
Title: NEON User Guide to AquaƟc Plant Bryophyte Chemical ProperƟes (NEON.DP1.20063) Date: 12/16/2017

Author: Tanya Chesney Revision: A

NEON USER GUIDE TO AQUATIC PLANT BRYOPHYTE
CHEMICAL PROPERTIES (NEON.DP1.20063)

PREPARED BY ORGANIZATION DATE

Tanya Chesney DPS 12/16/2017

Stephanie Parker AOS 12/16/2017



Title: NEON User Guide to AquaƟc Plant Bryophyte Chemical ProperƟes (NEON.DP1.20063) Date: 12/16/2017

Author: Tanya Chesney Revision: A

CHANGE RECORD

REVISION DATE DESCRIPTION OF CHANGE

A 07/dd/2017 IniƟal Release



Title: NEON User Guide to AquaƟc Plant Bryophyte Chemical ProperƟes (NEON.DP1.20063) Date: 12/16/2017

Author: Tanya Chesney Revision: A

TABLE OF CONTENTS

1 DESCRIPTION 1
1.1 Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 RELATED DOCUMENTS AND ACRONYMS 2
2.1 Associated Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.2 Acronyms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

3 DATA PRODUCT DESCRIPTION 3
3.1 SpaƟal Sampling Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3.2 Temporal Sampling Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.3 Laboratory Quality Assurance and Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.4 Variables Reported . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.5 SpaƟal ResoluƟon and Extent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.6 Temporal ResoluƟon and Extent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.7 Associated Data Streams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.8 Product Instances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.9 Data RelaƟonships . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

4 DATA QUALITY 8
4.1 Data Entry Constraint and ValidaƟon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
4.2 Automated Data Processing Steps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
4.3 Data Revision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
4.4 Quality Flagging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
4.5 AnalyƟcal Facility Data Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5 REFERENCES 11

LIST OF TABLES AND FIGURES

Figure 1 AquaƟc plant sampling locaƟons in all types of aquaƟc sites (non-wadeable streams/rivers,
wadeable streams, and lakes). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Figure 2 AquaƟc plant sampling locaƟons in wadeable streams, showing quadrat locaƟons in proxim-
ity to established transects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Figure 3 SchemaƟc of the applicaƟons used by field technicians to enter aquaƟc point count and clip
harvest field data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Figure 4 SchemaƟc of the applicaƟons used by field technicians to measure aquaƟc plant biomass
data in the domain lab . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

i



Title: NEON User Guide to AquaƟc Plant Bryophyte Chemical ProperƟes (NEON.DP1.20063) Date: 12/16/2017

Author: Tanya Chesney Revision: A

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 fresh mass of the sample, 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 AquaƟc plant bryophyte chemical
properƟes- carbon and nitrogen concentraƟons of aquaƟc plant and bryophytes from benthic collecƟons in lakes,
non-wadeable streams, and wadeable streams and associated metadata from input data. This document also pro-
vides details relevant to the publicaƟon of the data products via the NEON data portal, with addiƟonal detail avail-
able in the file, NEON Data PublicaƟon Workbook for AOS AquaƟc Plants and Bryophytes: QA/QC of Chemistry
Data (NEON.DP1.20063) (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 Plant, Bryophyte,
Lichen, and Macroalgae Sampling (AD[07]). The raw data that are processed in this document are detailed in the
file, NEON Raw Data Ingest Workbook for AOS AquaƟc Plant, Bryophyte, and Macroalgae Clip Harvest, Level 0
(NEON.DP0.20066) (AD[03]) and NEON Raw Data Ingest Workbook for AOS AquaƟc Plant and Algae External Lab
Chemistry Data (NEON.DP0.20065) (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., ‘10033’) as the corre-
sponding 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.002652 NEON Level 1, Level 2 and Level 3 Data Products Catalog

AD[03]
NEON.DP0.20066.001
_dataValidaƟon.csv

NEON Raw Data Ingest Workbook for AOS AquaƟc Plant, Bryophyte, and
Macroalgae Clip Harvest, Level 0 (NEON.DP0.20066)

AD[04] NEON.DP0.20065.001
_dataValidaƟon.csv

NEON Raw Data Ingest Workbook for AOS AquaƟc Plant and Algae
External Lab Chemistry Data (NEON.DP0.20065)

