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Section 1.0 Traceability of Analysis
A.Taxonomic Keys And References Used In The Identification Of Soft-Bodied Algae And Diatoms
Soft-Bodied Algae
Bourrelly, P. 1968. Les Algues d'Eau Douce. Tome II. Les Algues Jaunes et Brunes,
Chromophycees,Chrysophycees, Phéophycées, Xanthophycées et Diatomées. N. Boubée et Cie, Paris.
Bourrelly, P. 1985. Les Algues d'Eau Douce. Tome III. Les Algues Bleues et Rouges, Les Eugléniens,
Peridiniens et Cryptomonadines. N. Boubée et Cie, Paris.
Bourrelly, P. 1990. Les Algues d'Eau Douce. Tome I. Les Algues Vertes. N. Boubée et Cie, Paris.
Carty, S. Freshwater Dinoflagellates of North America. Cornell University Press, Ithaca.
Ciugulea, I. and R.E. Triemer. 2010. A Color Atlas of Photosynthetic Euglenoids. Michigan State
University Press, East Lansing, MI. 204 p.
Desikachary, T.V. 1959. Cyanophyta. Indian Council of Agricultur Research, New Delhi, India.
Dillard, G.E. 1989. Bibliotheca Phycologica. Band 81. Freshwater Algae of the Southeastern United
States. Part 1. Chlorophyceae: Volvocales, Tetrasporales and Chlorococcales. J. Cramer, Stuttgart.
Dillard, G.E. 1989a. Bibliotheca Phycologica. Band 83. Freshwater Algae of the Southeastern United
States. Part 2. Chlorophyceae: Ulotrichales, Microsporales, Cylindrocapsales, Sphaeropleales,
Chaetophorales, Cladophorales, Schizogoniales, Siphonales and Oedogoniales. J. Cramer, Stuttgart.
Dillard, G.E. 1990. Bibliotheca Phycologica. Band 85. Freshwater Algae of the Southeastern United
States. Part 3. Chlorophyceae: Zynematales: Zygnemataceae, Mesotaeniaceae and Desmidiaceae (Section
1). J. Cramer, Stuttgart.
Dillard, G.E. 1991. Bibliotheca Phycologica. Band 89. Freshwater Algae of the Southeastern United
States. Part 4. Chlorophyceae: Zygnematales: Desmidiaceae (Section 2). J. Cramer, Stuttgart.
Dillard, G.E. 1991a. Bibliotheca Phycologica. Band 90. Freshwater Algae of the Southeastern United
States. Part 5. Chlorophyceae: Zygnematales: Desmidiaceae (Section 3). J. Cramer, Stuttgart.
Dillard, G.E. 1993. Bibliotheca Phycologica. Band 93. Freshwater Algae of the Southeastern United
States. Part 6. Chlorophyceae: Zygnematales: Desmidiaceae (Section 4). J. Cramer, Stuttgart.
Dillard, G.E. 2000. Bibliotheca Phycologica. Band 106. Freshwater Algae of the Southeastern United
States. Part 7. Pigmented Euglenophyceae. J. Cramer, Stuttgart.
Dillard, G.E. 2007. Bibliotheca Phycologica. Band 112. Freshwater Algae of the Southeastern United
States. Part 8. Chrysophyceae, Xanthophyceae, Raphidophyceae, Crysophyceae and Dinophyceae. J.
Cramer, Stuttgart.
Ettl, H. 1978. Xanthophyceae. In Ettl, H., J. Gerloff & H. Heynig (eds), Süsswasserflora von Mitteleuropa
2. Gustav Fischer, Stuttgart.
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Ettl, H. 1983. Phytomonadina. In Ettl, H., J. Gerloff & H. Heynig (eds), Süsswasserflora von
Mitteleuropa 1. Gustav Fischer, Stuttgart.
Ettl, H., and G. Gärtner 1988. Chlorophyta II: Tetrsporales, Chlorococcales, Gloeodendrales. In Ettl, H.,
J. Gerloff, H. Heynig, and D. Mollenhauer (eds), Süsswasserflora von Mitteleuropa 10. Gustav Fischer,
Stuttgart.
Hindák, F. 2008. Colour Atlas of Cyanophytes. VEDA, Bratislava.
Huber-Pestalozzi, G. 1955. Das Phytoplankton des Süsswassers. Teil 4. Euglenophyceen. Die
Binnengewässer. Vol. 16. 1–606. E.Schweizerbart, Stuttgart.
Huber-Pestalozzi, G. 1961. Das Phytoplankton des Süsswassers. Teil 5. Chlorophyceae (Grünalgen)
Ordnung: Volvocales. Die Binnengewässer. Vol. 16. 1–744. E.Schweizerbart, Stuttgart.
John, D. M., B. A. Whitton, and A. J. Brook (eds). 2011. The Freshwater Algal Flora of the British Isles.
2nd Ed. Cambridge University Press, Cambridge.
Kadłubowska, J. Z. 1984. Conjugatophyceae I. Chlorophyta VIII. Zygnemales. In Ettl, H., J. Gerloff, H.
Heynig & D. Mollenhauer (eds), Süsswasserflora von Mitteleuropa 16. Gustav Fischer, Stuttgart.
Komárek, J., B. Fott and G. Huber-Pestalozzi. 1983. Chlorophyceae (Grünalgen). Ordnung:
Chlorococcales. Binnengewasser. Phytoplankton des Susswasser. Schweizerbart, Stuttgart.
Komárek, J., and K. Anagnostidis 1999. Cyanoprokaryota: Chroococcales. In Ettl, H., G. Gärtner, H.
Heynig & D. Mollenhauer (eds), Süsswasserflora von Mitteleuropa 19/1. Gustav Fischer, Stuttgart.
Komárek, J., and K. Anagnostidis 2005. Cyanoprokaryota: Oscillatoriales. In Büdel, B., G. Gärtner, L.
Krienitz & M. Schagerl (eds), Süsswasserflora von Mitteleuropa 19/2. Elsevier, München.
Komárek, J. 2013. Cyanoprokaryota: Heterocytous Genera. In Büdel, B., G. Gärtner, L.
Krienitz & M. Schagerl (eds), Süsswasserflora von Mitteleuropa 19/3. Springer,
Berlin.
Kristiansen, J., and H. R. Preisig. 2001. Encyclopedia of Chrysophyte Genera. Bibliotheca Phycologica,
Band 110, J. Cramer, Stuttgart.
