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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, fish length and weight measurements, 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 Fish electrofishing, gill neƫng, and
fyke neƫng counts and associated metadata from input data. 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 Fish electrofishing, gill neƫng, and fyke neƫng counts (NEON.DP1.20107) (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: Fish Sampling in Wadeable
Streams (AD[07]) and AOS Protocol and Procedure: Fish Sampling in Lakes (AD[08]). The raw data that are pro-
cessed in this document are detailed in the file, NEON Raw Data ValidaƟon for Fish electrofishing, gill neƫng, and
fyke neƫng counts (NEON.DP0.20107) (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., ‘20107’) as the cor-
responding L1 data product.
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2 RELATED DOCUMENTS

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.DP0.20107.001
_dataValidaƟon.csv

NEON Raw Data ValidaƟon for Fish electrofishing, gill neƫng, and fyke
neƫng counts (NEON.DP0.20107)

AD[05]
NEON.DP1.20107.001
_variables.csv

NEON Data Variables for Fish electrofishing, gill neƫng, and fyke neƫng
counts (NEON.DP1.20107)

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

AD[07] NEON.DOC.001295 AOS Protocol and Procedure: Fish Sampling in Wadeable Streams

AD[08] NEON.DOC.001296 AOS Protocol and Procedure: Fish Sampling in Lakes

AD[09] NEON.DOC.000008 NEON Acronym List

AD[10] NEON.DOC.000243 NEON Glossary of Terms

AD[11]
OS_Generic_TransiƟons
.pdf

NEON Algorithm TheoreƟcal Basis Document: OS Generic TransiƟons

AD[12] NEON’s Ingest Conversion Language (NICL) specificaƟons
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3 DATA PRODUCT DESCRIPTION

The fish electrofishing, gill neƫng, and fyke neƫng counts data product includes informaƟon on fish taxonomy,
abundance, morphometrics and community structure in streams and lakes. AŌer processing (weighing and mea-
suring) a minimum of 50 fish per taxon, the remaining specimens are bulk counted, either by actually counƟng
each individual or (in cases where hundreds or more fish captured), esƟmaƟng. EsƟmated counts are achieved
by scooping and counƟng the total number of specimens in one dip net and then mulƟplying the total number of
scoops of captured fish by the fish counts from the first scoop. This method assumes a homogenous composiƟon
of species. Data on life stage, deformiƟes, eroded fins, lesions, tumors, and parasites are also recorded. Voucher
specimens and Ɵssue samples may also be collected. These data can be used to assess the health of aquaƟc
ecosystems. Fishes are sampled two Ɵmes 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 (temperature), and riparian greenness (phenology). Measurements are collected by field personnel employ-
ing various sampling techniques depending on the aquaƟc system being studied. For addiƟonal informaƟon see
sampling design NEON AquaƟc Sampling Strategy (AD[06]) and protocols AOS Protocol and Procedure: Fish Sam-
pling in Wadeable Streams (AD[07]) and AOS Protocol and Procedure: Fish Sampling in Lakes (AD[08]) .

3.1 SpaƟal Sampling Design

Fish sampling at NEON wadeable stream aquaƟc sites (Figure 1) is conducted in up to ten replicate, non-
overlapping 80-120 m reaches. Three of these reaches are designated as “fixed” reaches, which are sampled
twice every year using a three-pass electrofishing depleƟon approach (Moulton et al. 2002 and Peck et al. 2006).
Fixed reaches include representaƟve habitat features that are found throughout the enƟre 1 km NEON aquaƟc
biological sampling reach (NOTE: some NEON sites may be less than 1 km due to permiƫng restricƟons). The
remaining seven reaches are designated as “random” reaches, which are sampled following a rotaƟng paƩern
to ensure that the variety of habitat types are sampled equally over Ɵme. Specifically, three random reaches at
each site are sampled twice in any given year then a new set of three random reaches are selected and sampled
in each subsequent year. Random reaches are sampled via a single-pass depleƟon approach. Capture probabili-
Ɵes esƟmated from fixed three-pass depleƟon reaches may be used to esƟmate populaƟon sizes of fish within the
random single-pass reaches. See AOS Protocol and Procedure: Fish Sampling in Wadeable Streams (AD[07]) for
addiƟonal details on sampling strategy and SOPs.

