“Do Corridors Have Value in Conservation?”
Original Case Study by Andrea Bixler (modified)
Part I – Introduction and Review of Relevant Biology
In 2008, conservation groups filed petitions with the Supreme Court to stop the U.S. government from building a fence along the U.S.-Mexico border. The Court refused to consider the issue because of security threats. What was the environmental argument against the fence? While it was intended to stop drug smugglers and illegal immigrants from crossing the border, the fence would also restrict movement of endangered jaguars (Panthera onca).
Often top carnivores are species that are endangered. They are found in very small numbers, often with very small geographic distributions.  These organisms are at higher trophic levels, and can only receive 10% of the energy  from the level below. For an animal like the jaguar, which as an adult may weigh 45–115kg (100–250 pounds) and eats only meat, a large home range is necessary in order to locate sufficient food. They are known to move 2–3 km/day (1.2–1.8 miles), and even farther in the dry season. Conservation groups charged that building an 1127-km (700-mile) fence along the southern border of the U.S. would make it more difficult for jaguars to cover the ground they need. Besides restricting their movements in search of prey, a barrier could prevent jaguars finding each other in order to breed. This can start causing population to inbreed, which greatly reduces the genetic diversity of the population birth defects, stillbirths and in some cases infertility, 
Part I Questions

1. Why is it more difficult for top carnivores to obtain sufficient energy resources than it is for animals lower on the food chain?

2. Why is inbreeding more commonly seen in smaller isolated populations than in larger ones? How does inbreeding cause problems?

3. What factors discussed above might reduce the number of breeding jaguars?

4. Is it important for people to try to protect endangered species? Why? 
Part II – Nature Preserves and Corridors

No one knows how many jaguars there are in the U.S. or Mexico, but it is doubtful there are enough to maintain a healthy population for long. And inbreeding and genetic drift make their population more susceptible to disease and environmental changes. Obviously, nature preserves are ideal for protecting endangered species and their habitats. But it is not always possible to create adequate protected areas. As an alternative, environmentalists have suggested that elimination of barriers within the geographic ranges of endangered species might boost their survival through both greater habitat availability and increased genetic diversity. However, if there are no actual fences preventing species movements, there may still be human-made obstacles such as roads, urban sprawl, or agricultural areas. 

The theory of island biogeography describes an "island" as any area of suitable habitat surrounded by an area of unsuitable habitat. While this may be a traditional island—a mass of land surrounded by water—the term may also be applied to many untraditional "islands", such as the peaks of mountains, isolated springs in the desert, or expanses of grassland surrounded by highways or houses.  The basic theory of Island biogeography states that on larger islands there is a larger number of species, while smaller islands have less species diversity. Islands that are closer to the mainland will have greater immigration and therefore greater diversity. Isolated populations far from other habitats may follow different evolutionary routes, as shown by Darwin's observation of finches in the Galapagos Islands. We often see “Islands” as fragmentized habitats. Habitat fragmentation is dangerous because it increases the amount of “edge” of the habitat. Edges are in danger from air, noise pollution, light pollution, increased car and foot traffic. 

Even when it is not possible to eliminate a fragmentation of a habitat ( fence, road, farm, or shopping mall), it may be quite easy to create a corridor or area of habitat suitable for species to use in moving between natural areas (like a hallway). The importance of corridors has been widely reported in the conservation biology literature for decades now, and formed the basis of arguments in the case against the U.S. Border Fence.  
Figure 1- Different forms of nature preserves (better and worse) 
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Part II Questions

1. Think of a preserve as a habitat island. What characteristics would be best for you to create a nature preserve? What shape? What size? Many small areas? One large area? How could we minimize the amount of edge on the preserve? 
2. 
A. Which picture in figure 1 shows the use of corridors in a nature preserve? 


B. Compare preserve A to G, which is better? Why? 


C. Compare preserve E to K, which is better? Why?  

D. Compare preserve F to L, which is better? Why?
3. What are some examples of corridors that already exist where you live? They may not go by this name, but still serve the same function. Think about areas where typical land use changes. For example, if you live in a farming community, are there unfarmed areas that could serve as corridors? If you live in a city, which areas are not built up and could they be corridors?