Kristiansen, J., and H. R. Preisig. 2007. Chrysophyte and Haptophyte algae. Part 2: Synurophyceae. In
Büdel, B., G. Gärtner, L. Krienitz, H. R. Preisig & M. Schagerl, (eds), Süsswasserflora von Mitteleuropa
2/2. Springer-Verlag Berlin Heidelberg.
Moestrup, Ø and A. Calado. 2018. Dinophyceae . In Ettl, H., J. Gerloff & H. Heynig (eds),
Süsswasserflora von Mitteleuropa 6. Gustav Fischer, Stuttgart.
Prescott, G. W. 1951. Algae of the Western Great Lakes Area. WM.C. Brown Publishers, Dubuque, Iowa,
977 pp.
Prescott, G. W., C. E. M Bicudo, and W. C. Vinyard. 1982. A Synopsis of North American Desmids. Part
II. Desmidiaceae: Placodermae, Section 4. University of Nebraska Press, Lincoln.
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Prescott, G. W., H. T. Croasdale, and W. C. Vinyard. 1975. A Synopsis of North American Desmids. Part
II. Desmidiaceae: Placodermae, Section 1. University of Nebraska Press, Lincoln.
Prescott, G. W., H. T. Croasdale, and W. C. Vinyard. 1977. A Synopsis of North American Desmids. Part
II. Desmidiaceae: Placodermae, Section 2. University of Nebraska Press, Lincoln.
Prescott, G. W., H. T. Croasdale, W. C. Vinyard, and C. E. M. Bicudo. 1981. A Synopsis of North
American Desmids. Part II. Desmidiaceae: Placodermae, Section 3. University of Nebraska Press,
Lincoln.
Reith, A.1980. Xanthophyceae. In Ettl, H., J. Gerloff & H. Heynig (eds), Süsswasserflora von
Mitteleuropa 2. Gustav Fischer, Stuttgart.
Sheath, R. G. 2003. Red algae. In Wehr, J. D. & R. G. Sheath (eds), Freshwater Algae of North America:
Ecology and Classification. Academic Press, San Diego, California: 197-221.
Skaloud, P, F. Rindi, C. Boedecker, and F. Leliaert. 2018. Chlorophyta: Ulvophyceae. . In Ettl, H., J.
Gerloff & H. Heynig (eds), Süsswasserflora von Mitteleuropa 13. Gustav Fischer, Stuttgart.
Smith, G. M. 1950. The Fresh-Water Algae of the United States. 2nd ed. McGraw-Hill Book Co., New
York.
Stancheva, R., C. Fuller & R. G. Sheath. 2014. Soft-Bodied Stream Algae of California.
http://dbmuseblade.colorado.edu/DiatomTwo/sbsac_site/IDResourceTool.htmL
Starmach, K. 1985. Chrysophyceae und Haptophyceae. In Ettl, H., J. Gerloff, H. Heynig & D.
Mollenhauer (eds), Süsswasserflora von Mitteleuropa 1. Gustav Fischer, Sttutgart.
Transeau, E. N. 1951. The Zygnemataceae. The Ohio State University Press, Columbus, Ohio.
Wehr, J. D., R. Stancheva, K. Truhn, K., and R. G. Sheath. 2013. Discovery of the rare freshwater brown
alga Pleurocladia lacustris (Ectocarpales, Phaeophyceae) in California streams. Western North American
Naturalist 73: 148-157.
Wehr, J. D., R. G. Sheath, and J. P. Kociolek (eds). 2015. Freshwater Algae of North America: Ecology
and Classification, 2nd Ed. Elsevier Academic Press, San Diego, California.
Whitford, L. A. & Schumacher, G.L. 1973. A Manual of Fresh-water Algae. Sparks Press, Raliegh.
Wołowski, K. & Hindák, F. 2008. Atlas of Euglenophytes. VEDA, Bratislava.
Wood, R. D. 1967. Charophytes of North America. URI Bookstore, Kingston, RI.
Diatoms
Bahls, L. L. 2012. Seven new species in Navicula sensu stricto from the Northern Great Plains and
Northern Rocky Mountains. In A. Witkowski, P. Kociolek and P. Compere, editors, Festschrift in honor
of Prof. Dr. Horst Lange-Bertalot’s 75th Birthday. Nova Hedwigia Beiheft 141, J. Cramer, Stuttgart, pp.
19-38.
Bey, M.Y. and L. Ector. 2013. Atlas des diatomées des cours d’eah de la region Rhone-Alps. Tomes 16. Centre Recherche Public Gabriel Lippmann. France..
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Cantonati, M., Kelly, M., Lange-Bertalot, H., Hofmann, H. & Werum M. 2017. Freshwater Benthic
Diatoms of Europe. O. Koeltz, Koenigstein.
Diatoms of North America: https://diatoms.org/
Germain, H. 1981. Flore des Diatomées eaux douces et saumatres. Editions Boubée, Paris. 444pp.
Houk, V., Klee, R. & Tanaka, H. 2010. Atlas of freshwater centric diatoms III. Cyclotella, Tertiarius,
Discostella. Fottea (Supplement) 10.
Houk, V., Klee, R. & Tanaka, H. 2014. Atlas of freshwater centric diatoms with a brief key and
descriptions. Part IV. Stephanodiscaceae: Stephanodiscus, Cyclostephanos, Pliocaenicus, Hemistephanos,
Stephanocostis, Mesodictyon & Spicaticribra. Fottea (Supplement) 14.
Houk, V. Klee, R. & Tanaka, H. 2017. Atlas of freshwater centric diatoms with a brief key and
descriptions. Second emended edition of Part I. and II. Melosiraceae, Orthoseiraceae, Paraliaceae and
Aulacoseiraceae.
Kociolek, J. P. 2012. Diatoms of the Southern California Bight http://
dbmuseblade.colorado.edu/DiatomTwo/dscb_site/index.php
Kociolek, J. P., B. Laslandes, D., Bennet, E., Thomas, M., Brady, and C. Graeff. 2014. Diatoms of the
United States, Volume 1: Taxonomy, Ultrastructure and Descriptions of New Species and Other Rarely
Reported Taxa from Lake Sediments in the Western U.S.A., Bibliotheca Diatomologica, Volume 61, J.
Cramer, Stuttgart.
Kociolek, J. P., Spaulding, S. A., and R. L. Lowe. 2015a. Bacillariophyceae: The Raphid Diatoms. In:
Wehr, J. D., R. G. Sheath, and J. P. Kociolek (eds). Freshwater Algae of North America: Ecology and
Classification, 2nd Ed. Elsevier Academic Press, San Diego, California. Pp. 709-772.
