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�
Introduction



The Great Smoky Mountains National Park (GRSM) contains over 3400 kilometers of pristine waterways.  As the streams drain the forested ecosystems of the park, they integrate and reflect  conditions in those ecosystems.  Aquatic macroinvertebrates are subjected directly to changes in the physical and chemical conditions of the water.  Because of their dependent relationship with the water they live in, aquatic macroinvertebrates are good indicators of ecosystem health.  They are found in all aquatic environments, are less mobile than many other groups of organisms, and are of a size that makes them easily collectable.  Aquatic biota show responses to a wide array of stresses, including those having synergistic or antagonistic effects.  Moreover, benthic macroinvertebrates have been shown to be a cost�effective monitoring tool (Lenat 1988).





Goals



Maintain a Park�wide system of benthic macroinvertebrate monitoring sites to track the environmental health of Park streams, and to detect and quantify changes in conditions.





Objectives



•	Develop long�term aquatic biota data for large streams, for streams having significant brook trout populations, and streams having threatened and endangered fish species; 



•	Determine correlations among macroinvertebrates, fish, habitat, and water quality monitoring data; and



•	Develop baseline data on aquatic macroinvertebrates.





Methods



The rapid bioassessment (RBA) protocols presented below have been adapted and freely paraphrased from the Standard Operating Procedures, 1995 edition, developed and used by the North Carolina Department of Environment, Health, and Natural Resources.  These protocols (referred to below as the NC protocols) have been designed for use in this region, including sites within GRSM.  One of those sites, Cataloochee Creek, has been sampled repeatedly for more than 15 years as part of the NC statewide water quality monitoring program.  A critical component of the NC protocols is the assignment of tolerance values to specific taxa (Appendix F).  Tolerance values range from 0 � 10 and indicate the ability of a taxon to withstand pollution and ecosystem stress:  0 denotes complete intolerance and 10 denotes extreme tolerance.  These values have been derived from hundreds of samples taken in diverse water quality conditions across the state of North Carolina (Lenat 1988), and represent the best available assessments of tolerances for the taxa found in the Park.



A.  Site Definition

A site is defined as a section of river or stream approximately 100 to 200 meters long.  Some of the macroinvertebrate monitoring sites have been chosen to coincide with previously established, permanently marked fish monitoring sites.  Site length is dependent on stream size and the location of suitable natural impediments to fish movements at the lower and upper ends.  Sections 200 meters long are established on streams greater than 9 meters in width. Each site is marked with aluminum tree tags engraved with a code.  The number of sites sampled on a particular stream depends on the characteristics of the stream.  Characteristics considered in determining the number of sites sampled include changes in stream order and width, gradient, structural characteristics (waterfalls, cascades, etc.), topography, accessibility, stream length, number of tributaries, and the presence of barriers, such as waterfalls.  Most streams include two or more macroinvertebrate sampling sites, except small first order streams less than 2 kilometers long or less than 4 meters wide at the confluence.



B.  Sample Site Determination and Scheme

Nineteen streams having a total of 25 sites are slated to be sampled on a yearly basis (Appendix A). These permanent sampling sites have been selected to coincide with the fisheries and water quality monitoring sites.  Each site is sampled once per season, with the season extending from June through September. This time frame ensures that all samples can be analyzed without the need to compensate for seasonal population fluctuations.



To accomplish the goal of a Park�wide monitoring system and the objective of a baseline inventory of the macroinvertebrates of the Park, in addition to the permanent sampling sites, other sites are sampled each year.  There are 45 principal watersheds in GRSM (Parker and Pipes 1990).  This is too many to be sampled in one year, so a long�term rotational schedule has been adopted.  Each summer, one or more watersheds will be selected for an assessment to be conducted across the elevation gradient in streams of different order and basin characteristics. The number of watersheds and sampling sites will depend on size of the watersheds selected. The sequence of watersheds has not been specified in advance.  Selection is made each year, prior to the start of sampling, in consultation with the I&M coordinator and the other I&M program managers in order to coordinate sampling with the current Park programs whenever possible.  However, once all watersheds have been included in the rotation, that schedule will be maintained thereafter.





