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5.0 Introduction

This data management plan provides an overview of data management within the Great Lakes
Network Inventory and Monitoring Program specific to the amphibian monitoring program. For more
in-depth discussion on data management across the network program, see the Data management plan:
Great Lakes Inventory and Monitoring Network, by Hart and Gafvert. This document covers
pertinent data management components, including data collection, metadata, database design, data
entry and verification procedures, analysis and reporting, and archival of data products.

5.1 Data Stewardship Roles and Responsibilities

The purpose of data stewardship is to share the responsibility for managing data and information
resources that are organized, useful, compliant, available, and safe. The demand for detailed, high
quality data and information about amphibian occupancy requires a group of people working together
to ensure that data are collected using appropriate methods, and that resulting datasets, reports, maps,
and other derived products are well managed.

The program manager will supervise data collection, provide project oversight, direct on-the-ground
data collections, and provide cohesive links among data collection, synthesis, interpretation, and
reporting. While the program manager must act as the steward for amphibian monitoring data for the
Network, other project and GLKN personnel are also accountable for specific data management
tasks. Table 5.1 lists stewardship responsibilities of personnel involved in the management of
amphibian data. To ensure that all project data are managed properly, individuals must understand
their responsibilities, communicate with one another, and assist one another as needed. These roles
will be shared by GLKN, parks and contractors, in a manner to be determined.

5.2 Metadata Procedures

The network’s overall strategy for the generation, management, and distribution of metadata is
described in chapter 8, Data Documentation, of the GLKN Data Management Plan (Hart and Gafvert
2006) and the appendices of that document.

Executive Order 12906 mandates that federal agencies document all new geospatial data they collect
or produce, either directly or indirectly using the Federal Geographic Data Committee (FGDC)
Content Standard for Digital Geospatial Metadata (CSDGM; www.fgdc.gov/metadata/contstan.html).
In addition, EO 12906 directs agencies to plan for legacy data documentation and provide metadata
and data to the public. GLKN will also generate FGDC-style metadata for non-spatial datasets that
meets this standard, absent only the geospatial-specific elements.

Amphibian Monitoring Protocol, Version 2.0 1


http://www.fgdc.gov/metadata/contstan.html

Standard Operating Procedure #5: Data Management

Table 5.1. Data stewardship responsibilities of amphibian monitoring personnel.

Personnel Role Data management responsibilities related to amphibian monitoring
Field Crew Crew members collect and manage data with direction and guidance from the crew
Member leader and/or program manager. Data collection includes calibrating and operating

sampling equipment and recording measurements and observations. Crew members
are responsible for quality control by following data collection and recording
instructions and by promptly verifying recorded data. Crew members also perform data
entry and verification.

Field Crew The crew leader normally performs the same duties as the other crew members and

Leader ensures adherence to data collection protocols, including data verification and
documentation. The crew leader also works with the program manager and data
manager on amphibian data management in the office.

Program Manager  The program manager is responsible for all project operations and results, and may
also participate in field operations. The program manager ensures that data
management activities are conducted according to established procedures and is
responsible for data validation: approving the data content, quality, and
documentation, as well as making decisions about data sensitivity and distribution.
The program manager is responsible for evaluating project data at specified intervals,
analyzing data for trends, and following reporting requirements.

Network Data The network data manager ensures that amphibian monitoring data are organized,

Manager useful, compliant, available, and safe. The network data manager provides the most
current version of the amphibian monitoring database. The network data manager
oversees activities related to training, user support, quality assurance, documentation,
backups, archiving, and data maintenance and distribution.

The FGDC Biological Data Profile (www.fgdc.gov/standards/status/sub5_2.html) contains all the
elements of the CSDGM and includes additional elements for describing biological data sets.
Metadata created in compliance with the Biological Data Profile can be added to the National
Biological Information Infrastructure (NBII, www.nbii.gov/datainfo/metadata) Clearinghouse.
Although not a requirement, completion of the Biological Data Profile for appropriate data sets is
recommended.

All GIS data layers must be documented with applicable FGDC and NPS metadata standards. The
NPS GIS Committee requires all GIS data layers be described with FGDC standards and the NPS
Metadata Profile (nrdata.nps.gov/profiles/NPS_Profile.xml). The GLKN will use ESRI ArcCatalog
with appropriate NPS metadata tools and profiles and/or the standalone NPS Metadata Tools to
generate FGDC and NPS compliant metadata.