Kociolek, J. P., Theriot, E. C., Williams, D. M., Julius, M., Stoermer, E. F., and J. C. Kingston. 2015b.
Centric and Araphid Diatoms. In: Wehr, J. D., R. G. Sheath, and J. P. Kociolek (eds). Freshwater Algae
of North America: Ecology and Classification, 2nd Ed. Elsevier Academic Press, San Diego, California.
Pp. 653-708.
Krammer, K., and H. Lange-Bertalot. 1986-1991. Süsswasserflora von Mitteleuropa. 2/1-4.
Bacillariophyceae. Gustav Fisher Verlag, Stuttgart.
Krammer, K., and H. Lange-Bertalot. 2000. Süsswasserflora von Mitteleuropa. 2/5. Bacillariophyceae,
Part 5: English and French translation of the keys. Gustav Fisher Verlag, Stuttgart.
Lange-Bertalot, H. 2000-2013. The Diatoms of Europe. Diatoms of Inland Waters and Comparable
Habitats. Vol. 1-7, A. R. A. Gantner Verlag, Ruggel/Liechtenstein.
Patrick, R. M., and Reimer, C. W. 1966, 1975. The Diatoms of the United States. Monograph 13.
Academy of Natural Sciences of Philadelphia.
Potapova, M. G. 2012. New species and combinations in monoraphid diatoms (family Achnanthidiaceae)
from North America, Diatom Research, 27:29-42.
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Round, F. E., R. M. Crawford, and D. G. Mann. 1990. The Diatoms. Biology and Morphology of the
Genera. Cambridge University Press, Cambridge.
Wehr, J. D., R. G. Sheath, and J. P. Kociolek (eds). 2015. Freshwater Algae of North America: Ecology
and Classification, 2nd Ed. Elsevier Academic Press, San Diego, California.
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B. EXPERTS
Between Lowe (49 years) and Kociolek (36 years), this team of experts has 85 years of experience in the
enumeration and identification of freshwater algae. Kociolek is the expert for the Boulder Lab.
Patrick Kociolek, Museum of Natural Sciences and Department of Ecology and Evolutionary Biology,
University of Colorado, Boulder (2008-present)
Previously held the Hanna Chair in Diatom Studies at the California Academy of Sciences, San Francisco
(1989-2008)
Has published nearly 300 peer-reviewed papers and 19 books and monographs on freshwater algae,
specifically freshwater diatoms.
Has taught classes on freshwater algae and/or diatoms at The University of Colorado, University of
Michigan Biological Station, ATREE in India, Shanghai Normal University, China and the University of
La Plata, Argentina.
Editor-in-Chief of Diatombase (www.diatombase.org)
Identification and evaluation of freshwater algae for water quality monitoring for the State of California,
US E.P.A. and USGS.
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C. Training Policy
Beyond the experts, all other personnel that will make identifications for this project will have:
*An undergraduate degree in Biology, Botany, Environmental Studies or similar discipline
*Independent research experience in Phycology with an emphasis on algal identification
*Formalized training in Phycology, either taken the class in an on-campus setting or at a biological field
station.
All individuals are verified by the experts (Section B) prior to making independent identifications to have
the following experience and training:
*Practical experience in the identification of algae, to the specified level of taxonomy for the work they
are involved in.
*Know which literature to use and how to use it for algal identification.
*Proficient use of a light microscope and digital microphotography to take high resolution digital images
of soft-bodied algae and diatoms.
*Experience with specimen preparation, techniques, and safety procedures.
*Excellent record-keeping skills, organization of data, and spreadsheet, database, image capture and
processing, and general computer skills.
Professional development opportunities will be encouraged related to workshops, classes and other
training opportunities in formal settings (on-campus, at biological field stations) and at scientific
meetings.
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2.0 Procedures
A.Sample Receiving. All sample receiving, processing, storage and data processing will be done at
Kociolek’s lab at the University of Colorado, Boulder (See Figure 1 below). Most sample analysis will
also be done in Boulder, with analyses of phytoplankton to be completed at Lowe’s lab in Madison,
Wisconsin.
Samples received at the lab will be checked in against a shipping / chain of custody statement. Samples
will be checked in with bar code readers when that technology is implemented by NEON. Received
samples will be immediately registered with NEON ID and inspected. If samples have some problem
(breakage, empty, etc.) we will notify NEON within two working days. Sample volumes will be
measured and recorded in the data sheet (Excel spreadsheet similar to Attachment 2C) for all samples.
For phytoplankton, we will then ship samples to Lowe in Madison, who will complete chain of custody
forms indicating sample receipt and condition.
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Figure 1. Configuration of Phycology Lab, and Microscopy/Office/Library spaces at the University of
Colorado, Boulder.
B.Storage. If not processed immediately, samples will then be put into short-term storage at 4 degrees C
in the lab until further processing.
C.Processing. There are 3 types of samples to be processed: macroalgal samples, phytoplankton samples
and periphyton samples. For Phytoplankton samples, we will follow the protocol develop by the
Academy of Natural Sciences of Drexel University (Acker, 2016; Procedure P-13-52), using the PalmerMaloney counting cell method. For Macroalgal samples and Periphyton samples, we will follow the
protocols as described by Stanchev et al. (2015). These procedures are described below, with slight
modifications for the NEON project. The different processing of samples is outlined in Figure 2.
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Figure 2. Overview of the different sample types and the processing protocols Analyses done by Lowe
will be carried out in Madison, Wisconsin. Analyses by Kociolek will be done at the University of
Colorado, Boulder, Colorado.
i.Processing of Phytoplankton Samples (adapted from Acker, 2016)
Pre-Concentrate Subsamples. The original sample will be split, with 250 mL sent to Lowe for
concentration and analysis for soft algae, and the remainder kept at Boulder for processing of permanent
diatom slides.
The original sample should be concentrated prior to adding to a counting chamber. This initial
concentration should be approximately 10 times the original whole-water sample, leaving about 20 ml of
concentrate for analysis. Samples are concentrated by a combination of settling in tall glass cylinders
(settle for at least 24hrs) and by centrifugation (1000 g for 20 min). Determine the amount of
concentration and calculate a dilution concentration factor [DCF] by dividing the final volume (this is
designated as fraction volume) by the beginning volume (this was the volume of the subsample). The
subsample volume, fraction volume and subsample DCF should be recorded.
