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Species Don’t Stand Alone

Ecology’s foundation is that species do not stand alone.  Increasingly, ecologists and agencies are recognizing that species — the biotic components of ecosystems — cannot be protected without conserving the abiotic components and processes that help shape ecosystem structure and function (Pickett et al., 1992; Christensen et al., 1996).  Organisms are dynamically and interactively enmeshed in the abiotic ecosystem matrix.  Physical sciences such as geology, soil science, hydrology, and climatology thus play a fundamental role in conservation and ecosystem science. The founder of modern ecosystem ecology was a soil scientist, Hans Jenny (Vitousek, 1994), and James Lovelock, a geophysicist conceptualized Planet Earth as a functional ecosystem composed of functional subsystems (Rowe, 2001).  Despite their tremendous importance to ecosystem studies, the “matrix sciences” have not been considered important by most ecosystem managers.

Most specialists given the title “ecologist” have been trained only in the biological sciences.  The absence of physical science perspectives has diminished our advances in understanding ecosystems.   An interest in “cherished places” and Earth’s “ecosystems” usually enters [management discussions] mostly as an afterthought, of secondary importance and vaguely associated with the fuzzy term “habitat.”  Over the last two decades, however, the focus of land management has slowly been shifting to a truly ecosystem approach — one that recognizes that species do not stand alone — and incorporates a collection of processes, including biological, geological, and social (Figure 1).  This change is particularly important as we strive to gain greater predictive and mechanistic understanding of ecosystem responses to human activities.  This changing approach identifies a need to devote increased attention to the geosciences, and especially to the interactions between the geological and biological systems.

Figure 1.  Relationship of component parts to an ecosystem.
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Geological processes create topographic highs and lows; influence water and soil chemistries; are a key factor in determining the fertility of soils, the stability of hillsides, and the flow styles of surface water and groundwater (Swanson et al., 1988).  These factors, in turn, influence where and when biological processes occur, such as the timing of species reproduction, the distribution of habitats, the productivity and type of vegetation, and the response of ecosystems to human impacts.  Likewise, biological processes affect geological processes.  Biological activity contributes to soil formation and soil fertility, controls hillside erosion, traps blowing sand to form dunes, stabilizes drainages, and attenuates floods. 

The geological resources of a park—soils, caves, glaciers, streams, springs, volcanoes, etc.—provide one set of physical conditions required to sustain the biological system  Human influences on geological processes and alteration of geological features inevitably affect habitat conditions.  For example, the channelization of the Virgin River in Zion National Park caused the channel to incise, lowering the groundwater table and reducing the habitat of floodplain obligate species (Smith, 1998; Steen, 1999).  In Jean Lafitte National Historical Park and Preserve, externally triggered land subsidence is raising the water level in the park, thereby inundating the swamp forest and reducing habitat for forest-dependent species (Sauier, 1994).  Alternatively, a manipulation of the biological system can trigger changes in the geological system that can re-affect the biological system.  For example, when beavers are trapped to increase the density of hydrophobic shrub species, the river morphology and sediment transport capacity change, resulting in a redistribution of the types of fish species.  Geological resources also influence the impacts of natural variation in factors such as climate or human activity.  The availability of water, the stability of soil surfaces, and nutrient supply from weathering rocks are all examples of underlying physical controls on biological processes. 

A challenge in appreciating the relevance of geology is that geologists often work with very long time scales; whereas, life-science specialists deal with much shorter time scales.  In actuality, however, geological processes occur over a variety of temporal and spatial scales.  At one end of the temporal spectrum lie the processes that occur over millions of years, such as the rising of a mountain range or creation of an ocean basin.  At the other end lie the processes that occur virtually instantaneously (and often catastrophically) such as floods, landslides, and earthquakes.  Between these extremes is the constant, continuous evolution of a landscape over days, months, and years.  Examples of these are shoreline movement, river transport of sediment, soil formation, and cave development.

Geological processes are as diverse spatially as they are temporally.  The absorption of chemical elements by sediment particles may be the key process in determining groundwater chemistries.  This process occurs at the microscopic level.  In contrast, the geothermal activity at Yellowstone or Lassen Volcanic national parks is related to the movement of tectonic plates at a global scale.

Geological processes that most directly impact biological processes include:  stream and groundwater flow, weathering and mass wasting (e.g., landslides, rockfalls), earthquakes, volcanic phenomena (e.g., eruptions, hot springs), and variation in physical and biogeochemical attributes of soils.  These processes collectively operate on a variety of time scales, and it is possible for all of these processes to be operating simultaneously in a single park.  For example, minor earthquakes usually accompany eruptions in Hawaii Volcano National Park, and the overall event can include landslides, stream diversion by lava flows, and buildup of topography when the lava flows solidify.  These processes destroy some habitats while creating others, and introduce new substrates for early successional stages, thus maintaining habitats for early successional species (Parrish and Turner, date).

Even seemingly static geological resources contribute to ecosystem mosaics and biodiversity.  For example, in Grand Canyon National Park, the nesting sites of Mexican spotted owls are restricted to ledges formed in a specific rock layer, the Hermit Shale.  Similarly, vegetation distributions in Canyonlands National Park respond to variation in surface soil textures and elemental content.  Thus, management of the nesting sites of threatened species and unique native plant habitats requires knowledge of the geological substrate.  Identifying that a rock layer is important to an owl species indicates the need for integrated research.  An example of floral dependence on geology is the Winkler’s cactus, which grows only on the white, powdery soil and pebbles eroded from part of the Morrison Formation in Canyonlands National Park.  In this case, not only is the distribution of the rock layer itself important to the plant, but the erosion products themselves are quite fragile, requiring management of both the plant and its delicate habitat (Parrish and Turner, date).  This same type of abiotic-biotic pattern repeats itself across the entire Colorado Plateau, a region recognized for its high frequency of plant endemism primarily because of the evolutionary constraints posed by extensive exposures of raw geologic substrates (Welsh et al., 1993).

Abiotic ecosystem components encompassed by the matrix sciences play central roles in shaping the distribution and dynamics of biotic systems.  Nutrient constraints; water availability; disturbances in the form of landslides, floods, droughts, and eolian processes all act to constrain the composition, structure, and productivity of the terrestrial biosphere.  These processes also influence the distribution of individual plant and animal species across the landscape and condition the responses of ecosystems to environmental change.  In present-day ecosystems, there is tremendous variability across landscapes and through time in the ways that ecosystems respond to changes in species, climatic patterns, and land use; this variability is poorly understood.  There are also many goods and services that ecosystems provide to humanity, and there is variation in how these services are distributed across the landscape  For example, how will ecosystems and the services they provide be differentially affected by the numerous interacting components of global change—increased temperatures and CO2 concentrations, altered precipitation patterns, and greater frequencies of extreme climatic episodes?  This question can no longer be left to the future (McCarty, 2001; Hannah et al., 2002).  From a management perspective it is crucial to identify and predict the spatial and temporal variation in both ecological vulnerabilities and services.  Improved understanding of this variability would allow for more efficient, cost-effective, and sustainable use of natural resources.  One of the primary hindrances to this understanding is the lack of integrative science that could facilitate ecological forecasting.  In the face of rapid environmental changes, successful resource management cannot be accomplished without integrating the abiotic matrix sciences with the more-familiar biotic sciences.

These are stressful times for ecologists, as attempts to counter threats to cherished places and species are made.  Disciplinary boundaries, although essential for some purely scientific tasks, are an impediment to understanding complicated issues such as preservation of ecosystems.  Human attitudes and past human influences on natural systems are crucial elements in understanding what is happening and what options are available (Ludwig, 2001).  
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