Introduction

The Arctic National Wildlife Refuge is a diverse but fragile ecosystem. The 1002 region in particular, a coastal strip caught between the Brooks Range Mountains and the Beaufort Sea, is an intricate network of species and their surroundings that stand to be severely damaged by human activities. It is essential to establish a baseline of the ANWR ecosystem in order to create an assessment of the effects of oil drilling on its well-being and to take the proper precautions to preserve it.

In order to create a comprehensive model of the ecosystem, we have to set up the important parameters and components that define an ecosystem. Based on ecological models from multiple references, we have determined the main constituents of an ecosystem to include the following: geography structure and relief, climate, soils, hydrology, producers and consumers, decomposition and soil processes, energy and nutrient cycling, and interaction between terrestrial and aquatic communities (if relevant to the area of study). By developing a descriptive and quantitative model for each constituent we can compile the information for the structure and function of the ANWR ecosystem.

(((insert diagram of interrelations between abiotic and biotic factors here)))

Geography

The Arctic National Wildlife Refuge spans 9.6 million acres and lies on the edge of the Artic Ocean and, bordered by Prudhoe Bay to the West and the Canada to the East. The 1002 area, 1.5 million acres of northeastern ANWR, lies on the Coastal Plain of ANWR and is situated in the 100 miles between the Aichilik River to the east at 142º 10' W and the Canning River to the west at 146º 15' W. It is trapped between the Brooks Range Mountains located at 69º 35' N and the Beaufort Sea at 0º 10' N, and its close proximity to the two ecoregions produces a variety of ecological conditions and habitats which support a wide spectrum of vegetation.

The entirety of ANWR spans many regions, including the Arctic coast, the tundra plain, the Brooks Range Mountains, and the Yukon basin forests. It contains over 20 rivers, including National Wild Rivers the Sheenjek, Ivishak, and Wind; North America's largest and most northerly alpine lakes Peters and Schrader; warm springs; lagoons; and glaciers. In the 1002 area, specifically, there are also many rivers that run northward and a few large lakes which freeze all the way to their bottoms by winter. Polygonal patterns on the ground across the region are formed by the seasonal thawing of the surface which will be explained in greater detail in the hydrology section. The disturbance of the surface tundra results in permanent alteration of the terrain, including the creation of ponds, ice wedges, vegetative cover and erosion.

Climate 


The climate of Northern Alaska can be divided onto three different zones: Arctic Coastal, Arctic Inland and Arctic Foothills. Extending 20 km from the ocean, the 1002 area falls under the category of Arctic Coastal, which is characterized by cool summers and relatively warm winters, due to the impact of the ocean. Partially due to the rain shadow created by the Brooks Range just south of the coastal plain, the region has the lowest precipitation, 50 percent of which falls as snow. The air temperatures remain below freezing through most of the year and snow covers the ground surface for more than 8 months from October through April (Zhang, Osterkamp 1996).

Temperatures
Temperatures reach a high of about 86 degrees F in the summer (averaging about 41 degrees) yet drops to well below zero (averaging -4 degrees) in the winter. The global warming trend has already increased temperatures in the Arctic by 5 degrees F and 8 degrees in the winter since the 1960s, leading to shorter ice seasons, glacier melting, permafrost thaw, and increased precipitation. The inevitable change in climate may lengthen the growing season, but it will also alter the delicate ecological balance in ANWR (anwr.org).

Precipitation
Measuring precipitation in a wind-swept region, especially where the total quantity is small and more than 50 percent comes as snow, is a complicated problem. ANWR has an average rainfall of about 25cm, and solid winter precipitation for coastal areas averaged 15.3cm for the three years of study 1994-97. Out of this 34 percent of the precipitation sublimed (Sturm 2002).

During the winter months, virtually all precipitation falls in solid form. The low-growing vegetation and high wind speeds that characterize the domain allow significant wind redistribution of snow throughout the winter. This means that snow depths can be quite variable and, under appropriate conditions, some of the snow cover is returned to the atmosphere by blowing snow sublimation. Winter precipitation measurements do not exist in wind-blown arctic regions (Sturm 2002).

Snow cover
Snow cover possesses certain thermal properties which compete with air temperature on the ground thermal regime. It has high reflectivity and emissivity that cool the snow’s surface; snow cover is a good insulator that insulates the ground; and melting snow is a heat sink, owing to its latent heat of fusion (Zhang et al., 1997). In spite of the high albedo from spring and early summer snow and cloud cover, net radiation is positive throughout the year (Hare, F. K. 1972).

The microclimate of an environment, or the climate near the ground, is largely a function of energy exchange phenomena at the ground-air interface. The average maximum thickness of the seasonal snow cover varied from about 30cm along the Arctic coast to about 40cm inland for the period from 1977 through 1988 (Zhang et al., 1996a). The thickness of seasonal snow cover, however, can vary substantially on a micro scale due to the impact of wind, ground surface morphology, and vegetation. Along the Arctic Coastal Plain, the ground surface is relatively flat and mainly occupied by low-center polygons. Vegetation is poorly developed, and the region experiences high wind speeds during the winter months (Haugen 1982).

In this setting, the snow can be either blown away or well packed by strong wind, reducing the insulating effect. Inland, the ground surface becomes rough and vegetation changes significantly as a result of increased summer warmth. Wind redistributes the snow which is better trapped in the troughs and depressions created by rough micro relief and the taller vegetation. The trapped snow increases the insulating effect of the seasonal snow cover, which, in turn, influences the permafrost conditions that determine vegetation of the area. On a monthly basis, seasonal snow cover warms the ground surface during winter months but cools it during the period of snowmelt. On an annual basis the seasonal snow cover definitely warms the ground surface. (Zhang et al., 1997)

In contrast with the Arctic coast, the Arctic inland and Arctic foothills feature lower wind speed, a very rough surface with tussocks, troughs and depressions, and well-developed vegetation. Snow can be interrupted and trapped by vegetation and rough surface, increasing the insulating effect and permafrost temperatures.

Effects of Global Warming
Climatic warming associated with elevated levels of greenhouse gases in the atmosphere is predicted to be greater in the Arctic than elsewhere, almost two to three times more than the global average (Osterkamp 1982). The impact of climatic warming on the Arctic ecosystem is uncertain, as are the feedback processes to potential changes in the exchange of greenhouse gases between the polar soil and atmosphere. This will be discussed further with relation to soil and the carbon cycle. One of the main reasons is that climatic conditions on the north slope of Alaska are not well understood owing to the sparsity of meteorological stations and discontinuity of observations.

Analyses of data collected by a number of studies done from the late 1940s onwards at and around Barrow and Prudhoe Bay showed that the permafrost surface has warmed 2º to 4º C in the Alaskan Arctic over the last century (Lachenbruch and Marshall 1986; Lachenbruch et al., 1988). Since then, the rate of increase in temperature has accelerated greatly, to about 1º C per decade. Snow and shrubs form a positive feedback loop that could change land surface processes in the Arctic. The increased subnivian soil temperatures that are observed would produce conditions favorable to shrub growth (i.e. more decomposition and nutrient mineralization) (Strum et al., 2001). Aerial photographs taken of Alaska's North Slope during the 1940s offer some of the best evidence of such change: a dramatic increase in the growth of trees and shrubs in the Arctic.

Hydrology

Water Availability

The Arctic Coastal Plain may seem to be abundant in water resources, but in actuality, the low precipitation limits the amount of readily available water. Much of the available water resources come from snow melt, runoff, and rivers and lakes within the area.  In arctic and subarctic areas, rivers typically carry 55 to 65 percent of precipitation falling onto their watersheds. The reason is that permafrost prevents the downward percolation of water and forces it to run off at and very near the ground surface. One of the consequences of the high runoff is that northern streams are much more prone to flooding.  Another is that they have higher eroding and silt-carrying capabilities (A).  

Critical to the control of water runoff in the north is the cover of moss and other vegetation of the tundra, bogs and forests. A thick layer of moss acts much like a sponge laid over the permafrost to slow down the movement of water across the ground surface.

Frozen Water Formations

One main source of water is in thermokarsts or thaw lakes. These lakes are actually thaw basins, low areas in the tundra where water from melting snow and ice collect. Thousands of square miles in the Arctic are covered by ground which has been segmented into what are called tundra polygons or ice wedge polygons. This pattern is caused by intersecting honeycomb networks of shallow troughs underlain by more or less vertical ice wedges. The ice wedges are formed when the ground contracts and splits in a manner analogous to the formation of cracks on the dry lake bed. This allows water to enter, and successive seasons of repeated partial thawing, injection of water, and refreezing cause the wedges to grow. As they do, the strata to either side are turned up to enclose the polygon, and a lake may form in the center with the raised troughs at the margins.  Above the frozen region, unfrozen water saturation increases due to low hydraulic conductivity, which prevents the melting ice from draining, thus causing accumulation of water above it (E). During this process, pingos are sometimes formed, when the pressure from the contraction of the unfrozen water pushes it up until it collects and freezes under the root mat.

All of the thaw lakes studied were very shallow; even though the lakes could be several thousand feet long, most were no deeper than 10 feet (A).

Drainage patterns typically follow the troughs, and where they meet, small pools may form. These are often joined by a stream which causes the pools to resemble beads on a string -- in fact, this type of stream form is called beaded drainage. Thaw lakes tend to be elongated perpendicular to prevailing winds caused by subsurface currents. The waves caused by crosswinds may be eating away at the peat more aggressively along the edges creating a pattern of elongation that all arctic lakes share (A).

The amount of available water in the 1002 area has been estimated to be around 9 billion gallons (TAPS).

Water Usage in the 1002 Area

Water resources are limited in the 1002 Area.  In winter, only about nine million gallons of liquid water may be available in the entire 1002 Area, which is enough to freeze into and maintain only 10 miles of ice roads.  Although such exploration is conducted only in winter, snow cover on the 1002 Area is often shallow and uneven, providing little protection for sensitive tundra vegetation and soils. The impact from seismic vehicles and lines depends on the type of vegetation, texture and ice content of the soil, the surface shape, snow depth, and type of vehicle.  

Oil companies are withdrawing surface water faster than it can be replenished, says Steve Lyons, hydrologist with the U.S. Fish and Wildlife Service (USFWS). When an ice road melts, the water runs over the surface into streams, usually outside the original watershed from which it was withdrawn, he explains. Because the 1000-ft-thick permafrost does not allow groundwater movement between water bodies, lakes are filled only by snowmelt and may take more than two years to refill after the permitted 15% of their liquid volume is withdrawn for ice road construction (G).

Surface water will also be used for potable purposes at manned facilities, equipment washing, tank cleaning, dust abatement on roads and workpads, and hydrostatic testing.

>>>>>

Permafrost

Examining the soil and water cycles of the 1002 region, one cannot ignore the presence of permafrost, or “permanently frozen soil,” which underlies 80% of Alaska and remains a central issue in the debate about oil drilling. Permafrost has been defined as frozen ground in which a naturally occurring temperature below 0° C (32° F) has existed for two or more years (A). On the North Slope, permafrost ranges in thickness from [image: image1.jpg]OROANIC S0LS/PEAT-
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about 700 to as much as 2,240 feet thick, and may be as cold as -8° to -10° C. 

Permafrost can be either thaw-stable or non thaw-stable, depending on the type and percentage water of the soil it is made of. Permafrost in more fine-grained soils like loess (silty) tend to thaw, sink, and create thermokarsts more often. Permafrost thaws from heat input, such as global warming or human activity, as well as the clearing of vegetation which insulates the ground.


Permafrost is affected by road dust generated by traffic on unpaved roads; snow melt due to dust deposition can lead to flooding, ponding, and hydrological changes in oil. Continuing oil and gas exploration, development, and production, construction of a natural gas pipeline, the operation and maintenance of facilities, and other activities requiring road travel would add cumulatively to the volume of road dust generated on unpaved roads (A).  Regions of ice which have been wind-dusted are likely to undergo localized melting earlier than the neighboring non-dusted ice (A).

There are three approaches to dealing with the permafrost problem in the construction practice. The first and most obvious is to avoid it entirely. The second is to destroy it by stripping the insulating vegetative cover and allowing it to melt over a period of years. This has the obvious drawback of requiring a considerable period of time to elapse before construction can begin, and even then, it is a good idea to excavate the thawed ground and replace it with coarse material.