Metadata allows potential data users to evaluate the quality and usefulness of the data based on an
understanding of the complete process under which it was collected and maintained. In this respect,
all of the protocol documentation, including SOPs, are part of a dataset’s metadata. A reference to the
appropriate version of these documents is part of the metadata for any particular element of a dataset.

Amphibian Monitoring Protocol, Version 2.0 2


http://www.fgdc.gov/standards/status/sub5_2.html
nrdata.nps.gov/profiles/NPS_Profile.xml

Standard Operating Procedure #5: Data Management

The relationship between a data element and the appropriate versions of documented procedures is
based on the date and time the procedures are performed. Thus the documentation must have
accurate records on each version indicating the start and end date it was in effect, an indication of
which version it replaced and, if applicable, the version which replaced it — both a forward and
reverse documentation trail. Although perhaps obvious, all data must have an associated value for the
date and time it was collected.

Most of the remaining metadata will be recorded directly in the protocol specific database and tables.
The GLKN database has fields and tables which incorporate the metadata elements specified by NPS
standards. During collection of field data, these metadata elements are entered by selecting an
existing profile of metadata, or by entering specific elements in data fields using pre-determined
lookup values selected from dropdown menus.

5.3 Data Collection

Data values are measured, observed, or estimated according the GLKN Amphibian Monitoring
Protocol at various monitoring locations (sample sites) and recorded on data sheets and as digital
audio files (see SOP #4). Crew members are responsible for legible, accurate entries on data sheets
and calibration logs. As a first step to verify data, crew members will check and double-check the
recorded values at the time of data collection. GPS coordinates of sites are stored as waypoints if
using a recreational GPS unit, and recorded in a MS Excel file for future reference, and as a
shapefile. When possible, formal site locations should be collected using mapping grade GPS
receivers (e,g, Trimble)and differentially corrected to provide higher accuracy coordinate
information.

5.4 Amphibian Monitoring Database

At the national level, the networks in the NPS Inventory and Monitoring Program are cooperatively
developing a Microsoft Access template tool for developing monitoring databases called the NPS
Natural Resource Database Template (NRDT). GLKN will implement most protocol specific
monitoring databases by developing MS Access and/or ESRI personal geodatabases from the NRDT
model.

The network may develop a database that can be used on a field computer. If the field equipment is
Windows OS compatible, the field database will be a replica, versioned copy, of the MS Access
master database for the protocol. This amphibian monitoring protocol will typically use recreation-
level GPS receivers so that all GPS locations will be recorded as simple fixes (waypoints) and higher
level GIS features (lines and polygons) will be created as needed from the fixes when the data are
transferred to the master database with an ESRI shapefile or geodatabase. See SOP #6 for further
details on GPS use.
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5.4.1 Overview of the Database Design

At the national level, the networks in the NPS Inventory and Monitoring Program have cooperatively
developed a Microsoft Access template tool for developing monitoring databases called the NPS
Natural Resource Database Template (NRDT). The GLKN master database for amphibian
monitoring data uses the Site — Event data model that is found in the NRDT.

The network office will maintain one master copy of the amphibian protocol-specific MS Access
database on a central server. This is the only copy that can be used to export data to other locations.
Additional copies (replicas) of the database can be used as a conduit for data entry and importation of
data to GLKN’s master version of the database. For analysis, researchers will access data from the
master copy of the MS Access database.

In summary, the data flow for amphibian monitoring data involves entering survey data from the
field sheets into an Access database, importing spreadsheets with automated and manual detections,
and backup and storing of digital audio files for archive and analysis. At the end of each field season
the data will receive formal quality assurance/quality control (QA/QC).

5.5 Data Entry

Data entry will involve entering information from printed field forms.

For any field data that is collected on printed data forms, and later transcribed into a database, there
are digital data entry forms in the Access database that mimic the printed data forms, to facilitate data
entry with a minimum of transcription errors.

