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Streams and Lake Monitoring Protocol

 Narrative

I. Background and objectives
I.A. Introduction
The Arctic Network (ARCN) includes five National Park Service (NPS) units: the Bering Land Bridge National Preserve (BELA), Cape Krusenstern National Monument (CAKR), Gates of the Arctic National Park and Preserve (GAAR), Kobuk Valley National Park (KOVA), and Noatak National Preserve (NOAT). Collectively these units represent approximately 25% of the land area managed by NPS and are among the most remote and pristine environments in the world.  This immense area harbors a diverse landscape from rugged, barren mountains to gentle, tree-clad valley bottoms.  Throughout this diverse landscape there is a dazzling array of lakes, ponds, springs, streams, and rivers that make up the freshwater resources of the ARCN parks.  Despite their inherent diversity, these freshwater resources have one critically important characteristic: the integrity of their ecological systems.
In 1992 the US Congress authorized the NPS to establish the Inventory and Monitoring (I&M) Program “to develop scientifically sound information on the current status and long-term trends in the composition, structure, and function of park ecosystems, and to determine how well current management practices are sustaining those ecosystems.” To accomplish this mission the I&M program set out to: (1) provide a consistent database of information about our natural resources, including species diversity, distribution and abundance (basic inventories) and (2) determine the current condition of our resources and how they are changing over time (vital signs monitoring). The NPS has grouped parks into 32 networks which are characterized by their ecological similarities. Four of these networks are in Alaska.
The primary goal of the Arctic Network is to build a holistic database that will allow detection of change across the ecosystems of the network — specifically, to detect change in the ecological components of the Network parks, and in the relationships among those components. The Network is currently conducting baseline inventories of selected resources, and is developing and prioritizing a list of “vital signs” for long-term monitoring. The goals of Inventory and Monitoring networks are:
1. Inventory the natural resources and park ecosystems under National Park Service stewardship to determine their nature and status; 

2. Monitor park ecosystems to better understand their dynamic nature and condition, and to provide reference points for comparisons with other, altered environments; 

3. Establish natural resource inventory and monitoring as a standard practice throughout the National Park system; 

4. Integrate natural resource inventory and monitoring information into National Park Service planning, management, and decision making; 

5. Share accomplishments and information with others and form partnerships for reaching common goals and objectives. 

The current Arctic Network Vital signs include air contaminants, bird assemblages, brown bears, caribou, climate and weather, coastal erosion, Dall’s Sheep, Fire extent and severity, fish assemblages, invasive/exotic disease, invasive/exotic species, lagoon communities and ecosystems, lake communities and ecosystems, moose, musk ox, permafrost/thermokarst, point source human effects, sea ice, small mammal assemblages, snow and ice, stream communities and assemblages, subsistence/harvest, surface water dynamics and distribution, terrestrial landscape patterns and dynamics, terrestrial vegetation and soils, and wet and dry deposition. The goal of the Freshwater Initiative is to support the ARCN/I&M mission to characterize and monitor the lake and stream resources with the component parks. In particular, the objectives of the Freshwater Initiative are to help the ARCN/I&M program:

1. identify appropriate vital signs for aquatic resources in the component parks, 

2. develop a cost-effective monitoring strategy for these aquatic resources, and 

3. field-test the selected monitoring strategies. 

Baseline data, conclusions, and recommendations for future monitoring will be summarized in annual reports and in a synthesis volume when the initiative is complete. 
The Arctic Network received initial funding from the servicewide I&M program in 2001. In 2003, ARCN received initial funding for vital signs monitoring. ARCN held several scoping workshops that involved NPS managers and scientists to discuss ideas for building a statistically, ecologically, and economically robust monitoring program for the Arctic Network of parks. From these workshops, pilot studies were conducted for the Freshwater Initiative including field trips in GATES and the NOATAK Parks and Preserves. The culmination of those pilot studies lead us to the development of what we believe to be the best methods for sampling streams and lakes in ARCN.

II. Context and Rationale 
II.A. Context for monitoring streams and lakes
A described above, the objective of the vital signs monitoring program is to characterize and determine trends in the condition of park natural resources.  Trend information is essential to assess the effectiveness of management and restoration activities, and to provide early warning of impending threats.  Currently scientists are detecting and monitoring trends in climate data in Alaska.  A report from the Alaska Regional Assessment Group for the U.S. Global Change Research Program (1999) documents the climate of the past century and projections for the next. This research showed that Alaska has already experienced a series of dramatic changes in the past 60 years and that interior Alaska, where the ARCN network is located, has experienced the greatest change.  It has warmed about 4 ºF, on average, since the 1950’s, 7 ºF in the interior in winter (Chapman and Welsh 1993; Weller et al. 1998), with much of this warming occurring in a sudden regime shift about 1977 (Weller and Anderson 1998).  The majority of the state has also become wetter, with a 30% average increase in precipitation between 1968 and 1990 (Groisman and Easterling 1994).  The growing season in Alaska also has lengthened by 14 days (Keyser et al. 2000).  These climate changes have already been linked to changes on the landscape such as increased melting of glaciers, warming and thawing of permafrost, and retreat and thinning of sea ice (Echelmeyer et al. 1996, Sapiano et al. 1998, Lachenbruch and Marshall 1986, Ostercamp 1994, Osterkamp and Romanovsy 1996, Wadhams 1990, Cavalieri et al. 1997, Serreze et al. 2000, Kabil et al. 1999, Dowdeswell et al. 2000).  Furthermore, climate models predict continued strong warming in Alaska reaching 1.5-5.0 ºF by 2030, and 5-18 ºF by 2100, with the strongest warming in the interior and north, and with greatest warming during the winter months.  

Precipitation is projected to increase 20-25% in north and northwest Alaska and decrease along the south coast of Alaska.  As well, it is possible that increased evaporation from warming is projected to more than offset the increased precipitation, making soil drier in most of the state.  Changes in temperature and precipitation will undoubtedly impact seasonal stream-flow and the ability of the environment to store and release water from snowpack, glaciers, and lakes.  All of the above parameters will be affected by a continuing trend towards a warmer climate, and this in turn will likely alter disturbance regimes; the most import being fire (Flannigan et al. 2001, Chapin 2003).  