The third approach, and one which is becoming more widespread, is to preserve it. This can be accomplished by building on piles to allow cold air to circulate beneath heated structures, by building up the construction site with gravel fill which insulates and protects the permafrost below, or by refrigeration to maintain low ground temperatures. This is done by utilizing thermal piles or freeze tubes, such as those used by the trans-Alaska pipeline. These devices are filled with a non-freezing liquid and act like coffee percolators. They are cooled during the winter months and draw heat from the ground to retard thawing during warm weather (A).

In nearshore areas, ice-bonded permafrost is probably present and must be considered in the design of an offshore pipeline. But nearshore ice-wedge permafrost under shallow water, particularly along a rapidly receding coastline, is even more critical for design. Oil pipelines placed in areas of ice-bonded or ice-wedge permafrost must be heavily insulated to limit thawing of permafrost. The best location for an offshore platform is at water depths of 6.5-65 feet, to minimize ice gouging. Beyond the 6.5 foot water depth the top of the ice-bonded permafrost generally is below the surface of the seabed. Inshore of the 18-foot bottom-depth contour, ice gouging is typically less than 1.6 feet (Y).

Important aspects of disturbance and recovery in permafrost regions

The physical system

Ice-rich permafrost is a major factor controlling disturbance and recovery in the Arctic.  If the permafrost thaws, thermokarst can be initiated on a large scale, and a critical point is reached where it is difficult or impossible to return the site to its original state within a few decades because of continued subsidence(Walker)

Thawing of ice causes:

i) hydrologic changes(impoundment of water or creation of flowing water

ii) thermal changes by decreasing the albedo of the surface and increasing heat flux to the site

iii) geochemical changes(usually increased nutrient availability)

Attributes that contribute to thermokarst:

i) volume of ground ice in the near surface sediments,

ii) steepness of the terrain

iii) grain size of the sediments

Disturbance in areas with high amounts of ice, rolling topography, and fine-grained sediments may not stabilize even 30 years after the disturbance.  Grain size and steepness can be determined from surficial geology maps and digital terrain models(DTMs)

Overall oil production and industrial activity will melt permafrost, affecting plant growth in the area.

The thawing of ground ice causes hydrologic changes due to the impoundment of water or creation of flowing water. There are also thermal changes by decreasing the albedo of the surface and increasing heat flux to the site.   Geochemical changes is usually in the form of increased availability of nutrients.  All of these have serious implications on the entire ecosystem.  Therefore, it is not without reason that scientists have formulated the following: 

The fragility of tundra to destruction is directly proportional to the ice content of the permafrost and inversely proportional to the mean ground temperature (Arctic and Alpine Vegetations: Similarities, Differences, and Susceptibility to Disturbance, Billings).

Modification of the site following disturbance:

If heat flux to ice-rich terrain is increased, such as by changes in surface albedo, hydrologic conditions, thermal conductivity of the active layer, snow regime, or local sources of heat(eg. from drilling machinery or hot oil) thermokarst might likely result.  The control on heat flux are complex.  The radiation balance and thermal properties of the soil are affected by position, depth of the moss carpet, bulk density of the soil, vegetation cover, snow cover, and moisture regimes.  Deep organic layers and thick moss carpets are good insulators against heat flux unless the organic material is saturated, as is often the case in low microsites.  Physically based models of heat flux now offer predictions of changes to annual thaw depth in response to climate change.  The time required for vegetation recovery and the type of vegetation that will reoccupy the site is also controlled by the thermal stability of the site.  (Walker 1991). 
Relation of oil drilling, permafrost and vegetation

Permafrost layer restricts the drainage of water through the soil, making it moist in the short summer growing season. It is easily broken by road construction or the seismic explosions used in oil exploration, changing the water drainage patterns of the soil and thus retention of moisture. Melting permafrost has also led to widespread damage of buildings, costly road repairs, and increased maintenance for pipelines and other infrastructure – impacts that will continue to grow in magnitude. Permafrost also stores large amount of ancient carbon and methane; thawing is likely to release some of this stored carbon and methane back into the atmosphere, amplifying the risk of further climate change. The boreal forest will advance northward into present coastal plain tundra, and mixed forest into present boreal forest. Forest fires and insect outbreaks, both of which have increased sharply in recent years, will further increase. If the permafrost thaws, the vegetation will in the long term dries out, altering plant communities and use by wildlife.

 It has been observed that in areas where the permafrost thaws, there is a sudden rapid growth of plants, which attract more animals to feed on. However, this is only momentary. Once the permafrost thaws, temporarily there is much water for plants to grow well for like a month or two, but then the water is continuously used up and drained away as there is no layer to prevention drainage now; yet the permafrost, once destroyed, take years to resume. Therefore, a few months after destruction, water will finally be deficient and no plants can grow well even during summer when water has already been used up, drained away but no permafrost exists to trap them for the growing season. This detrimental effect on vegetation is permanent, while the vast growth of plants is just transient.
See:    http://www.ucsusa.org/global_environment/archive/page.cfm?pageID=780


Soil

The Arctic Coastal Plain consists of marine (carried into seas by streams and beach erosion), fluvial (carried by flowing river water), alluvial (carried by river water that gradually loses velocity), and aeolian (carried by wind) deposits from the rising of the Arctic Sea on the plain in the mid/late Quaternary Age.

The Coastal Plain is dominated by lakes and poorly-drained soils, while the Brooks Range has less lakes and more well-drained soils (due to river flow). Poorly-drained soils mostly result from the predominance of permafrost, which restricts water flow in and out of the soil, as well as impermeable bedrock in more upland areas.

Active Layer

During the short summers, the active soil layers above the permafrost table thaws briefly to depths of 20-75 cm and allows root penetration, growth and nutrient uptake by the tundra vegetation. 

Soil Types of the Area

*Pergelic Cryaquepts: low-lying, seasonally flooded, shallow surface mat of partially decomposed organic matter grading into dark gray sandy loam.

*Histic Pergelic Cryaquepts: lowlands, slightly to moderately decomposed organic matter grading into dark green-gray silt loam.

Pergelic Cryofibrists: poorly-drained, organic, made of thick layer of sedge and moss peat.

Typic Cryochrepts/ Alfic Cryochrepts/ Aeric Cryochrepts

*Principle soils

“Histic” indicates that the soil is shallow with poorly aerated organic material; “Pergelic” refers to temperature “regime,” indicating the presence of permafrost; and “Aquept” suggests poor drainage. The soils of the 1002 region are generally loamy, gravelly, and from nearly level to hilly/steep association.

Vegetation vs. Soil

	Site
	Dominant Vegetation
	Soil Suborder
	Max thaw depth (m)
	pH

	Tussock Tundra
	Eriophorum

Dwarf Shrubs

Sphagnum
	Pergelic Histic Cryaquept
	.4
	6.4

	Heath
	Dryas

Betula Salix

Ericads
	Pergelic

Ruptic Entic

Cryumbrept
	2-5+
	4.2

	Shrub-Lupine
	Salix Cassiope Lupinus
	Pergelic

Histic Cryaquept
	1-2+
	6.9

	Equisetum
	Lupinus

Grasses, Sedges

Equisetum
	Pergelic

Histic Cryaquept
	.45
	7.4

	Wet sedge
	Carex

Eriophorum
	Pergelic

Cryohemist
	.55
	6.6

	Willow
	Salix

Betula

Lupinus

Sphagnum
	Pergelic

Cryofluvent
	+
	7.8


pH

The soil pH ranges from approximately 4-8, depending on the soil type, topography, and amount of disturbance to which it was subject. High weathering and cryoturbation generally makes the soil less acidic, introducing more basic materials to the soil matrix. Frost boils, on the other hand, lowered the pH by moving the organic layer deeper in the soil and increasing the depth of thaw. The pH of the soil has a clear relation to the species diversity and density within the area.

Element/Nutrient Composition and the Issue of Heat

Arctic soils consist of many trace elements, as well as very large quantities of the carbon, nitrogen, and phosphorous very important to the ecosystem. These elements are essential to processes of mineralization and respiration and nutrient distribution, and because decomposition processes of Arctic tundra soils respond to temperature increase more than other types of region soils, they stand to be very greatly affected by both global warming and other sources of heat input. Increased water flow which can result from melting of permafrost also temporarily increase nutrient distribution and lengthen the growing season for certain plants, particularly E. vaginatum, a species of cottongrass sedges. Increased soil flow increases heat flux, which leads to deeper thaw and therefore magnifies the effect.

Concern also arises that the Arctic soils may contribute to greenhouse gas emissions due to this increase in decomposition of organic matter. Most soil organic carbon is found in the active layer of the soil, and it varies in amount depending on such formations as ice wedges, which melt to form polygons with either “high-centers” or “low-centers” that drain in different ways. The proportion of soil organic carbon in the upper permafrost is directly related to the influence of soil moisture on active-layer thickness in that better drained soils have more carbon in the active layer. With global warming and increased heat, the active layer thickness may increase by 20-30%, increasing cryoturbation, thermal erosion, and intensified thaw-lake cycles. Thaw lakes contain peat in frozen subsoil which would also decompose when melted, increasing emissions.

Nutrient Cycles

In order to understand the ANWR ecosystem, it is also necessary to investigate the energy and nutrient cycles. The carbon balance of the ecosystem has been highly influenced by global climate changes and CO2 content changes. The arctic contains 11% of the world’s organic matter pool, and within the arctic tundra ecosystems, there are both carbon sinks and carbon sources. Vegetation changes in the Alaskan tussock tundra over the past decade has brought about important feedbacks on the region’s biogeochemical cycles, mostly through altered rates of carbon and energy exchange between biosphere and atmosphere. Modeling analysis suggests that the source/sink strength of tundra depends on changes in photosynthesis that result from the partitioning of nitrogen between vegetation and soils, and on changes in soil moisture, which affect soil respiration rates. All of these factors may be affected by machine and human activity in the region and disturbances in the permafrost.

Nutrient cycling and fertilization studies in arctic ecosystems show that plant growth is strongly limited by nutrient availability. Such activity depends highly on decomposition, nitrogen mineralization, phosphorous availability, and controls on carbon and nutrient cycles, which in turn depend on temperature, moisture, decomposability of litter inputs, depth of thaw, etc.

Current Net Ecosystem Carbon Storage and Flux

Carbon pools and rates of carbon accumulation vary, depending on vegetation type and environmental conditions.

More than 90% of the carbon in arctic ecosystems is located in soils, with even higher percentages (98%) in soils of northern peatlands. In upland boreal forest, in contrast, only about 55% of the ecosystem carbon is found in the soil. Not only is the proportion of soil carbon substantial, but so are the absolute amounts. Arctic tundra has 55 Pg (petagrams) of carbon stored as soil organic matter in the A horizon, compared with 87.5 Pg in non-peatland boreal forest and 122 Pg in forest peatlands and Gorham’s estimates of 455 Pg C are considerably higher (1991).

Tussock and wet sedge tundra soils account for the bulk of circumpolar tundra carbon stores because they have large amounts of carbon per square meter and cover large areas.  Although per unit area carbon storage in polar semi-deserts is only about one-half that in the wet sedge tundra, the greater extent of these semi-deserts results in carbon stores approaching those of wet sedge tundra.

For these large stores of soil organic matter to have accumulated in northern ecosystems, production must have exceeded decomposition at some time in the past.  Recent estimates indicate that northern ecosystems still constitute a small net sink for atmospheric carbon; current accumulation rates, however, are difficult to assess (Post, 1990; Gorham, 1991).  Because the rates vary with conditions and ecosystem type, soil carbon accumulation is positive in some areas and negative in others.  The overall balance is still uncertain (Chapin 1991).

Carbon Balance of Arctic Plants and Ecosystems(and the relation with global warming)

The carbon cycle is strongly correlated with climate in the region, as well as the global climate dynamics.  Because of the large amount of carbon present in northern soils and the presumed sensitivity of soil carbon accumulation or loss to climate change, northern ecosystems may be particularly important to global carbon balance in the future. Between 250 and 455 petagrams of carbon are present in the permafrost and seasonally thawed soil layers -- about one-third the total world pool of soil carbon. Warmer soils could deepen the active layer and lead to thermokarst and the eventual loss of permafrost over much of the Arctic and the boreal forest.  These changes could in turn alter arctic hydrology, drying the upper soil layers and increasing decomposition rates.  As a result, much of the carbon now stored in the active soil layer and permafrost could be released to the atmosphere, thereby increasing CO2 emissions and exacerbating CO2-induced warming. Alternatively, plant communities and vegetation can be changed because of the increase in atmospheric CO2 and nutrient availability. New communities might be taller and have higher rates of primary productivity than does extant vegetation. The net result could be higher primary productivity, increased carbon storage in plant biomass, and a negative feedback on global atmospheric CO2.