C.  Sample Collection

1.  Sampling Requirements

Before any sampling trip is begun, the trip leader will generate a field plan that includes a list of necessary equipment (Appendix B), and a list of sites for sampling.  A sampling crew may consist of just two individuals, however, three people should be utilized whenever possible.  Coordinating sampling trips with fish sampling increases overall field sampling efficiency by ensuring sufficient numbers of individuals for sampling.  The sampling methods described below require that streams and rivers be wadable for efficient data collection.  High water conditions severely impair sampling efficiency by making some habitats inaccessible.  An underestimate of taxa richness due to high flows may lead to an incorrect assessment of water quality.  If high water makes sampling conditions marginal, it is better to return to the site during a more appropriate flow regime.



2.  Field Procedures

Habitat Assessment � Upon arriving at a sampling site, the trip leader will first determine that water conditions are appropriate for sampling and then determine the exact site location by finding the tree tag that marks the beginning.  If a site has not been sampled previously, a suitable tree is selected and a tree tag is attached.  The Great Smoky Mountains National Park Stream Habitat Data Sheet (Appendix C) is filled out at this time.  The site characteristics recorded include:



Width/Gradient � Stream width, the distance from one wetted shore to the opposite wetted shore perpendicular to the thalweg, is a primary factor in determining expected taxa richness, especially in unimpacted headwater streams.  Therefore, the measurement of stream width should be done as accurately as possible.  A tape measure is used to measure streams at 10 meter intervals throughout the length of the 100 m stream section to be sampled.  (At 200 m large�stream sampling sites, 20 m intervals are used.)  Stream gradient is an important factor influencing current flow, channel structure, and habitat availability.  Field measurement of gradient is accomplished using a clinometer to measure the rise within each 10 to 20 meter section as the widths are measured.



Depth � Depth is measured at 1/4, 1/2 and 3/4 stream width across each transect as the stream width is measured.  A PVC pipe marked with 1 cm gradations is used to estimate depth to the nearest centimeter.



Substrate � At each point where depth is measured on each transect, the dominant substrate class within a radius of 1/2 meter of the measuring tool is determined.  Substrate classes are included on the data sheet for reference.  Note embedded substrate (interstitial spaces filled in with sand and silt), unusual geological formations, presence of normal riffle�pool sequence (riffles spaced at intervals equal to 5�7 times stream width), and large areas of unstable substrate or signs of recent movement of bedload material.



In�Stream Habitat � As stream width and gradient are being measured, the field crew estimates the percentage of invertebrate habitat classes in each transect interval.  The habitat classes are listed on the data sheet for reference.  The consensus estimates of the two people performing the measurements are recorded on the field sheet.



Benthic Community � Note presence of organisms not usually collected, such as water striders, bryozoans, sponges, crayfish, and mussel shells.  Note dominant organisms, any that are very abundant, and the presence of crayfish burrows on the stream banks.  Give an overall impression of the site.



Water Chemistry � Water temperature, pH, and conductivity are measured and recorded on the data sheet.  The pH probe is calibrated with a pH 7 and a pH 4 low ionic strength buffer prior to each measurement.



Logistics � Note for future reference any logistical problems, such as, trails not aligned according to maps, locked gates that require permission to pass through, the need for assistance from Maintenance or Ranger personnel to reach the site, and so on.



All specimens are preserved on site in 95% denatured ethanol to compensate for dilution.   Specimens are transferred to 70% ETOH during sorting and identification.  Multiple benthos samples from each site are combined into one 125 ml Nalgene® wide mouth bottle.  The benthos and aerial samples are labeled with collection site and station, names of collectors, time and date of collection.  Labels are written with soft pencil on waterproof paper and placed inside the vials and jars.  Tape is never used to affix labels to the outside of containers.



Each site is documented photographically from one or more established photo� documentation points using a 35 mm camera with a 50 mm lens and color slide film.  The roll and frame numbers are recorded on the data sheet.  The first any site is sampled, the trip leader will determine the photo-documentation points and document their location on the field sheets so they may be found in subsequent years.



Vehicles are locked when unsupervised, and sample custody is maintained at all times by field collectors.  All samples are transported to the Twin Creeks Natural Resources Center of GRSM.



Rapid Bioassessment � Two different macroinvertebrate collection methods are used.  Both are taken from the Rapid Bioassessment Protocols developed by the North Carolina Department of Environment, Health and Natural Resources (NC Division of Environmental Management 1995).  The first method is a standard qualitative method that can be used to assign water quality ratings to most streams and rivers in GRSM. This methodology is applicable for most between�site and/or between�date comparisons.



The second collection method is the EPT (Ephemeroptera � Plecoptera � Trichoptera) method, an abbreviated version of the regular qualitative technique.  This technique is used to determine quickly between�site differences in water quality.  It is particularly useful for:

a)  	Watershed studies with large numbers of sites.

b) 	"Emergency" sampling where it is desirable to assess rapidly the effect of 	disturbances, unusual discharges, and so on. 

c) 	Small streams (<3 m average width).