Anthropogenic global climate change and the subsequent effects on fire frequency and intensity as well as potential changes in the distribution of permafrost and hydrologic regime may lead to more rapid changes in the size, abundance or distribution of aquatic resources on the landscape. For these reasons there is mounting concern regarding the stability of freshwater ecosystems in the Arctic Network. It is with these concerns in mind that we propose to monitor streams and lakes and the associated vital signs. We expect the freshwater monitoring program will provide the broad-based, scientific information necessary to help make sound management decisions and support research, education, and public awareness regarding the parks that is required of the Inventory and Monitoring program.

II.B. Rationale for Monitoring Streams and lakes
Alaskan wilderness invokes images of nature in pristine form, iridescent lakes and clear rivers run from massive glaciers atop spectacular mountain ranges. A vast array of ecosystems unmodified and untouched by human hands. The rivers and lakes perform many critical ecosystem functions and support large populations of wildlife. People still rely on these resources to survive. Yet it is in these seemingly pristine systems where scientists are seeing the first signs of change that appear to be related to climate warming and where they predict the greatest impacts will occur. It is for these reasons that the Arctic Network has chosen to monitor several vital signs associated with freshwater ecosystems (streams and lakes) for the National Park Service Inventory and Monitoring Program.
Traditional water quality monitoring programs emphasize measurements of physical and chemical properties of water. These properties are often sensitive indicators of environmental change – natural and anthropogenic – because water in streams and lakes carries with it the chemical signature of the watershed through which it flows.  However, this sensitivity presents a challenge as well, because the physical and chemical properties of water can change rapidly in response to annual, seasonal, and even shorter events (e.g. dry summers, intense snowmelt, or large storm events).  In addition, it is not always clear which properties of water should be measured; the contaminants or human modifications may not be known, present, or easily detected by current technologies.  For these reasons it is increasing common that aquatic monitoring programs include physical, chemical and biological indicators that integrate the effects of rapidly changing water quality properties over time and space.  For this reason the ARCN Streams and Lakes monitoring plan has been designed to incorporate a variety of carefully selected indicators that will be responsive to change over a range of temporal and spatial scales.  These indicators include:  1) physical characterization of streams and lake geomorphology, 3) physical and chemical properties of water and 3) biological assessments including epilithon, riparian vegetation, bryophytes, macroinvertebrates, and fish. 

Park vital sign indicators are selected components of the park ecosystems that represent the overall health or condition of the park. Indicators to be monitored in freshwater ecosystems include: water quality and chemistry, physical characterization, riparian vegetation, epilithon, bryophytes, macroinvertebrates, benthic microbial communities, and fish. These vital signs were chosen because they represent important physical, chemical and biological elements of these ecosystems and because they will change if the freshwater resources in the parks begin to suffer stresses at some point in the future. Here we provide the detailed rationale for choosing stream and lake ecosystems as the platform for monitoring these elements and discuss why these vital signs were chosen.

Lakes and streams are good choices as vital signs in the Arctic Network (ARCN) because they are extremely abundant. Nearly 47% of the state of Alaska is classified as wetland (Hall et al. 1994) and streams and lakes are a major feature. In the ARCN well over 25,000 shallow lakes and ponds are distributed across the landscape. They are also good choices as vital signs because they are self-contained and responsive to changes in their environments.  Lake and stream ecosystems are natural laboratories where the ecological interactions of organisms and their environment can be easily tracked.  They are relatively easy to sample, have distinct boundaries (as compared to other ecosystem types), and provide relatively easy opportunities for field experiments. Working in an ecosystem where changes are easy to track will enhance our ability to document trends and to provide early warnings of impending threats.

Streams and lakes provide a diverse array of ecological functions. The interactions of physical, biological and chemical components of a streams and lakes, such as soils, water, plants and animals, enable the ecosystem to perform vital functions such as water storage; storm protection and flood mitigation; shoreline stabilization and erosion control; groundwater recharge; groundwater discharge; water purification through retention of nutrients, sediments, and pollutants; and stabilization of local climate conditions, particularly rainfall and temperature (Mitsch and Gosselink, 1986; Hauer and Lamberti, 2006). Besides serving many ecological functions, lakes and rivers provide many ecological benefits related to biological diversity and provide the resources that many plants and animals depend on for survival. They provide critical habitat for aquatic primary producers and primary consumers like macroinvertebrates, which fuel many secondary consumers such as birds and fish. Because they are so productive and support diverse groups of plants and animals, streams and lakes in the ARCN are particularly important to the people who hunt and trap within the boundaries of the Parks. These people rely on streams and lakes for harvesting subsistence resources such as moose, waterfowl, and furbearers. Because of their remoteness, modern protected status, and the resulting relative lack of human influence on them, the lakes and stream ecosystems of the ARCN parks also have enormous value as references of background conditions for monitoring efforts on other high latitude regions.

Very little is known about the physical, chemical or biologic structure of freshwater ecosystems in ARCN, despite their ecological importance. This lack of knowledge regarding these systems is of considerable concern because they are critical to subsistence users in Alaska and because several lines of evidence suggest these systems are declining. 

II.C. Rationale for Selecting Specific Indicators of Lake and Stream Vital Signs
One of the primary purposes of the vital signs monitoring program is to provide park managers across the country with information to help them better manage park ecosystems. These managers are confronted with complex and challenging issues that require a broad-based understanding of park resources as a basis for making decisions, working with other agencies, and communicating with the public to protect park natural systems and native species. Subsistence issues and global climate change are two of the most complex and difficult issues park managers in Alaska must deal with. It is the responsibility of park managers to know and understand the changes that are occurring in their parks and it is the job of the I&M program to provide information about these changes. 
We have selected three key groups of indicators for freshwater vital signs to assess the condition of streams and lake ecosystems that we believe will enable park managers to make these difficult decisions. These three groups of indicators are: (1) physical (2) chemical and (3) biological components of streams and lakes, including macroinvertebrates and littoral macrophytes.  Below we outline the rationale for the selection of these indicators for the Freshwater Vital Sign.
II.C.1. Physical Indicators
II.C.1.a Hydrography and Water Quantity

