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1 DESCRIPTION

1.1 Purpose

This document provides an overview of the data included in this NEON Level 1 data product, the quality con-
trolled product generated from raw Level 0 data, and associated metadata. In the NEON data products frame-
work, the raw data collected in the field, for example, the dry weights of liƩer funcƟonal groups from a single
collecƟon event are considered the lowest level (Level 0). Raw data that have been quality checked via the steps
detailed herein, as well as simple metrics that emerge from the raw data are considered Level 1 data products.

The text herein provides a discussion of measurement theory and implementaƟon, data product provenance,
quality assurance and control methods used, and approximaƟons and/or assumpƟons made during L1 data cre-
aƟon.

1.2 Scope

This document describes the steps needed to generate the L1 data product Surface water cell count - the count
of bacterial cells per liter of surface water in streams, rivers, and lakes - and associated field and external lab
metadata. This document also provides details relevant to the publicaƟon of the data products via the NEON
data portal, with addiƟonal detail available in the file, NEON Data Variables for AquaƟc Microbe Cell Counts
(NEON.DP1.20138) (AD[05]), provided in the download package for this data product.

This document describes the process for ingesƟng and performing automated quality assurance and control pro-
cedures on the data collected in the field pertaining to AOS Protocol and Procedure: AquaƟc Microbial Sampling
(AD[06]). The raw data that are processed in this document are detailed in the file, NEON Raw Data ValidaƟon for
AquaƟc Microbe Cell Counts (NEON.DP0.20138) (AD[04]), provided in the download package for this data product.
Please note that raw data products (denoted by ‘DP0’) may not always have the same numbers (e.g., ‘20138’) as
the corresponding L1 data product.
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2 RELATED DOCUMENTS AND ACRONYMS

2.1 Associated Documents

AD[01] NEON.DOC.000001 NEON Observatory Design (NOD) Requirements

AD[02] NEON.DOC.001152 NEON AquaƟc Sampling Strategy

AD[03] NEON.DOC.002652 NEON Level 1, Level 2 and Level 3 Data Products Catalog

AD[04]
NEON.DP0.20138.001
_dataValidaƟon.csv

NEON Raw Data ValidaƟon for AquaƟc Microbe Cell Counts
(NEON.DP0.20138)

AD[05]
NEON.DP1.20138.001
_variables.csv

NEON Data Variables for AquaƟc Microbe Cell Counts
(NEON.DP1.20138)

AD[06] NEON.DOC.003041 AOS Protocol and Procedure: AquaƟc Microbial Sampling

AD[07] NEON.DOC.000008 NEON Acronym List

AD[08] NEON.DOC.000243 NEON Glossary of Terms

AD[09] NEON.DOC.002905
AOS Protocol and Procedure: Water Chemistry Sampling in Surface
Waters and Groundwater

AD[10]
OS_Generic_TransiƟons
.pdf

NEON Algorithm TheoreƟcal Basis Document: OS Generic TransiƟons

AD[11] NEON’s Ingest Conversion Language (NICL) specificaƟons

2.2 Acronyms

Acronym DefiniƟon

PI Propdium iodide
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3 DATA PRODUCT DESCRIPTION

This data product contains the quality-controlled, field sampling metadata and associated total bacterial cell count
data provided by a contracted lab. Field samples are collected in the water column of wadeable streams, rivers,
and lakes in conjuncƟon with surface water chemistry samples. Cell count samples are preserved with formalde-
hyde in the field, kept in the dark at 4oC, and shipped to an external lab for analysis.

Surface water microbes are collected 12 Ɵmes per year in wadeable streams and 6 Ɵmes per year in lakes and
non-wadeable streams, at the same Ɵme and locaƟon as standard recurrent (monthly) water chemistry samples
(AD[09]). Details on sampling locaƟons and Ɵming are provided in NEON Raw Data ValidaƟon for AquaƟc Microbe
Cell Counts (NEON.DP0.20138) (AD[06]) and the Surface Water Chemistry Sampling in AquaƟc Habitats protocol
(AD[09]). Cell count samples are collected as grab samples from the water column at sampling locaƟons near the
S2 sensor set in streams, and near the buoy in rivers, and near buoy, inlet, and outlet sensor sets in lakes. In lakes
and rivers with a straƟfied water column, samples are collected at mulƟple depths.

An 18 mL aliquot of field sample is preserved with 2 mL of 10% formaldehyde (final concentraƟon of ~1%
formaldehyde) in the field. Samples are sent to an external analyƟcal lab within 60 days of collecƟon and analyzed
using a propidium iodide (PI) staining method and epifluorescence microscopy (Boulos et al. 1999). Cell counts
are enumerated using an image analysis program calibrated for NEON samples. AddiƟonal quality assurance data
related to the automated counts, including counts of a standard reference photo, are available in the expanded
package.