Arctic and boreal forest ecosystems are unique in their potentially positive and negative response to elevated CO2 and associated climate change. The arctic ecosystem is also unique in its capacity for massive continuing, long term carbon accumulation because of its permafrost, and they are also particularly sensitive to global warming.  Thus it can be seen that it is important to discuss the major processes and controls on carbon cycling in arctic ecosystems, and the likely effects of elevated atmospheric CO2 and concomitant climate change on carbon storage” (Chapin 1991).

Global warming, vegetation changes, and the nutrient cycles

Under global warming, temperature and precipitation changes in arctic regions are occurring already.  In much of Alaska, approximately 1ºC per decade of warming has been observed. Vegetation changes have been recorded in Alaskan tussock tundra over the past decade (Chapin et al. 1995), and these changes are expected to have important feedbacks on the region’s biogeochemical cycles through altered rates of C exchange between biosphere and atmosphere, and changes in the region’s energy balance.

The arctic tundra ecosystem consists of both C sinks and sources. Detailed modeling analysis of arctic biogeochemistry (McKane et al. 1997) suggest that the source/sink strength of tundra depends on changes in photosynthesis that result from the partitioning of nitrogen (NO) between vegetation and soils, and on changes in soil moisture, which affect soil respiration rates.  

From Arctic Ecosystem in a Changing Climate: An Ecophysiological Perspective : “The limitations of photosynthesis by low temperatures and low solar radiation has been clearly demonstrated and simulated for arctic vascular plants(Miller et al. 1976; Limbach et al. 1982; Tenhunen et al. 1994) But, because of the saturating response of photosynthesis to light, day length is an additional important limiting factor to productivity.” “While moisture stress has no impact on productivity at some of the mean climate conditions, photosynthesis is vulnerable to changes in soil water potential and hydraulic constraints on water transport.”  A reduction in soil water potential can cause stomatal closure, to balance transpiration against reduced soil water intake.  Lower hydraulic conductance can lead to stomatal closure and reduce gross primary productivity as rates of water supply are constrained by the characteristics of the vascular system.  Photosynthesis in arctic ecosystems is linked closely to the hydrological cycle.  C loss from ecosystems is also linked to soil moisture (Oechel et al. 1993).

impacts of oil exploration and drilling on ANWR decomposers and in relation to ecosystem

Likely effects from oil drilling:

At this time, more detailed soil profile descriptions and soil climate data are needed for more accurate characterizations of patterns and net change in decomposition. However, the big picture implies that “environmental changes may have little impact on plant productivity unless average nutrient availability also changes” (Reynolds etc. al). This statement emphasizes the importance of decomposer species in any given ecosystem. Since they control the nutrient availability to an environment, they control not only plant productivity, but the competition that consequently occurs between plants for the nutrients, which affects evolution (according to survival of the fittest), and in turn the nutrition of herbivores and the carnivores that feed on the herbivores, etc…In essence, the entire food web of an ecosystem depends upon the availability of nutrition!

That said, the impact of road dust to decomposer species is as follows: 

The influence of road dust results in higher soil pH levels (moving along the scale from acidic to basic…), lower soil moisture, and greater thaw depth; although there are yet to be experimental studies of the impact on decomposer species specifically, the combination of the previously mentioned conditions when applied to simulations and past studies have shown that “soil enzyme activities in surface organic materials were found to be affected by dust loading: Activity increased rapidly with increased distance from the road” (Reynolds etc. al).

Even so, the biggest effects to decomposer species are likely to be those caused by changes in soil moisture. Reynolds etc. al found that “areas with moist tundra where water in channeled (water tracks) have higher vascular productivity and nitrogen availability than areas that do not.” Basically, decomposition rates are higher and nutrient uptake is easier. Yet, without moving water—i.e. under more stagnant conditions—wet soils relate to low nitrogen availability due to the anaerobic, decomposition inhibiting circumstances (Reynolds etc. al). 

One of the problems that arise in evaluating the effects of disturbance in the Arctic is that there is a major lack of information describing the dynamic response of ecosystems to altered hydrological regimes and accompanying change in water quality. Therefore, it is my opinion that before conclusions concerning the impact of specific development strategies can be drawn, more experiments need to be performed.

Furthermore, in reference to decomposer species only, most of the impacts that I have discussed tend to operate on a more local scale. They would likely not affect an ecosystem as a whole unless there were many such local areas subjected to those impacts.  

Microbial Processes and Plant Nutrient Availability in Arctic soils

Several characteristics of arctic soils influence microbial activity, nutrient mineralization, and nutrient availability to plants.  Arctic soils are generally covered by a dense mat of organic matter and vegetation, wet for at least part of the year and permanently frozen at some depth.  These factors combine to lower summer soil temperatures, impede the progression and decrease the depth of seasonal thawing, and maintain relatively high soil moisture content.  Cold, wet soil environments and short summers slow organic matter decomposition and nutrient mineralization and severely restrict nutrient availability to plants. 

The accumulation of organic matter in arctic soils is determined largely by the combined effects of temperature and moisture on decomposition and primary production.  Because of climatic variation among arctic regions, the amounts of organic matter and nutrients in tundra soils vary across broad geographic scales.  Organic matter often accumulates at depth in permanently frozen peats in relatively wet arctic regions such as the coastal plain no northern Alaska.”

Organic carbon increases with moisture, from low amounts in well-drained beach-ridge ecosystems with cushion plant-lichen communities. Such an overall patter – of organic carbon increasing with moisture from well- to poorly –drained ecosystems – also occurs in Alaska’s coastal and foothill tundra regions

“Well-drained soils are less common in patterned ground regions with little relief, such as the Alaskan coastal plain, where more than 85% of soils are moist to poorly drained.  Moist soils with dense organic mats(5-40cm thick), intermediate thaw depths, and divers plant communities dominated by tussock-forming sedges occupy gently sloping land in much of the Low Arctic.

Organic matter and moisture content are important determinants of soil temperature, thaw depth, cation exchange capacity, aeration, redox potential, and other properties affecting biological processes in soils.  Decomposition rates and soil moisture balances will likely be affected by the warmer temperatures predicted for the Arctic  The resulting changes in soil organic matter, moisture and microbial processes in ecosystems will alter the amounts, seasonality, and forms of mineral nutrients available to plants.  A warmer climate will likely have different overall effects on soil properties and on nutrient cycling in dry, moist, and wet arctic ecosystems” (Chapin 1991).

Microbial and soil Processes

Nutrient cycling and fertilization studies in arctic ecosystems show that plant growth is strongly limited by nutrient availability.  Primary production is often nitrogen-limited, but phosphorus (especially in organic soils) or nitrogen and phosphorus together can also limit production.

Arctic ecosystems are generally conservative of nutrients accumulating large amounts in soil organic matter pools with very long turnover times.  Because of these characteristically slow turnover rates and, in some ecosystems, the gradual burial of organic matter in permafrost, nutrients become available to plants at very low rates.  Long turnover time result from slow decomposition, which can become a bottleneck in nutrient cycling rates.  Differences among ecosystem types in soil microclimate and decomposition may explain the inverse relationships between soil nutrient stocks and nutrient cycling rates or primary productivity as reported, for example, on Alaska’s northern coast.  Slow decomposition leads to greater accumulation of organic matter in soil and can lower nutrient mineralization rates, thereby decreasing primary productivity (Chapin 1991).

Photosynthesis and Respiration in Mosses and Lichens

Roles of bryophytes and lichens in nutrient cycling

“Bryophytes and lichens constitute a large part of the total biomass of present-day tundras, and in Rangifer distribution areas the latter are an important part of the food web.  They are important in the structure and function of the ecosystems because of their effects as insulators and filters.  Their insulating properties is partly from increased reflectance and partly from the numerous air pore space when dry.”  The soil under bryophyte and lichen mats tends to be cold and moist.  Lichens and mosses affect nutrient cycling of the ecosystem by intercepting aerial deposition and leaching from dripping aboveground vascular plant parts(Cowles, 1984; Rosswall and Granhall, 1980).  Lichens with cyanobacterial symbionts and bryophytes with cyanobacterial associations provide the main input of nitrogen into the ecosystem(Alexander et al., 1978; Baselier et al., 1978,; Kallio, 1975)

They restrict the draining away of nutrients and help trap them during the summer and avail the nutrient for the herbivores during the winter. Slow decomposition(exceedingly slow process largely due to the chemical composition) of mosses allows the mosses to contribute significantly to the Arctic carbon sink. By photosynthesis, they "fix" carbon from the atmosphere to organic compounds and by slow decomposition they help trap the carbon instead quickly releasing them back to the atmosphere. This helps soothing global warming. Destruction means that all these functions cannot carry on.  Lichens, and to lesser extent bryophytes, have also been shown to inhibit growth of neighboring vascular plants and thus further reduce ecosystem productivity
Photosynthesis and Respiration

General pattern

“There is a great deal of similarity in the CO2 exchange patterns of bryophytes and lichens(Longton, 1992). Both have simple structures and little control over water loss.  They are metabolically active when wet; short respiratory burst is sometimes experience  when they are demoistened after desiccation during which internal activity Is quickly resumed.  As they dry out, they first increase their net CO2 exchange rate, reach a maximum net cO2 exchange rate at intermediate water contents, and then with further drying they decrease their activity, which eventually ceases.  Any further change in moisture will affect their distribution patterns and hence the cryptogamic species composition of arctic vegetation.  Arctic bryophytes show lower rates of photosynthesis under ideal short-term conditions than do their subarctic, temperate, and tropical conspecifics(Oechel and Sveinbjornsson, 1978; Sveinbjornsson, 1980), whereas the present authors have found similar rates in congeneric arctic and tropical lichens(unpublished data) and Lechowicz(1982) found no latitudinal differences in maximum photosynthetic rates among lichen species.

Arctic bryophytes and lichens exhibit distinct temperature optima, which are lower than those of temperate conspecifics and congenerics(Lechowicz, 1982; Sveinbjornsson and Oechel, 1980), and they are able to photosynthesize at lower temperatures than can temperate ones.”

(Source: Ecology of Arctic Environment (Edited by Sarah J. Woodin & Mick Marquiss)
Land Forms and Vegetation 

Several land form and vegetation types occurring within the region. 

-Thaw Lake Plain: numerous thaw lakes, drained lake basins, and expanses of low centered, ice-wedged polygons. Vegetation: aquatic and wet tundra species including pendant grass, aquatic sedges, cottongrass, and a few herbaceous plants and mosses. 

-Hilly Coastal Plain: gently rolling hills and poorly developed ice-wedge polygons. Vegetation: several varieties of willows and herbaceous plants. 

-Foothills: hills separated by drainage channels giving the hills a "ribbed" appearance. Vegetation: sedge tussocks, dwarf shrub willow, birch, and alders. Height and density of these plants are dependent upon the protection given by the surrounding slopes. (Some willows may reach six feet, while dwarf shrubs on the coastal plain may rarely exceed a few inches.)

-River Flood Plains: barren deltas, braided river channels, and the terraces and alluvial deposits associated with old river channels. Vegetation: alpine tundra. 

Flora: 

“Due to the extreme cold, short growing season and nutrient-poor soils, Arctic vegetation is extremely fragile. Plant communities scarred by bulldozer tracks, oil spills and other human activities can take decades to recover.”

Source: http://oz.plymouth.edu/~lts/conservation/Ecosystems/northslope.html 
Vegetation on the arctic tundra is highly diverse. The types of vegetation found depends on numerous factors such as the terrain, local climate, permafrost and active layer depths, precipitation and water availability and drainage, nutrient availability and cycling etc.  The shrub tundras are dominated by deciduous vascular plants.  Slightly warmer soil temperatures, deeper thaw, and more rapid N mineralization associated with the high water flow rate in water track and river bar localities cause denser canopies and higher total foliar N.  

The differences in canopy structure between the graminoid-dominated wetland tundras and the mixed tussock tundra communities are probably related to drainage characteristics and their effects on nutrient availability 

The highly heterogeneous nature of the heath sites is probably determined by their different degrees of exposure on ridge and hill tops.  Microtopography affects the growth and structure of heath, with sheltered hollows causing denser vegetation and ridge tops causing sparse canopies. (Shaver et al., 1996)

(Source: Williams, M.; Rastetter, E. Vegetation characteristics and primary productivity along an arctic transect: implication for scaling-up.  Journal of Ecology 1999 87: 885-898.)

