Case Studies: Land Use Change in the Tropical Andes and Southeastern Michigan

"Rivers are the gutters down which run the ruins of continents." 
- Luna Leopold 

We wish to examine two case studies of landscapes and watersheds. This will illustrate:

· the complexities of the interacting factors 

· the value of remote sensing and GIS in spatial analyses 

· the need for an integrated, interdisciplinary approach to complex problems. 



1. Transfromation of the Landscape

In a previous lecture (The Ecological Crises of the 21st Century) we described the rate of change of land use/cover in many parts of the world. (Land cover is the vegetation type or other surface layer, including urban, water, wetlands, etc. Land use refers to how humans employ the land. So "row crops" is a cover, "agriculture" is a use). Development changes land from categories such as "forest" or "wetland" to categories such as "agriculture" or "urban". Restoration attempts to change it back. 

We call landscape change in the USA "settlement". Deforestation rates in the Midwest during the 19th C were about 2% per year; quite similar to current rates of tropical deforestation. In southeastern Michigan, settlement and transformation of the landscape took place between about 1830 and 1890, or thereabout. In the neotropics, we hear much about recent, dramatic deforestation in places such as the Amazon Basin. In fact, indigenous peoples cleared and over-worked the land about 1,000 years ago. The collapse of the Maya is attributed partly to this cause. Spanish colonization began transforming the land after about 1500, and has long been complete in more hospitable, seasonal forested areas. Population pressure, income disparities, and the development policies of governments (which are the policies of the wealthy and powerful) are driving the current wave of fire and ax-wielding immigrants into the humid tropical forests. In the USA, the name we give to this landscape change is environmental devastation. 

How does landscape change affect river ecosystems? 



2. Rivers and their Landscapes

A watershed refers to the region of land within which every drop of rain and surface water flows into a common drainage, eventually forming a river that carries rainfall downhill. Using a topographic map, one can delineate the watershed boundaries by following ridgelines. The river is affected by any aspect of the landscape that influences surface runoff, (steepness of terrain, whether the land is vegetated, whether the soils are easily eroded, and so on); as well as by climate, especially the intensity and duration of rainfall. Closer to the stream edge, the terrestrial ecosystem provides shade, decomposing leaf litter which is an energy source, woody debris for habitat, and so on. 

A famous study of Hubbard Brook and its forest in New England showed that after forest removal, the watershed exported far more runoff and more minerals than when the forest was intact. This is because evapotranspiration was reduced, storage of water in the soil was reduced, and so rainfall quickly became floodwater. 

Hydrology may be the first or most fundamental change in response to an altered landscape. However, it is far from the only change. With less surface vegetation and more runoff, sediments are eroded, entering streams and degrading habitat. Floods are larger than in the past. Banks widen during floods, causing bridges to collapse and fish habitat to degrade further. With less water stored in ground water, streams tend to dry up during dry periods. The diversity of insects and fishes declines, until only the most tolerant species remain. 



3. The River Raisin

While much of the landscape is agricultural, some regions are highly agricultural, others have more heterogeneous land use. Our studies show that habitat quality and fish diversity decrease as the percentage of agricultural land cover increases. It is widely believed that protecting the stream margins will do much to protect stream health. While this likely is true, we found that a better prediction of stream conditions was obtained using overall land use/cover, than simply land use/cover in a riparian buffer. 

We think we are beginning to learn some things that might be useful to managers of the watershed. However, that raises the question of who manages this, or any, watershed. The short answer is, "everybody, and nobody". Many federal, state, county, and local units of government and many agencies have some role to play. Generally, most control is at a local level, and rarely considers circumstances very far upstream or downstream. 



4. Rivers of the Venezuelan Andes

The issues are fairly similar, although the history and local circumstances of course differ. The open grasslands and Andean highlands were settled early. The intermediate elevations were settled later, or are still unsettled, depending upon location. 

No GIS data were available for this region, although good topographic maps exist. Land use/cover data are being developed from a satellite (Landsat TM) image. Watershed boundaries, rivers, roads, elevation contours, and other GIS layers are being digitized onto the image. This will allow us to determine land use within the watershed, along river margins and along roads, and at low vs high elevations. 

To determine the accuracy of this land cover and other layers, it is necessary to ground-truth vegetation with photographs and GPS location. 

Data on hydrology, channel structure, sediments, and the biota are collected in the field. 