One of the objectives of the lake and stream monitoring program is to track changes in the hydrography of the parks (i.e., the network of streams and lakes) on a landscape scale.  The primary means to track trends in hydrography is through remote sensing.  Current and future conditions can be monitored using satellite imagery or aerial photography.  The tools used to measure changes in hydrography are presented in SOP2, Delineating the Study Region. 
In addition to monitoring hydrography, monitoring water quantity is essential to help ARCN evaluate changes to the freshwater vital signs.  Lake and stream ecosystem dynamics are largely driven by net precipitation inputs and changes in groundwater level (Mitsch and Gosselink 1986).  As the water volume of lakes is reduced, the physical, biological and chemical characteristics of the system could change substantially.  With reduced volume, lakes may freeze to the bottom during cold winters, eliminating fish species.  Other substantial impacts could include changes in the length of the growing season, wind-induced mixing, gas transfer, underwater light availability, water chemistry, and phytoplankton dynamics (Vincent et al. 1998, Adrian et al. 1999).  Water level can also have profound impacts on many wetland components including, decomposition and biogeochemical cycling, contaminant concentration and bioavailability, plant species composition and primary production, and direct and indirect impacts on the distribution and abundance of other organisms living within the wetland.
Water quantity is subject to rapid temporal changes as a function of seasonal snowmelt and daily rainfall events.  To a certain degree, some coarse estimate of water quantity can be obtained from remote sensing information used for analysis of hydrography, above.   However, quantification of water quantity (or water yield) requires continuous measurements with in-field instruments.  Permanent water quantity monitoring stations are recommended in a few key locations and temporary water quantity monitoring may be useful as part of a long-term monitoring program.  Advances in water quantity monitoring technologies may allow virtually invisible installations of monitoring equipment that only need to be serviced infrequently.
II.C.1.b Substrates, geomorphology, and bathymetry
The physical structure of streams and lakes is closely tied to changes, natural and anthropogenic, resulting from precipitation, flow, biological community shifts (aquatic and terrestrial), etc. As well, streams and lakes are inherently tied to the movement of substratum material between them, affecting overall physical structure. Fluvial processes shape the landscape (Stanford et al. 2005), but they can also affect benthic organisms and fish (Death and Winterbourn 1995, Arscott et al. 2005). Changes that occur in the physical structure of lake beds, shorelines, and stream corridor riparian areas increase the connections between aquatic and terrestrial organisms (Paetzold et al. 2005). 
Methods to characterize the physical structure of streams and lakes are described in detail in SOP 09. Information that should be recorded includes the type of watershed, dominant littoral vegetation and any sources of pollution or disturbance. Physical characterization of the reach begins with an assessment of the of stream type (e.g. riffle-pool, plane bed etc.), morphological characteristic (e.g. falls), the condition of each bank, and width of the floodplain on each bank. Simple geomorphic characteristics such as depth, wetted widths and bankfull widths may be sensitive to changes in discharge and should be noted. Characteristics of the substrate including substrate size (modified pebble count) and embeddedness will change as flow and sediment regimes change. 
II.C.2. Chemical Indicators
Basic chemical properties of water can be extremely informative.  Many water quality characteristics are relatively uniform within an ecoregion and result from regional, watershed, geologic, basin and hydrologic characteristics. These measures can help us understand the types of water bodies found in our parks. Water quality variables such as alkalinity, conductivity, turbidity, color and dissolved organic carbon can tell us a great deal about the chemical signature of the water in a lake basin and can be useful as a monitoring tool to indicate changing conditions. Monitoring many of these chemical constituents is made easy and relatively cost effective because of the accurate multi-meter probes available today.

Factors such as light, water chemistry, oxygen (O2) availability, temperature, and pH can control biotic communities. These factors can also indicate anthropogenic effects on the system.  Parameters selected for monitoring in the ARCN and the reasons for their selection are given in Table 2. 
II.C.3. Biotic Indicators 
II.C.3.a Macroinvertebrates

Macroinvertebrates are the most frequently used group in bioassessments of aquatic ecosystems (Hawkes, 1979; Hellawell, 1986; Abel, 1989; Oswood et al. 1991; Rosenberg and Resh, 1993; Davis et al, 1996) because they have several advantages over other biota. Some of the most significant benefits of monitoring macroinvertebrates (Table 1) are that they are ubiquitous, they have relatively low mobility (Rosenberg and Resh, 1993) compared to organisms like fish and aquatic birds, and they are moderately long-lived. As a result they are continuously exposed to the habitat conditions of their local environment and can reflect cumulative impacts to an aquatic system over a relatively long period of time.  They generally occur in sufficient variety and abundance that they are easy to collect.  They are present year-round and are often abundant.  Many macroinvertebrate species respond in a predictable way to environmental changes.  The biochemical and behavioral responses of these organisms have been studied and are well documented at the individual, population and community levels (Johnson et al. 1993), making invertebrates excellent indicators of habitat change or degradation.  It is also important to understand that they do not respond to all types of impacts (Hawkes, 1979).  Macroinvertebrates are themselves important not only as a food resource but as major contributors to global biodiversity. Benthic invertebrates are in constant contact with lake sediments and can therefore reflect influences of pollutants or disturbance.  Ecologically they provide a link in the food chain between primary producers (algae) or organic detritus, and fish or birds and are fundamental members of the detrital pathway.  Because they are the primary food resource for most fish and some aquatic birds in the ARCN, the diversity and abundance of macroinvertebrate populations is of direct management concern (Oswood, 2001).  Finally, they are a cost-effective monitoring tool. 

Table 1.  Summary of the advantages for monitoring macroinvertebrate populations (adapted from Milner, 2001 and Oswood, 2001).

	· They are ubiquitous and generally have low mobility 

	· They are the primary food resource for fish and some aquatic birds 

	· Assemblages are diverse, with organisms that have differential sensitivities 

	· Sampling protocols are well developed, tested, and cost effective

	· A variety of assessment methods for data analysis can be employed

	· Specific responses have been established for many taxa 

· They are well suited to experiment studies

	· They have close association with sediments which are repositories of nutrients and toxins


By inventorying the species and groups of invertebrates that inhabit streams and lakes, we can evaluate and monitor the ecological health and productivity of the system.  Measures of macroinvertebrate population numbers or community composition along with water chemistry and other monitoring parameters, can give detailed information on the health of the ecosystem being monitored.  This information, collected over time, will be highly valuable in measuring amount and rates of change within an ecosystem, whether due to natural or human influences. For these reasons we believe monitoring macroinvertebrate populations will provide us with valuable information regarding ecological changes taking place in stream and lake ecosystems.  These data will be an effective tool for monitoring trends and detecting changing conditions.

