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Change Record

REVISION

DATE

ECO #

DESCRIPTION OF CHANGE

A

01/10/2014

ECG01139

Initial release

B

03/20/2014

ECQA01661

Production release, template change, and other chang
as detailed in Appendix C

C

04/10/2014

ECQ01792

Added Appendix H with sitgpecific information

10/01/2014

ECGE02287

Migration to new template. Reorganization of content
and updates to datasheets. Change to sampling strate
in 40 m x 40 m Tower plots.

02/25/2015

ECGE02537

Update of TOS protocol based on 2014 field experien
and budget analysis.

02/29/2016

ECQ03583

1 Updated key definitions in Section 2.4 Table 1, and
added growth form definitions in Section B.1 Table 7

1 Section 4.1: Clarified timing language for fern sampl

9 SOP B: Reorganized to focus only on classification,
mapping, and tagging. Flow charts, figures, and
information pertaining to measurements removed ar
inserted to SOP C when appropriate.

9 SOP B.1: Classification to growthForm now depend
on stem count, DBH, height, and speespgcific
knowledge

9 SOP B.2: Nested subplot text moved from SOP C tg
B

9 SOP B.2: Added mechanism to change nested subg
size in consultation with NEON Science Operations.

T{ht .®oY W{St80GAYy3 GKS
moved from SOP C to SOP B.

9 SOP B.5: Added standardized taxonID text to step ¢

9 SOP C: Broken bole measurement strategy no long
requires confusing data entry into canopy diameter
fields.

9 SOP C: Cactus measurements removed, moved to
newly developed Cactus SOP (RDJ[11])

9 SOP C: Calipers now required for diameter
measurements on sefupporting stems with lianas.
Multi-bole tree measurement strategy now consister
with FIA approach, no longer based on liana guidelif
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REVISION

DATE

ECO #

DESCRIPTION OF CHANGE

ht /Y /KIFIy3aSR wWai
STAYAGA2yas FRRSR
I & dzNBRQ

f{ht /Y ! RRSR LJ NI 3INI LK
growth forms that require measurement, provided
crossreference to Appendix D for details.

9 SOP E: Added standardized data entry text

1 Appendix: Removedioxicodendromandling appendix
due to imminent release ofoxicodendromandling
SOP.

03/09/2017

ECQ04408

9 Sampling completion: Specified that bouts must be
completed within 4 months of sampling ong@éR
onset of next growing season (i.e., leadpansion)

9 Expanded instructions for recording Plot Metadata,
and changed to annual basis to improve tracking an
reporting of sampling effort.

9 Updated numerous field names to be consistent witl
Data Products implementation.

1 Added more guidance for recording
“identificationReferences’ in the Plot Metadata table
and in the growthform-specific tables.

9 Added “tagStatus’ to facilitate tracking individuals
through time.

1 Changed “status’ to “plantStatus™ to comply with-pre
existing Data Products term definitions, and added
new plantStatus choices.

1 Expanded broken bole guidance.

1 Appendix D.2: Updated forking guidelines to be
consistent with 2016 Forest Service FIA rules.

9 Appendix D.5: Clarified that ddh is not measured if
access is denied along first 30 cm of stem.

! LWSYRAE 5dcY ! RRSR YSI
FYR WYaYaQ AYRAGARdZ f ao

1 Appendix F: Clarified that agave and other yuddoa
growth forms with large basal rosettes should be
measured similar to yucca.

1 Appendix H: Converted dates from DOY to MM/DD

9 To address problem with consistent field
AYLX SYSyGlrdA2ys aKNdzm W
leafy crown, now consider the entire individual.

1 Appendix |: Added sitgpecific modifications, includin
changes to annual Tower Plot measurement freque
G O2t RKkRNE aAidSa O0ARSY
implemented in 2017).
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REVISION

DATE

ECO #

DESCRIPTION OF CHANGE

07/26/2018

EC(GE05698

1 Sections 1 and 3: Reganized and simplified text.

9 Section 3.1: New section with protocol implementati
guidelines by plot type, including reference to new
Survey Method for Assessment of Vegetation Cover
SOP.

9 Section 4.1Distributed and all Tower plots sampled
every 5 years; each plot type scheduled such that p
of one type or the other are sampled everd3ears at
each site. A subsetf® Tower plots are sampled
annually