In addition to field data, both automated and manual call recognition data will need to be entered into
the Access database. These type of data do not get manually entered, but are imported from
spreadsheet file formats (CSV, Excel, etc.). The database has the capability to import files that
match a specified format (SOP#???) During import, call identification data is assigned to the correct
fields in relevant tables, and undergoes quality check procedures that reduce the likelihood of
incorrect values in the imported data sets.

Data verification starts with the QA/QC steps that are outlined in SOP #8. As data are entered into
the amphibian protocol database forms there is a suite of QA/QC procedures that compare the
entered data with expected formats and accepted data value ranges or domains. If the entered data do
not pass a form-based QA/QC test the database prompts the user to make corrections and re-enter the
data. For most of the form-based tests the database will not accept out-of-bound data, and correction
is mandatory; for some range tests, out-of-bounds data are accepted after a user prompt, but are
flagged as “suspect.” QA/QC procedures on imported data (such as environmental sensor loggers)
perform similar tests, but exceptions which do not pass QA/QC are presented to the user and must be
reconciled before the record or dataset can be accepted by the database.
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Additional comparison tests will be run on data in the master version of the MS Access database to
flag records that are outside the expected range for a parameter based on previous records. These
suspect data points are reviewed by an expert user and can be corrected, flagged or excluded from the
dataset.

Each individual record in the amphibian monitoring dataset always has one, and only one, status flag
indicating its data processing level as raw, provisional or accepted. Only after the record has passed
all QA/QC steps will it be flagged as having final status. Finalized data can still be edited and
changed if errors are discovered after review in reporting and analysis.

A data enterer’s identification is recorded for each aspect of data handling, from collection through to
the final steps of QA/QC. The identity of the data collector(s) is recorded on data sheets and is
transcribed into the appropriate data entry forms. Additionally, the MS Access database records the
user name (login) for every table entry or modification. Only qualified users who have been trained
and given edit permissions are allowed to edit data in the master amphibian database. These
procedures protect the integrity of the data and allow the history of each data record to be traced.

5.5.1 Data Verification, and Documentation

On a regular schedule approved by the program manager and data manager, the crew leader gathers
the data sheets and verifies the completeness, accuracy, and legibility of each form. Following each
round of sampling, the crew leader will photocopy each field form and ensure it is legible; one copy
will be sent to the program manager and the original will be archived in the GLKN office. Upon
receiving the copy, the program manager will proofread the datasheets, making sure that they have
been filled out completely.

Once data sheets have been approved by the project leader, the field crew will transcribe the verified
field data from data sheets into the amphibian monitoring database. At the end of each season the
field crew leader will perform or coordinate a 100% check of hand-entered data of the characteristic
values entered in the database that season. The field crew leader will resolve errors according to
established procedures (see SOP #9 for additional details).

Upon completion of the field season, the field crew will perform a check of all data entered into the
database in that year. This will consist of a visual check of each record by one crew member, while
another crew member simultaneously reads through the corresponding data sheet. Transcription
errors that have not set off automated QA/QC procedures can be identified using this process.

5.5.2 Data Validation

Prior to distributing the data for any type of use, the program manager validates the amphibian
monitoring database content in the master amphibian data file according to procedures in SOP #6.
The integrity of each master data file must be preserved during the validation process in cases where
the person performing data validation does not have direct access to the master amphibian data file.
Validation is performed once each year after data collection and entry are complete. If this annual
validation does not meet scheduled reporting requirements of the Network, then the program
manager may coordinate other validation to meet needs, or reports can include a statement explaining
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that results are based on data that have not been validated. The statement should include an
explanation of what significance this has for using preliminary data.

5.5.3 Data Folder and File Organization

All data from the amphibian monitoring protocol should be stored, at the earliest possibility, on the
GLKN central server. This includes field data and digital audio data. Files should be named in
accordance with the file-naming standards in the GLKN Data Management plan (see Hart and
Gafvert 2006). Files have a ‘GLKN’ prefix, a descriptive element, and finish with a date element. For
example, GLKN_ SLBE_Field_Data_20070605.doc contains field data from Sleeping Bear Dunes
National Lakeshore on June 5, 2007. Do not use spaces in file names.