3.1 SpaƟal Sampling Design

AquaƟc microbial cell count samples are collected at all NEON aquaƟc sites at the same Ɵme and locaƟon as sur-
face water chemistry samples (AD[09]). At stream sites, 1 sample is collected from the thalweg <1 m downstream
of the downstream sensor set (S2) on each sampling date. Samples represent the water column, so care is taken
to avoid sƟrring up sediments that may contaminate the sample.

At river (non-wadeable stream) sites, cell count samples are collected just downstream of the sensor set or profil-
ing buoy (staƟon = ‘c0’) (Figure 1). If the river is non-straƟfied, samples are collected at 0.5 m depth. If the river is
straƟfied, an epilimnion sample is collected at 0.5 m (staƟon = ‘c1’) and an integrated sample is collected from the
hypolimion (staƟon = ‘c2’). Care is taken to avoid contaminaƟon from sediments suspended by the boat motor or
anchor.

At lake sites, samples are collected near the profiling buoy, the inlet sensor, and outlet sensor (Figure 2). Near the
buoy, sampling depth is dependent on the presence or absence of lake straƟficaƟon. In an unstraƟfied lake, the
sample is collected near the surface at 0.5 m depth. In a straƞied lake, addiƟonal samples are collected from the
hypolimnion, in addiƟon to the surface water sample. In lakes with a shallow hypolimnion (<4 m), the sample is
collected from the midpoint of the hypolimnion. In lakes with a deeper hypolimnion (>4 m), an integrated sample
is collected throughout the hypolimnion. Samples collected near the inlet and outlet sensor sets are collected
near the surface at 0.5 m depth. See AOS Protocol and Procedure: AquaƟc Microbial Sampling (AD[06]) and AOS
Protocol and Procedure: Water Chemistry Sampling in Surface Waters and Groundwater (AD[09]) for addiƟonal
details.
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Figure 1: Generic aquaƟc site layouts with surface water cell count sampling locaƟons highlighted in red boxes for
wadeable streams, lakes, and rivers.

Figure 2: Lake and river sampling depths in non-straƟfied and straƟfied water columns.
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3.2 Temporal Sampling Design

Surface water microbe cell count samples are collected at the same Ɵme and locaƟon as standard recurrent wa-
ter chemistry sampling: once per month in wadeable streams (12 Ɵmes per year). At streams sites, samples are
collected year-round including when the stream is frozen over if the ice can be broken by hand. When the ice be-
comes too thick, sampling is suspended and noted as samplingImpracƟcal in the field data. At lake and river sites,
microbe cell count samples are collected every other month with standard recurrent water chemistry samples.
At northern sites, samples are collected year round and and collected under the ice during winter. See NEON
AquaƟc Sampling Strategy (AD[02]), AOS Protocol and Procedure: AquaƟc Microbial Sampling (AD[06]) and AOS
Protocol and Procedure: Water Chemistry Sampling in Surface Waters and Groundwater (AD[09]) for addiƟonal
details.

3.3 Variables Reported

All variables reported from the field or laboratory technician (L0 data) are listed in the file, NEON Raw Data Val-
idaƟon for AquaƟc Microbe Cell Counts (NEON.DP0.20138) (AD[04]). All variables reported in the published
data (L1 data) are also provided separately in the file, NEON Data Variables for AquaƟc Microbe Cell Counts
(NEON.DP1.20138) (AD[05]).

Field names have been standardized with Darwin Core terms (http://rs.tdwg.org/dwc/; accessed 16 February
2014), the Global Biodiversity InformaƟon Facility vocabularies (http://rs.gbif.org/vocabulary/gbif/; accessed 16
February 2014), the VegCore data dicƟonary (https://projects.nceas.ucsb.edu/nceas/projects/bien/wiki/VegCore;
accessed 16 February 2014), where applicable. NEON OS spaƟal data employs the World GeodeƟc System 1984
(WGS84) for its fundamental reference datum and Earth GravitaƟonal Model 96 (EGM96) for its reference gravi-
taƟonal ellipsoid. LaƟtudes and longitudes are denoted in decimal notaƟon to six decimal places, with longitudes
indicated as negaƟve west of the Greenwich meridian.

Some variables described in this document may be for NEON internal use only and will not appear in downloaded
data.