Macroinvertebrates can be found in most habitats of streams and lakes: the substrate (benthic invertebrates), the submerged vegetation, the water column, the water surface, and in vegetated growth at the waters edge.  The littoral zone of lakes and ponds supports more diverse assemblage of macroinvertebrates than the sublittoral or profundal zones (Moore, 1981; Wiederholm, 1984).  In lotic systems, the highest diversity of macroinvertebrates is found in the riffle areas (Brown and Brussock, 1990). Thus, monitoring for ARCN will be done in the littoral zone of each lake and riffles of each stream.  Monitoring this community is made easier because well developed and standardized methodologies have been developed, although many of these methods are designed for use in lotic (flowing water), rather than lentic (still water) systems.

II.C.3.b Littoral Vegetation

Perhaps the most conspicuous feature of a lake margin wetland is the distinct pattern of aquatic vegetation that rings the open water zone in response to seasonal patterns of immersion and emersion.  Because wetland plants are so sensitive to slight changes in immersion time and soil moisture, or more explicitly oxygen conditions, they have been extensively used to identify and classify wetland ecosystems (Cowardin et al. 1979).  Not only are aquatic plants useful for classifying wetlands but they are considered keystone species in the littoral zone where they determine the structure and function of the wetland ecosystem and form the basis of the food chain (Mitsch and Gosselink 1986).  Structurally wetland vegetation provides critical habitat to epiphytic bacteria, and some species of algae, periphyton, macroinvertebrates, amphibians, and fish. Aquatic macrophytes have repeatedly been shown to support higher invertebrate diversity and abundance when compared to adjacent non-vegetated zones (Dvorak and Best 1982, Iversen et al. 1985). In the littoral zone, vegetation not only provides a substrate and cover to organisms but is also the primary contributor to the detrital pathway by way of leaf litter inputs (Mitsch and Gosselink 1986).  

Aquatic plants also have profound impacts on the chemical signature of water in wetlands; they remove nutrients by uptake and accumulation, and they can act as a nutrient pump by moving compounds from the sediment and into the water column (Mitsch and Gosselink, 1986). They frequently improve water quality by removing nutrients, metals and other contaminants from the water and sediment. 

Plants are excellent indicators of wetland condition for many reasons, including their relatively high levels of species richness, rapid growth rates, and direct response to environmental gradients and change (EPA 2001).  Plants are found in all wetlands and sampling techniques are well developed for both emergent and to a lesser extent submergent species.  Plants also respond to human-related alteration of the environment in such a way that the change in the plant community can easily be quantified.  There is a high diversity of wetland plants, and each species has a different tolerance to human disturbance.  The ecological tolerances are well known for many species.  Aquatic plants are virtually all immobile so they are effective indicators of both acute and chronic stress occurring at that location.  Finally plant taxonomy is well known and with adequate training most observers can accurately conduct field surveys. 

Of particular importance to the ARCN is our ability to detect changes in plant species composition in relation to changes in hydrology.  A great deal of research has been conducted on the relationship between hydrology and plant community dynamics.  Wetland plants have been shown to respond to water depth (Spence 1982, Grace and Wetzel 1982, 1998), water chemistry (Ewel 1984, Pip 1984, Rey Benayas et al. 1990, Rey Benayas and Scheiner 1993) and flow rates (Westlake 1967, Lugo et al. 1988, Nilsson 1987, Carr et al. 1997).  Aquatic plants are also known to respond to changes in nutrient regime (Pip 1984, Kadlec and Bevis 1990), light, sediment loading and turbidity (Vander Valk 1981, 1986; Sager et al 1998; Wardrop and Brooks 1998), toxic contaminants and metals, and salinity.  Typically, macrophytes respond more slowly to environmental changes than do phytoplankton or zooplankton; as a result of the longer response time, plants are likely to be better integrators of overall environmental condition.  For these reasons monitoring vegetation will be an excellent means by which to track changing conditions in stream and lake ecosystems.
II.C.3.c Approach

Table 2 includes column headings “Sampling tier” and “Experience”. Sampling tier corresponds to the three tier monitoring sample design that is described in greater detail in the next section. Expertise is divided into two components: a sampling component and an analytical component. The letter associated with each component corresponds to the experience needed to effectively collect samples (first letter) and the experience or expertise needed to analyze the samples and interpret the data (second letter). The level of expertise may not be the same for each tier and the expertise required for sampling may differ from that required for analysis.  
The lowest level of expertise (A) would be someone who has no prior training or experience in the lab or field setting. Persons with this level of expertise could be trained to collect A-level indicators, but would not be expected to be involved with complicated analyses or synthesis of the data. The mid-level expertise (B) includes general technical assistants with some level of field and laboratory experience. These individuals should be capable of performing complex procedures and have experience analyzing and interpreting data, although this could come from pre-season training. The highest level of expertise (C) indicates a technical expert with extensive experience in field, lab, or instrument analytical methods and experience analyzing complex data sets.  These individuals will typically be familiar with complex statistical analyses and able to interpret complex relationships. 
Table 2.  Physical indicator to be monitored. Column headings are explained in the text.

	Physical indicator
	Rationale for sampling
	Sampling tier
	Expertise

	Temperature*
	Changes over time can indicate warming/climate change, closely related to oxygen solubility and decomposition rates 
	1

2

3
	A-A

A-A

A-A

	Total suspended solids (TSS)
	Changes over time can indicate hydrologic disturbances and can provide information on watershed sediment dynamics
	1

2

3
	A-B

A-B

A-B

	Substrate characterization (D50)
	Changes over time can indicate hydrologic disturbances and can provide information on watershed sediment dynamics 
	2

3
	B-B

B-B

	Channel geometry and geomorphology
	Changes over time can indicate changes in flow regime that may be related to climate change
	2

3
	B-B

B-C

	Hydrography
	Changes over time can indicate changes in flow regime that may be related to climate change
	3
	C-C

	Secchi depth
	Measure of light availability – lake metabolism
	2

3
	A-B

A-B

	Lake Bathymetry
	Changes over time can indicate hydrologic disturbances and can provide information on watershed sediment dynamics
	2

3
	B-C

B-C


Table 3. Chemical indicators parameters to be monitored. Column headings are explained in the text.
	Chemical Indicator
	Rationale for sampling
	Sampling tier
	Priority

	Dissolved Oxygen (DO)*
	Important for understanding biogeochemical cycling, lake productivity, and distribution of biota
	1

2

3
	A-A
A-A
A-A

	pH*
	Measure of hydrogen ion activity.  An indicator of acidification of aquatic systems.
	1

2

3
	A-A
A-A
A-A

	Specific conductance*
	Measure of water purity.  Simple and extremely valuable as an indicator of the total soluble load in water. 
	1