Wildlife

Wildlife in the 1002 area is extraordinarily diverse for such a small, cold piece of land.  There are numerous land, air and aquatic species, including both migratory and non-migratory species.  The following trophic level diagram shows briefly the interrelations between the different species:

((((trophic level diagram)))

>>>>>

Producers:

Phytoplankton

Sedges: Tussock, Cottongrass

Willow (for nesting too)

Mosses

Lichens

((Parameters:

>>Cannot bear high pressure (quantitative?)

>>Excessive water not necessarily good (small plants may drown) –roadside flooding. If permafrost thaws, will promote higher plants like willows.

>>Temp affects microbiological processes (0-10 degrees celcius, do better, then more nutrients).

>>Plants will die under the platforms area, sunlight gone.

>>Some plants insulate permafrost, forming organic mat, helping other plants to grow.

>>“The impact from seismic vehicles and lines depends on the type of vegetation, texture, and ice content of the soil, the surface shape, snow depth, and type of vehicle” (arctic.fws.gov/issues1.html)

>>Mosses-lichens (insulate): Permafrost underneath destroyed.

>>Thaw depths 7-12 cm greater in disturbed plots (“Response of arctic tundra plant communities to winter vehicle disturbance”)

Primary Consumers:

Caribou

Muskoxen

Snow Geese: Not in the area

Tundra Swan

Long-Tailed Duck

Sandpiper

Lemmings

Voles

Secondary/Higher Consumers:

Polar bear

Grizzly Bears

Brown Bears

Foxes

Wolves

Wolverines

Seals

Guillemot

>>>>>>>>
impacts of oil exploration and drilling on ANWR decomposers and in relation to ecosystem?

Likely effects from oil drilling:

At this time, more detailed soil profile descriptions and soil climate data are needed for more accurate characterizations of patterns and net change in decomposition. However, the big picture implies that “environmental changes may have little impact on plant productivity unless average nutrient availability also changes” (Reynolds etc. al). This statement emphasizes the importance of decomposer species in any given ecosystem. Since they control the nutrient availability to an environment, they control not only plant productivity, but the competition that consequently occurs between plants for the nutrients, which affects evolution (according to survival of the fittest), and in turn the nutrition of herbivores and the carnivores that feed on the herbivores, etc…In essence, the entire food web of an ecosystem depends upon the availability of nutrition!

That said, the impact of road dust to decomposer species is as follows: 

The influence of road dust results in higher soil pH levels (moving along the scale from acidic to basic…), lower soil moisture, and greater thaw depth; although there are yet to be experimental studies of the impact on decomposer species specifically, the combination of the previously mentioned conditions when applied to simulations and past studies have shown that “soil enzyme activities in surface organic materials were found to be affected by dust loading: Activity increased rapidly with increased distance from the road” (Reynolds etc. al).

Even so, the biggest effects to decomposer species are likely to be those caused by changes in soil moisture. Reynolds etc. al found that “areas with moist tundra where water in channeled (water tracks) have higher vascular productivity and nitrogen availability than areas that do not.” Basically, decomposition rates are higher and nutrient uptake is easier. Yet, without moving water—i.e. under more stagnant conditions—wet soils relate to low nitrogen availability due to the anaerobic, decomposition inhibiting circumstances (Reynolds etc. al). 

One of the problems that arise in evaluating the effects of disturbance in the Arctic is that there is a major lack of information describing the dynamic response of ecosystems to altered hydrological regimes and accompanying change in water quality. Therefore, it is my opinion that before conclusions concerning the impact of specific development strategies can be drawn, more experiments need to be performed.

Furthermore, in reference to decomposer species only, most of the impacts that I have discussed tend to operate on a more local scale. They would likely not affect an ecosystem as a whole unless there were many such local areas subjected to those impacts.  

Now then, if ice roads are instead constructed, how do they affect decomposer species? I have not been able to find any specific information related to this issue, however, in relation to general facts about decomposer behavior in varying water levels, their most vulnerable time would occur in the summer when the ice roads melt. At that time, whether the road melt creates water channels or stagnant pools would greatly affect the activity of decomposition in a given system. Furthermore, if water channels form, how dense a flow of sediments will be contained in the water? This is an important question in relation to erosion and basic water quality.

Vegetation

(((info on producers)))







These are the possible effects disturbance of any sort, whether anthropogenic or natural, could have on the plant community. Our effort is to limit the disturbance impact to the first three effects.

impacts of oil exploration and drilling on ANWR producers (vegetation and certain botanic species)?

1.    Sedges and willows for nutrition

There are two major types of plants that are very important in providing the herbivores (caribou, muskoxen, etc) with high quality and nutritious food: tussock cottongrass (Eriophorum vaginatum) and diamond-leaf willow (Salix planifolia ssp. pulchra). Surveys by US Geological Survey have shown that disturbed areas by petroleum development in other parts of Alaska exhibit significant decreasing quantity and quality of these two plants. In disturbed areas, they have lower biomass, lower nutritional values and higher fiber and lignin concentrations which decrease digestibility. This in turn significantly adversely affects reproduction and calving success of caribou that highly depend on them.
See:    http://www.absc.usgs.gov/1002/section5.htm


2.    Sedges and willows for inhabitation

Willows in riparian areas are important nesting habitat for migratory birds. Willows will be reduced in amount by heavy tracked vehicles for seismic studies. They will also be affected in the long term by thawing of permafrost, which would be discussed in greater details in the latter part of this essay. Loss of nesting places means unsuccessful calving for birds and higher chances of predation. Successful rehabilitation techniques are yet to be developed for these areas.
See:    http://www.worldwildlife.org/arctic-refuge/anwr_position.pdf


3.    Mosses and lichens for nutrition

While sedges and willows are important food source for herbivores during summer, the growing and calving seasons, mosses and lichens are more important for local herbivores during the bitter winter as they can still grow well during the winter, though they have lower nutritional values. Construction of drilling site, roads and tracked vehicles all directly destroys the delicate mosses and lichens, lowering the energy source for the herbivores such as muskoxen.
Read:    Ecology of Arctic Environment (Edited by Sarah J. Woodin & Mick Marquiss)

4.    Mosses and lichens for carbon and nutrient cycling
((((this stuff is also in nutrient cycling too……))))))))))))

Mosses and lichens have a major influence on nutrient cycling in tundra and other northern ecosystems through their role in nitrogen fixation, and the ability of mosses to accumulate and retain elements from precipitation. They restrict the draining away of nutrients and help trap them during the summer and avail the nutrient for the herbivores during the winter. Slow decomposition of mosses allows the mosses to contribute significantly to the Arctic carbon sink. By photosynthesis, they "fix" carbon from the atmosphere to organic compounds and by slow decomposition they help trap the carbon instead quickly releasing them back to the atmosphere. This helps soothing global warming. Destruction means that all these functions cannot carry on.
Read:    

5.    Mosses and lichens on maintaining the permafrost
Mosses and their under-composed remains are particularly efficient in thermal insulation when dry, thus restricting heat penetration into arctic soils in summer. Thermocarst resulting from destruction of the vegetation by the summer use of tracked vehicles during early stages of arctic oil exploration demonstrated the importance of the moss layer in maintaining permafrost. This caused extensive thawing of permafrost. The importance of permafrost on arctic ecology will be discussed in the next paragraphs.
    Read:    Ecology of Arctic Environment (Edited by Sarah J. Woodin & Mick Marquiss)

6.    Permafrost
((((((I DON’T KNOW WHERE TO PUT THIS STUFF…. WITH PERMAFROST UP THERE OR WHAT?)))

Permafrost layer restricts the drainage of water through the soil, making it moist in the short summer growing season. It is easily broken by road construction or the seismic explosions used in oil exploration, changing the water drainage patterns of the soil and thus retention of moisture. Melting permafrost has also led to widespread damage of buildings, costly road repairs, and increased maintenance for pipelines and other infrastructure – impacts that will continue to grow in magnitude. Permafrost also stores large amount of ancient carbon and methane; thawing is likely to release some of this stored carbon and methane back into the atmosphere, amplifying the risk of further climate change. The boreal forest will advance northward into present coastal plain tundra, and mixed forest into present boreal forest. Forest fires and insect outbreaks, both of which have increased sharply in recent years, will further increase. If the permafrost thaws, the vegetation will in the long term dries out, altering plant communities and use by wildlife.

IMPORTANT:    It has been observed that in areas where the permafrost thaws, there is a sudden rapid growth of plants, which attract more animals to feed on. However, this is only momentary. Once the permafrost thaws, temporarily there is much water for plants to grow well for like a month or two, but then the water is continuously used up and drained away as there is no layer to prevention drainage now; yet the permafrost, once destroyed, take years to resume. Therefore, a few months after destruction, water will finally be deficient and no plants can grow well even during summer when water has already been used up, drained away but no permafrost exists to trap them for the growing season. This detrimental effect on vegetation is permanent, while the vast growth of plants is just transient.
See:    http://www.ucsusa.org/global_environment/archive/page.cfm?pageID=780


Summary:

“The effects of winter seismic trails on tundra vegetation were studied on the Coastal Plain of the Arctic National Wildlife Refuge. Plant cover was lower on most disturbed plots than on their adjacent controls, with decreases as high as 87% the first summer following disturbance. The species most sensitive to disturbance were evergreen shrubs, followed by willows, tussock sedges, and lichens. Willow height in riparian shrubland plots was significantly reduced by 5 to 11 cm (from an average of 16 cm, p < 0.05). Little recovery of plants occurred in the second or third summers after disturbance; only four plots in river floodplain habitats (Dryas terrace and riparian shrubland) showed improvements in cover of a few species.” 
(From http://www.csa.com/hottopics/ern/01aug/01aug16.html)
Introduction: Arctic Flora

The type of vegetation in Arctic National Wildlife Refuge (ANWR) is mainly characterized as “tundra”, meaning barren land. The arctic coastal tundra consists of thaw lakes and wetlands near the Beaufort Sea coast and along river deltas. The foothills tundra, a transition between this and the Brooks Range, is dominated by sedge tussock (Eriophorum vaginatum), which provides the lush, new growth needed to feed caribou calves and energize staging snow geese. Riparian areas have willow shrubs that are important nesting habitat for migratory birds.

 The tundra plants are usually less than 1 foot high. Tall plants are restricted to the southern slopes of ANWR. The tundra plants belong to five main groups:
1.    Lichens, either on rocks or in mats on the ground
2.    Mosses (technically known as bryophytes)
3.    Grasses and grass-like herbs, including mainly sedges and willows
4.    Cushion plants
5.    Dwarf shrubs
(from The Polar World by Patrick D. Baird & Arctic Refuge Coastal Plain Terrestrial Wildlife Research Summaries by USGS)

In ANWR, the following four types of plants are particularly important:
1.    Sedges, especially tussock cottongrass 
2.    Willows, especially diamond-leaf willows 
3.    Mosses, especially Sphagnum spp. 
4.    Lichens, of various types

The first two is highly nutritious for herbivores to feed on as a food source, particularly during the growing seasons, while the latter two help maintain the ecosystems in other ways and provide food during winter.
Significance of bryophytes and lichens in arctic Alaskan vegetation 

Brief Introduction

Seeing from the map in the previous page, the main distribution of vegetation in the Arctic National Wildlife Refuge is characterized as having mainly herbaceous classes of plants, which include sedges, mosses and few shrubs. In this region, as well as the whole Alaskan arctic region, bryophytes (commonly known as "mosses") and lichens are shown to be important in the tundra communities in terms of their cover, production and phytomass. They are generally not freely consumed by herbivores, though they are the main producers in the tundra region; many mosses are slow to decompose, resulting in high phytomass to production ratios indicative of slow turnover. The accumulating bryophyte phytomass has high thermal insulating, water-holding and cation exchange capacities. Thus, it exerts a powerful influence on soil temperature and water regimes and on nutrient cycling, and it forms a carbon sink of significance in terms of global warming.