The sampling techniques outlined here usually take 1�l/2 to 2 hours per site with three collectors (or 3�1/2 to 4 hours per site with two collectors) for the standard qualitative method and 45 minutes to 1 hour for the EPT method using three collectors.  However, the time necessary to collect at a station will vary depending on factors such as stream size (a large river takes more time than a small stream), flow conditions, substrate characteristics, and size of crew.  A team of three people can do one or two stations per day depending on accessibility and stream size.



Standard Qualitative Method � This collection method consists of three kick�net samples (kicks); one composite sweep�net sample (sweep), made by taking several random sweeps in each distinct habitat type throughout the site; one composite leaf�pack sample; one composite fine�mesh rock and/or log wash sample; one composite sand sample; one composite visual; and one composite aerial collection.  Each member of the sampling crew collects a separate fine-mesh sample and a separate visual sample, which then are combined with those collected by the other crew members.  Invertebrates are separated from the rest of the sample in the field ("picked") using forceps and white trays.  Sorting samples while the specimens are alive and moving makes the task easier.  Organisms are picked roughly in proportion to their abundance, but no attempt is made to remove all organisms.  If an organism can be reliably identified as a single taxon in the field (i.e., Tallaperla sp.), no more than 10 individuals need to be collected.  Specimens are preserved in plastic vials containing 95 percent ethanol.



Some organisms are not routinely collected.  These include colonial species (Bryozoa, Porifera), semiaquatic Coleoptera, and species that live on the water surface, such as many of the Hemiptera.  The presence of these species is recorded on the Habitat Data sheet in the notes section.



EPT Method � The EPT method is a modification of the standard method that is less time consuming.  The collection and analysis times have been decreased in two ways.  First, collections focus on a subset of the benthic community:  Ephemeroptera, Plecoptera, and Trichoptera (EPT).  These groups usually include the most intolerant species.  Field notes also are made concerning the abundance of other groups, particularly any stress indicator species.  Secondly, the number of collections is decreased.  The fine�mesh and sand samplers, which predominately sample non�EPT taxa, are not used.  A comparison of the results between the standard and the EPT method is given in Eaton and Lenat (1991).



Following sampling, the benthic samples from each site collected separately by crew members are combined into a single sample.  This may be done in the field or in the lab.  The adults from the aerial sampling are kept separate from the benthic samples.







3.  Sampling Equipment and Techniques

Kick Net � A kick net is an easily constructed and versatile sampling device.  It consists of a double layer of flexible nylon door or window screening between two poles.  The screening is reinforced with denim along the edges and has lead weights sewn into the bottom edge.  The net is held upright on the stream bed by one individual, while the stream bottom upstream of the net is physically disrupted by a second individual.  Kicking and turning over rocks and logs with the feet and hands dislodges organisms which are washed into the net by the current.  The net may be moved to other locations and the process repeated until a representative sample is obtained.  The net is spread out on the stream bank for sorting.  Invertebrates are picked and placed in preservative.  Larger leaves, debris, and rocks are examined carefully for invertebrates as they are removed.  Some investigators have found that this technique gives consistent results (Hornig and Pollard 1978, Armitage 1978, Pollard 1981).



Three kicks are taken from riffle areas.  The samples should be collected from areas of differing current speed.  In very small streams or in sandy areas lacking riffles, kicks should be taken from root mats, snags, or bank areas.  All types of benthic macroinvertebrates can be collected by this sampling device, but method emphasizes  species that live in fast flowing water.



Sweep Net  � A long�handled triangular or D�frame aquatic sweep net is another versatile sampling device.  Samples are taken by physically disrupting an area and then vigorously sweeping through the disturbed area.  Sweeps are usually taken from bank areas, including mud banks, root masses, and macrophyte beds.  Bank samples are particularly important for the collection of edge species that prefer low current environments.  Chironomini (red chironomids), worms, dragonflies and damselflies, caddisflies, Sialis, crayfish, and certain mayflies often are collected with a sweep net.  A sweep net also can be used to sample gravel riffle areas where stone�cased caddisflies may be abundant.