We will use the Palmer-Maloney Counting Cell method. Place a rectangular cover slip (#1 thickness, 22
x 50 mm) at the top of the counting cell, covering about 1/3 of the chamber, but not across the center of
the cell. Thoroughly mix the Palmer-Maloney fraction and draw it into an elongated Pasteur pipette (5.25
inch). Quickly add the fraction drop-wise into the center of the chamber. When the surface tension starts
to draw the cover slip across the chamber, adjust the sides of the cover slip so that the ends of the
chamber are covered and the cover slip hangs over both sides of the ceramic portion of the counting cell.
If the count is complex or if it is anticipated to take a long period of time, then add glycerin to the area
where the cover slip hangs over the ceramic portion. This will seal the cover slip to the counting cell;
without excess heat or vibration, the counting cell can be used for a week or more. The processing of soft
algae for phytoplankton samples will be performed by Lowe in Madison, Wisconsin or in Boulder.
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For the processing of phytoplankton samples for diatoms, we will follow the “nitric acid method” (page
11, below) and the “preparation of permanent diatom slides” (pages 13-14, below) protocols. This work
will be performed by Lowe in Madison, Wisconsin or in Boulder.

ii.Processing of Macroalgae (Taken from Stancheva et al. 2015)
Step 1: Using forceps (30 cm long), very gently pinch the material at the bottom of the tube. Search for
visible macroalgal clumps, and any solid particles in the sample, such as mosses, vascular plant tissues,
roots, etc.
Step 2: Gently pull up the forceps and slowly move the macroalgae and all solid particles grasped
between the forceps in the solution to remove extra clinging sediment and isolate any macroalgal
filaments in the sample.
Step 3: Repeat this step at least three times before proceeding to the next step.
Step 4: If macroalgal clumps are present in the sample continue onto Step 6. If no macroalgal clumps are
present / visible to the naked eye, inspect the sample tube under a dissecting microscope before
proceeding further.
Step 5: Using forceps, remove the macroalgae from sample very gently, squeeze it to remove as much
liquid as possible and then place it into the tube with 10 mL DI water. Continue until no macroalgae
remain.
iii.Processing of Periphyton Samples (Adopted from Stancheva et al. 2015)
Step 1: Obtain the 60 mL centrifuge tube containing the periphyton quantitative sample. Homogenize the
microalgal fraction of the periphyton quantitative sample by gently but thoroughly inverting the
centrifuge tube several times. The sample must be well homogenized prior to sub-sampling (Step 2).
Step 2: Pipette 5 mL of homogenized microalgae fraction into a 50 mL centrifuge tube labeled with the
sample information.
Step 3: Fill the centrifuge tube with DI water to the 50 mL mark. Let the sample settle for a minimum of
12 hours.
Step 4: Once the sample has thoroughly settled, gently remove the supernatant layer down to a volume of
5 mL by using a pipette. Avoid disturbing the algal material on the bottom of the tube.
Step 5: Label a 15 mL graduated centrifuge tube with the following information:
NEON sample ID
Collection Date (MM/DD/YYYY)
“Soft algae” on the label.
Step 6: Transfer the 5 mL of sample material from the 50 mL centrifuge tube to the labeled 15 mL
graduated centrifuge tube.
Step 7: Rinse down the sides of the 50 mL centrifuge tube several times with DI water to capture any
remaining algae clinging to the sides. Transfer the rinse liquid to the labeled 15 mL graduated centrifuge
tube.
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Step 8: Fill the labeled 15 mL graduated centrifuge tube with DI water to the 15 mL mark.
Step 9: Centrifuge the sample for 5 min at 4000 RPM on a table-top centrifuge.
Step 10: Remove the supernatant layer until 1 mL sample is left by using a pipette. Avoid
disturbing the algal material on the bottom of the tube.
This procedure concentrates the microalgal fraction 5 times while removing most of the
glutaraldehyde before microscopic examination. From this 1 mL sample, a semi-permanent
slide is prepared for analysis. If a small amount of material (sediment and algae) is present, centrifuge for
5 min at 4000 RPM on a table-top centrifuge and concentrate the sample to 0.5 mL. Record any
additional dilution or concentration performed on the sample and the final sample volume used for slide
preparation in the ID Datasheet.
Vortex or pipet-mix the sample and subsample with pipette from the center of the well-mixed material.
Place 1 drop (0.05 mL) of sample on a standard microscope slide and cover with a cover slip. Proper
preparation of the slides is vital to performing identifications. The following should be noted while
preparing slides:
*Ensure that the volume of the drop is not so large that it creates the formation of bubbles or causes the
cover slip to float.
*Avoid having too much or too little material on the slide. Too much material results in layers of cells,
specimen overlap and a non-flat cover slip which interferes with accurate identification. Too little
material increases the amount of time required to complete analysis and may not be adequate for proper
identification and enumeration.
*Small thick clumps of spreading filaments intermixed with colonial algae can sometimes occur in the
microalgal fraction. Clumping of material not only interferes with accurate identification and
enumeration, but can circumvent the assumption of random distribution of specimens on the sides. These
clumps usually contain several different species, so they should to be dispersed before proceeding with
analysis. Gentle tapping on the cover slip or spreading the clump apart with a pair of dissecting needles
will reduce clumping.
Inspect the semi-permanent microalgal slide at lower magnification (200x) using a compound microscope
to confirm that microalgae are evenly distributed. Gently adjust the cover slip if algal clumps are present.
Cover slip may be sealed with nail polish to prevent evaporation. This semi-permanent microalgal mount
is good for analysis for at least two hours.
iv. Preparation of Permanent Diatom Slides
Two methods are available for diatom cleaning: the nitric acid method (American Public Health
Association, 1981) and the hydrogen peroxide and potassium dichromate method (Van der Werff 1955).
Nitric acid processing provides the “cleanest” (less organic material remaining), but can destroy lightly
silicified species. In cases where taxa with lightly silicified valves are identified from the preserved
samples, we will use the hydrogren peroxide method. Diatoms will be cleaned by these methods from
both Phytoplankton and Periphyton samples.
Cleaning of Diatom Samples: Nitric Acid Method
Concentrated nitric acid is extremely hazardous, and therefore specific handling and disposal procedures
must be in place. Staff should consult the appropriate MSDS provided by the supplier. Nitric acid should
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always be handled in a positive-draw fume hood by trained staff wearing safety goggles, rubber gloves,
and lab coats. Diatom quantitative samples are preserved in gluteraldehyde, so they must be handled
carefully.
Step 1: Shake the sample vial vigorously and pour 20 mL (30 mL for sparse samples) of homogenized
sample into the beaker labeled with the sample information.