2

3
	A-A
A-A
A-A

	Total nitrate (NO3) plus nitrate (NO3)
	And important indicator of trophic state.
	2

3
	B-C
B-C

	Total phosphorus (TP)
	And important indicator of trophic state
	2

3
	B-C
B-C

	Heavy metals
	Measure of terrestrial processing and weathering of parent geologic material.  Can also be an indicator anthropgenic inputs from, for example, mining operations.
	1
2

3
	B-C
B-C
B-C

	Cations
	Measure of atmospheric, weathering, and biological processing inputs and hydrodynamic properties of stream
	1
2

3
	B-C
B-C
B-C

	Anions
	Measure of atmospheric, weathering, and biological processing inputs and hydrodynamic properties of stream
	1
2

3
	B-C
B-C
B-C

	Chlorophyll-a (water column)
	Measure of algal biomass.  Can be related to productivity in the ecosystem and to trophic state.  One of the most universally used indicators of aquatic ecosystem health.
	2
3
	B-B
B-B

	Alkalinity
	Buffering capacity of water – changes have been related to permafrost degradation 
	2
3
	B-B
B-B

	Dissolved organic carbon
	Indicator of terrestrial organic matter processing and productivity
	2

3
	B-C
B-C


Table 3.  Biotic indicator to be monitored.  Column headings are explained in the text.
	Biotic indicator
	Rationale for sampling
	Sampling tier
	Priority

	Chlorophyll-a (benthic)
	Measure of algal biomass.  Can be related to productivity in the ecosystem and to trophic state.  One of the most universally used indicators of aquatic ecosystem health.
	2

3
	B-B
B-B

	Bryophytes
	Indicators of disturbance, nutrient availability and climate change
	2

3
	A-C
A-C

	Aquatic macroinvertebrates
	Can indicate energy sources, watershed disturbances and food web dynamics.  One of the most universally used indicators of aquatic ecosystem health.
	2

3
	B-C
B-C

	Zooplankton
	Can indicate energy sources, watershed disturbances and food web dynamics.  One of the most universally used indicators of aquatic ecosystem health for lakes.
	2

3
	B-C
B-C

	Dominant riparian vegetation
	A measure of potential food and energy resources available to aquatic ecosystems.
	2

3
	B-B
B-C

	Fish
	Important for understanding shifts in food web dynamics and may be important for subsistence in some areas 
	2

3
	B-C
B-C

	Benthic organic matter
	Measure of carbon flux and energy/food availability to primary consumers
	2

3
	A-C
A-C


III. Sampling Design
III.A. General Considerations

Taken from: Hoffman, R.L., Tyler, T.J., Larson, G.L., Adams, M.J., Wente, Wendy, and Galvan, Stephanie, 2005, Sampling protocol for monitoring abiotic and biotic characteristics of mountain ponds and lakes: U.S. Geological Survey Techniques and Methods 2-A2, 90 p. 

The number and types of streams and lakes to sample in a monitoring program as well as how monitoring sites are to be selected (i.e., representative or random) can be problematic. The fact that there are hundreds, possibly thousands, of streams, ponds, and lakes in some national parks makes it unrealistic to propose that all of these aquatic systems be sampled. Furthermore, accessibility and the short time that many of these sites are free of ice and snow compound the difficulties associated with effectively monitoring many arctic systems. Therefore, the primary issue related to properly monitoring arctic streams and lakes is how best to achieve the goal of the monitoring program, that is, how best to determine long-term trends in the characteristics of these aquatic resources.

The selection of sites to be sampled for a monitoring program logically would be based on which ecosystem stressors (e.g., global climate change, transport of anthropogenic contaminants via the atmosphere, introduction of exotic species, and recreational use) are being evaluated and on the monitoring questions being asked. In order to assess long-term trends in the physical, chemical, and biological characteristics of aquatic ecosystems, a group of representative sites, repeatedly sampled intensively (i.e., monthly during the ice- and snow-free season or at least annually), could provide fine scale temporal resolution of trends. These sites can provide trend information relatively soon (i.e., 3-5 years) after the monitoring program is started. The National Science Foundation Long-Term Ecological Research Program has adopted this approach. An alternative method would be to randomly select the sites to be surveyed. The advantage of this method is that probabilistic statements can be made about differences in means, and provides a wider range of statistical inference than the representative site approach.
The ability to make statistical inferences to a large population of ponds and lakes does, at first, make the random-selection method appear preferable. This method can add strength to a statement concerning any observed change in a population of ponds and lakes. The representative method has little strength statistically to extrapolate to a larger population of lentic systems. The disadvantage of the random-selection method is that in order to make useful probabilistic statements about responses in a larger population of ponds and lakes, the number of sites in the sampling program would need to be relatively large. Also, if randomly selected monitoring sites are sampled on a rotating basis over a number of years, then the statistical power of inference relative to trend will not be realized until after the second complete rotation of the monitoring cycle. For instance, if 50 sites are sampled over a 5-year period at the rate of 10 sites per year, reliable trend information and statistical inference will not be available until after all sites have been sampled at least twice (i.e., 10 years). 