Fine�Mesh Sampler � An alternate sampling technique is used to sample the smaller invertebrates, especially the Chironomidae or non�biting midges, missed by the kick and sweep nets.  This sampler, known as a "chironomid�getter," is made out of a cylinder cut from 4�inch PVC pipe.  Fine mesh (200 microns) netting is placed between PVC pipe fittings that fit snugly together.  The exact dimensions are not critical.  This device can be used in a variety of ways.  The simplest technique is to wash rocks or logs into a large plastic tub.  Rocks are selected which have visible growths of periphyton, Podostemum, liverworts, or moss, or a coating of silt.  Large particulate materials (e.g.. leaves) are washed off into the plastic tub and discarded.  A single composite sample is made from several rocks and/or logs.  The material remaining in the tub is poured through the fine mesh sampler and rinsed.  The sample is back washed into a picking tray, or a portion of the sample is removed from the cylinder and placed into a tray.  Specimens are picked from the tray and preserved in 95% ethanol.  Small chironomids, oligochaetes, baetid mayflies, microcaddisflies, and other grazers are collected with this technique.



Sand Sampler  � Sandy habitats often contain a distinctive fauna, but sampling this habitat can be difficult.  Sandy substrates (in areas with definite flow, if possible) are sampled with a large bag constructed of fine mesh (200 microns) netting.  The net is constructed from a 1�meter square piece of netting folded in half and sewn together on the opposite side and the bottom.  This bag is employed like a Surber sampler, but the lack of a rigid frame allows for easy storage when folded.  The bag is held open near the substrate, and the sand is vigorously disturbed by the collector's hands or feet.  The material collected (a lot of sand and a few organisms) is emptied into a plastic tub half�filled with water.  The sample is stirred and poured into a chironomid�getter, after which the elutriate is picked; non�biting midges (Chironomidae), worms, clubtail dragonfly nymphs, and baetid mayfly nymphs are commonly found with this technique.  This process is repeated until no organisms are found or until no different organisms are encountered.  The sand remaining in the tub is picked for large or heavy organisms that have not been washed free by stirring.



Leaf�Pack Sampler � Leaf packs, sticks, and small logs are washed into a sieve bucket and then discarded.  Generally, three to four leaf packs are collected from rocks or snags in fast current areas.  The best leaf packs consist of older leaves (not freshly fallen) that have begun to decay.  Leaf�pack and small log samples are particularly valuable samples in large sandy rivers.  In such habitats, many of the species are confined to these snag habitats (Benke et al. 1984; Neuswanger et al. 1982).  These samples are especially useful for collecting shredders, particularly crane flies, stoneflies, and caddisflies.



Visual Search � Visual inspection of large rocks and logs often adds to the species list.  Large rocks and logs are a preferred microhabitat because of their stability during floods.  Always look in a number of different areas, not just riffles.  Rocks and logs in pools often yield additional species, as this habitat is not well sampled by either kicks or sweeps.  The tops of rocks are a specialized microhabitat with a number of characteristic taxa.  Psychomyia caddisflies, for instance, build retreats on the top of submerged logs.  These are often made more visible by lightly washing off any silt that has accumulated on the top of the substrate.  Decaying logs should be picked apart to look for chironomids, and many taxa can be found under loose bark.  Rocks near the shore in negligible current will harbor certain mayflies, and leaves near the shore may be the primary habitat for some snails.



Certain caddisflies (Nyctiophylax and related genera) select crevices in rocks or logs, often along the edge, and cover them over with silk strands.  The silk becomes covered with silt and periphyton and is hard to see.  There is usually a faint opening on each end of this retreat.  If the tip of a pair of forceps is inserted into one opening, the larva usually will come out the other opening.  Microcaddisflies make small (2�4 millimeters) cases found attached to rocks and logs, usually on the top or along an edge.  Polycentropodid caddisflies build funnel�shaped silken retreats (up to 6 inches in length) in areas of relatively slow current.  Out of water the case collapses and resembles a gelatinous brown glob.  The larvae will often crawl out if left out of the water for several minutes.  It's a good idea to re�check some logs during visuals for these caddisflies.



In larger rivers, look for a log in the current with some portion raised above the substrate.  This is a good place to look for hydropsychids and other filter feeders.  The net may be the only visible evidence of these organisms, and they must be dug out of their retreats with forceps.  Aquatic macrophytes and sponges are other habitats use by aquatic insects and need to be closely examined.



Mussel species, although generally uncommon in the Park, may be found by careful visual inspection of the bottom.  A mussel search should be conducted if empty shells are found during sampling.  They are most likely to be found in the west end of the Park where limestone has increased the calcium content of the water.  However, only live specimens should be added to the species list.  The bases of aquatic plants may contain mussel species and must be searched by hand.  If possible, mussels should be identified in the field and returned alive to the stream.



