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Sample Processing and Quality Control /Quality Assurance

The general procedures we follow for processing samples are similar to those described by the USGS NAWQA program (Cuffney et al 1993 and Moulton et al 2000).  Our procedures were also described in Vinson and Hawkins (1996). 

The following is a step-by-step description of how we typically process quantitative benthic macroinvertebrate samples: 

1)
Pour the preservative from the sample through an appropriate sized 500 micron sieve 
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 into the laboratory waste container.  

2)
If the sample contains a lot of sand and gravel you will need to separate the organic matter from these inorganic particles.  To do this, pour the entire sample from the sieve into a bucket. [image: image3.jpg]


  Partially fill the bucket with water.  Swirl the bucket so that the organisms and organic matter become suspended in the water column and the heavier sand and gravel fall to the bottom.  Carefully decant the water and floating organisms back through a 500 micron sieve. [image: image4.jpg]


   Continue to add water to the bucket and swirl and decant until no organic matter remains in the bucket.  When finished, closely examine the remaining material in the bucket and pick out any caddis flies, snails, clams, or other organisms that remain.  Add these organisms to those on your sieve. 

3)
Keep the sample in the sieve and rinse the sample under the faucet to wash additional fine particles and silt into the sink. 

4)
Place the sieve in an enamel pan or bucket that is partially filled with water and "float" the sample so that it becomes level within the sieve. [image: image5.jpg]


   Once leveled, carefully remove the sieve from the enamel pan.  Place an appropriately sized separator bar (see photo of sieves with separators above) into the sieve to split the material on in the sieve in half.  Make sure it appears that there is an equal amount of sample material in each half. 

5)
Flip a coin to determine which half of the sample is to be processed; heads = right or top, tails = left or bottom. [image: image6.jpg]


  Keep the portion of the sample to be processed in the sieve. [image: image7.jpg]


  Place the other half into a cup using a spoon and/or rinse the material into the cup using an alcohol filled squeeze bottle. [image: image8.jpg]


  Cover the cup with ParaFilm 


 and write the portion or split of the sample on the lid, e.g., 50%. 

If you judge that you will start with less than 50% of the sample, place the sieve back in the enamel pan and re-float the material to level it. Re-flip the coin and divide this portion in half again.  Place the material you are not going to immediately sort through in a different cup, cover with ParaFilm, and label with the split percentage, e.g., 25%. 

  Repeat this process until it appears that approximately 600 organisms remain in one-half of the sieve. It is best to start with small splits to assess how many bugs you will find (3.125%, 6.25%).  The goal is to sort at least 600 organisms from the sample.  Once you start a split you must finish it in its entirety.  If you start to sort through a split and realize that this split will contain considerably more than 600 organisms, e.g., 1000 or more critters; stop and pour all the material, including the bugs you have already removed from the sample back into a sieve and split it down to a more appropriate percentage. 

6)
The material to be sorted is placed little-by-little into a petri dish and all organisms within the petri dish are removed under a dissecting microscope at 7x magnification. 

  The material under the microscope is illuminated by a fiber optic light source. [image: image12.jpg]


  Petri dishes are divided into sections by lines drawn on the bottom of the dish with a permanent marker. The lines subdivide the dish so that you can systematically move across the dish. 

  Move along these "guides" removing all organisms that you encounter. 

  

7)
As you remove the organisms count them using a clicker [image: image15.jpg]


 and drop them into vials separated by the major taxonomic orders, i.e., Diptera, Coleoptera, Ephemeroptera, Plecoptera, Trichoptera, other insects, and non-insects. [image: image16.jpg]


  You need to remove all of the organism from the debris, but not all organisms will be counted. Remove, but do not count the following in your 600 minimum count (follow this link for a more in-depth description of NO COUNT organisms): 

1. damaged and immature organisms 
2. molt skins (exuviae) 
3. adult insects [excluding water-dwelling adults such as beetles (Coleoptera) and true bugs (Hemiptera)] 
4. eggs 
5. empty snail shells 
6. brooding juveniles 
7. zooplankton 
8. Collembola 
9. pupae 

10. worms 

Additional portions of the sample (splits) are sorted until at least 600 organisms are found.  Once you start a split, remove all the organisms within it.  It is fine if you exceed 700 organisms, but beware of exceeding 1000. 

8)
When you have removed a minimum of 600 bugs, perform a "Big/Rare" search.  This search is called a "Big/Rare" search because we tend to find larger individuals, but the goal is to collect rarer taxa that may not have been present in the split samples.  Spread the entire un-sorted portion of the sample into an appropriately sized white enamel pan.  Place this pan under the lighted magnifier lamp.  Systematically search the pan and remove any organisms that you did not find in your split samples.  Perform this search for 10 minutes.  If you are in doubt that a critter is new, it is much better to pick up duplicates than to miss a bug.  Put these bugs into a separate vial labeled "B/R" for "Big/Rare". 