5.5.4 Data Archival and Distribution Procedures

Data archiving serves two primary functions: it provides a source to retrieve a copy of any dataset
when the primary dataset is lost or destroyed, and it provides a data record that is an essential part of
the QA/QC process. Original data will be archived at the Network office. Original data for printed
forms are either the physical datasheets or exact and complete digital copies of the forms that capture
all entries and notations. The unedited sound files (.wav) are the original data for digital data.

All digital data have a duplicate file created at the earliest opportunity. Digital field data that are
entered directly into a field computer or collected from a data logger must be backed up to a second
medium at the earliest possibility. The data files on field computers must not be erased until the
integrity of these data files are verified on the duplicate storage medium. The removal of original
data files from a field computer must be a balance of keeping memory available for new data
collection and a need to keep data in their most original form for as long as possible. Field files
should only be deleted when memory space is needed for new data collection.

GLKN’s master version of the amphibian monitoring Access database is maintained on a central
server in the Ashland Office that is backed up daily, and backed up off-site weekly. Complete details
of the GLKN Server archiving procedure are found the Infrastructure chapter of GLKN’s Data
Management Plan (Hart and Gafvert 2006); the general strategy for data archiving is also described
in this plan and its appendices.

5.6 Data Analysis and Reporting

As noted above, one program objective is to periodically assess the percent area occupied (PAQO)
over time to determine if the distribution or number of occupied sites of any monitored species
changes significantly and compare these results with results from other national and state programs.
The PAO (MacKenzie et al. 2002, MacKenzie et al. 2003) will be the principal metric to quantify
occupancy of sites for targeted species across parks, and requires analyzing data for each species
independently for each sampling method used. Available measures of environmental conditions
should also be used to test whether trends in occupancy are associated with environmental
parameters (i.e., as covariates for PAO analyses). These could include precipitation, drought index,
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habitat fragmentation, temperature, ice duration, snow cover, frost depth, water chemistry, etc.
Descriptive ecological and survey data summaries will be provided as well, with metrics on species
detected at each sampling site each year with detection confidence limits, detection probabilities for
each species at each site, averaged detection probabilities with standard errors for each species across
sites in each park and across all parks, lists of species that are detected at 95% confidence for each
park by the survey method, covariate analyses, and PAO trends with confidence intervals. If an
information-theoretic approach is used to compare various models of occupancy and detectability,
models will be considered exploratory rather than confirmatory (Burnham and Anderson 2002).
These in depth trend analyses will be performed every 3-5 years on a per-park basis, and optionally
more regional pooled analyses will be performed covering larger geographic areas to increase power
(i.e., several parks, and/or non-NPS data, included).

For long-term analyses, a master matrix of species by site, compared through time, will be used to
detect any concomitant changes in occupancy patterns across species. Comparison of these matrices
through time will allow us to identify apparent turnover in site occupancy (or lack of detection). For
example, if a significant proportion of species are consistently not detected at a water body (or
collection of water bodies), and these absences are not explained by any weather or related
conditions, increased monitoring at the site may be merited. Investigations will also seek to
determine which variables most strongly affect detectability (and presence) of each amphibian
species. Figures may include trend charts for PAO, maps of sites, annual temperature and
precipitation of the current and last 30 years at nearby weather stations, and GIS coverages of any
other spatially explicit stressor (e.g., roads). Tables may include parameters of monitoring effort and
PAO with confidence intervals and standard errors for each park. Text may also include noteworthy
anecdotes or observations.

In long-term analyses, model updating through an information-theoretic approach (Burnham and
Anderson 2002) will be performed, given results of subsequent sampling, to see whether occupancy
and detectability are changing over time. PAO for each species for each year will be analyzed over
the long-term using models designed for this purpose (Mackenzie and Royle 2005) and available in
the program PRESENCE. Trends for PAO will be compared with any trends in the numbers of
individuals observed per species per site per year, perhaps by incorporating calling indices into PAO
(Royle 2004).

Relatively brief annual reports will be provided to each park, including: the total sampling effort (#
days, # samples, # sites), descriptions of locations monitored and environmental data collected,
lists/tables of species detected, and outlines of any departures from initial sampling strategy imposed
by logistical, equipment, or other constraints.