The altitude that ANWR is located mroe or less belongs to the the region of "mild-polar" region, in which the summer is warmer than the cool-polar region with conditions less arid, but the winter is still severe. In this region, there is extensive grassheath, dwarf-shrub heath, mire and other closed phanerogamic vegetation. Mosses and lichens are extensively abundant in this region. Further south there are taller shrubs too co-existing with the bryophyte vegetation. A few examples are as follows:

Bryophytes:        Aulacomnium, Sphagnum,Tomenthypnum spp.
Lichens:             Cladonia, Peltigera, Cetraria spp.
Shrubs:               Alnus, Salix spp.

Mosses contribute significantly to above-ground production and phytomass in the region. In the extensive, relatively dry tussock tundra in Alaska, the production of mosses is around 70gm-2 but in the wetter areas, as near the coastal part of ANWR, the production can be as high as 164gm-2, because moss production generally increases with water availability and marine shore is usually more plentiful in nutrients. Lichens are generally less productive than mosses, but they contribute substantial phytomass in lichen heaths and woodlands.

Factors for their success - an analysis on their physiology

There are several factors responsibles for the success of mosses and lichens in Alaskan region. The two groups are remarkably similar in attributes beneficial in severe environments. Both tend to occupy and create relatively favourable microenvironments. Many species exhibit a broad response of net assimilation rate to temperature, with maxima at 10-15oC but with positive net assimilation and dark respiration continuing at or below 0oC. Light compensation and saturation intensities are typically lower in mosses and lichens than in vascular plants, and compensation levels decrease with temperature permitting positive net assimilation under cool, low-light conditions.

Moreover, most species have little access to soil moisture and lack an effective cuticle; this enables them to absorb water through much of their surface but results in rapid water loss under drying conditions. Yet, though the plants become inactive when dry, they resume normal metabolism rapidly on remoistening. Thus, mosses and lichens are thus adapted to switching rapidly between periods of metabolic activity and rest, utilizing favourable conditions whenever they occur. This may be facilitated by micromorphological features thought to facilitate simultaneous uptake by moss leaves of both water and carbon dioxide. They also resist frost very well by conferring tolerance of cytoplasmic dehydration resulting from extracellullar ice formation.

Basis of food chain and energy source 

The mosses and lichens are less freely consumed by the herbivores in the whole arctic region than the other angiosperms. Reason for low consumption on mosses and lichens may be that they are not very digestible due to a high crude fibre content resulting in part from lignin-like phenolic compounds in the cell walls. Species that would feed on mosses include many arthropods with sucking mouthparts, such as mites, and also tardigrades, dipteran and lepidopteran larvae. It is also suspected that animals such as geese may benefit from arachidonic acid which is present in mosses. This highly unsaturated fatty acid could increase limb mobility at low temperature and protect cell membranes against cold.

Lichens are well known to be crucial for caribou and reindeer (Rangifer tarandus), and thus to indigenous human populations relying on these mammals. Graminoids, willow leaves and forbs are preferred by these animals in the summer, but lichens often represent some 60-70% of winter food. Generally, an adult reindeer requires up to 5kg dry weight of lichen daily in winter and grazing about 2000kg/m-2 in six months. Lichens are rich in carbohydrate, are readily digested by caribou though not by other mammals for the reasons stated above, and form an effective and available energy source in winter when animals need intensive metabolism to generate body heat. Yet, they are deficient in protein, lipids and several essential mineral elements. How then do the animals cope with this? The animals smartly utilize fat reserves and break down muscle, with replenishment through feeding on nutritious young angiosperm leaves in spring.

Mosses form a minor part of the diet of several arctic rodents, and are more freely consumed by Lemmus spp.. In peak years, consumption by lemmings (L. sibericus) in Alaska may reach 25% of above-ground primary production, with mosses forming 5-20% of the diet in summer and 30-40% in winter. Though mosses are not readily disgestible by lemmings, they provide good source of unsaturated fatty acids and minerals such as calcium, magnesium and iron.

Decomposition - carbon sink that mitigates global warming 

Slow decomposition of mosses allows the mosses to contribute significantly to the Arctic carbon sink. By photosynthesis, they "fix" carbon from the atmosphere to organic compounds and by slow decomposition they help trap the carbon instead quickly releasing them back to the atmosphere. It is estimated that northern peatlands contain 120,000x106 tonnes of carbon, equivalent to 24 years' emission from fossil fuels at the present rate, and more than 50% of emissions since 1860, with half derived from Sphagnum and a further component from other mosses. Annual carbon fixation by slowly decomposing mosses in peatlands and boreal forests was estimated as 6.5% of current emissions from fossil fuels. Therefore, mosses in the Arctic region serves as a buffer for alleviating global warming. Considering that the mosses in many regions of Alaska has already been disturbed by urban development and oil exploitation, the value of mosses in ANWR arouses much concern at the present.

Nutrient cycling

Arctic ecosystems receive a higher proportion of nutrients input from precipitation and nitrogen fixation than do temperate systems, because chemical weathering is inhibited by low temperature and permafrost. Mosses and lichens have a major influence on nutrient cycling in tundra and other northern ecosystems through their role in nitrogen fixation, and the ability of mccosses to aumulate and retain elements from precipitation. Retention of precipitation by bryophytes is also likely to redice losses by leaching of nutrients already existing in the soil. The general role of mosses and lichens in nitrogen fixation bases on that the cyanobacteria growing on their stems and roots help transfer the nitrogen nutrients to the mosses and lichens themselves and also to the other plants, enriching the nitrogen content of the whole vegetation.

Bryophytes act as efficient filters of nutrients arriving in precipitation, throughfall or litter and from the soil by absorbing them directly into their tissues, or retaining them externally in solution in capillary spaces. The annual growth increment of the moss layer at an Alaskan taiga site was found to contain nutrients in excess of inputs from throughfall. The mosses, and also the lichens, help increase the nirtogen concentration in the soil. Their absorption from the soil retains large amount of phosphorous and potassium in their cytoplasm. Mosses alone account for 75% of the annual accumulation of phosphorous in an Alaskan black spruce (Picea mariana) forest. Other nutrients such as calcium and magnesium are also intensively retained in the tissues of mosses and lichens.

Nutrient immobilization in slowly decomposing bryophyte phytomass may thus have a major influence in restricting recycling, and therefore in controlling ecosystem development and productivity. In mires, absorption of nitrogen and other elements by Sphagnum reduces availability to other plants. Bryophytes therefore may increase the pools of nutrients in the Alaskan ecosystems, but reduce availability to other organisms.

Maintenance of permafrost - in relation to oil exploration

A layer of moss or lichen acts as an effective mulch, retaining moisture in the upper layers of the soil. Mosses and their undercomposed remains are particularly efficient in thermal insulation when dry, thus restricting heat penetration into arctic soils in summer. When wet and frozen in winter, their effect in reducing heat flux away from the soil is reduced. The net effect of mosses in decreasing soil temperatures in summer is generally greater than the converse effect in winter, and over much of the Arctic the distribution of permafrost is positively correlated with that of mire vegetation underlain by mosses. Thermocarst resulting from destruction of the vegetation by the summer use of tracked vehicles during early stages of arctic oil exploration demonstrated the importance of the moss layer in maintaining permafrost, which is an important habitat for many other species naturally occuring in Alaska as well as ANWR. Destruction of such vegetation can lead to extensive melting of permafrost, both directly and by accelerating the decomposition of organic matter.

Apart from maintaining the natural permafrost habitat, mosses, and also lichens, provide microenvironments of vital importance for invertebrates, and in some communities for the establishment of vascular plants although the relationships may be complex. Lichens release compounds capable of supressing the growth of associated vascular plants and bryophytes. Sphagnum spp. control the environment of mires by lowering pH, by releasing H+ ions in exchange for other cations, and creating waterlogged, anaerobic conditions to which only a characteristic range of other organisms is adapted.

The above information is summarized and quoted mostly from Ecology of Arctimc Environent (Edited by Sarah J. Woodin & Mick Marquiss).
Significance of bigelow sedges in arctic Alaskan region

Sedges are also found to be important in the arctic Alaskan vegetation. A type of sedge is called Bigelow Sedge (Carex bigelowii), which is though not considerably consumed by herbivores, but is important to the area  in terms of revegetation. When oil exploration occurs, this sedge is found to colonize the land quickly after the destruction. This is partly due to their strong resistance to weather and low requirement of nutrients (so itself is not highly nutritious) It helps "rebuild" the ecosystem after devastation or human impact. Observations have shown that they can quickly recolonize the damaged areas of oil spills or sulphur pollution within 2 months, which is very rapid in terms of ecological scale. They then become the primary food source and later on allow successions of other plants to take place. The ecosystems can then be siginificantly resumed. So it is suggested that it may be used as a tool to recover the damage to ecosystems after oil explorations.

Further information about its physiology, distribution, values and uses can be found at the following website:

http://www.1upinfo.com/wildlife-plants-animals/plants/graminoid/carbig/all.html
Significance of Fireweed in ANWR
Read:

http://www.r7.fws.gov/nwr/arctic/firewdra.html
Animals

In the 1002 area 
Throughout the year, hundreds of species migrate to the 1002 region of the Arctic

National Wildlife Refuge. These include birds, mammals and fish which migrate to this

region for a multitude of purposes generally between the months of May and October.

This region has proven to be a center of biological activity throughout these

months due many factors including nutritional benefits, increased safety from predators

and a more favorable climate. Thus, a method to extract oil should carefully take into

consideration these species and the impact on their habitat and livelihood in order to

preserve the current ecosystem. Because the area has been left untouched for centuries,

the impact of oil drilling could be severe if the migratory species are not taken into

consideration.

For many species, the 1002 region is not a critical stopover along their migratory

paths. For example, over 135 bird species visit the area each year, but only a small

percentage stay significant periods of time, while even fewer use the area for breeding

purposes. For land species, this also holds true. For example, the moose population

would be minimally impacted by oil drilling because its calving grounds is in the Old

Crow Flats in Canada and their stay in the 1002 region is brief.

However, for the few species that do spend a significant amount of time in the

region, the environmental impact of oil drilling can be devastating. Disturbances such as

roads and noise pollution could potentially affect the survival rates of species which

breed and calve in the area, as well as species which depend on the region for nutrition.

For instance, the preservation of the 1002 region is essential to the survival of the

porcupine caribou herd, which calve there. This is an extremely critical time period for

the calves because of their vulnerability to predators and great nutritional need.

Therefore it is necessary to identify critical time periods during the year in which

the most damage would occur so that oil drilling could be planned accordingly. Also, the

impacts of permanent structures and disturbances caused by oil extraction should be

properly assessed and evaluated. In order to comprehensively consider the consequences

of oil production, this report will present an analysis of major species, the potential

impact of drilling, and propose methods of minimizing this impact.

Porcupine Caribou Herd (Rangifer tarandus)

General Information: 

The porcupine caribou herd can be located at many plant communities throughout ANWR. The herd is made up of an estimated 129,000 members and spends winters in the southern portion of the refuge (as well as outside of refuge).

The herd migrates twice a year more than 700 miles to ANWR's Coastal Plane. The pregnant cows normally reach the calving areas in the Coastal Plane by early June and give birth. Soon afterwards, the rest of the herd joins the cows in their calving ground.

About a month afterwards, when the climate gets slightly warmer and mosquitos hatch, the caribou will migrate north seeking relief from these tormenting insects. They will travel along the coast, and to the uplands in Brook's Range.

Critical Time Periods: 

Between the months of August and October insects are less abundant, the caribou still travel in search of nutrition but do not have the need to congregate in areas where swarms of insects can be avoided. Therefore, the caribou disperse widely and cover a large area but along parallel paths. By October, the Porcupine caribou herd has moved to the boreal forest. Therefore the critical time period for the caribou is when migrations is at its greatest in April and during the first week after the calves are born. The cows are the first to arrive to the Coastal Plane and 1002 region and normally arrive in early June although harsh weather conditions can delay their arrival. The most critical time period is in the calves first week in the world. 

The Coastal Plane is vital to the calves’ survival for two main reasons:

1) fewer brown bears, wolves, and golden eagles live on the coastal plane so

newborns have greater chance of survival in their first week until they are strong enough to outrun their predators.

2) Coastal plane provides proper nutrition needed for calving. There is an abundance of plant species and after a long winter, the cows need to have good nutrition

Calving grounds: the northern foot hills of the Brooks Range and the arctic Coastal Plane

from from the Tamarayiak River in Alaska to the Babbage river in Canada. Most often used calving grounds are on the Coastal Plane between the Katakturuk and Kongaut rivers where normally, 50% - 75% of the herds' calves are born.