Step 2: Add a small amount of nitric acid to the beaker to test if a violent or exothermic reaction occurs. If
violent reaction does occur, or if carbonates are abundant in the sample, the sample can be pre-treated by
adding 10% HCl.
Step 3: When it has been determined that no violent reaction will occur, slowly add the remaining volume
of nitric acid to the beaker. In all, a volume of nitric acid approximately equal to the volume of sample
processed is added to the beaker.
Step 4: Place the beaker on a hot plate under a positive-draw fume hood. Boil the sample and nitric acid
mixture until the organic content turns white. This white material is the siliceous cell walls of the diatoms.
This step typically takes 30 minutes to 1 hour, during which the volume of the material will be reduced to
about ½ (see Note below).
Step 5: Once the boiling step is complete, allow the sample to cool. Transfer the sample to a 15 mL
centrifuge tube labeled with the NEON sample ID and centrifuge at 3500 rpm for 8 minutes.
Pour the supernatant off into an appropriately designated waste container. Add DI water to the centrifuge
tube containing the diatom sample and centrifuge at 3500 rpm for 8 minutes.
Step 6: Repeat the cycle of decantation, addition of new DI water, and centrifugation 5 times, or until the
pH of the water is neutral (or the same as the deionized water being used – may not be pH 7). The result
should be a pellet of nearly white material at the bottom of the tube.
Step 7: Label a 15 mL graduated centrifuge tube with the following information:
*NEON sample ID
*Collection Date (MM/DD/YYYY)
*Note “diatoms” on the label to distinguish from the other samples.
Transfer the cleaned diatom material to the labeled 15 mL centrifuge tube. Add DI water up to the 10 mL
mark. This is the material from which the slides will be made.
Note: The surfaces of hot plates can get hot enough to cause boiling over or explosive conditions,
especially with samples containing high amounts of organics or carbonates. Alternative methods such as
using a heating block with 26 mm diameter glass test tubes (the lower portion of each tube stay hot while
the upper portion stays cool, creating a reflux action, minimizing the risk of over-boiling or drying the
sample) or microwave apparatus (Acker et al., 2002) may be used to clean the diatoms.
Cleaning of Diatom Samples: Hydrogen Peroxide Method
The principal reagents used in this method, hydrogen peroxide and potassium dichromate, are extremely
hazardous. 30% hydrogen peroxide is a strong oxidizer, and may require special handling and storage.
Specific handling and disposal procedures must be in place for the handling these materials. Staff should
consult the appropriate MSDS provided by the supplier. Both chemicals must always be handled in a
positive-draw fume hood, and staff should wear safety goggles, nitrile gloves and lab coats.
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Step 1: Shake the sample vial vigorously and pour 20 mL (30 mL for sparse samples) of
homogenized sample into the beaker labeled with the sample information.
Step 2: Add approximately 20-30 mL of 30% hydrogen peroxide to the sample.
Step 3: Place the beaker on a hot plate under a positive-draw fume hood. Bring to boiling.
Step 4: Remove from heat and immediately add a small amount (several crystals) of potassium
dichromate to the mixture using a microspatula. The addition of the potassium dichromate will catalyze a
strong exothermic reaction therefore, the potassium dichromate should be added slowly. Have a squirt
bottle of DI water at the ready in case the reaction begins to boil over the top of the beaker. The reaction
takes approximately 5 to 10 minutes to complete. Completion of the reaction is indicated by solution
changing in color from dark purple to orange.
Step 5: Add DI water up to 200 mL.
Step 6: Allow the diatom material to settle for at least 8 hours.
Step 7: Slowly and gently, to avoid disturbing the diatom material on the bottom of the
beaker, decant the liquid into an appropriately designated waste container.
Step 8: Refill beaker with the diatom material on the bottom with DI water to 200 mL.
Step 9: Repeat steps 6-8 several times (approximately 3 to 5) until the cleaned diatom
material is mostly colorless.
Step 10: Let the cleaned diatom material settle overnight and decant the supernatant as
low as possible.
Step 11: Label a 15 mL graduated centrifuge tube with the following information:
*NEON sample ID
*Collection date (MM/DD/YYYY)
*Note “diatoms” on the label to distinguish from the other samples.
This material will ultimately be placed into glass vials for final storage with the NEON ID etched onto the
vial with a diamond pencil.
Permanent slide preparation is the same, regardless of which cleaning method is chosen.
Preparation of Permanent Diatom Slides
Step 1: Drip an amount of DI water onto the cover slip with a glass pipette. The amount should be
sufficient to form a thin layer of water over the entire cover slip when the diatom suspension is added. If
the clean diatom suspension is very sparse, skip this step.
Step 2: Obtain the 15 mL centrifuge tube with cleaned diatom material. Agitate the vial containing the
cleaned diatom suspension and quickly withdraw material from near the central portion of the sample
using the glass pipette.
Step 3: Place one or two drops of diatom suspension smoothly and carefully into the layer of DI water on
the cover slip (see Note 4). If the clean diatom suspension is very sparse place three to five drops directly
onto a cover slip without DI water. If the cover slip overflows, discard it, clean the area, and prepare a
new cover slip with diatoms.
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Step 4: Air dry the material or gently dry the material on a warm hot plate. The temperature of the hot
plate must not exceed 40ºC. Higher temperatures cause the water to circulate or bubble, resulting in a
non-random distribution or loss of diatom valves. Avoid any procedure that rapidly evaporates the
suspension. Rapid evaporation could produce strong patterns of diatoms settling on the cover slip.
Step 5: When the cover slips have visibly dried, place them on a hot plate at an elevated temperature to
drive off any remaining moisture.
Step 6: Confirm the prepared cover slip contains a random distribution of diatoms sufficiently dense for
conducting identification and enumeration procedures. On average, 15 to 30 diatom valves should be
visible in a single field of view. Confirm density and random distribution in 5 fields of view. If clumps of
diatom valves are on the slide to the point where individual specimens cannot be viewed prepare another
cover slip.
Step 7: Add a small amount of mounting medium (Naphrax) to a cleaned microscope slide and put the
cover slip (diatoms down) on the mounting medium with forceps.
Step 8: Put the microscope slide with the cover slip on a hot plate preheated to 120 to 150ºC. Leave on
hot plate until bubbles stop forming under the cover slip, indicating that all the solvent from the mounting
material has been driven out of the medium.
Step 9: Use forceps to safely remove the slide from the hot plate. Gently tap down on the cover slip to
remove any air bubbles and to even the distribution of diatoms.