The time required to run a single recording through a Song Scope recognizer file is significantly less
than the actual recording time, and files can be batch processed, so that, for example, the researcher
could set a process running to recognize spring peepers in 200 files, go home for the night, and have
the results in the morning, when he/she reruns the files through the next species recognizer (i.e.,
American toad). Under this sampling design, each ARS (Song Meter) will annually record 1,274 5-
minute samples (106.2 hours, 12.2 GB), and each park with 10 ARS units will produce 12,740
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samples per year (1,062 hours, 122 GB). The time required for data management, analysis and
reporting is hard to predict, but should be quantifiable after an initial trial period. Analyses do not
necessarily have to use all recordings — subsets may be selected. For example, for analysis of any
given species, an initial first step is bounding the sampling period by first and last observation to
define the period when the species was calling and therefore assumed detectable at each site. Within
these bounds, N samples can be analyzed for presence/absence. This subset may be further filtered by
time or weather constraints (for example, throw out any samples where ambient temperature was
below 50 degrees F, or recording was earlier than 9 PM). The viable filtering procedures will emerge
after initial covariate analyses.

See SOP #7 for detailed information on data analysis and reporting.

5.6.1 Data Archival Procedures

GLKN’s general strategy for data archiving is described in GLKN’s Data Management Plan and
appendices (Hart and Gafvert 2006). Guidance specific to this amphibian monitoring protocol is
presented here. Data archiving serves two primary functions, it provides a source to retrieve a copy
of any data set when the primary dataset is lost or destroyed, and it provides a data record that is an
essential part of the QA/QC process (SOP #9).

Original data are always archived. Original data for any printed forms are either the physical
datasheets or exact and complete digital copies of the forms that capture all entries and notations. The
unedited files are the original data for digital data.

All digital data will have a duplicate file created at the earliest opportunity and there must always be
at least two complete copies of the amphibian monitoring dataset. This includes digital replicas
(scanned versions) of any hard copy data sheets or maps. Digital field data that are entered directly
into a field computer or collected from a data logger must be backed up to a second medium each
day. Where possible, data files should be duplicated in the field, with at least one copy being stored
in a solid state memory product (for example, CF cards and SD cards), which are less susceptible to
damage from physical shocks than is a mechanical hard drive. The data files on field computers and
loggers must not be erased until verification of the duplicate storage media. Field files should only be
deleted when memory space is needed for new data collection and then only when backup files have
been verified on another storage medium (second hard drive).

GLKN’s master version of the amphibian monitoring Access database is maintained on a central
server in the Ashland office that is backed up daily, and backed up off-site weekly. Complete details
of the GLKN Server archiving procedure are found in the Infrastructure chapter of GLKN’s Data
Management Plan.
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Appendix A. Database Structure.
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Figure Al. The GLKN amphibian monitoring database follows the standard structure for 1&M Microsoft
Access databases—forms, queries, and logic are all in a front-end file, and data are stored in a linked
back-end file.
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Figure A2. The event action in the amphibian data structure is the deployment of the acoustic recorder.
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Figure A3. The Site and Location forms in the database show the Sites—perennial sampling locations,
and the Locations—specific annual deployment locations within a designated Site.
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Figure A5. Recognizer data is imported from spreadsheet files using a form, procedures, and queries,
then displayed for QC checking following import.
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Standard Operating Procedure #5: Data Management