Approximately twenty minutes are allocated for visual searches.  Look for attached cases of caddisflies, as well as for flatworms, beetles, dragonflies, snails, leeches, and fishflies.



Aerial Sampling � Positive species level identification of most aquatic insects is possible only from sexually mature adult specimens.  This usually means flying insects that are not in the water, although they are found near the water.  These are collected by means of aerial insect nets (butterfly nets) swung through vegetation overhanging or beside the stream.  Vigorous sweeps through Rhododendron and hemlock branches, nettles, and other stream side vegetation will yield numerous specimens of a variety of species.  The net also should be swept up and down the trunks of trees near the stream to dislodge resting adults.  Sweeping is most effective on warm sunny days when the vegetation is relatively dry.  It is not usually productive on cool, damp, cloudy days when sweeping results in getting the net soaking wet.  Specimens in the net are transferred to a vial containing 95% ethanol using forceps or by knocking them from the net into the vial.



D.  Laboratory Techniques

Because of the time involved and the degree of expertise required to identify and count benthic macroinvertebrate samples, a contractor is hired for this part of the sample processing (Appendix D).  All benthic macroinvertebrate samples are kept in 95 percent ETOH.  Before mailing, the jars are completely filled with alcohol to reduce damage to the specimens in shipment.  They then are carefully packed with enough packing material to prevent breakage.  A log of all samples sent off site is maintained to facilitate tracking.  The contractor identifies all organisms in the samples to the lowest possible taxonomic level, counts, and records in a spreadsheet the species and the number of individuals for all samples.  Upon return of the samples, the results are checked for accuracy by the project leader.  Discrepancies in identifications are resolved by communication with the contractor or other authorities (Appendix E).  All specimens are retained in lots by site and date, and the samples are kept as permanent vouchers in the Twin Creeks Natural Resources Collection.  Lab sheets and all associated information are copied and the copies are stored in the Botany Building.



After the identified samples have been checked and corrections made, the spreadsheet provided by the contractor is converted to the spreadsheet format used by the principal investigator.  After the data are saved in the correct format, total taxa richness, EPT taxa richness, Biotic Index value, EPT Biotic Index value, and coefficients of similarity are automatically calculated.  Species lists for one or many samples can be easily retrieved using this system.



A complete list of all benthic macroinvertebrates taxa (BUGS) is maintained by the I&M program.  The BUGS database contains the taxa code, the species name, order, family, tolerance value (an index based on the pollution tolerance of each taxa), functional feeding type of each taxon, and whether reference specimens are available.



E.  Data Analysis and Interpretation

The contractor returns the raw data, consisting of counts of the number of individuals of each species collected from each site, in a Lotus 1�2�3 spreadsheet.  After checking for changes in formatting, newly recognized taxa, etc., the Lotus file is imported into Excel and a set of macros is executed that reformats the data, calculates a variety of indices and statistics, and prepares graphic summaries of the information.  The metrics calculated are detailed below.



EPT Criteria

Species richness, or number of species, is the simplest measure of "diversity."  The association of good water quality with high species richness has been thoroughly documented.  Increasing levels of ecosystem stress gradually eliminate the more sensitive species, leading to progressively lower species richness.  Total taxa richness (ST) and taxa richness for Ephemeroptera +Plecoptera + Trichoptera (SEPT) are calculated, and SEPT is used to assign a biological classification to each station (Excellent, Good, Good/Fair, Fair, and Poor).  Bioclassification criteria for EPT taxa richness values for several major ecoregions have been developed, both for the standard qualitative sampling method and for the EPT method:







Bioclass�

ST�

SEPT��

Excellent�

>41�

 >35��

Good�

32�41�

28�35��

Good�Fair�

22�31�

19�27��

Fair�

12�21�

11�18��

Poor�

 0�11�

0�10��

The bioclassification rating primarily reflects the influence of chemical pollutants.  The effects of sediment are poorly assessed by taxa richness analysis.  Bioclassifications are assigned from the EPT taxa richness values.



Seasonality Corrections

Bioclassifications are assigned from the EPT taxa richness values, based on the expected values for summer (June�September) collections.  Expected EPT taxa richness values will vary seasonally, and adjustments should be made to all non�summer collections.  This is automatically done in the macro that computes the indices.  However, uncertainty remains concerning the precise nature of seasonal adjustments in different regions, and until better data are available all sampling for this program is restricted to the summer months.