Fish sampling at NEON lake aquaƟc sites (Figure 1) include up to 10 segments established within the lake for
studying nearshore and offshore fish populaƟons to esƟmate species composiƟon, species diversity, relaƟve abun-
dance, and an indicaƟon of the distribuƟon of species within the NEON lake. The sampling segments are estab-
lished using the 10 pre-determined lake riparian habitat transect locaƟons. Lake fish sampling segments occur be-
tween two riparian transects and converge at the approximate center of the lake (Figure 1). For example, fish seg-
ment 1 occurs between riparian transect 1 and 2. Fish segment 2 occurs between riparian transect 2 and 3. Three
permanent “fixed” segments are established which include habitat features most representaƟve of the enƟre lake.
The fixed segments are sampled twice per year with a backpack electrofisher using a three-pass electrofishing de-
pleƟon approach (Moulton et al. 2002 and Peck et al. 2006). AddiƟonally, each sampled reach includes one mini-
fyke net set and one gill net set (Baker et al. 1997). The remaining seven lake segments are established as “ran-
dom” segments and sampled following a rotaƟng design to ensure that the variety of habitat types are sampled
equally over Ɵme. A rotaƟng sampling design with iniƟal random selecƟon of shoreline segments ensures appro-
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priate spaƟal coverage of habitat types within the lake (Baker et al. 1997). The same random segments are sam-
pled in spring and fall of a given year. Random segments are sampled with a single electrofishing pass (without
block nets), one mini-fyke net set, and one gill net set. See AOS Protocol and Procedure: Fish Sampling in Lakes
(AD[08]) for addiƟonal details on sampling strategy and SOPs.

Figure 1: Generic aquaƟc site layouts (wadeable streams, and lakes) with fish sampling locaƟons in red.

3.2 Temporal Sampling Design

Fish sampling occurs two Ɵmes per year corresponding with the first and third sampling bout windows (roughly
spring and autumn) at wadeable stream and lake sites, with a minimum of two weeks between sampling bouts.
The iniƟal sample Ɵming is determined for each site using historical data including ice-out, water temperature (or
accumulated degree days), and riparian peak greenness. Sample Ɵming will be refined on a site-by-site basis by
Science OperaƟons based on data collected by the aquaƟc sensors and Field OperaƟons. Sampling bouts are tar-
geted to be completed within 5 days. All three passes in a fixed sampling segment must be sampled within the
same day, with at least 30 minutes between passes to allow fish to reseƩle in the reach. Weather condiƟons at
the site may push sampling outside of the bout window. See AOS Protocol and Procedure: Fish Sampling in Wade-
able Streams (AD[07]) and AOS Protocol and Procedure: Fish Sampling in Lakes (AD[08]) for addiƟonal details on
sampling strategy and SOPs.

Lake fish assemblage characterizaƟon requires mulƟple sampling methods that are opƟmal for sampling fish at
different Ɵmes of the day. Electrofishing occurs at night, starƟng 30 minutes aŌer sunset and ceasing 30 minutes
before sunrise (or during lowest-light hours at ArcƟc sites). Gill nets are set and sampled during daylight hours,
with a preferred set Ɵme of up to 1 hour and maximum set Ɵme of 2 hours. Gill nets are set in the morning or
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early aŌernoon to allow for processing Ɵme. Mini-fyke nets are set before sunset and allowed to remain in the
water unƟl aŌer sunrise the following morning.

Adjustments to the planned temporal sampling design may occur due to heavy rainfall, flooding, or unsafe wad-
ing condiƟons (Lane and Fay 1997). See NEON AquaƟc Sampling Strategy (AD[06]), AOS Protocol and Procedure:
Fish Sampling in Wadeable Streams (AD[07]) and AOS Protocol and Procedure: Fish Sampling in Lakes (AD[08])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 Valida-
Ɵon for Fish electrofishing, gill neƫng, and fyke neƫng counts (NEON.DP0.20107) (AD[04]). All variables reported
in the published data (L1 data) are also provided separately in the file, NEON Data Variables for Fish electrofishing,
gill neƫng, and fyke neƫng counts (NEON.DP1.20107) (AD[05]).

Field names have been standardized with Darwin Core terms (http://rs.tdwg.org/dwc/; accessed 4 August 2017),
the Global Biodiversity InformaƟon Facility vocabularies (http://rs.gbif.org/vocabulary/gbif/; accessed 16 Febru-
ary 2014), the VegCore data dicƟonary (https://projects.nceas.ucsb.edu/nceas/projects/bien/wiki/VegCore; ac-
cessed 16 February 2014), where applicable. NEON AquaƟc ObservaƟon System (AOS) spaƟal data employs the
World GeodeƟc System 1984 (WGS84) for its fundamental reference datum and Earth GravitaƟonal Model 96
(EGM96) for its reference gravitaƟonal 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 a single fish sampling reach or segment (Figure 1). At
wadeable stream sites, ten consecuƟve fish sampling reaches (80-120 m) are established throughout the 1 km
aquaƟc biological sampling reach. Lake fish sampling segments occur between two riparian transects and con-
verge at the approximate center of the lake (Figure 1). The exact locaƟon (laƟtude and longitude) of each sample
collected is not tracked as it is intended to represent the overall habitat at the reach (wadeable streams) or seg-
ment (lakes) level. The locaƟonID reported in wadeable streams represents the fish reach locaƟons within the
NEON aquaƟc reach. The locaƟonID reported in the lakes represents the segment locaƟons within NEON lake
sites. Sampling locaƟons are tracked by laƟtude and longitude and include an indicaƟon of coordinateUncer-
tainty.