1 Section 4.2.1: Clarified that bouts should be comple
within 60 d at sites with no distinct growing season.

1 Section 6: Updated equipment list to support move
away from Maximo.

9 SOP B: Integrated support for digital data collection
workflow.

9 SOP B.1: Clearly called out Shrub Group designatio
criteria.

1 SOP B.2, B.3: Added 3 nested subplot size.

9 SOP B.4: Nails no longer used to tag small trees; lo
aluminum wire only to avoid damage.

f{ht . ®cY ! RRSR Wal LIWAy3
dzaS 2F Wx{ ¢ al LIISND I LIJ

9 SOP C: Integrated support for digital data collection
workflow.

f{ht / omY {AYLEATFASR Gl 3
Yy2{ic¢cl 3IaSRQ®D

f{ht /®mY ! RRSR LI Iyd{dt

9 SOP C.1.2: Added explicit guidance to avoid slough
off bark during DBH measurement.

9 SOP C.3: Combined agave and yucca growthForm
2yS WwedzO0lI Q INRBGUKC2N)YZ
measurements.

1 SOP C.3.2: Added guidance for measuring tree fern

9 SOP E: Added content to support digital data workfl

1 Appendix |: New sitspecific appendices for D04, D1
added WREF to list of sites in Appendix I.1.
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REVISION
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DESCRIPTION OF CHANGE

03/05/2020

ECQ06386

9 Updated to new template (NEON.DOC.050006vJ)

9 Reorganized SOPs to better reflect workflow in the
field.

1 Section 4Reorganized and updated tables to better
present scheduling information at different site types
and for different event types.

1 Section 4: Clarified thatower Plot subset measured
annually is 5LO lowest Morton Order plots with
qualifying vegetation.

9 SOP C.3: Clarified that at sites with both 20m x 20m
and 40m x 40m Tower Plots, Vegetation Structure ig
AYLX SYSYGSR Ay GKS wnY
Tower Plots.

f{ht /oY [/ fFNRAFASR G(KI
YaYaQs yR aKNHz 3INRdzLIA
nested subplot size for all of these growth forms.

1 SOP C.3: Added Sampling Impractical field.

9 SOP C.3: Added eventType and dataCollected field
Plot MetaData to account for dendrometer band
sampling in Tower Plots.

9 SOP D.2: Measurement height determination for
leaning dead now consistent with leaning live
individuals.

1 SOP D.3: Added recordType field to Mapping and
Tagging to identify individuals with dendrometer
bands, and better categorize existing record types.

9 SOP D.4: Added text to clarify error correction strate
for Mapping and Tagging records.

9 SORE=1: Clarified when to record a new measureme
Height added newhangedMeasurementLocatiéh
field to document movement of measurement locatic
along the stem.

9 SOFE1: Restored tagStatus = tagRemoved to indicg
when an individual drops out of longitudinal dataset.

9 SOFE1: Deprecated plantStatus = 14 and restored ¢
codes to previous definitions in earlier protocol
versions.

9 SOFE1: Added templD for use with muitem smt,
sap, sis, and sms growthForms to make records
unique.

1 SOP E.1.2: Added measurementStrategy field for lig
corresponding to illustrated morphologies in SOP E.

f{ht 9dmMPdPHY [/ fINARFASR 6K
forms may be measured like lianas.
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REVISION

DATE ECO #

DESCRIPTION OF CHANGE

1 SOPE2: AddedcanopyPositiorand crownDiaimeter
NBIljdANBYSyGa F2N Fff o2
and shrub groups, and added requirement for
recording in all plot types.

 SOP E.2.1: For broken mddtii SY WwWal LIQ I
crown is now measured even if all stems are broken
C2NJ ONRB{SYy WaraaQz | 0ONR
f mMon OY fSy3aGK Aa YSI A&

9 SOFE.4 Added templD for use with ferns and other
non-woody growth forms to make records unique.

9 SOFE.4.2 Clarified that height for decumbent tree
ferns is height above ground and not total stem leng

1 SOFE.4.3 Clarified that measurementHeight is
required for nonwoody individuals any time a stem
diameter measurement is taken.

1 SOPE New SOP to document annual measurement
Tower Plot subsewithin fastgrowth and slowgrowth
increment sitesincludes dendrometer band
installation and measurement procedure.

1 Appendix C: Updated to include s#pecific
RSYRNRYSUGUSNI ol yR adl (dz
column to complement updated Section 4 schedulin
table.

1 Appendix DSite-specific information added for D03,
D06,D14, D20, and all sites implementing
dendrometer bands.

03/16/2022 | ECR06781

1 Update to reflect change in terminology from
relocatable to gradient sites

01/18/2023 | ECR06899

9 SOP BTable 8: Updated muibole tree qualifying bolg
criteria as related to resprouts from broken boles.

9 SOP CAdded biophysicalCriteria field to Plot Meta
Data published invst_perplotperyear table).

T{ht /Y wSY2@0SR 0O2ftf SOGA
[Aa0Q RFGF -DEtARY t 20 as$s

 SOP C: Added IncideRtNA @Sy WL NI A |
dataCollected; used whesctheduledsamplingis
partiallycompleted.

T{ht /Y ! RRSR ySg Wyzyg?
plots where ferns/cacti sampled months before woo
individuals.

1SOPQ: RRSR ySg Gl NBSGC! |
cdl YLX SRQ IKORAWBINBESY 4
NELX I OS LINB@A2dza WY, SéQ
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fSOPC:Ne¢ @Sy i¢cellS 2LWGA2Yy W
applicable to sensitive sites with no annual Tower pl
measurements.