Step 10: Once the slide cools, scrape any excess mounting medium that remains outside the cover slip
with a single-edged razor.
Step 11: Scribe the NEON sample ID and slide number (six digits, the first three corresponding to the
slide number, the last 3 corresponding to the position in the slide box, from 001 to 100) on the back of the
slide with a diamond pencil. Attach adhesive labels to the completed slides and include the following
information:
*NEON sample ID
*Collection date (MM/DD/YYYY)
D.Analysis. Data will be recorded in Excel Spreadsheets organized as indicated in NEON Attachment
2C. There will be four types of analysis conducted: 1)Phytoplankton, 2)Soft Algae in Periphyton
samples, 3)Diatoms in Periphyton samples, and 4)Macroalgal samples.
Count data: For Phytoplankton samples, we will count and identify 300 natural algal units and will count
and identify 600 diatom valves. For periphyton samples we will count and identify 300 natural algal
units. For permanent diatom slides from periphyton samples we will count and identify 600 diatom
valves. For macroalgal samples, we will estimate the relative percentages of each macroalgal taxon
present in a sample.
i.Phytoplankton (Adopted from Acker, 2016): Soft Algae.
Using a high dry microscope objective (40x objective, 400x total system magnification), identify and
enumerate algae in selected, random fields. Prior to enumerations, scan the counting chamber and
determine the approximate number of transects or fields needed to enumerate 300 natural units (minimum
of 10 and maximum of 100 random fields).
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Step 1: Starting at a random starting place in the upper left-hand quadrant develop a pattern that allows
for equal probability of landing in any area of the cell or chamber with the exception of the edges and the
center. For Palmer- Maloney cells, a maximum pattern with 50 fields is made by having a grid of 8 x 8,
subtracting 3 or 4 fields in either direction of the center.
Step 2: Using a high dry microscope objective (400x total system magnification) with a calibrated stage,
identify and enumerate algae along transects, either horizontally or vertically across the chamber of the
Palmer-Maloney cell.
Step 3: Without looking into the microscope, choose a location near the left edge in the upper third of the
chamber (if vertical transects are analyzed, choose a location near the top edge in the left third of the
chamber).
Step 4: Make a transect by moving only the horizontal stage control (or vertical control for vertical
transects) a measured distance. Develop a pattern for the transects that will avoid the center and edges of
the chamber. A second Palmer-Maloney cell can be used, if necessary (300 natural units should be
counted with a minimum of three complete transects).
To enumerate 300 natural algal units, identify and enumerate all algal forms in the field of view:
Natural counting units are defined as one for each colony, filament, diatom cell (regardless if colonial or
filamentous) or unicell. With the exception of diatoms, identify algal forms to the lowest possible
taxonomic level. Enumerate diatoms as “live” if any protoplast can be observed or “dead” if the frustule is
empty.
Step 5: Count the number of algal cells comprising each multicellular counting unit. Tabulate the data on
the bench sheet for soft algae.
Step 6: Repeat until 300 natural algal units have been enumerated. Count only “live” diatoms as part of
the required 300 natural algal units.
Step 7: Record the number of fields or total length of the transect that was observed.
Step 8: Phytoplankton Abundance is calculated as follows:
Cell Count * field DCF * subsample DCF * fraction DCF
Cells / ml. = ----------------------------------------------------------------------------------------------------volume scanned (ml)
Where:
Cell Count = number of cells enumerated
DCF = dilution concentration factor
If transects are used: volume scanned (ml) = total scan length (cm) * microscope field diameter
(cm) * depth of chamber (cm)
If random fields were used: volume scanned (ml) = microscope field volume (cm3) * number of
fields scanned.
For the analysis of phytoplankton samples for diatoms from permanent slides, that is, to document 600
diatom valves in the sample, the protocol in section iii for permanent diatom slides (Page 16, below) will
be followed.
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When analysis is complete, Lowe will ship samples back to Boulder for storage until they are shipped to
the BioArchive. Upon receipt from Lowe, Boulder will complete all chain of custody records.
ii.Macroalgae (After Stancheva et al. 2015)
Thoroughly examine all the material and identify key macroalgal features needed to separate the algae by
genus. These may include:
*Colonial shape, size and color in cyanobacteria (such as Nostoc, Dichothrix, Rivularia);
*Different life stages, heterocyst position and akinete development in cyanobacteria (such as Anabaena,
Cylindrospermum, Gloeotrichia);
*Male and female specimens with developed reproductive structures in red and green algae (such as
Batrachospermum, Sirodotia, Oedogonium);
*Different life stages and completely matured reproductive structures in zygnematalean algae and
tribophytes (such as Spirogyra, Zygnema, Mougeotia, Vaucheria).
Step 1: Place each macroalgal genus identified aside.
Step 2: Prepare microscope slides for each macroalgal genus which may be presented with more than one
species in the sample. The number of slides prepared depends on the need to obtain sufficient information
to successfully perform species identification.
Step 3: Examine prepared slides under the compound microscope and identify macroalgae to species
level. If large colonial diatoms are observed in the sample, record them.
Step 4: Take sufficient photomicrographs of all newly recorded species to support consistency of results.
Take photomicrographs of previously reported species to demonstrate key aspects of vegetative
morphology and reproduction used in identification.
Step 5: Record all macroalgal taxa identified; estimate relative abundance of each taxon and record this in
the macroalgal datasheet based on a scale from 1-6.
iii.Periphyton (After Stancheva et al. 2015): Soft Algae
The soft algae fraction is examined on a semi-permanent water mount for best observation of algal
cellular morphology. Water mounts allow adjusting of the cover slip to change the position of the cells
and spreading out of multilayered cell clumps for observation of critical taxonomic features.
Step 1: Using a research quality compound microscope, scan the semi-permanent slide with microalgae at
magnification 200x to assess the taxonomic composition of the sample.
Step 2: Switch to a magnification of 400x (e.g., 40x objective with 10x eyepieces). At a magnification of
400x, the cover slip is composed of many horizontal optical transects.
Step 3: Identify and enumerate 300 natural algal units across a known number of horizontal optical
transects. Count only intact cells with complete cell contents. Record the number of fields of view and
horizontal transects traversed, each soft algal taxon identified, and the corresponding number of natural
algal units enumerated in the ID Datasheet for soft algae.
Step 4: Take sufficient photomicrographs of all newly recorded species to support consistency of results.
Take photomicrographs of previously reported species to demonstrate the key aspects of vegetative
morphology and reproduction used in identification.
Step 5: Submit remaining microalgal fraction of the soft algal sample for archiving.