Overall,this results in a spaƟal hierarchy of:

locaƟonID (finest spaƟal resoluƟon, ID of locaƟon within site) -> siteID (ID of NEON site) -> domainID (ID of a
NEON domain)
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3.5 Temporal ResoluƟon and Extent

The finest resoluƟon at which temporal data are reported is per eventID (a single sampling pass at a single reach
or segment), where both a passStartTime and passEndTime are reported.

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

3.6 Associated Data Streams

The dnaSampleID in the fsh_perFish table is a linking variable that can be used to Ɵe specific samples and associ-
ated metadata to the Fish sequences DNA barcode (NEON.DP1.20105) product.

Fish electrofishing, gill neƫng, and fyke neƫng counts data are also loosely related to AquaƟc General Field Meta-
data collected on the same sampling day (NEON.DOC.001646). Data for AquaƟc General Field Metadata are avail-
able in the NEON data product “Gauge Height” (DP1.20267.001). These data products are linked through the
siteID and date fields.

3.7 Product Instances

At each aquaƟc site, there will be up to 2 fish sampling bouts per year during which 6 reaches or segments are
sampled, generaƟng a maximum of 12 records in fsh_fieldData per site per year. Each reach/segment is sam-
pled using up to 5 passes during each bout, yielding up to 60 records in fsh_perPass per site per year. Up to ~50
fsh_perFish records are expected per taxonID, per site, per pass, per year, with the remainder of fish enumerated
by bulk counƟng. As a result, the number of instances of fsh_perFish and fsh_bulkCount varies with the diversity
and abundance of the site.

3.8 Data RelaƟonships

The protocol dictates that reach is sampled within a single day of year (local Ɵme), yielding a unique reachID. A
record from fsh_fieldData may have zero (if sampling is impracƟcal; e.g. the locaƟon is dry, ice-covered, etc) or
up to 5 child records in fsh_perPass, depending on whether the reach is being sampled using mulƟple electrofish-
ing passes, and/or mulƟple sampler types. Each record from fsh_perPass, with a unique eventID, may have zero
(if targetTaxaPresent = ‘No’) or up to ~50 child records per taxonID in fsh_perFish and 0 or mulƟple child records
in fsh_bulkCount, depending on the taxonomic diversity and abundance at the site. 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.

fsh_fieldData.csv - > One record is created for each sampling acƟvity per reach, creaƟng a reachID which is linked
to the fsh_perPass table. This table also indicates the reach condiƟons reachCondiƟon, the length of the reach
measuredReachLength, if it is a fixed or random reach fixedRandomReach, and the habitat type habitatType.

fsh_perPass.csv - > One record is created for each pass passNumber for each reachID. There may be up to 3 elec-
trofishing passes for fixed reaches/segments and just one for random reaches/segments at wadeable stream and
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lake sites. One record for gill net and mini-fyke net efforts are created at the pass level per reach or segment. This
table includes water quality measurements and other metadata about the sampling pass. Data from this table are
linked to the fieldData through the reachID.

fsh_perFish.csv - > One record is created for each individually-measured fish collected. For fish, taxonomic iden-
ƟficaƟons are made to the lowest pracƟcal taxonomic level (typically genus or species). Data are linked to the
fsh_perPass table through the eventID in each table. Records in this table are unique by the combinaƟon of speci-
menNumber and eventID.

fsh_bulkCount.csv - > One record is created for each bulk count of fish collected in the field. These data are linked
to the fsh_perPass through the eventID in each table.

fsh_morphospecies.csv - > One record is created for each individual or group of fish that are morphologically sim-
ilar but technicians are unable to idenƟfy. Technicians are instructed to use unique names (morphospeciesID)
within a domain per year. Thus, these data may be linked to the fsh_perFish and fsh_bulkCount through themor-
phoSpeciesID and dates. Not all morphospecies are subsequently resolved to a formal taxonomic designaƟon; so
morphospeciesID values in fsh_perFish and fsh_bulkCount may lack corresponding records in fsh_morphospecies.

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 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. 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 ingest are described in the document NEON Raw Data ValidaƟon for Fish electrofishing, gill neƫng, and
fyke neƫng counts (NEON.DP0.20107), 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 pro-
vided with every data download, and the Nicl language is described in NEON’s Ingest Conversion Language (NICL)
specificaƟons ([AD[12]).

Data collected prior to 2017 were processed using a paper-based workflow that did not implement the full suite
of quality control features associated with the interacƟve digital workflow.

4.2 Automated Data Processing Steps

Following data entry into a mobile applicaƟon or 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[11]).
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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 below
for an explanaƟon of dataQF codes specific to this product.

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
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