Part III – Experimenting with Corridors

Over two years scientists set about studying the effects of artificially created corridors within plantations of pine trees. The map below shows the 27 patches of open habitat the scientists created through the removal of trees. The patches are all 128 × 128 m in size (about twice the size of a baseball diamond). Some of them are connected by corridors that are 32 m wide, ranging from 64m to 384 m in length.

Whether these patches and corridors seem large or small to you, the important thing is whether they seem large or small to the species that are studied. There are butterflies that do not move more than 128 m in their lifetime. There are mice with home ranges of about half a hectare. And then there are animals like jaguars that have home ranges of at least 4 square miles. Obviously, butterflies would respond differently to the described study area than jaguars! Moreover, the type of habitat in the patches and corridors will only be suitable for certain types of organisms.
Figure 2- Map of the experimental set up the scientists used to d determine if corridors in nature preserves are effective at allowing organisms to migrate safely through a protected area. 
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Part III Questions

1. Why do you think animals might move between habitat patches?

2. How is it possible that plants may move between habitat patches?

3. What can you predict about the size of the species Haddad and colleagues wanted to study, based on the size and vegetation of the habitat patches and corridors they used?

4. Examining habitat patches 14, 15, and 16, can you predict the type of comparison the scientists would make to determine whether corridors were important to the species studied? Specifically, what type of data would you collect, and in which patches, to determine whether corridors had an influence on the species of interest?
5.  REVIEW QUESTION: What is the name of the method the scientists would use for estimating animal populations?
Part IV – Methods and Results of the Study

Specifically the scientists studied the movements of two species of butterfly, two small mammals, one bee species, four bird-dispersed plants, and the pollen of an additional plant. In each case, they determined whether the individuals were more likely to move through corridors. In other words, were they more often found in patches that were connected or unconnected to the center patch?

To collect data on these diverse organisms, they had to use a number of different techniques:

• Butterflies and bees were captured and individually marked and recaptured (Lincoln Index) 
• Hispid cotton rats were captured from locations 13 km or further from the experimental area, radio-collared, released within habitat patches, and radio-tracked.

• Old-field mice were eliminated from three blocks of three patches; then marked mice were introduced to the center patch (e.g., patch 15) and attempts were made to recapture them in traps set in all nine patches.

• For two species of plants, members of that species already present were removed from the peripheral patches

(e.g., patches 14 and 16) and any seeds found subsequently were assumed to have been brought by birds from the center patch

• In the other two plant species, plants were not removed, but the seeds in the center patch were marked with fluorescent microspheres; these microspheres followed the same ingestion/excretion path as the seeds and allowed researchers to identify which seeds located in the peripheral patches were from plants in the center patch.

• For the pollination study, flowers in the center patch were dusted with fluorescent powder and presence of powder was observed on flowers in the peripheral patches. The single bee species observed pollinating 90% of these flowers was also marked and recaptured (as described in the first point above).

Figure 3- Below are the data. Note that the statistical results are printed in the corner of each graph. Where it says “no analysis,” there were insufficient observations of movement to conduct a statistical test.
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Fig. 3. Plant and animal movement between connected and unconnected patches. Panels (A)–(D) and (J) show the mean (+1 se) proportion

of individuals that were marked in one patch and moved to a connected or unconnected patch. Panels (E)–(H) show the mean (+1 se) number

of bird-dispersed seeds that moved from center patches to connected or unconnected patches. Panel (I) shows the mean (+1 se) proportion of

flowers in connected or unconnected patches with fluorescent powder. Data for butterflies are adapted from Haddad, N. M. 1999, Corridor

and distance effects on interpatch movements: a landscape experiment with butterflies, Ecological Applications 9:612–622. Asterisks indicate

significance levels: *P < 0.10; **P < 0.05; ***P < 0.01.

Part IV Questions

1. For which species are the results significant (P value below 0.05 indicates significant data)?
2. Based on the data do you believe that corridors are significant in aiding the migration of a species?
3. Are corridors equally effective at aiding migration of plants and animals?
4. Based on what you know from this study, predict the effects of a border fence on the population of jaguars mentioned in Part I? Explain your thinking. What information about Jaguars do you need to make this prediction?
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