 

9)
Print a sheet of labels off our website
(http://www1.usu.edu/buglab/process/vials.pdf) onto waterproof paper. The label will contain the following information: 
	Sample #,  Sample Set/Customer name  
Site name/Station I.D., Date collected 
County, State  
Sorter, Date sorted, Total split percent, Total # bugs sorted 
I.D.er, Date I.D.ed 
# of each Chironominae, Orthocladinae, Tanypodinae counted
	#3, Wasatch-Cache National Forest 
Wood Camp- Logan River, 12/12/03 
Cache County, UT 
BB, 12/23/03, 25%, 616 bugs 
MT, 01/05/04 
5 C, 12 O, 20 T


Use waterproof paper and either a waterproof pen or pencil. 

  Put the label into one of the vials. If you do not know the county, search for it at http://www.topozone.com/. 

10)
Place a smaller label with the sample number (#3, from the example above) in each vial and label the lids of the vials with this same number using a dry erase marker.  Label the "Big /Rare" vial "B/R".  Put a rubber band around the vials [image: image19.jpg]


 and put them on the appropriate shelf. 

 

11)
The remaining portions of the sample, the debris that has been sorted, and any unsorted portions of the sample should be returned to the original sample jar and covered with preservative (70% ethanol).  Place an "X" on the jar lid to indicate that the sample has been sorted and place it on the [image: image21.jpg]


 appropriate shelf. [image: image22.jpg]


 

12)
Record your sample sort time, the sample sort dates, and your initials on the sample tracking data sheet in the folder.  Download this form. 

Equipment 

	preservative (70% ethanol) 
500 & 250 micron meter sieves (of various diameters) 
waste container 
bucket  
enamel pans (of various sizes) 
separator bars (that fit each diameter of the sieves) 
coin 
plastic spoon and cups 
alcohol (ethanol) filled squeeze bottle 
distilled water filled squeeze bottle 
Parafilm 
dry erase marker
	petri dish (with permanent marker drawn lines)  
dissecting microscope (7-20x magnification)  
fiber optic light source  
clicker/counter  
tweezers/forceps (both flat and pointed tipped)  
vial holder (vial sized holes drilled into a wooden block)  
scintillation vials  
desk lamp  
waterproof label paper  
waterproof pen or sharp tipped pencil  
rubber bands  
data recording sheet


All the organisms removed during the sorting process are then identified by qualified taxonomists.  We try to identify organisms to a consistent taxonomic level. Small (early instar) and poorly preserved specimens may be identified to a higher  level than specified. Insects are normally identified to genus, some to species, and others to family. Non-insects are identified to the lowest taxonomic level feasible without slide-mounting.  If you want your samples processed differently than described above, call us at (435) 797-3945. 

BugLab Quality Control/Quality Assurance 

The processing of aquatic invertebrate samples involves a number of distinct operations where errors to the data may occur.  In our laboratory these distinct operations include the following: 

I. Sample sorting - The separation and removal of aquatic invertebrates from the entire sample. 
II. Invertebrate identification - The identification of each individual invertebrate to the recommended or lowest practical taxonomic level. 
III. Data processing - this includes filling out the taxonomic lists, i.e., the bench sheets, by taxonomists, the transcribing of codes to each bench sheet, the entry of the data into a computer data base, the matching of samples to sampling locations, and any subsequent analysis or transformations of the data. 

Described below are the ways in which we attempt to reduce these potential errors and control for differences in taxonomic consistency among laboratory personnel. 

I. Sample sorting 

Sorting aquatic invertebrate samples involves removing aquatic macroinvertebrates from the organic and inorganic material within each sample.  Error can occur if the sample is not split correctly and if all the organisms are not removed from a sample split.  To reduce error associated with subsampling procedures we use a relatively easy subsampling method, record all information associated with each sample, and review this information on a weekly basis.  The information recorded for each sample includes who sorted each sample, the date the sample was sorted, the time required to sort the sample, the number of invertebrates removed from the sample, and the percent of the sample that was sorted.  Any abnormalities are assessed and corrected.  

To ensure that all organisms are removed from sample splits, all sorting is done using a binocular microscope at 7x magnification.  We intensively train all new employees and check all of their samples for the first month.  Spot checks are then done on individual employees if there appears to be any consistent abnormalities in their samples.  Abnormalities typically include distinct differences in sample characteristics between one technician and other technicians working on the same set of samples.  These differences include differences in the percent of the sample sorted, the time required to sort a sample, or the number of invertebrates removed during the sample splitting or the big-rare search.  

Individuals invertebrates left on a sieve from a previous sample can also be a source of error.  We try to prevent this from happening by carefully washing the sieves after a sample is split, by inspecting each sieve prior to putting a new sample into it, drying the sieves following their use, and by noticing if any invertebrates in a sample appear to look "dried out" with respect to other invertebrates in that sample.  These desiccated invertebrates may have been leftover from a previous sample, i.e., they were not removed from the sieve during a previous subsampling event and were inadvertently added to a different sample.  These invertebrates are removed from the current sample and discarded as there is no way of determining which sample they were supposed to belong to.   