Calving Locations of Radio Collared Female Caribou

http://www.r7.fws.gov/nwr/arctic/caribou.html

Proposal: The porcupine caribou herd are a vital part of ANWR's eco-system and therefore must be taken into great consideration when planning the most environmentally efficient way to extract oil . The porcupine' caribou herd's relation to the Coastal Plane is part of an unaltered system which brings new life to the Caribou after a long and harsh winter.

It is vital to take into grave consideration the migratory paths of the Porcupine Caribou

Herd before formulating a plan to extract oil. Precautions should be made with utmost carefulness in order to mitigate as much as possible the effects on the herd's migratory paths which have gone undisturbed for centuries.

Suggestion: The fact that this important species is migratory is a major asset in formulating an environmentally efficient method of oil extraction. The oil drilling should occur between the months of October and April when the the caribou are not in the 1002 area. 

Caribou’s Migratory Paths

http://www.r7.fws.gov/nwr/arctic/caribou.html

Central Arctic Caribou Herd

General Information: Success in reproduction is mainly related to the females' nutrition and calf production is highly positively correlated to fat content of sexually mature

females during the autumn . As researched near the Sagavanirktok River near the

petrolium extraction zone, due to the roads built the herd was not able to reach their usual

habitats and food supply thus leading to a reduction of female body fat and calf

production. Te reduced nutrition of the females near the oil production areas reduced the

amount of two pregnancies one year after another .

Sensitivities: Evidence from oil extraction in Prudhoe bay has proven its drastic effects

on the caribou's habitat. From the 1970s to 1980's the Central Arctic Caribou made use of

the areas of the coastal plane near drilling sites. During the calving period, caribou

showed increasing avoidance of areas near drilling sites and changed their migratory

routes accordingly. Within the main industrial complex, the number of caribou sevelry

decreased by an estimated 78% in Caribou use and 90% in migratory paths. These were

only some of the effects Prudhoe Bay drilling had over the past few decades

Proposal: Like all the species in the 1002 region, calving and natural habitat will change.

The Central Arctic Caribou's migratory paths and calving productivity will most likely

decline as was the case near the Prudhoe bay’s drilling sites. With the loss of their

preferred habitat, sexually mature females will have less body fat and thus have lower

reproduction rates. Exactly how much impact there will be depends on the methods of oil

extraction and the amount of roads built and the location of those roads.

Source: Adamczewski, J. Z., C. C. Gates, R. J. Hudson, and M. A. Price. 1987. Seasonal

changes in body composition of mature female caribou and calves (Rangifer tarandus

groenlandicus) on an arctic island with limited winter resources. Canadian Journal of

Zoology 65:1149-1157.
Polar Bears

Polar Bear Denning Sites: (((diagram of denning sites)))

Polar Bears (Ursis arctos)

The Polar Bears in ANWR
Habitat
- Polar bears can be found along the Coastal

Plane and on Arctic Ice. Although Polar Bear breeding occurs on ice, once pregnant,

the females migrate to the Coastal Plane in order to make dens, give birth to and nurse

their young. Arctic Refuge's coastal tundra provides America’s only land denning habitat for polar bears, serving primarily the Beaufort Sea population.  It’s also one of the world’s largest polar bear denning sites (2)

Dangers
- hunted throughout most of their range. 
- polar bears of the Beaufort Sea region are exposed to mineral and petroleum 
extraction and related human activities such as shipping, road-building, and 
seismic testing (Stirling 1990).

Movement
-Polar bears were observed to move more than 4 km/hr for extended periods, but 
mean hourly rates of movement varied from 0.30-0.96 km/hr.
-Movement rates varied significantly among months: they generally were lowest 
in spring and late summer and highest in early winter (Amstrup 1995, Amstrup 
et al. 2000). Geographic displacements from the beginning to the end of each 
month were smaller for females with cubs of the year than for single females, 
and larger in November than in April.
-Total annual movements ranged from 1,454-6,203 km. Bears that spent part of 
the year in dens moved less than others, but non-denning classes of bears did 
not differ in total annual movement (Amstrup 1995, Amstrup et al. 2000).
-Beaufort Sea polar bears kept their movements within boundaries outside of 
which they seldom ventured. Annual activity areas ranged from 12,730 km2 to 
596,800 km2. Monthly activity areas ranged from a mean of 344 km2 for females 
with cubs in April to 11,926 km2 for females with yearlings in December 
(Amstrup 1995, Amstrup et al. 2000).

Breeding
-Amstrup et al. (2001) and McDonald and Amstrup (2001) suggested that the 
number of polar bears in the Southern Beaufort Sea population grew at more 
than 3% per year between 1967 and 1998, reaching an estimated population that 
could be as high as 2,500 animals.
-Survival of adults, as calculated from life tables, was higher and survival 
of young lower when the population was large. Survival rates of adult Beaufort 
Sea polar bears, however, were as high or higher than those measured anywhere 
else.
-Although numbers of young produced per female when the population was small 
(<0.40) and when it was large (<0.38) were similar, litters of more than one 
yearling were more frequent when the population was small. 

Death
-In this study hunting explained 85% of the documented deaths of adult female 
polar bears (Amstrup and Durner 1995). Natural mortalities were not commonly 
observed among prime age animals (Amstrup and Nielsen 1989), and we still know 
little about the proximate causes of natural deaths among polar bears.

Critical Time Periods: 

In research conducted on the Beaufort Sea Region, it was

discovered that in the months of May through August the bears shifted locations to the

north and remained there till October.

Sensitivities: 

Although hydrocarbons have serious ramifications on all wildlife, polar

bears reproduction rates and rapid growth will not be severely altered if oil is to be

extracted (Amstrup et al. 1989) as can be seen in prior cases. The available data suggests

that polar bears are pretty resilient to environmental disturbances (Amstrup 1993).



Effects of Petroleum on Polar Bears
-Although contact with hydrocarbons can have serious ramifications for polar 
bears (Amstrup et al. 1989), the polar bearÂ’s apparent rapid population growth 
has spanned the entire history of petroleum development in arctic Alaska 
(Amstrup 2000, Amstrup et al. 2001, McDonald and Amstrup 2001). This suggests 
that managed resource development can be compatible with healthy polar bear 
populations. Also encouraging is the new ability to estimate potential impacts 
that oil spills may have on polar bears. That ability has major ramifications 
for assessing risks of a variety of potential developments (Durner et al. 
2001b).
-Effects of the increasing human intrusions into the polar bear environment 
have not been observed at a population level, suggesting that proactive 
management can assure coexistence of polar bears and human developments.

Endangered?
-Estimated numbers of bears at the close of the study were relatively large.
Early estimates suggested the additional loss of as few as 30 bears each year 
might push the total take from the population to the maximum sustained yield 
(Amstrup et al 1986, Amstrup and DeMaster 1988). Excess take did precipitate a 
decline in the 1960s and 1970s. Hence, although populations may now be near 
historic highs, managers must be alert to possible changes in human 
activities, including hunting and habitat alterations that could precipitate 
future declines.
- because polar bears have a low rate of reproduction and a greater success of cubbing in land-based dens, onshore denning habitat is crucial to the survival of the species. (2)

Refrences
(1) http://www.absc.usgs.gov/1002/section8.htm         
(2) http://www.savealaska.com/sa_anwr.html                                     
impacts of oil exploration and drilling on ANWR predators?
	Introduction

It is widely known that animals are very sensitive to their surroundings and are affected by changes produced in their environment. In the case of oil exploration, these disturbances are created by noise, “generated by seismic  exploration,” or are a result of “routine industrial activities, vehicle and  aircraft traffic, and disturbance of dens” (1, p.98). Evidence of how animals’ lifestyle and behavior patterns are affected by human intrusion in their habitat and oil development can be gathered from Prudhoe Bay, a Northern Alaskan area that has been exposed to drilling. This place has a fauna that is similar to that of the Arctic National Wildlife Refuge (ANWR) and especially the 1002 area that is susceptible to drilling. Therefore the change in the animals behavior patterns will be analyzed using information gathered from this area, as this is a good estimate of how animals will behave in the almost similar environment of ANWR when exposed to changes caused by oil drilling. 


Bears

Polar Bears

ANWR is an important place not only because of the wide variety of species that it shelters but also because this “coastal tundra is America’s only land denning habitat for polar bears” (2). Over the past two decades the polar bear population has been steadily increasing, growing at more than 3% per year from 1967 to 1998, to reach an estimated number that could be as high as 2500 animals in 2001 (3). This rapid population growth of this species has “spanned the entire history of petroleum development in arctic Alaska” (3) as the polar bear population is thriving and thus will not likely be decimated even if drilling is to negatively affect the bears. In fact in a study (Amstrup and Durner) conducted in 1995, 85% of documented deaths of adult female polar bears were a result of hunting and not of environmental changes or natural factors. Although polar bear population is nearing “historic heights” caution must be taken as “possible changes in human activities, including hunting and habitat alterations could precipitate further declines” (3). This point will be clarified in the next section that discusses bears in general (of which polar bears are a part).

Yet, according to WWF report on ANWR, polar bears are especially sensitive to disturbance during denning. The Agreement on the Conservation of Polar Bears committed the arctic nations to "protect the ecosystems of which polar bears are a part, with special attention to habitat components such as denning and feeding sites and migration patterns.” Females may abandon their dens if disturbed, and early den abandonment may be fatal to cubs unable to fend for themselves. In 1985, a female polar bear abandoned her maternity den in the Arctic Refuge coastal plain after seismic exploration vehicles tracked within 700 feet of it – even though regulations at the time required a 0.8-kilometer buffer from known dens. This occurred despite the most extensive monitoring program ever in place for seismic exploration on the North Slope. Most maternity den sites are never known, and therefore cannot be avoided. Their natural curiosity and keen sense of smell often places polar bears in harm’s way – they can be attracted to drill rigs, garbage dumps, and contaminants. 

Polar bears are especially sensitive to oil spills because they search for food in the open leads or broken ice where oil accumulates. Laboratory experiments showed that oil ingested during grooming caused liver and kidney damage.  One bear died 26 years after oiling and another was euthanized.  However, as far as is known, neither ringed seals or polar bears have been affected by oil spilled as a result of North Slope industrial activities.  Yet, drilling in 1002 may have a greater effect on polar bears as 1002 is a much more important habitat for polar bears as discussed above.

Interactions between polar bears and humans are often lethal. A young bear was shot in Prudhoe Bay by an oil industry employee during the winter of 1968-69, and in 1990 a bear was killed when it approached an offshore rig in Camden Bay, off the Refuge. (WWF's paper titled "Protection of the Artic National Wildlife Refuge: Key to Managing one of the World's Most Biologically Valuable Ecoregions, the Arctic Coastal Tundra")
Parameter:

Polar Bears: “A female polar bear abandoned her maternity den in the Arctic Refuge coastal plain after seismic exploration vehicles tracked within 700 ft of it –even though regulations at the time required a 0.8 kilometer (0.5 mile) buffer from known dens. (WWF “Protection of the Arctic National Wildlife Refuge: Key to Managing one of the world’s most biologically valuable ecoregions, the arctic coastal tundra”)  Therefore exploration and production activity should be kept at least 0.8 km away from all known areas of polar bear dens

According to studies of radio-collared polar bears of the Beaufort Sea population between 1981 and 2000, 53 dens were located on the mainland coast of Alaska and Canada. Of these 53 dens, 22 (42%) were within the Arctic Refuge’s 1002 Area” (arctic.fws.gov/issues1.html)



All Bear Species (especially brown and black bears)

Land mammals that are “most likely to interact with or be affected by the proposed operations (drilling) are river otters, black bears, and brown bears” (4).  Brown bears use the coastal areas from April to November, relying especially on coastal meadows, beaches, and shorelines for food (4).  As they feed on salmon, and other fish, uncontaminated water sources are essential to their survival, especially during summer and early fall when brown bears “congregate along coastal streams” (4).  Therefore chemical runoff of drilling released in streams would affect the bear population. Also, if ice roads are to be build, and these depleting the water supply would decrease the fish population in rivers, the bears would be additionally affected.  