Given the difficulties associated with the ability to sample arctic streams, ponds, and lakes, implementing a sampling design based only on the random selection of monitoring sites may be entirely acceptable for a monitoring program, nor feasible both logistically and monetarily. However, adoption of a sampling design based on the selection of representative monitoring sites should not rule out the need to incorporate some form of randomized survey of streams, ponds and lakes into the monitoring program. Therefore, a monitoring program that incorporates both representative and randomly selected sites in its sampling design could meet the program objectives of (1) identifying long-term trends and potential changes in the physical, chemical, and biological characteristics of lentic ecosystems; and (2) establishing the statistical power to infer identified trends and potential changes to the population of lentic ecosystems throughout a given area (e.g., a national park).
III.B. Proposed 3-tier sampling approach
To meet the ARCN monitoring objectives and achieve the two programmatic objectives identified above, we propose a three tiered sampling approach. Tier 1 is the most extensive and least intensive. On a weekly basis during the ice-free season, water samples would be collected by trained residents in local villages along key (e.g., Wild and Scenic) rivers.  A limited number of extra samples could be allocated each year to important events; e.g. unusual floods or samples after later fires.  Potential monitoring sites include Noatak Village-Noatak River, Noorvik or/and Ambler-Kobuk River, Umiat and Alpine-Colville River.  Analysis would be restricted to selected physical and chemical indicators in Tables 2 and 3. Water samples would only be analyzed for constituents that are not likely to change dramatically in storage (simply in the dark and cool, preferably refrigerated) between the time of sampling and the time of analysis, but that provide useful information about the state of the system.  Examples include, total suspended solids (TSS); electrical conductivity; alkalinity; pH; total (particulate and dissolved) carbon, nitrogen, and phosphorus.  Samples could be collected from villages by NPS rangers on routine visits or by arrangement with commercial pilots that regularly visit the villages (e.g. for mail and other supplies).  This annual effort would require minimal resources (a few dozen bottles each year that could be recycled) and cost (the analyses are all routine and inexpensive and sample shipping costs could be minimized).  Nevertheless, the simple first tier of monitoring would provide the NPS with a valuable continuous baseline data record to track long term trends in freshwater resource conditions at a coarse scale. 
The Tier 2 or mid-level sampling approach incorporates water quality and physical habitat measures through synoptic sampling over transects from headwaters to the mouth of key (e.g. Wild and Scenic) rivers in the ARCN  parks.  In any given year only 1- 4 rivers would be sampled in this way.  However, over a 5-10 year rotation all target rivers in the network would be monitored.  Monitoring would be done at permanently established locations along each river transect (e.g., at tributary confluences and areas of special interest or concern, like springs).  The number of monitoring locations would depend on the length and complexity of each river, but 10-20 stations would suffice.  During a monitoring campaign a small (3-4 person) sampling party would be dropped off at the headwater sampling location and would work downstream, visiting each station in succession.  Depending on the size of the river, transport between monitoring stations could be by hiking or rafting.  These sampling parties would have the opportunity to sample the full array of vital sign indicators noted in Tables 2-4.  Sampling one complete river transect could be accomplished in 1-2 weeks and is not strongly weather dependent once the sampling is underway.  The sampling could be accomplished by NPS employees or trained seasonal contractees supervised by NPS staff. The human resources required to support this initiative should be modest; additional resources required would depend on the exact suite of indicators selected and the cost of associated analyses.  However, with a few exceptions (e.g., macroinvertebrate identification) the indicators can be analyzed in the field or with only modest effort and cost thereafter.  The required effort would be annual and would provide complete coverage of the monitored rivers over the shifting window equal to the time required to compete one rotation through the monitored rivers (5-10 years).  This is a time frame in which identifiable changes might be expected.  The initial rotation of sampling would establish a baseline.  Over succeeding cycles the database would be come increasingly valuable as an indicator of quantitative change (or lack thereof).  
Tier 3 is the most intensive sampling effort and would occur on the smallest spatial and largest temporal scale. Tier 3 sampling would occur on a ~10 year cycle.  The Tier 3 sampling initiative would be focused on a set of permanently identified monitoring locations that are representative of widespread and fundamentally important ecotypes within the parks.  The key characteristic used to select a potential Tier 3 monitoring location is lithology because 1) it is a characteristic that will not change with time and 2) it is a critical characteristic that strongly influences how other critical indicators (physical, chemical and biological) respond.   This greatly simplifies an exceedingly complex environment.  Thus, changes observed over time to target streams and lakes that lie on uniform lithologies can be reliably extrapolated to other similar areas within the parks.  The Tier 3 (intensive-uniform) sampling effort complements the Tier 2 (extensive-heterogeneous) sampling effort because the Tier 2 sampling effort will necessarily have to sample streams and lakes that lie on heterogeneous landscapes.  Change at the Tier 2 sites (if it occurs) is important in and of itself.  However, it will be difficult to extrapolate the change observed at these heterogeneous sites to other locations in the parks.  The Tier 3 sampling provides a bridge that enables this scaling up.  The effort and resources required to accomplish the Tier 3 sampling should be similar to the annual effort required to accomplish Tier 2 sampling.  However, for a Tier 3 campaign additional resources should be allocated – primarily for helicopter support - to efficiently move the sampling party (or parties) to the Tier 3 sampling locations.  The Tier 3 sampling effort would replace the Tier 2 sampling effort in the year in which it was scheduled to occur.  Thus the additional load on the monitoring program budget should be minimized and would recur only infrequently (at the end of each full cycle – or perhaps even 2 cycles - of the Tier 2 sampling).  If other components of the overall ARCN Inventory and Monitoring program followed similar sampling designs then it might be possible to schedule the entire programmatic sampling plans in a way that would maintain continuity in year to year budgeting.  
IV. Monitoring Protocol
IV.A. General considerations

For the purposes of the ARCN vital signs monitoring program, it is more important to detect change in the overall system than to detect change in any particular lake or stream.  Most lake and stream monitoring programs focus on a limited set of characteristics (e.g. species invasion or specific contaminant) and focus on a relatively small number of streams and lakes.  Under those circumstances, methods with high precision and low detection limits are important and feasible.  However, the enormity of the ARCN stream and lake monitoring project, combined with the general nature of the monitoring objectives, precludes the use of high-intensity methods that provide low detection limits.  Therefore, methods were selected that allow fast, inexpensive sampling at a large number of sites.  Thus, we prioritize obtaining information on a large number of sites at the expense of resolution and statistical power to detect small changes at any one site.  The increased sample size that can be obtained with lower-resolution methods is expected to result in higher power detection capabilities in system-wide changes. 

Due to the rapid development of commercial software and hardware capabilities, it is likely that new field and analytical equipment and software will be utilized in future sampling initiatives. Therefore, the purpose of the Stream and Lake monitoring protocols and standard operating procedures (SOPs) is to establish as set of minimum operating criteria.  In the future, as new hardware and software becomes available, it should be operated and utilized in a manner that consistent with the intent laid out in these documents.  Thus, this suite of protocols and SOPs is meant be a working document that should be updated periodically as new technologies become available. 

Although nomenclature may differ depending on the specific hard-software that is utilized, this document should provide sufficient guidance on the general process of sample and data collection so that specific units and devices can be used reliably.  It is essential that freshwater monitoring staff obtain unit-specific training prior to deploying to the field. The training should include hands-on use and should be designed to test all required functions and operations, plus troubleshooting alternatives in the event that equipment malfunctions in the field.    This protocol and related SOPs are not a substitute for the detailed operating and maintenance manuals that accompany specific devices and instruments.  Rather, these documents are intended to provide detailed guidance on why and how to utilize specific devices and equipment to meet the ARCN Freshwater monitoring objectives.  The Freshwater monitoring staff and there direct supervisors must maintain and be familiar with the operating and maintenance documents that accompany all devices and instruments used to carry out the monitoring activities identified in these protocols and SOPs. 