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Note: The sample volume contained in one horizontal transect is determined as follows: a transect is a
rectangular area of the slide in which the width is equal to the field of view and the length is equal to the
length of the cover slip. With our microscope condition, at a 40x objective, the 0.55 mm width of the
transect results in a cover slip (22 x 30 mm) consisting
of 40 optical horizontal transects. For microscopes where the 40x field of view differs from 0.55 mm,
calculate the transect width required.
Sample volume held by one horizontal optical transect is calculated as follows: on the counting slide, 0.05
mL of subsample is placed. This subsample has been concentrated 5 times the original sample, thus 0.25
mL from the original sample is analyzed. Therefore, the original sample volume held by one horizontal
optical transect is 0.00625 mL (=0.25 mL/40 horizontal transects).
When additional dilutions or concentrations are applied to the initial microalgal subsample of 1 mL (see
Section 4.1.3 Step 2), the sample volume per transect must be corrected by multiplying with the dilution
factor (DF). Most often, the subsample of 1 mL is counted without dilutions/concentrations (DF 1), but
sometimes is concentrated to 0.5 mL (DF 2), or diluted to 2 mL (DF 1/2), to 3 mL (DF 1/3), to 4 mL (DF
1/4), to 5 mL (DF 1/5).
iv. Identification and Enumeration Analysis of Diatoms
Identification of diatoms requires an understanding of how the cells are put together (each cell, termed a
frustule, being comprised of two valves and one to several girdle bands) and what frustular components
are being identified and enumerated. The different views one may have of a frustule and/or its
components is also important since attempts to key out specimens will require one to know the view in
which one is seeing an individual cell. There are many fine structural elements of diatom cell walls and
knowledge of this terminology is imperative for the identification of species. Guides to this information
can be found in the published literature, and commonly used books and floras, including Krammer and
Lange-Bertalot (1986-1991), Round et al. (1990), and Kociolek et al. (2015 a, b). The fine structure of
diatoms is the basis for the taxonomy of the group, and modern approaches to taxonomy are relying more
and more on these fine structures to make effective distinctions that are not only reflected at species level,
but also at the genus level.
Step 1: Position the slide on the microscope stage with its label to the right. Scan slide at medium
magnification (200x or 400x) to confirm that diatoms are evenly distributed on the cover slip and to
assess the taxonomic composition of the sample to be analyzed.
Step 2: Establish a horizontal transect for counting by positioning the 100x objective a short distance
from the edge of slide, where valves are no longer optically distorted. Record the coordinates where the
first transect begins (for QA/QC purposes, if necessary for this slide). A transect is a rectangular area of
the slide in which the width is equal to the field of view and the length is equal to the length of the area
studied. Record the coordinates of this starting point, if needed for future QA/QC review.
Step 3: Identify and enumerate all complete and partial valves visible in the first field of view. A partial
valve is defined as having more than 50% of the valve including the central area. The valve (both
complete and partial) must extend at least halfway into the transect, and must include the center of the
valve in the transect. Once the diatoms in the first field of view have been enumerated move on to the
next field of view in the direction of the horizontal transect. If a second transect needs to be counted,
move to the first field of view of the second transect. Record the coordinates where the second transect
begins (for QA/QC purposes, if necessary for this slide).
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Step 4: Record the first and last field of view for each counted transect and the upper right corner of the
cover slip by taking the coordinates from the microscope stage. Enter the coordinates in the ID datasheet
for Diatom Sample.
Step 5: Record each diatom taxon identified and the corresponding number of valves enumerated in the
ID Datasheet for Diatom Sample-Heading: Diatom taxon ID; per Appendix 2C from NEON.
Step 6: Identify and enumerate 600 diatom valves across a known length of horizontal optical transects.
Avoid counting valves in any disrupted areas of the mount, particularly edges that have optical
aberrations. When the diatom enumeration is completed, record the last field of view counted by taking
the coordinates from the microscope stage. The last field of view counted can be located at any transect
point. If the sample is very sparse, continue counting for 4 hours or until 300 valves are enumerated
(whichever comes first), excluding time spent learning new species.
Record the number of transects traversed and the coordinates of the last field of view counted on the
bench sheet for diatom analyses.
Step 7: Take sufficient photomicrographs of all newly recorded species to support consistency of results.
Take photomicrographs of previously reported species to demonstrate the key aspects of vegetative
morphology and reproduction used in identification.
E.Digital Image Reference Collection: We will take high quality images of each algal taxon identified
and counted. Image files will be stored both taxonomically (e.g. all the Blue-Green algal images in a file)
and by site. This will make comparison easy and, over time, allow us to develop an algal and diatom
flora for each site, facilitating counting in the future and assessing changes in the flora over the life of the
NEON project.
F.Development of Lists of Names: We will assess names against a master list, and keep separate lists by
site and taxonomy. It is not unusual for there to be both previously unreported taxa (taxa with names that
are not on the list) and taxa that cannot be identified (cannot be found in the literature or may be new to
science). In some parts of the United States, mostly in the western half as well as in Alaska and Hawaii,
20-40% of the taxa may not be described (Kociolek 2005, 2006). We will keep a running list of
“unknowns” with photodocumentation. Any analyst who designates an unknown (such as “Navicula sp.
5”) will need to check with an expert before that designation can be used in the analysis. Again, by
keeping names by taxonomic category and by site we can develop a floristic checklist for each site, which
will be a useful tool to document floristic changes over time. All images with positive determinations
will also have the taxonomic reference noted that was used for the determination. We will use AlgaeBase
(Guiry & Guiry 2019), DiatomBase (Kociolek et al. 2019) and Catalogue of Diatom Names (Fourtanier &
Kociolek 2011) to check nomenclatural issues for names used. We will track all new names/designations
in Boulder, and the Boulder lab will report new names to NEON for addition to the controlled taxon list,
along with authorship and a URL for reference, as well as any synonyms with the old and new name, and
the date of the name change.
All Chain of Custody, Data files, Images, Lists of Names and other documentation for this project will
have local back up on individual computers, external hard drives associated locally for each computer, on
servers for the Museum of Natural History and on the super computer at the PetaLibary run by Research
Computing at the University of Colorado, Boulder.
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G.QA/QC Review: We will perform the QA/QC protocols on 10% of all samples. All QA/QC will be
done by two different taxonomists. The second taxonomist in these QA/QC reviews will always be one
of the experts (even if the first taxonomist on the sample was the other expert of this team). Please see the
next section (3.0) for QA/QC protocols.
