 so that it begins in the cool dry area to the left of Species 1 niche, overlaps the Species 1 niche in the colder and moister area of that (Species 1) niche, and extends to the cool but more moist area. Finally, draw the fundamental niche of Species 3 so that it begins in the dry area with moderate temperatures, overlapping the upper portion of the fundamental niche of Species 1, and extends to the hot and moist part of the graph. What has happened to the realized niche of each species? Describe the realized niche of Species 1 if Species 2 were absent. Describe the realized niche of Species 1 if Species 3 were absent.
2) Your grandmother Amreen, who you were visiting for the winter and spring, was having problems with small rodents in her yard and shed overlooking the Dead Sea and, since her two cats are too lazy to be bothered, you decided to help out and set out a number of traps. You checked the same traps twice a day at sunset and early in the morning after breakfast for two weeks. After two weeks your total haul was 10 golden spiny mice; it was interesting, you thought, that all were in the traps in the morning and none were trapped during the day. Over the next week or so the number of golden spiny mice you removed from traps in the morning gradually declined. In the third week, however, a new rodent neither you or your grandmother had seen before, the common spiny mouse, began appearing in the traps checked in the morning, and the golden spiny mouse that was previously trapped only at night began appearing in the traps you checked before dinner. This pattern of common spiny mice being trapped at night and golden spiny mice being trapped during the day continued throughout the winter. With spring and a sharp increase in the number of insects (primary food for the two rodents), the golden spiny mouse again began appearing (along with the common spiny mouse) in the traps checked in the morning.
· How did the golden mouse niche change in the winter?
· What ecological principle might explain why the sudden appearance of the common spiny mouse caused the activity patterns of the golden spiny mouse to change?
· Why did this pattern change again in the spring?
3) Explain how a species’ distribution relates to its fundamental and realized niche being sure to note the role of competitive exclusion.
4) You are telling your story to your clearly bored science teacher…. “I was stumbling along a creek bed near my home south of the Meramec River when I noticed a large white object in the vertical bank above stream level. A tooth, I thought. Giving it a gentle pull, the sediment around it crumbles and was left holding an entire mandible with all teeth. “Lordy Ms. Bedertz, aren’t those are scary, pointy teeth! It sorta looks like the bobcat my uncle shot last winter, only much bigger.” There is a moment of silence as Ms. Bedertz, her hands now visibly shaking, puts the mandible back in your foam box. “I think this is the jaw of the extinct American Lion. If you want to salvage your grade this semester – remember you did fail last week’s exam – have a report on the lifestyle of this animal on my desk in the morning.”
· Since it went extinct over 10ka years ago and no one has ever seen an American Lion in its natural habitat, how will you write a report about its lifestyle, diet, etc.? What geological principle will you use to construct your argument? What animal will be the analogue? Do some quick research and write a short paragraph about what this animal ate and how it acquired this its food. 
5) Crawling through a cave near Fort Leonard Wood in central MO you notice the mandible of a small animal in the dirt. It looks like a rabbit, but you are not sure. The next week you take the mandible to the Illinois State Museum in Springfield IL to see if you can identify it using their vertebrate comparative collection. An afternoon’s work looking at rabbit mandibles convinces you that it is from the Arctic Hare, Lepus americanus. 
· Use Neotoma Explorer to a) see a map of its modern distribution, b) develop a list of all Lepus americanus fossil finds in North America, and c) the names of the central MO sites where Lepus americanus has been recovered. 
· Describe the modern distribution of the Arctic Hare being sure to note whether or not it is found in MO today. If it is not in MO today, indicate the nearest location to central MO it is found today. What might explain why the Arctic Hare has been found in a few MO caves?

Non-analogue Biotas
The Pleistocene of many parts of the world are characterized by biotas that do not have modern analogs. In other words, it is possible to find species in a fossil deposit that do not co-occur (or their distributions do not overlap) today. But the animals lived at the fossil site at the same time. These communities are referred to as non-analogue for mammals. There are several possible explanations for these types of associations. In some cases, they may be attributed to mixing of fossils of different ages. In this case, the associations would not have any biological significance. However, it is now possible to date individual jaws of specific rodent species to see if they were at a fossil site at the same time. If the species are found to be contemporary (as you will see below), then they indicate environmental conditions different from those of today. We are not yet certain what the explanation for these non-analogue mammal communities but two prominent ones are for non-analogue climates in the past or greater environmental disturbance by rapid climate fluctuations in the Pleistocene (i.e., “flickering” of the Pleistocene climate). This is an active area of research in Quaternary paleoecology.



Exercise

1. Using Neotoma Explorer, plot the modern distributions of two species (Microtus xanthognathus, and Geomys bursarius) on the same map. Remember that these are their modern distributions. Where in North America do the two species overlap? Radiocarbon dates on individual specimens from Cheek bend Cave in central Tennessee are: G. bursarius (plains pocket gopher) = 14,120±80., M. xanthognathus (yellow cheek vole) = 14,120±70 radiocarbon years B.P. Based upon these radiocarbon dates can you conclude that the two animals lived at the same site at the same time? If so, what does this indicate about past climates and biotic communities? Finally, an extinct armadillo, Dasypus bellus (beautiful armadillo – only a mother would think this!!) has been dated at 14,130±60 radiocarbon years B.P. Armadillos are generally indicative of warmer climates today since they live in the southeastern United States and Mexico. There are two alternative explanations for these co-occurrences. Mixing of fossils of different ages is not one of them because of the radiocarbon dates. What are two alternative explanations?

2. Using Neotoma Explorer, plot the modern distributions of these four species (Microtus xanthognathus, Scalopus aquaticus, Phenacomys intermedius, and Neotoma floridana). Where in North America do the distributions of all four species overlap or co-occur? All of these rodents are small mouse to rat-sized animals and they cannot migrate large distances like caribou, moose, elk, deer, etc.

Here are the radiocarbon dates for these species:

M. xanthognathus			16,415±125 radiocarbon years B.P
P. intermedius 			16,470± 70 radiocarbon years B.P
S. aquaticus 				16,520± 80 radiocarbon years B.P
N. floridana 				16,600± 80 radiocarbon years B.P 

The range of ages for the four different taxa are from 16,415±125 radiocarbon years B.P to 16,600± 80 radiocarbon years B.P. What is the difference between these ages? Is this difference larger or smaller than the difference between the species in question 1? What are the differences in ages between M. xanthognathus and P. intermedius? These two taxa are adapted to cold or warm climates (look at their geographic distribution)? Scalopus aquaticus and N. floridana occur in the southeast. What types of climates are they adapted to? Could you argue that these four species represent two different climates at two different times? Now look at the difference in ages between P. intermedius and S. aquaticus. What is it? Is this difference any greater than the differences between M. xanthognathus and P. intermedius or between S. aquaticus and N. floridana. If not, then is it possible that P. intermedius and S. aquaticus coexisted in the Pleistocene? How does the paleoecology of the Pleistocene explain this situation?

Finally, at this same site, the beautiful armadillo is dated at 16,380±70 radiocarbon years B.P. Could it be possible that the extinct armadillo was adapted to environments different from the nine-banded armadillo (Dasypus novemcinctus) that lives in the southeastern United States today? If so, what does this animal tell us about niche stability and the realized niche of Dasypus?


Links to Websites Ecology and Paleoecology
https://online.science.psu.edu/biol011_active002/node/4355
http://www.nature.com/scitable/knowledge/ecology-102
http://kids.nceas.ucsb.edu/index.html
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