High Quality Small Mountain Stream Criteria

Criteria have been developed especially for small high quality mountain streams where data have shown that taxa richness values are reduced by factors other than water quality.  A series of surveys of streams of different widths in the same unimpacted watershed indicate a size correction factor of 1.45 for undisturbed stream 1�2 meters in width or with drainage area less than about  2.6 square kilometers (1 square mile).  A size correction factor of 1.25 is suggested for undisturbed streams 3�4 meters in width or with drainage area less than 9 square kilometers (3.5 square miles).  Streams less than l meter wide are not sampled.  These corrections are computed automatically by the macros, after the correction factors have been determined for each sampling site.



Biotic Index Criteria

Classification criteria for biotic index values were derived by the North Carolina Division of Environmental Management, and are calculated as show below.



Biotic Index (BI) = ( TVi (ni)

			N



TVi 	= tolerance value of the ith taxon

ni	= abundance value (1, 3, or 10) of ith taxon

N  	= sum of all abundance values



The abundance values, n (1, 3, or 10), for each taxon are derived from the number of specimens collected.  One to two specimens are coded as 1, 3 to 9 specimens are coded as 3, and 10 or more specimens are coded as 10.



Derivation of Final Bioclassification

For most mountain streams, equal weight should be given to both the biotic index value and EPT taxa richness value in assigning bioclassifications.  For both rating systems, bioclassifications are assigned the following numbers:



Excellent: 5		Good: 4		Good�Fair: 3		Fair: 2		Poor: 1



Borderline classifications are assigned near half�step values (1.4, 2.6, and so on) and are defined as boundary EPT values ± 1, and boundary biotic index values ± 0.05.  The two ratings are then averaged together and rounded to produce the final classification.  The following tables are used to determine the scores for EPT taxa richness values and Biotic Index values:









 Score�

EPT�

BI��

5.00�

>43�

<4.00��

4.60�

42�43�

4.00�4.04��

4.40�

40�41�

4.05�4.09��

4.00�

34�39�

4.10�4.83��

3.60�

32�33�

4.84�4.88��

3.40�

30�31�

4.89�4.93��

3.00�

24�29�

4.94�5.69��

2.60�

22�23�

5.70�5.74��

2.40�

20�21�

5.75�5.79��

2.00�

14�19�

5.80�6.95��

1.60�

12�13�

6.96�7.00��

1.40�

10�11�

7.01�7.05��

1.00�

0�9  �

>7.05��


Trend Analysis of Biotic Indices

The data from the 25 permanent sites will be examined for trends, using the null hypothesis that the sites do not differ from the baseline condition.  Repeated measures analysis of variance will be used for this analysis.  If a significant trend is discovered at one or more sites, data from other elements of the program will be examined to attempt to determine 1) if similar trends exist in other components of the ecosystem, and 2) possible causes for the trend.  If the trend is noted in several sites, in other components of the ecosystem, and if no causes can be identified, Park management will be informed of the situation to determine if funding can be obtained to conduct an investigation of the situation.



Other Analyses

Other analyses may be also performed on the data, including a coefficient of similarity based on presence/absence data.  Several coefficients of similarity are available that provide a measure of the relatedness of pairs of samples.  The coefficient used here is known as the Jaccard coefficient, which is considered to be unbiased even for small sample sizes (Goodall 1973), and is calculated as



					J = 			
c		

						(c + N1+ N2)



J 	= Jaccard similarity index

c	= number of species in common between two sites

N1, N2 	= number of species at sites 1 and 2, respectively



The similarity between each pair of sites is calculated automatically by the macro.  This is used to produce cluster diagrams of the relatedness of the sites based on the species found at each site.



F.	Quality Assurance

Taxonomic quality control in is maintained in several ways.  First, the contractor chosen for sample processing must be qualified and experienced working with the fauna of the Park.  Specimens must be identified using current regional identification manuals and more specialized taxonomic literature where appropriate.  If questions occur, Park authorities, if any are available, are asked for assistance.  Specimens of unusual or rare taxa are compared with specimens in the Park collections, when possible.  If no Park authority is available and questions cannot be resolved by reference to previously identified material, taxonomic assistance is obtained from outside specialists (Appendix F).



All samples are permanently stored as lots in the Park collection.  Selected specimens of all taxa are maintained separately for future taxonomic reference.  Specimens are deposited in the Park collection at Sugarlands and in a working collection at the Twin Creeks Natural Resources Center.
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