'b'\?"““""s thlAudioFileRecognizers thlAudioFiles
Detediontd, =~ ¥ AudioFileRecognizerlD [ ¥ AudioFiled thigtswationlypes
AudioFileRecognizerlD AudioFilelD oo DeploymentiD 2 ¥ ObservationType
TimeOffset tblLocationO
RecognizerCode OrigFilePath 2
:’”m“’" tbiRecognizers AnalysisProgramVersion FileName ¥ LocationObservationd 4 §
ok ¥ RecognizerCode CreatedBy RecordingDate tocationid L SO0 S akonalies
Qualty SpeciesiD CreatedDate RecordingTime Speceslh) =
Score ObservationDate
Verification ObservationType
ool DeveloperName s \
= Verified8yID B thiSpecies . Shihsteevae | toiparks
Comments ¥ SpediesiD o 3 ~ ¥ parkCode
CreatedBy SpeciesCommonName ParkName
CreatedDate SpeciesscientificName thiSites
LastModifiedBy TSN A 7 siteld Ta] tblLocations_1
LastModifiedDate SiteCode ¥ LocationiD
e ParkCode =
eployments 3 2 i
tblDeploymentContacts L 1 oo Sitepescipton
L DeploymentiD = DefaulttocationiD
ol =-Deplogmen Siteld hil Deatans DefaultWetlandEdgeLocationID =
¥ Contactip Locationid = PrimaryAccessRoad
¥ Locationid 84 o
- LocationName ParkingLocation
hiD: Notes SRS DescriptionOfHike
o 7 StartTime Tisoa SiteMarker tbIWetlandTypes
v D Endime 5o XCoord WetlandType 7 Wetlana,
AudiologgerD WetlandVegetat ipe
9 Contadtid VisitType o YCoord etlandVegetation
Vit MountingSystemDescription i Wetlandsize -
Vs HeightOffGround = Uschen HabitatClass = tbiHabitatClasses
o L Orientation Createdsy WaterBodyType ¥ HabitatClass
Dist: eToWetland i
thiContacts tbiVisitTypes DistanceToWetlandEdge o‘;s:r":;.:n: a CreatedDate gnm!nan:ﬁv:ﬁu{y
omina
ContaciD uf ¥ Visittype DistancerromWetFdgeToTel/icol e LastModifiedBy m.gmor;o‘/"e ’::;;W tbIWaterBodyTypes
LastModifiedDate
LastName WaterDepthatLogger SDcardHGmA DistanceToDisturbance ¥ WaterbodyType
L] SensorCableCondition :gg‘“::“mi —_— Hydro-periodindicators —_—
ardNum
T PassLEDTest s tblAudioLoggers Doyt thiHeightRanges
: FailedNotes e e op. EstimatedMaxDepth
Organization e SDCardsizeA (i ConnectedToPermanentWaters
Z::::’:::;: ProblemsNoted ;gi‘“::’"i SerialNum CreatedBy
-ardSize( CreatedDate
Address Ceegteaby SDCardsized TempProbeAttached
faa CreatedDate Vel LastModifiedBy tbiDistanceRanges
o iaatedos :HSLEHDJHD‘ 5 -
umedOnDate
StateCode LastModifiedDate 5 ey SortOrder
ZipCode — tblAudioLoggerMaint
Country thiSetFiles H| Zsi e ¥ AudioLoggerMaintiD
EmailAddress ¥ setFilelD . TempLoggerNum ¥ Orientation AudioLoggerlD
‘WorkPhone SetFileName SortOrder FirmwareChangeDate
i i InsideWetEdge PrevFirmwareVersion tbiBatteryTypes
ContactNotes DeveloperD Photolnfo thiTempSensorPlaceme... NewFirmwareVersion L, ¥ BattenType
CreatedBy DevelopedDate TempSensorAnchorSystem ¥ TempSensorlacement DBatteryType
CreatedDate = SetFile TempSensorPlacement DBatteryChangeDate
LastModifiedBy SetFile FileData TemploggerType AABatteryType
LastModifiedDate SetFile.FileName DistanceTempSensorToWaterSurface AABatteryChangeDate
SetFile FileType WaterDepthAtTempSensor tbiTempLoggerTypes
i i ¥ TempLe Ty | tmplmport
ploggerype |
tbiReports - =
¥ Reportid 9 Configurationid thiBottomSubstrateT. J_ CreatedBy
ReportName i ¥ BottomSubstrate, CreatedDate thiTempLoggers
Reportlabel T e a0 eratiE LastModifiedBy ¥ TempLoggerD
L PropertyNum
v SerialNum
SysNavPaneGroup...
MSysNavPaneGroup. y: o = ibiEqpmentCalibraion Recognizer
Flags <l Flags <)oo ok ¥ EquipCalibrationId Verification
GroupID . GroupCategory. 1 91
Icon 1d o e
P Name Name il L] D
o st S Position CalibrationDate FormName
ame: e ne.org i CalibratedBylD
Objectd s ::Iededob‘e:ﬂ = )] Label
Position & Position M HE

Figure A6. Entity relationship diagram of the amphibian monitoring database.
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