In the case of Prudhoe Bay, it has been observed that bears are attracted to the pipelines and oil developments by sheer curiosity, food odors, or trash (4, pg. 118). These bears become food conditioned and return to these places. If this happens often enough, and this event threatens human security, these bears have to be shot. In fact in a study of Prudhoe Bay oilfields (Shideler and Hechtel 2000) , it was found that “mortality rates of all adults and subadults that fed on anthropogenic [of human origin] foods was significantly higher than for bears that fed on natural foods” (4, pg. 118).  This finding could be related to the toxicity of human wastes or to the fact that these bears had to be killed by humans, as was before mentioned, because food conditioning occurred. Additionally, it is possible that in the future, “increased access opportunities (roads and airstrips) and changes in village lifestyles or economies could result in more bears being killed for sport and subsistence” (4) especially as these animals are attracted to human settlements. 

Another area of concern is the “construction of industrial facilities [that would] result in alteration or destruction of grizzly bear habitat” (4). This especially concerns disturbances created by roads or drilling that can affect the denning habitat of bears, and change food availability. This is especially dangerous if oil development is to spread into the foothills, as these provide the major habitats of bears. (4)

It also must be taken into account that bears are the predators that top the food chain, implying that any change in their dynamics would also affect that of other organisms residing in the lower branches of the food chain.  For example, if bear population is to increase because of increase access to food coming from human wastes, or if it is to decrease as hunting prevails, this will affect other species.  The major species affected by this change in bear population would be the caribou, the main food source of brown, and black bears.   Increased numbers of bears would decrease the number of caribou present, and likewise, a decreased number of these predators would probably allow for an increase in the number of these herbivores.
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Muskoxen (Ovibos moschatus)
History of  Muskoxen reintroduction
Impacts of Oil Exploration and Drilling on ANWR Primary-Level Consumers?

Primary-level consumers in ANWR include several species of mammals, as well as many different insects.  However, the insect population of the area has not been studied very extensively, and it is doubtful that oil exploration can be detrimental to their survival.  The author believes that the insect population will actually increase if human activities begin in the area, due to the generation of trash and the decomposition of individuals of other species negatively affected by this human presence.  Thus, we shall concern ourselves only with the herbivorous mammals of the area, the most prominent of which is the muskoxen.  Other mammals include various species of voles and lemmings.

Muskoxen
Muskoxen (Ovibos moschatus) were driven to extinction before the 20th century.  They were reintroduced in 1969 and their numbers reached a peak at almost 400 individuals in 1986.  Since then, the muskoxen population has declined to around 200 individuals.  Reasons for this population decline include emigration, increased predation by grizzly bears, and severe winters.  Also, hunting by humans has increased since their reintroduction.

Muskoxen conserve energy by limiting their movement; they tend to stick to a core area about 50 km2 in the winter and 200 km2 during the calving and summer seasons.  Calving occurs from March to June, so it is especially important for mothers to build up enough reserves during the summer to last the winter and to feed the newborn.  Thus, a prolonged winter would have significant negative impacts on calf survival.  

Muskoxen depend on riparian cover along river corridors, floodplains, and foothills year-round.  During the winter, it seeks out areas of soft shallow snow.  Its winter diet consists mainly of low-quality forage such as sedges, grasses, mosses, and forbs.  In the spring, it feeds on high quality flowering sedges.  Muskoxen tend to be very loyal to a particular spot, returning there year after year.  

Any human activity should stay away from the muskoxen habitats, including adjacent uplands.  The areas that muskoxen frequent are places often used for gravel and water extraction for roads and/or platforms.  Muskoxen congregate into larger groups in the winter, and large groups of animals are more likely to be disturbed by human activity because they tend to have more sensitive individuals.  

Muskoxen groups that have moved west tolerate the Trans-Alaskan pipeline and the Dalton highway, but it is due to the wider area of habitable land available to the animals.  Muskoxen remaining in the 1002 coastal plain are in a more geographically constricted habitat, with the Beaufort Sea to the north and the Brooks Range to the south.  Eastern muskoxen populations are likely to suffer if human activities displace their territories and there are few alternative habitats available.

As muskoxen populations in the far west have coexisted peacefully with the Trans-Alaskan pipeline, a similar pipeline through the 1002 region should have little impact as well-- if it is built with the same environmental precautions.  For example, the Trans-Alaskan pipeline has 579 animal crossings over its 800 mile span.

Helicopters and low-flying aircraft have been noted to cause some herds to stampede and abandon their calves.  Some herds have been agitated by 3-D seismic exploration as far as three kilometers away; other herds seem unperturbed as close as 300 m.  Generally, noise produced by traffic, etc will have a negative effect on the animals.

Little data are available on the interaction between muskoxen and human settlement associated with oil development.  This is because drilling platforms have been built in regions rarely visited by muskoxen.  However, the nature of the muskoxen's normal food source is such that its scavenging among human waste is unlikely.  

http://www.absc.usgs.gov/1002/images/Fig07-06.gif INCLUDEPICTURE "http://web.mit.edu/12.000/www/m2007/teams/7/research/Fig07-06.gif" \* MERGEFORMATINET 




Locations of mixed-sex groups of muskoxen seen during winter and summer surveys in the Arctic National Wildlife Refuge, Alaska, USA, 1982-1999.
Picture taken from .

See: Section 7, Arctic Refuge Coastal Plane Terrestrial Wildlife Research Summaries
http://www.absc.usgs.gov/1002/section7part1.htm
http://www.absc.usgs.gov/1002/section7part2.htm
http://books.nap.edu/books/0309087376/html/117.html
http://www.jpo.doi.gov/pthom/Environmental%20Report.pdf

 HYPERLINK "http://ocw.mit.edu/NR/rdonlyres/Civil-and-Environmental-Engineering/1-011Project-EvaluationSpring2003/D7D6C84A-E897-4CFA-AAE9-52C263A66567/0/baker_paper.pdf" 
Oil or Animals report

Lemmings and Voles

Singing Vole (Microtus miurus)

The singing vole is so-named for its high-pitched trill, used to warn members of its social group.  It is a food source for the common avian and mammal predators of the area.  Singing voles dig burrows with ~1" diameter entrances that may be up to 3' long.  This includes a large nest that may be up to 1' long, and a storage chamber for extra food.  Burrows are typically only 2" from the surface, and are often raided by Native peoples for the stored tubers.
The singing vole eats lupines, arctic locoweed, horsetail, and sedge.  Its range encompasses Alaska, Yukon, and the Northwest Territories.  It breeds from May to September.  Gestation is 21 days.  The singing vole may have up to 3 litters/year, with 4-12 young/litter.

Northern Red-backed Vole (Clethrionomys rutilus)

Northern Red-backed voles like to eat green herbacious plants and underground fungi.  They store bulbs, stems, tuber, and nuts in their burrows.  Burrow entrances are characterised by pieces of cut vegetation among boulders and logs.  Its range encompasses Alaska and northwest Canada.  It breeds from late May to early September.  Gestation is 17-19 days.  Females typically have 2 litters/year, with 4-9/litter.

Brown Lemming (Lemmus sibiricus)

Brown lemmings live in surface nests made of woven balls of grass 6-8" wide.  They also dig tunnels with chambers 6" diameter.  Frequently will a tunnel or nest be abandoned and a new one created.  Brown lemmings feed on grasses, sedges, and leafty plants during summer.  During the winter months it relies on the bark and twigs of willow and birch.  They have very small home ranges, about 3.5 - 6 sq yds.  Lemmings mate typically from the spring to fall, though sometimes there is breeding throughout winter as well.  There are typically 1-3 litters/yr, with 1-13/litter.  Population fluctuates dramatically, peaking every 3-4 years due to winter breeding.  Then, the lemmings become nervous and hyperactive, and are prey to the various predators of the area.  Brown lemmings inhabit the wet tundra of Alaska, northern Canada, and northern British Columbia, including the ANWR region.

Collared Lemming (Dicrostonyx groenlandicus)

Collared lemmings live in surface nests 6-8" wide among rocks and snowdrifts.  They dig tunnel systems with resting chambers as deep as the permafrost line.  During the summer, collared lemmings feed on grasses, sedges, bearberry, and cotton grass.  They also feed on willow twigs and buds year-round.  With a range that spans northern and western Alaska as well as northern Canada, collared lemmings are a major food source for arctic carnivores including Arctic foxes, wolves, wolverines, snowy owls, gulls, jaegers, etc.
Collared lemmings breed from March to September.  A femal has several litters a year, with ~7/litter.  Gestation is 21 days.

Impact

Lemmings and Voles tend to be more abundant and have less survival issues than muskoxen.  In the winter they live in large underground burrows that may be as close as two inches from the permafrost.  They subsist on willow twigs, sedges, and stored tubers during the long winter season.  Burrows of voles are often raided by native peoples, who pilfer the stored tubers for their own use. 

Because of their numbers lemmings and voles are not likely to be wiped out by human activity in the region.  However, they are an important source of food for higher lever consumers, including polar bears, wolves, and foxes.  Lemming cycles, for example, are closely tied to the population cycles of various predators.  A sharp drop in their numbers could potentially cause a population decrease in many other, higher-level consumers.

Read: The National Audubon Society Field Guide to North American Mammals by John Whitaker Jr.
Shrews

Overview
-Shrews are small mouselike mammals, related to the mole, with a long, pointed snout and soft, gray-brown, velvety fur
nocturnal animals that feed primarily on insects and worms but also eat mice equal to their own size, as well as plants and occasionally fish and other aquatic animals.
-Many species have glands from which a fluid with a disagreeable odor is secreted, and some species have a poisonous saliva.
-Members of one subfamily of shrews hunt by means of echolocation, although this sense is relatively crude compared to its development in bats.

Common Characteristics
-In the United States:
- most common are the long-tailed shrews 
- slightly less than 7.5 cm (less than 3 in) long. 
- ears are larger than in some other shrews, and the teeth are brown at the tip. 
- five to seven young are produced in a litter each spring.
-short-tailed shrews. 
- mole shrew, the most common shrew in the eastern United States, 
- about 11.4 cm (about 4.5 in) long. 



Refrences
http://encarta.msn.com/encyclopedia_761555846/Shrew.html                                         
Arctic Foxes

From recent studies it has been seen that, “past and current industrial activities on the North Slope have probably increased the availability of shelter and food for the arctic fox” (4, pg. 117).    Like bears, these animals too use oil fields for foraging on garbage, or resting.  Foraging of these sites is more likely to occur in the winter when food is more scare than in the summer. It has been observed that “foxes do not avoid human activity” (4) raising their young in the proximity of traveled roads and operating drill rigs. Over the years it is remarked that, “the density and the rate of occupancy of dens and the sizes of litters are greater in oil fields than in adjacent areas” (4).  These increasing fox numbers have a negative impact on bird population, which are extensively hunted by these. This can be especially “devastating to colonial birds” or to birds that migrate to the area (4). An increase number of roads, has also allowed foxes to access other bird populations that were before inaccessible to them. Thus, it has been seen that oil exploration in the Alaskan region increases fox population which has an adverse effect on other species, such as birds.*

Wolves and Wolverines

Wolves 

Wolves primarily den in the foothills and mountains south of the coastal plain in the refuge. Wolverines are infrequently observed but travel in all types of arctic terrain, and females may use snowdrifts along small tundra streams for dens. During spring, wolves roam out to the coastal tundra where they prey on newborn caribou. Population declines or changes in distribution of wolves are results PREDICTED from the increased mortality, decreased prey, harrassment, and disturbance in denning areas caused by oil development. The cumulative effects of displacement, avoidance, and reduced food resourses could result in long-term changes in wolverine distribution.
(extracted from WWF's paper titled "Protection of the Artic National Wildlife Refuge: Key to Managing one of the World's Most Biologically Valuable Ecoregions, the Arctic Coastal Tundra")

The following article are directly quoted from the official website of ANWR:
http://www.r7.fws.gov/nwr/arctic/wolf.html 

"Wolves have long been a lightning rod for controversy. They evoke passionate feelings in many of us. Some people love them, a few fear them, others prefer that they be shot. On the Arctic Refuge, however, these differences are seldom voiced. Why? The wolf is wild, beautiful, and inspiring. So is the Refuge. The two belong together. People know it and expect it. 

Cousin to the dog, the gray wolf is a highly social animal, preferring to live in packs. The pack, dominated by a male/female pair, may include their pups of the year, wolves born the previous year, and other adults. 

Gray wolves may be shades of gray, brown, black, or white. Wolves of all these colors roam the Refuge. Some five packs totalling 25 to 30 animals live on the Refuge's north slope east of the Canning River. The wolves are found primarily in the mountains and foothills along major rivers. 