AD[05]
NEON.DP1.20063.001
_variables.csv

NEON Data PublicaƟon Workbook for AOS AquaƟc Plants and
Bryophytes: QA/QC of Chemistry Data (NEON.DP1.20063)

AD[06] NEON.DOC.001152 NEON AquaƟc Sampling Strategy

AD[07] NEON.DOC.003039
AOS Protocol and Procedure: AquaƟc Plant, Bryophyte, Lichen, and
Macroalgae Sampling

AD[08] NEON.DOC.000008 NEON Acronym List

AD[09] NEON.DOC.000243 NEON Glossary of Terms

AD[10] OS_Generic_TransiƟons
.pdf

NEON Algorithm TheoreƟcal Basis Document: OS Generic TransiƟons

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

2.2 Acronyms

Acronym DefiniƟon

SCUBA Self-contained underwater breathing apparatus

USEPA U.S. Environmental ProtecƟon Agency

USGS U.S. Geological Survey
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3 DATA PRODUCT DESCRIPTION

AquaƟc plant bryophyte chemical properƟes data include total carbon and nitrogen of dried plant samples col-
lected as part of AquaƟc Plant, Bryophyte, and Macroalgae Clip Harvest (NEON.DP1.20066). AquaƟc plants and
bryophytes are sampled via clip harvest once per year at each NEON aquaƟc site (AD[06]). Sampling dates are
based on a combinaƟon of variables, including hydrology in streams or ice on/ice off dates in lakes, accumulated
degree days (tem perature), and riparian greenness (phenology). For addiƟonal informaƟon see sampling design
NEON AquaƟc Sampling Strategy (AD[06]) and protocol AOS Protocol and Procedure: AquaƟc Plant, Bryophyte,
Lichen, and Macroalgae Sampling (AD[07]).

3.1 SpaƟal Sampling Design

Clip harvest collecƟons are made at 10 locaƟons per site. In lakes and non-wadeable streams (rivers), these loca-
Ɵons are selected by randomized GPS points (Figure 1) within the zone of plant colonizaƟon at the site (i.e., within
the depth ranges that plants are known to colonize based on light aƩenuaƟon in the lake or river).

At wadeable stream sites, each clip harvest (Figure 2) is collected within 4 m of the nearest point transect
(NEON.DP1.20072) at a total of 10 locaƟons: 5 in the dominant habitat type, 5 in the second-most dominant habi-
tat type. Transects are established in alternaƟng habitat types along the reach (e.g., transect 1 in a pool, transect
2 in a riffle, transect 3 in a pool). If it is not possible to separate each transect by a different habitat type, tran-
sects may be spaced at least 10m apart within the same habitat type/unit. Transects are established during the
first sampling bout by domain technicians and coordinates are collected using a high-precision GPS unit (e.g.,
Trimble with a tornado antenna). Plot markers are established on one bank, with the transect extending per-
pendicular to stream flow across the weƩed channel. Transects remain in place unƟl significant morphological
changes occur in the stream (e.g., bed-moving spate) that causes the transect to be unusable. AŌer such geomor-
phological changes, a transect may be re-established in a new locaƟon. See AOS Protocol and Procedure: AquaƟc
Plant, Bryophyte, Lichen, and Macroalgae Sampling (AD[07]) for addiƟonal details on strategy and SOPs.
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Figure 1: AquaƟc plant sampling locaƟons in all types of aquaƟc sites (non-wadeable streams/rivers, wadeable
streams, and lakes).
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Figure 2: AquaƟc plant sampling locaƟons in wadeable streams, showing quadrat locaƟons in proximity to estab-
lished transects

3.2 Temporal Sampling Design

AquaƟc plant clip harvest samples and chemistry subsamples are collected during biological and sediment chem-
istry sampling, in bout 2 (mid-summer). Prior to January 1, 2017, data were collected 3 Ɵmes per year during all
biological and sediment chemistry sampling bouts (bouts 1, 2, and 3). Data collecƟon for this data product occurs
occurs within one day per bout at a given site. See NEON AquaƟc Sampling Strategy (AD[06]), AOS Protocol and
Procedure: AquaƟc Plant, Bryophyte, Lichen, and Macroalgae Sampling (AD[07]) for addiƟonal details.