The following sections describe the protocol for measuring streams and lakes in the Arctic Network. The protocol is a general framework that is informed by specific Standard Operating Procedures (SOPs).  Each SOP contains detailed information to guide collection and analysis of samples based on the sample design and rationale described above. 
IV.B. Preparing for the Field Season

The Field Season Preparation protocol provides a timeline and recommendations for obtaining permits, collecting materials needed for each indicator measured in the field, and suggested steps to reduce logistical challenges. Prior to the field season, in April or May, all observers should review the protocol, including all related SOPs. Calibrating all the equipment and reviewing the sampling procedures is critical to obtaining a useful long-term dataset so it is imperative that each observer successfully complete the training program. The training program will help reduce inter-observer errors to maintain data consistency.

All of the equipment and supplies listed in should be organized and made ready for the field season, and copies of the field data forms in SOP 01 should be made on all-weather paper. To obtain as complete a data set as possible, it is essential that adequate field equipment and supplies are available for the duration of each field trip.  Therefore, extra supplies of all consumables will be packed for each trip.

Before each field season, streams and lakes should be selected, and the time, date and logistics for sampling should be arranged including all park compliance.  Lakes and streams to be monitored and a sampling plan must be established, along with contingency plans for poor weather or other confounding factors that arise.  The number of sites that can be sampled in a given time period depends on a number of factors, including proximity of the field sites, modes of transportation between sites, personnel workloads, weather and forest fires. Information for sample design and selecting sample tiers, level of metric priority, and crew experience and/or expertise can be found in SOP 03. In all cases, personnel health and safety should be paramount concern.  Field preparation entails assembling gear and making sure field gear is in good working order; assembling sample supplies; creating sample labels; preparing sample materials; preparing field data forms; preparing data recorder for data entry; setting up database for upcoming data; preparing field transportation and camping support for field crews; etc.  To the degree possible, when revisiting a site, it would be preferable to resample it in the same order and on approximately the same day and time that the site was originally sampled.  This will help reduce diurnal and seasonal variation within the data.  The timing for sampling can be found SOP 09-10. The sampling design for tier 2 and 3 initiatives is based on an assumption that the sampling activities at a site can be accomplished in a 2-8 h period.  Initial sampling visits will likely take longer periods while follow-up visits may be shorter.  More time should be allowed at the beginning of the sampling season while field crews become familiar with the routines and work out any unforeseen problems in the procedures and equipment. Field trip mobilization procedures are given SOP 07.  Field trips should be limited to fewer than 12 days to maintain the integrity of the water samples. Many of the chemical analyses for water have hold times that restrict the length of field trips unless arrangements can be made for samples to be transported to the analytical laboratory.
The delineation of the study region, acquisition and rectification of images, are explained in SOP 02. This SOP explains the current suggested sources and means for GIS analysis, important for measurement of hydrography and development of maps critical for field season preparation and on-site logistical decisions. As well, the information needed for post-season landscape analsyses and comparisons of multi-scaled spatial and temporal analyses for all indicators can be found in SOP 02. The protocol continues with detailed explanation of how the study area, stream reach, and lakes to be sampled in each field campaign are selected based on the tier and the level of expertise needed to successfully sample each stream and lake. Further, SOP 03 explains the priority in which each metric is related to each sampling tier. Important to any level of field work in remote areas requires recommended training. Relevant to all levels of sampling design, we recommend that basic training of personnel on the use of handheld GPS units, bear safety, photodocumentation, and multiprobes be carried out as early in the process as possible. The single most critical component to maintaining a good water quality monitoring program is having well trained and competent observers.  There are very specific methodologies for collection of water samples and measuring physical, chemical and biologic attributes of aquatic ecosystems. It is essential that observers be properly trained in calibrating and operating all measuring tools. 

Training new crew members consists of office/lab training in procedures, equipment, supplies, sample tracking, sample handling, and data management.  Once all crew have been trained in the office, training sessions should be conducted at nearby streams and lakes to ensure that all personnel are comfortable with the procedures and that all equipment is working properly.  Initial field visits should be to nearby, easily-accessible lakes to facilitate troubleshooting, repairs, and revision of methods (should such be necessary) prior to being dropped in remote locations with little recourse for correction. SOP 04 addresses training needs in more detail for each monitoring element.

In addition, several operational training procedures may be required by the NPS (i.e. fixed wing aircraft or B3 and archeological sensitivity training). The information for these can be found in SOP’s 04-06. Details regarding the last steps before mobilizing for a field trip (SOP 07) include a last check for the status of satellite phones, air-to-ground radios and filing logistic plans with headquarters office. 
IV.C. Operating in the Field

Once in the field, SOP 8: explains the daily field startup and prepares each observer for stream and lake sampling. SOP 9: and SOP 10: correspond to streams and lakes sample collection in detail and cover the physical, chemical and biological indicators explained in Tables 2-4. The SOPs for streams and lakes sampling includes the lists that should be double checked before sampling each day. Further, these lists should be reviewed and modified as to which sampling tier is being actively campaigned. At the end of the day, some samples collected from the field may need processing, sorting, or special storage. For example, chlorophyll-samples should be analyzed daily if located at a remote field camp. The SOP 11: provides directions and suggestions for the sweet of indicators and samples collected as well as suggested references and methods for in-field calibration of meters.

IV.D. Organizing after the Field
After a field trip), a series of steps should be taken to insure that data, samples, field gear are properly cleaned, stored, and inventoried (SOP 12: Field Trip Demobilization. Photocopies should be made of field notebooks and images should be downloaded from digital cameras and archived. This will facilitate easier transition between field campaigns and should decrease the effort needed to start the next field trip. Further, samples that may need additional processing include heavy metals, cations, anions, nutrients, algae, bryophytes, zooplankton, macroinvertebrates and vegetation. SOP 11 describes the specific protocols that should be followed for these analyses. Some samples may require taxonomic analysis by professional laboratories for such as algae, bryophytes, macrophytes, zooplankton, and macroinvertebrate. Methodology is described in SOP12.
Samples from the field will be logged in and stored until they can be sorted and identified.  Once data are received they are entered or corrected in the network database.  The project manager will be responsible for the safekeeping and organization of the data sheets and ensuring that data are entered into the database (SOP 14).