The makeup of wolf packs on the Refuge's north slope varies. In summer, many wolves hunt alone or in pairs. Some are "drifters." Others may switch packs or move to new areas, perhaps following the caribou migration. In winter the packs stay together more to hunt. 

Gray wolves mate in late February and March. The pairs then move to maternity dens near rivers in the foothills and mountains. About four to seven pups are born in late May or early June. The pups are weaned during the summer, and the dens are abandoned in July or August. By early winter, the pups can travel and hunt with the adult wolves. 

Although to date, no dens have been found on the Refuge coastal plain, wolves make frequent trips there from May to July when the Porcupine caribou herd is present. After the caribou leave the coastal plain, the wolves stay in the mountains and foothills hunting caribou, along with Dall sheep and moose. Wolves, however, are opportunistic feeders. They will catch small rodents, birds, and ground squirrels if they can. 

Natural relationships between predator and prey still prevail on the Arctic Refuge. Here the wolf's connection to the caribou and the land continues as it has for centuries. Untamed and free, the wolf is a symbol for the Refuge - a truly remarkable place."


Impact of drilling on Wolves

Wolves primarily den in the foothills and mountains south of the coastal plain in the refuge. Wolverines are infrequently observed but travel in all types of arctic terrain, and females may use snowdrifts along small tundra streams for dens. During spring, wolves roam out to the coastal tundra where they prey on newborn caribou. Population declines or changes in distribution of wolves are results PREDICTED from the increased mortality, decreased prey, harrassment, and disturbance in denning areas caused by oil development. The cumulative effects of displacement, avoidance, and reduced food resourses could result in long-term changes in wolverine distribution. Further information found here.* (extracted from WWF's paper titled "Protection of the Artic National Wildlife Refuge: Key to Managing one of the World's Most Biologically Valuable Ecoregions, the Arctic Coastal Tundra")


Birds:

Snow Geese

General Information

This species migrate to the 1002 region of ANWR every year for two to four weeks before continuing on a 1300 mile journey to Northern Alberta. Their time spent on the North Slope is critical to their survival since they need to store nutrients for their long migration path. As many as 500,000 species migrate to the region  ach year. These birds are herbivores, feeding on cotton grass. A major predator is the arctic snow fox.

Critical Time Periods

Lesser snow geese migrate to the 1002 region late August to mid-September

Sensitivities

Studies have been done that display the birds’ sensitivity to noise pollution. They are easily disturbed by noise-producing activities, which could present a major problem for oil drilling.

Repeated disruptions cause the birds to not return to the same area, which can significantly reduce the amount of food available to them.

This affects their survival rate since their flight to their next stop is so intensive and they need to store up on energy.

Density Distribution of Lesser Snow Geese

Taken from "Artic Refuge Coastal Plain

Terrestrial Wildlife Research Summaries."

This article can be found at

http://www.absc.usgs.gov/1002/section9.htm

Sea Ducks

General Information

Sea ducks visit the 1002 region for 2 to 4 weeks every year. While they do not breed here, they use the area for molting purposes.

Anywhere from 10,000 to 30,000 birds visit the region each year. Predators include the arctic fox and glaucous gulls.

Critical Time Periods

Sea ducks visit the 1002 region from mid-July to mid-September.

Sensitivities

There has been a decline in the number of sea ducks and other marine birds in the area, which raises concern about the impact oil drilling will have on them, especially if there is a spill. Sea ducks are especially vulnerable during their stay on the North Slope because the time they spend there is for molting. This leaves them unable to fly for 3-4 weeks. Molting also requires a large amount of protein to regrow feathers. Oil drilling could potentially disrupt the ducks' foraging capabilities, depriving them of much needed nutrients. However, the study showed that the ducks' foraging patterns are not significantly altered by minor disturbances, which perhaps suggests that oil drilling will not have a large impact on them.

Another study they performed showed that seismic activity does disturb ducks.

Their results show a decline in population in a certain area where seismic activity starts, although underwater seismic activity had no effect on them 

Tundra Swan

General Information

Twice a year, Tundra Swans migrate 6 000 km between breeding areas in Alaska and The Canadian Arctic and wintering areas in eastern and western North America. Approximately 150 pairs of tundra swans nest on the coastal plain. Tundra swans feed on the following plants: foxtail and other grasses, wild celery, pondweeds, smartweeds, square-stem spike rush , arrowhead, coontail, mermaid weed, muskgrasses, bulrushes, horsetail, wigeon grass, and bur reed. Rice and barley are eaten in stubble fields. Tundra swans also feed on waste corn in both dry and flooded fields and upon harvested potatoes. These swans commonly fly as far as 10 to 15 miles (16-24 km) inland to glean waste corn and soybeans and to browse upon shoots of winter wheat.

Animals that prey on these birds include: Golden Eagles, jaegers, wolves, foxes, and bears

Critical Time Periods

Tundra swans start nesting in late May to late June depending

on location and weather. During fall migration tundra swans leave major breeding

grounds in the 1002 area in late September and early October

During spring migration Tundra swans leave their central California winter grounds in

mid-February, and within 3 weeks almost all have departed. By early April most have

migrated north to Alaska and Canada.

Sensitivities

Scientists believe that new Tundra swan pairs are less likely to establish themselves on lakes where humans reside. They are extremely sensitive to noise pollution and as a

result, inadvertent disturbance can cause adult swans to abandon their nests and cygnets.

Nesting and Brooding Ecology

Buff Breasted Sandpiper

General Information

Nowhere a common species, Buff-breasted Sandpipers rarely congregate but have been occasionally found in groups of 500-2200 in migration and on their wintering grounds. Their populations suffered tremendously from the settling of the Great Plains of North America and the Pampas of South America.

Critical Time Periods

The Buff-Breasted sandpipers arrive in their Alaskan breeding grounds in mid and vacate

their breeding grounds in mid-July.

Sensitivities

Their sensitivity comes in the form that the species is so few in number. Looking at the

population density map below, one can see that the 1002 area is crucial to the survival of

this species.

Density

Pigeon Guillemot

General Information

This species resides in rocky coastal areas, with shallow inshore waters as its feeding grounds. Nest cavities are found amongst holes and rock crevices on the West ,North East and South sides of Great Race Rocks. Some habitat for nesting was created years ago when blasting for the helicopter pad produced rubble that they could tunnel under. Some predators include : Seagulls, Bald eagles and river otters.

The Pigeon Guillemot’s diet consist of Gunnels, pricklebacks, ronquils, sculpins, flatfish, rockfish, small crustacea, squid, sand lance, smelt, juveniles of cod, herring, pollock, and salmon In being in extremely low numbers great efforts are being taken to keep predators away from the Pigeon Guillemot, foxes are their major natural predators.

Critical Time Periods

Pigeon Guillemots begin to return to their breeding grounds in April. In May, the

maximum numbers of birds are present at their colonies and courtship begins. Eggs are

generally laid from May to June with fledging from July to August which take around 55

to a maximum of 100 days

Sensitivities

While research has not shown this species to have many sensitivities one very prominent

sensitivity is that to oil. Because guillemots feed in shallow, nearshore waters, guillemots

and the fish and invertebrates on which they prey are vulnerable to oil pollution. As a

result, an estimated 10-15 percent of the spill area population died immediately following

the spill.

Nesting and Brooding ecology

Aquatic Species

((((INSERT INFO HERE!!!!)

Artic Grayling

General Information: 

The artic grayling one of the most abundant freshwater fish in the oil field region, and is found on all the major river systems. (Inaru River, Meade River, Topagoruk River, Chipp River, Ikpikpuk River, Colville River, Kuparuk River, Sagavanirktok River, Shaviovik River, Canning River.)

“Grayling can be highly migratory, using different streams for spawning, juvenile rearing, summer feeding, and over winter survival. Or, in other areas, they can complete their entire life without leaving a short section of stream or lake. Their tolerance of low dissolved oxygen levels allows grayling to survive the long winters in areas where many other salmons would die. With the coming of spring, grayling begin an upstream migration to spawning grounds. Like salmon, grayling faithfully return every year to the same spawning and feeding areas. Grayling spawn for the first time at an age of 4 or 5 years and a length of about 11 to 12 inches.

About one month after spring breakup, adult grayling begin their post-spawning migration to summer feeding areas. Depending on where they have spawned, the distance traveled can be up to 100 miles. By the middle of summer, grayling will segregate within a stream according to age and maturity. The older adults will be found in the upper reaches of river and stream systems, the sub-adults in the middle, and the juveniles in the lower ends. Grayling fry hatch about three weeks after spawning, and they tend to occupy the quieter waters near where they were spawned. In the early fall, grayling again begin a leisurely downstream migration to reach over wintering areas.” (http://www.adfg.state.ak.us/pubs/notebook/fish/grayling.php)

Critical Time Periods

During the summer the grayling use the glacial rivers as summer migration corridors and feast on hug numbers of drifting insects; they need this energy to survive the frozen and foodless months of winter. 

During the winter streams are largely emptied of the artic grayling, and in fact of most fish. The lack of circulating oxygen in the frozen over streams makes it difficult for the fishes to breathe. The best time to build anything would be during winter. 

Sensitivities/Proposal

“The distribution of artic grayling has expanded because of habitat alterations in the oil field region. Large deep gravel pits excavated to meet the needs for oil field construction material have filled with water after abandonment and formed large artificial lakes that provide abundant wintering habitat. 

The populations of arctic grayling were reduced in the surrounding streams when pipelines and oil fields were first developed in Alaska. The culverts in the roads were of the wrong size, blocking upstream spawning migrations; this problem can be prevented by using smaller culverts and designing culverts based on grayling swimming performance.”

Dolly Varden

General Information

“Two basic forms of Dolly Varden occur in Alaska waters and both are common in all local coastal waters. The southern form ranges from lower Southeast Alaska to the tip of the Aleutian Chain, and the northern form is distributed on the north slope drainages of the Aleutian Range northward along Alaska’s coast to the Canada border. Anadromous and freshwater resident varieties of both forms exist with lake, river, and dwarf populations being found among the freshwater residents. 

Young Dolly Vardens rear in streams before beginning their first migration to sea. During this rearing period, their growth is slow, a fact which may be attributed to their somewhat inactive habits. Young Dolly Varden often remain on the bottom, hidden from view under stones and logs, or in undercut areas along the stream bank, and appear to select most of their food from the stream bottom.

Most Dolly Varden migrate to sea in their third or fourth year, but some wait as long as their sixth year. At this time, they are about 5 inches long and are called smolt. This migration usually occurs in May or June, although significant but smaller numbers have been recorded migrating to sea in September and October. Once at sea, they begin a fascinating pattern of migration.

After their first seaward migration, Dolly Varden usually spend the rest of their lives wintering in and migrating to and from fresh water. Southern form Dolly Varden over winter in lakes, while most northern Dolly Varden over winter in rivers. Those hatched and reared in a lake system carry on annual feeding migrations to sea, returning to a lake or river each year for the winter. However, southern Dolly Varden originating from nonlake systems must seek a lake in which to winter. Recent research indicates that they find lakes by random searching, migrating from one stream system to another until they find one with a lake. Once a lake is found, these fish may also conduct annual seaward migration in the spring, sometimes entering other stream systems in their search for food.

At maturity, Dolly Varden return to spawn in the stream from which they originated. The fish possesses the ability to find their “home” stream without randomly searching, as was the case in their original search for a wintering area. Those of the southern form that survive the rigors of spawning return to the lake shortly thereafter, while northern form Dolly Varden usually overwinter in the river system in which they have spawned.” (http://www.adfg.state.ak.us/pubs/notebook/fish/dolly_v.php)

Critical Time Periods/ Sensitivities

“Dolly Varden spawn in streams, usually during the fall from mid-August to November. The female, depending on her size, may deposit from 600 to 6,000 eggs (2,500 to 10,000 in the northern form) in depressions, or redds, which she constructs in the streambed gravel by digging with her tail fin. The male usually takes no part in these nest building activities and spends most of his time fighting and chasing other males. When the female is ready to deposit her eggs, the male moves to her side and spawning begins. Sperm and eggs are released simultaneously into the redd.

The eggs develop slowly in the cold water temperatures usually present during the incubation period. Hatching of the eggs may occur in March, four to five months after fertilization. After hatching, the young Dolly Varden obtain food from their yolk sac and usually do not emerge from the gravel until this food source is used. Emergence usually occurs in April or May for the southern form and in June for the northern form.” (http://www.adfg.state.ak.us/pubs/notebook/fish/dolly_v.php)
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