3.3 Laboratory Quality Assurance and Uncertainty

External laboratory faciliƟes have been chosen for their use of analyƟcal methods widely adopted by the scienƟfic
community. Labs report the long-term analyƟcal precision and uncertainty of standard reference materials ana-
lyzed as unknowns for each analyte in a summary file. This allows users to interpret and model the aquaƟc plant
bryophyte chemical properƟes data in the context of its uncertainty range. Contracted external faciliƟes upload a
summary file (asi_externalLabSummaryData) when they begin work for NEON, then again once per year or when-
ever their informaƟon changes (for example, a new instrument is acquired or a change is detected in analyƟcal
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precision). AddiƟonally, NEON’s CalibraƟon/ValidaƟon department has regular procedures for audiƟng the quality
assurance of external laboratories and their reports are available to data users.

3.4 Variables Reported

All variables reported from the field technician or laboratory (L0 data) are listed in the files, NEON Raw Data
Ingest Workbook for AOS AquaƟc Plant, Bryophyte, and Macroalgae Clip Harvest, Level 0 (NEON.DP0.20066)
(AD[03]) and NEON Raw Data Ingest Workbook for AOS AquaƟc Plant and Algae External Lab Chemistry Data
(NEON.DP0.20065) (AD[04]). All variables reported in the published data (L1 data) are also provided separately
in the file, NEON Data PublicaƟon Workbook for AOS AquaƟc Plants and Bryophytes: QA/QC of Chemistry Data
(NEON.DP1.20063) (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 AOS 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.

3.5 SpaƟal ResoluƟon and Extent

The finest resoluƟon at which spaƟal data are reported is near a single transect (wadeable streams) or at a ran-
domized point (lakes and rivers) within a site. For example, data may be collected at a specific depth in the water
column of a lake.

Lakes and non-wadeable streams (rivers) spaƟal hierarchy = locaƟonID (ID of sampling point where collecƟon
occurred) -> siteID (ID of NEON site) -> domainID (ID of a NEON domain)

Wadeable streams spaƟal hierarchy = locaƟonID (ID of sampling quadrat near a named transect within site) ->
siteID (ID of NEON site) -> domainID (ID of a NEON domain)

The basic spaƟal data included in the data downloaded include the laƟtude, longitude, and elevaƟon of the
named locaƟon at the aquaƟc site (e.g., the permanent transect locaƟon in a wadeable stream) or the laƟtude
and longitude of the randomized point in a lake or river.

3.6 Temporal ResoluƟon and Extent

The finest resoluƟon at which temporal data are reported is at collectDate, the date and Ɵme of day when the
samples were collected in the field.
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The NEON Data Portal provides data in monthly files for query and download efficiency. Queries including any
part of a month will return data from the enƟre month. Code to stack files across months is available here: https:
//github.com/NEONScience/NEON-utilities

3.7 Associated Data Streams

This data product is dependent on the field data collected in AquaƟc Plant Bryophyte Macroalgae Clip Harvest
(NEON.DP1.20066). Data can be linked to the parent sample through the fieldID and sampleID fields.

All of the above data products are also loosely related to gauge height data and associated metadata collected on
the same sampling day (NEON.DP1.20267). These data products are linked through the siteID and collectDate.

Data and maps produced by the Bathymetric and morphological maps data product (NEON.DP4.00132) may also
be relevant to aquaƟc plant and bryophyte chemistry data.

3.8 Product Instances

At each aquaƟc site, there will be a variable number of samples collected per year, depending on plant cover at
the site. AquaƟc plant chemistry samples are collected once per year at each of 10 sampling locaƟons for each
taxon collected at those locaƟons. Because data are reported in long format (as opposed to wide), each sample
generates records for each analyte measured, 2 analytes per sample (carbon and nitrogen). StarƟng in 2018, addi-
Ɵonal chemical analyses of stable isotopes may be included in the download package, but are not a requirement
of the data product.