All of the physical, chemical and biological data collected from streams and lakes should be archived in an Access database. The database is located on a file server in the Fairbanks office.  The local data manager or IT specialist should be consulted for the correct access to this database.  
While in the field, data will be entered into a personal digital assistant (PDA) and on all weather data sheets. Each day the PDA is backed up to a backup disk that is stored at base camp in an all weather container and to a second PDA this insures that the most recently collected data is carefully backed up. At the close of a field excursion after all water samples have been safely delivered to the laboratory and the necessary equipment has been stored the crew leader will deliver the PDAs to the data manager and store the data sheets in the project managers filing cabinet in the folder marked “to be entered and verified”. The data manager is responsible for downloading the data into the Access database and verifying the data are accurately stored in the database. Any data that were not entered into the PDA must be hand entered into the Access database shortly after the field season has been completed. Laboratory results from two separate agreements must also be entered into the database. Macroinvertebrate sample identification is completed by Alaska Biological Research Inc. ABR has been provided with a copy of the macroinvertebrate data table where they enter all macroinvertebrate identifications. Upon completion of sample analysis ABR returns the populated database to the data manager who will review the data and verify the entry prior to inclusion in the primary database. 

Data verification is an essential part of data collection. It is critical that the data are carefully reviewed prior to leaving the lake. Once all data have been collected the observer who has been recoding data asks a second observer to review the data sheets for completeness. It is this person’s responsibility to inspect the data sheets and fill in any missing data. This is the most important point of data verification as it is the last opportunity to acquire any missing data.  Data collection will be verified again at the end of the day after all data have been collected. After the data have been entered into the Access database by the data manager the project manager should verify the data are accurately entered into the database by randomly comparing the data sheets and PDA to the database. 

Once the data have been cleaned and properly stored they are ready to export to STORET, an operational system maintained by the United States Environmental Protection Agency actively being populated with water quality data by many governmental agencies and private entities. Data entered into STORET must be accompanied by information on where the sample was taken (latitude, longitude, state, county, Hydrologic Unit Code and a brief site identification), when the sample was gathered, the medium sampled (e.g., water, sediment, fish tissue), and the name of the organization that sponsored the monitoring. In addition, STORET contains information on why the data were gathered; sampling and analytical methods used; the laboratory used to analyze the samples; the quality control checks used when sampling, handling the samples, and analyzing the data; and the personnel responsible for the data. The National Park Service is developing a tool to allow extraction of water quality data from Access databases such that the data may be easily uploaded into STORET. Specific procedures for accomplishing this are in development and will be incorporated into the ARCN data management plan.
Metadata describe the attributes of an information bearing object (IBO). IBOs for this project can be in many formats including documents, data sets, and databases, fields within databases, images, or biological collections. Using metadata to accurately account for data is essential because it provides critical information regarding the format of data to people who are interested in interpreting the data. A metadata record for this project includes representations of the content, context, structure, quality, provenance, condition, and other characteristics of an IBO. Metadata for this project is embedded within the Access database. Within the database are brief descriptions of each data field and table. The metadata also describes how each table within the database is related to one another. An FGDC-compliant metadata document will also be produced and maintained as part of ARCN data management. This document will be produced by the project leader with assistance from the network data manager and maintained on the network website as well as the national I&M Program metadata store (NR-GIS). Data will be archived according to the ARCN data management plan and carried out in concert between the network data manager and the project leader. 
IV.E. Personnel requirements

The project manager will be the lead ecologist for implementing the monitoring protocol, and will be supervised by the Program Coordinator for the Arctic Network. The project manager will typically be responsible for implementing the protocol and will work with contractors to insure the completion of all tasks in a timely manner. The project manager will also be responsible for training observers implementing the protocol to collect high quality data that comply with all QA/QC procedures (SOP 16) that both the project manager and data manager have outlined. The project manager will be actively involved in data collection, entry, verification and validation, and summary; and together with the data manager will ensure the quality of data archival, security, dissemination and database design. 
Two to three people will be on each field sampling crew. On small streams two people can effectively sample the sweet of indicators we recommend. If necessary, sampling can be completed by two people on lakes, but the efficiency is greatly reduced.  With a larger crew of four or five, multiple elements can be sampled simultaneously, decreasing the time necessary for each site.  However, transportation can be cumbersome in remote areas and the additional time required for transport can quickly outweigh the benefit from the additional personnel. 
IV.F. Budgeting

Personnel expenses for field work are based on a crew of three people: an ecologist to conduct sampling, and train and oversee two trained biological technicians. Field costs will vary greatly from year to year depending on the accessibility of streams and lakes, the method of access (motor boat, raft, float plane or helicopter), and the number of sites to be sampled. We recommend that for sampling tier 2, the budget would ideally incorporate costs for limited helicopter or fixed wing aircraft support. For tier 3 sampling, there would be modest fixed wing support and ideally helicopter supported logistics.
V. Revisions to the Protocol and SOPs

Over time, revisions to both the Protocol Narrative and to specific Standard Operating Procedures (SOPs) are to be expected.  Careful documentation of changes to the protocol, and a library of previous protocol versions are essential for maintaining consistency in data collection, for appropriate treatment of the data during data summary and analysis, and for tracking important changes in detection and reporting limits for water quality monitoring.  The STORET database for each monitoring component contains a field that identifies which version of the protocol was being used when the data were collected.

The rationale for dividing a sampling protocol into a Protocol Narrative with supporting SOPs is based on the following:

· The Protocol Narrative is a general overview of the protocol that gives the history and justification for doing the work and an overview of the sampling methods, but that does not provide all of the methodological details. The Protocol Narrative will only be revised if major changes are made to the protocol.

· The SOPs, in contrast, are very specific step-by-step instructions for performing a given task.  They are expected to be revised more frequently than the protocol narrative. 

· When a SOP is revised, in most cases, it will not be necessary to revise the Protocol Narrative to reflect the specific changes made to the SOP.

· All versions of the Protocol Narrative and SOPs will be archived in a Protocol Library.

The steps for changing the protocol (either the Protocol Narrative or the SOPs) are outlined in SOP 17. Each SOP contains a Revision History Log that should be filled out each time a SOP is revised to explain why the change was made, and to assign a new Version Number to the revised SOP.  The new version of the SOP and/or Protocol Narrative should then be archived in the LTEM Protocol Library under the appropriate folder.  It is imperative that before each field season, the latest versions of each document are used in training field personnel and in conducting the subsequent monitoring.
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