3.4 SpaƟal ResoluƟon and Extent

The finest resoluƟon at which spaƟal data are reported is at a single staƟon within a site. For example, data may
be collected at a specific depth in the water column of a lake.The basic spaƟal data included in the data down-
loaded include the laƟtude, longitude, and elevaƟon of the named locaƟon at the aquaƟc site (e.g., the aquaƟc
locaƟon) or the laƟtude and longitude of an alternate locaƟon if the named locaƟon is not suitable for sampling.

namedLocaƟon (unique ID given to the locaƟon within the site)Ý siteID (ID of NEON site)Ý domainID (ID of a
NEON domain)

3.5 Temporal ResoluƟon and Extent

The finest resoluƟon at which temporal data are reported is at collectDate, the date and Ɵme of day when the
sample was collected in the field.
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3.6 Associated Data Streams

Cell count samples are related to water chemistry samples collected at the same Ɵme and locaƟon. Water chem-
istry data are available in the ‘Chemical properƟes of surface water’ data product (NEON.DP1.20093).

Cell count samples are also related to aquaƟc microbe sequencing data generated from subsamples of the
same parent sample (linked with parentSampleID), including Surface water microbe community composiƟon
(NEON.DP1.20141), Surface water microbe group abundances (NEON.DP1.20278), Surface water microbe marker
gene sequences (NEON.DP1.20282), and Surface water microbe metagenome sequences (NEON.DP1.20281).

3.7 Product Instances

At each stream site, there will be 12 samples collected per year. At a lake or river site, there will be a minimum
of 6 samples and a maximum of 9 samples collected per year (maximum if water the column is straƟfied). Each
sample generates one cell count record at the external lab.

3.8 Data RelaƟonships

A record in amc_fieldCellCounts must have a corresponding record in amc_fieldSuperParent describing measure-
ment depth and abioƟc variables during sample collecƟon. Each record in amc_fieldCellCounts may be linked to a
record in amc_cellCounts, which contains data from the external laboratory. Duplicates and/or missing data may
exist where protocol and/or data entry abberaƟons have occurred; users should check data carefully for anoma-
lies before joining tables.

amc_fieldSuperParent.csv - > One record is created for each cell count that comes from a surface water sample,
and contains metadata that applies to cell counts.

amc_fieldCellCounts.csv - > One record is created by field personnel for each cell count sample. Each field record
has a corresponding amc_fieldSuperParent parentSampleID. The field cellCountSampleID is also created here and
will be used to track the sample through to the external lab.

amc_cellCounts.csv - > One record is created by the external lab for each cell count sample, linked to the field
data by the field cellCountSampleID. If samples need to be re-analyzed for QA reasons, there may be more than 1
record per cellCountSampleID.

amc_cellCountLabSummary.csv - > QA data are recorded using a labSpecificStartDate and labSpecificEndDate.
The QA data pertain to the lab analysis if the testedDate in amc_cellCounts falls between this date range.

3.9 Special ConsideraƟons

The cell count data results comes from an external lab, in the field rawMicrobialAbundance. rawMicrobialAbun-
dance is NOT corrected for preservaƟve volume, so data users will need to apply this correcƟon using data from
cellCountPreservantVolume from the amc_fieldCellCounts for an accurate cell count value.
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microbialAbundancePerMli = amc_cellCounts:rawMicrobialAbundance i �
amc_fieldCellCounts:cellCountSampleV olume i + amc_fieldCellCounts:cellCountPreservantV olume i

amc_fieldCellCounts:cellCountSampleV olume i
(1)

Where ‘i’ is a unique cellCountSampleID

See the external lab SOP (referenced in amc_cellCounts.csv) for calculaƟons applied to the data by the external
laboratory.

4 DATA ENTRY CONSTRAINT AND VALIDATION

Many quality control measures are implemented at the point of data entry within a mobile data entry applica-
Ɵon or web user interface (UI). For example, data formats are constrained and data values controlled through
the provision of dropdown opƟons, which reduces the number of processing steps necessary to prepare the raw
data for publicaƟon. The data entry workflow for collecƟng aquaƟc cell count data as part of the water sampling
is diagrammed in Figure 3. An addiƟonal set of constraints are implemented during the process of ingest into the
NEON database. The product-specific data constraint and validaƟon requirements built into data entry applica-
Ɵons and database ingest are described in the document NEON Raw Data ValidaƟon for AquaƟc Microbe Cell
Counts (NEON.DP0.20138), provided with every download of this data product. Contained within this file is a field
named ‘entryValidaƟonRulesForm’, which describes syntacƟcally the validaƟon rules for each field built into the
data entry applicaƟon. Data entry constraints are described in Nicl syntax in the validaƟon file provided with ev-
ery data download, and the Nicl language is described in NEON’s Ingest Conversion Language (NICL) specificaƟons
([AD[11]).

5 DATA PROCESSING STEPS

Following data entry into a mobile applicaƟon of web user interface, the steps used to process the data through
to publicaƟon on the NEON Data Portal are detailed in the NEON Algorithm TheoreƟcal Basis Document: OS
Generic TransiƟons (AD[10]).

6 REFERENCES
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