3.9 Data RelaƟonships

A record in apl_domainLabChemistry or apl_algaeExternalLabDataPerSample must have a corresponding record
in apl_clipHarvest describing field collecƟon condiƟons, locaƟon, and metadata during sample collecƟon. If
fieldID is empty in apl_clipHarvest, there will be no addiƟonal records in the apl_domainLabChemistry or
apl_algaeExternalLabDataPerSample tables. Duplicates and/or missing data may exist where protocol and/or data
entry aberraƟons have occurred; users should check data carefully for anomalies before joining tables.

apl_clipHarvest.csv - > One record is created for each clip harvest observaƟon. If a sample is collected, a fieldID is
created in this table and linked in subsequent data tables (biomass.csv).

apl_domainLabChemistry.csv - > One or more records for chemSubsampleID is created for each sampleID pro-
cessed at the NEON domain lab. A sampleID is created for each taxon per locaƟon.

apl_algaeExternalLabDataPerSample.csv - > One record is created for each analyƟcal replicate of each analyte
for a sample, resulƟng in mulƟple entries per sample. Data can be tracked to the fieldData through the parent
sampleID or the domainLabChemistry data through sampleID plus analyte plus replicate.

asi_externalLabPOMSummaryData.csv - > Summary informaƟon for each analyƟcal method are
recorded in this table, with startDate and endDate. These dates can be used to apply to the data in
alg_algaeExternalLabDataPerSample using the fields laboratoryName, analysisDate, and analyte.
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4 DATA QUALITY

4.1 Data Entry Constraint and ValidaƟon

Many quality control measures are implemented at the point of data entry within a mobile data entry applicaƟon
or web user interface (UI). For example, data formats are constrained and data values controlled through the pro-
vision 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 plant clip harvest field data is diagrammed in Figure 3,
and the lab workflow is diagrammed in Figure 4.

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 applicaƟons and database in-
gest are described in the document NEON Raw Data Ingest Workbook for AOS AquaƟc Plant, Bryophyte, and
Macroalgae Clip Harvest, Level 0 (NEON.DP0.20066), provided with every download of this data product. Con-
tained 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 every data download, and the Nicl language is described in NEON’s Ingest Conversion
Language (NICL) specificaƟons ([AD[11]).

4.2 Automated 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]).

4.3 Data Revision

All data are provisional unƟl a numbered version is released; the first release of a staƟc version of NEON data, an-
notated with a globally unique idenƟfier, is planned to take place in 2020. During the provisional period, QA/QC
is an acƟve process, as opposed to a discrete acƟvity performed once, and records are updated on a rolling basis
as a result of scheduled tests or feedback from data users. The Change Log secƟon of the data product readme,
provided with every data download, contains a history of major known errors and revisions.

4.4 Quality Flagging

The dataQF field in each data record is a quality flag for known errors applying to the record. Please see the table
below for an explanaƟon of dataQF codes specific to this product.

Page 8 of 11



Title: NEON User Guide to AquaƟc Plant Bryophyte Chemical ProperƟes (NEON.DP1.20063) Date: 12/16/2017

Author: Tanya Chesney Revision: A

Fi
gu

re
3:

Sc
he

m
aƟ

co
ft
he

ap
pl
ica

Ɵo
ns

us
ed

by
fie

ld
te
ch
ni
cia

ns
to

en
te
ra

qu
aƟ

cp
oi
nt

co
un

ta
nd

cli
p
ha

rv
es
tfi

el
d
da

ta

Page 9 of 11



Title: NEON User Guide to AquaƟc Plant Bryophyte Chemical ProperƟes (NEON.DP1.20063) Date: 12/16/2017

Author: Tanya Chesney Revision: A

Fi
gu

re
4:

Sc
he

m
aƟ

co
ft
he

ap
pl
ica

Ɵo
ns

us
ed

by
fie

ld
te
ch
ni
cia

ns
to

m
ea

su
re

aq
ua

Ɵc
pl
an

tb
io
m
as
sd

at
a
in

th
e
do

m
ai
n
la
b

Page 10 of 11



Title: NEON User Guide to AquaƟc Plant Bryophyte Chemical ProperƟes (NEON.DP1.20063) Date: 12/16/2017

Author: Tanya Chesney Revision: A

fieldName value definiƟon

dataQF legacyData
Data recorded using a paper-based workflow that did not implement
the full suite of quality control features associated with the interacƟve
digital workflow

dataQF

Did not
meet
quality
audit
require-
ments for
analysis
Audit

The external lab did not meet the requirements of the NEON external
facility audit for the year the data were generated

4.5 AnalyƟcal Facility Data Quality

Data analyses conducted on plant chemistry data conform to the current data quality standards used by pracƟ-
Ɵoners. Secondary standards or reference material are analyzed in every batch of NEON data. Lab quality data are
presented in the table “asi_externalLabPOMSummaryData” that is included in this download package.
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