II. Verification of taxonomic identifications 

The BugLab attempts to reduce the number of misidentifications and improve the consistency in taxonomic resolution among taxonomists through a number of conscientious efforts.  These efforts include: 

1.
Conducting in-house workshops and participating in outside taxonomic seminars.  Periodically, typically 3-4 times a year, we visit with other regional taxonomists , e.g., Dr. George Edmunds, Dr. Dick Baumann, Dr. Jane Brim-Box, and Dr. Riley Nelson, to share specimens and discuss relevant taxonomic issues.  We also bring questionable taxa to the Taxonomy Fair held at annual meetings of the North American Benthological Society.  BugLab taxonomists also attend regional taxonomic seminars as offered by the Northwest Bioassessment Work Group. 
2.
Insisting on constant and consistent communication among all taxonomists and dealing with any questionable taxa on the spot.  Questionable specimens are immediately shared with all other taxonomists and compared to voucher specimens from our laboratory and the Utah State University insect collection.  If consensus cannot be reached among our taxonomists, the specimens are shown to Dr. Wilford Hanson or Dr. Charles Hawkins, both eminent professional entomologists at Utah State University.  If consensus is still not reached, the taxonomic resolution is backed off (e.g., genus to family) and the specimen is set aside to be shown to an outside expert. 

3.
Each bench sheet is reviewed by the taxonomist a few days to a week after they finished that sample and prior to the data being entered into the computer.  This procedure is done to re-evaluate each sample in light of information the taxonomists may have gained by identifying other samples from that set, while the information from a particular sample is still fresh in their mind.  Problems identified during this procedure typically include incomplete bench sheets (e.g., counts or life stage not written in) and taxonomic resolution inconsistencies among samples.  For example, the taxa identified in other samples from the same area and collected at different times of the year may allow for higher taxonomic resolution of other samples from the same sample set.  Any questionable or incomplete information is corrected at this time. 

4.
After a set of samples has been completed the lab's QA/QC officer reviews each bench sheet for completeness and any abnormalities.  This is a further attempt to improve the consistency among samples. 

5.
After the data has been entered into the computer all taxonomists review a composite taxa list for each set of samples.  Three taxonomists and the lab director currently review a list of all taxa found in each sample set.  They review this list for: 

a.
taxonomic consistency, e.g., all monotypic taxa identified to species, and, 

b.
rare taxa and any unusual taxa for the habitats sampled or geographical location sampled.  
These taxa are then reidentified.  This procedure has improved the consistency of identifications and helped in reducing misidentifications and data entry errors. 

6.
We maintain a large reference collection.  Our voucher collection contains over 2000 specimens.  The identification of most of these specimens has been verified by outside professional taxonomists.  All new taxonomists are required to identify each of these specimens.  The identification of any new taxon for our laboratory is currently verified by outside taxonomists and compared to known distribution records. 

III. Data processing and sample verification 

Data processing involves entering the data from the bench sheets and the sample information data sheets into a dBASE IV program.  Bench sheet information includes the unique code for each invertebrate taxon, the life stage, the split count, the count from the big-rare search, and any notes.  Once entered, the computer program then displays the taxonomic name for each code, the life stage, enumerations, and taxonomic notes.  These data are then verified or corrected before the data are uploaded to the main data base.  Once all the data from a set of samples have been entered into the computer a composite taxa list and the counts for each taxon is printed and reviewed for accuracy and consistency as described above. 

Sample verification is the process of making sure that the taxonomic lists produced for each sample get assigned to the correct sampling location.  When working with large numbers of samples and individual projects that may exceed 500 samples that were collected over a several month period by several crews, this issue becomes more complex than one might imagine.  Our procedure for dealing with this issue is to assign each sample a sequential identification code.  These codes are unique for each sample and sample jar and correspond to a list of samples, sampling dates, and locations.  This number is retained throughout the life of the sample and is stored in hand-written and electronic formats. 

IV. Summary 

Our professional laboratory staff members have 5-11 years experience tracking, processing, and identifying aquatic macroinvertebrate samples.  Our data entry person has been at the job for 5 years.  In spite of all of this collective experience, not a week goes by that we do not seem to learn something new or think about new ways we can improve the quality or consistency in the way we process aquatic invertebrate samples.  QA/QC is a dynamic process and constructive comments are always welcome. 

We recently completed a comprehensive QA/QC evaluation of all of our field and laboratory procedures.  The good news was that we found little bias or variation in several measures of accuracy and precision among different field crews, sample sorters, taxonomists, and the same taxonomist identifying the same sample several times over a several month period.  We hope to have a complete write-up of this evaluation available on our web site within a few months.  At that time, we will also submit this work for peer-review and publication. 
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