H.Data Reporting: All data will be reported to NEON by the Boulder Lab. Data Reporting will be done
using separate spreadsheets for Phytoplankton/Soft Algae; Phytoplankton/Diatoms; Macroalgae;
Periphyton/Soft Algae and Periphyton/Diatoms, with fields as specified by NEON, utilizing NEON
spreadsheets (Appendix 2C). Samples for which QA/QC analyses have been completed will also be
documented with spreadsheets, calculating and reporting both Percent Difference in Enumeration (PDE)
and Percent Community Similarity (PSc). Lowe will report data to the Boulder lab via email, and those
data will be uploaded by the Boulder lab to NEON.
I. Archiving and Storage: All unused preserved samples (phytoplankton, periphyton, macroalgae), plus
permanent diatom slides and cleaned diatom material, will be archived by CU-Boulder per directions by
NEON as reference collections. Preserved samples will be kept in the bottles in which they were
originally shipped. Diatom slides will be stored in typical 100-count microscope slide boxes. Cleaned
diatom material will be stored in glass vials.
Freeze Drying:
All samples are frozen in a lab deep freezer, then quickly placed in a 2.5L Labconco FreeZone -50 0
benchtop Freeze Dry System.
Once samples are dry they will be transferred to small scintillation vials, labelled, placed in simple 10x10
cardboard trays and be ready to be stored indefinitely under ambient conditions.
J.Shipment/Transport to Repository/BioArchive: When sample analysis is complete, and data have
been uploaded to NEON, we will ship samples for long-term storage to the NEON Bioarchive by surface
shipping or, given our relatively close proximity to the facility, by ourselves, following protocols supplied
by NEON. If we deliver the samples to the Bioarchive ourselves, we will coordinate with the BioArchive
ahead of time for the delivery of samples. We will be sending to the Bioarchive the following materials:
permanent diatom slides, freeze-dried ‘cleaned’ diatoms, preserved soft algae and preserved macroalgae.
K.Other Considerations
Instrument Inventory: All capital equipment is inventoried annually by the University of Colorado. For
this project the instruments most critical for the project are the 3 Olympus BX-51 light microscopes to be
used for this project, their associated digital cameras (DP-71) and image capture software and hardware.
An additional Olympus BX-51 light microscope and digital camera, computer hardware and digital image
capture software are also in Lowe’s lab in Madison, Wisconsin. All of the Olympus microscopes have
Nomarski/DIC optics, with 60X and 100X objectives with 1.42 N.A. and 1.40 N.A. objectives,
respectively.
Freeze Drying:
All samples are frozen in a lab deep freezer, then quickly placed in the freeze drier unit. The Department
of Ecology and Evolutionary Biology Department has a freeze drier for our use. This freeze-drier is
a Thermo Savant ModulyoD and is located in Ramaley Building, Room C335
 This freeze dryer features a 5L condenser capacity

20






Refrigerates to -50°C
Vacuums to 10 micro-bar
Digital displays show both vacuum and temperature simultaneously.
This unit can be configured in two (2) ways with available parts
o The first configuration is a 16-port drum manifold
o The second configuration is a 6 tray rack assembly; it is this configuration we are likely
to use the most.

Once samples are dry they will be transferred to small scintillation vial, labelled, placed in simple 10x10
cardboard trays and be ready to be stored indefinitely under ambient conditions.
Micropipette Calibration
Calibration for each micropipette used will be done and recorded every 3 months (4 times per year).
If we do this in-house, we will use the method where the known weight of water at a specified
temperature.
Tips are attached to the micropipette. The desired volume for the micropipette is set, and distilled water
is drawn into the pipette. Temperature of the water is record, but must be between 20 0 and 250 degrees C.
The set volume of micropipette is then dispensed into a beaker that has been previously weighed on a
calibrated balance. This is done ten times to get a mean weight of the water dispensed. The volume of
water is determined by the formula:
Volume =

Weight of the water sample
_______________________
Density of the water at the Temperature

If necessary, the micropipette will be adjusted to yield the desired volume for analyses.
Otherwise, we will pay for this service, and obtain a certificate of calibration from the lab performing the
calibration.
pH Meter Calibration
The pH meter will be calibrated with standard buffer solution at pH 7.0 or pH 4.0 (post-cleaning solution
will likely be acid). Calibration will be at least once a month, or more frequently during high-use periods.
Reagents
We will purchase and note certificates of reagents in a chemical inventory specific to this project. The
chemical inventory will include date purchased, and certification data for hydrogen peroxide, potassium
dichromate, hydrochloric acid, nitric acid, and pH calibration solutions.
We will document the lot numbers of he mounting media for permanent diatom slide preparation
(Naphrax).
Laboratory Measurement Capabilities. We have our microscopes cleaned annually, and assess their
optical abilities by using test slides (of the diatom Amphipleura pellucida whose striae are at a density
that is at the limits of the resolving capability of the light microscope) to demonstrate optimal resolving
capabilities of the oil immersed lenses.
Laboratory Organization: Please see figure 1 for the physical layout of the lab and office spaces to be
used for this project.
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3.0 QAQC Protocols
We will perform and report both the Percent Difference in Enumeration (PDE) metric (highlighting those
analyses that did not meet the QA/QC target criteria (less than or equal to 5%), and the Percent
Community Similarity (PSc) metric (and highlighting and reporting those analyses not meeting the target
QA/QC criterion; 85% in the data sheets). Calculations for PDE will be as follows:

Where n1 is the number of individuals counted by Taxonomist #1, and n2 is the number of individuals
counted by Taxonomist #2.
Percent Community Similarity (PSc) for samples going through QA/QC analysis will be calculated by the
following formula:

Where ai is the percentage of species i in Count A (performed by Taxonomist #1) and bi is the percentage
of species i in Count A (performed by Taxonomist #2).
There are some recent studies related to large (regional, continental) scale algal and diatom analyses
indicating that analyst bias may creep into these projects. To help minimize issues in this area, we will:
*Where possible (given the flow of samples from NEON) randomize assignments of samples for analysis.
*Leverage algae and diatom images to create floras for each site, which should help develop higher
degrees of consistency and help recognize floristic changes at sites.
*Facilitate communication between taxonomists involved in QA/QC analyses to make the exercise more
of a learning experience.
*Set aside time during the project to discuss unknowns and/or problem taxa, or to go over floras from
completed sites, to review the taxa encountered. This is to be underscored for the unknowns, since
making sure all team members are consistently using designations across the study will be crucial for data
analysis.
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