9 SOP C.and C.3Ferns are now split out from the
W2iKSNR INRGGKC2NX¥A | YR
presence/absence and new nestedSubplotAreaFern
to enable clearer totalSampledArea reporting for fer
ySg WwWavlitt LIEYQ IyR Wa
enable accurate reporting of totalSampledArea for
these taxa

9 SOP D.2, SOP E.1.1: Updated tagging and
measurement guidelines for stump resprouts.
Resprouts from stumps > 130 cm height must meet
same minimum diameter cutoffs as mditiole trees.

9 SOP D.3Added new otherTagID and otherTagOrg
fields to document taglDs assigned by external
researchers.

1 SOP E.1.3: New section consolidating requirements
data collected when individuals no longer qualify an
can be relocated.

1 SOP E.1.4: New section consolidating requirements
data collected when individuals are lost and cannot
relocated.

9 SOP E.2: Added heightmeasurement guidelines
when negative height increments are observed.

9 SOP E.2: Updated guidance for canopyPosition
assessment to improve consistency.

9 SOP E.2.1: Updated measurement guidance for bro
boles to make more consistent across growth forms

9 SOP E.4.1: Updated text to reflect fern measuremer
with new nestedSubplotAreaFerfisld.

1 SOP E.4.3: Clarified how meanLeafLength and
meanPetioleLength should be calculated for shrub
type palms.

9 SOP E.4.3: Added optionrecord a permanent tagiD
for yucca and agave growth forms.

02/21/2023

ECG06958

i Figure 2: Updated to add new 50 m2 nested subplot
size fortall-stature40m x 40m Tower plots.

i Table 10: Updated to add new 50 m2 nested subplo
size and dimensions for 40m x 40m Tower plots.

9 Box 3:Updated example to account for new 50 m2
nested subplot siza 40 m x 40m Tower plots
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N 03/19/2026

ECQ07182

9 Updated to OS Protocol template revM.

1 Section3: Updated textand figureto reflect most
recent subplotiD naming convention.

9 SOP A.2: Addathilytablet syncing guidance

9 SOP C.2: Updated Box 2 and Box 3 figuresngtst
recent subplotID naming convention.

fSOPC3: RRSR {FYLX Ay3 L YLINJ
vulnerableto plannR &l YLX Ay 3é @

fSOR ®oY ! RRSR aFAyl f A ID4ta
records.

1 SOP E.1.3 and E.1Clarification and simplification of
gKSYy G2 Faairday G 3{dal 4dz
AYRAGARdIzZ fa ogAGK LI I yidf

1 SOP E.2Added heightQualifier field and guidance fol
implementation.

1 SOP E.2: New figure illustrating height measuremer;
strategies

1 SOP E.2: Added clarifying guidance and figure for
crown measurements collected from leaning
individuals.

1 SOP E.Zlarified purpose and relevant details for va
break height measurementend added new figure

9 SOP E.4: Added guidance to ignore yucca < 30 cm
height.

1 SOP E.£Llarified height and stemLength
measurements for large tree fern and tree pajraad
that tree-palm species do not qualify for measureme
when only leaves emerge from the ground.

fSOPF.3: RRSR 3dzZA Rl yOS F2NJ )
dendrometer bands.

1 Appendix CUpdated sampling windows to use most
recent 10 y of MODIEVI data, extended sampling
window for PUUM site to be consistent with other
sites added DSNY Tower plot sampling

1 Appendix D: New subsection for DO8 TALL to classi
OXAR to growthForm using a 10 cm DBH threshold

1 Appendix H: New appendix to document best practi
for protocol implementation in the snow.

9 Equipment List: Replaced TruPulse 360R (obsolete
with newer TruPulse 360i model, addsthinless steel
wire as an option at sites with burn management.
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1 OVERVIEW
1.1 Background

The measurement of vegetation structure and the mapping of-feding woody stems within NEON
Terrestrial Observation System (TOS) plots enables calculation of per stem, per plot, 4akkite
woody biomass and productivity. Within Tower Plots, wobiynass increment is often a dominant
component of total aboveground net primary productivity. Understanding changes in woody biomass
stocks and fluxes is therefore an important prerequisite for predicting ecosystem carbon balance.
Recording the types arstature of woody species also provides insight into habitat quality and
ecosystem responses to environmental change.

Vegetation Structure data are also an important complement to data streams generated by the NEON
Airborne Observation Platform (AOP) and Terrestrial Instrument System (TIS). When combined with AOP
data, these groundtollected data will validate LIiDAR daised to map the structural complexity of

vegetation andwvill enable mapping of plant biomass at the site scale. In conjunction with TIS carbon flux
data, vegetation structure data will facilitate understanding how biomass in different plant growth

forms contributes to ecosystem level carbon flux.

1.2 Scope

This document provides a changentrolled version of Observatory protocols and procedures.
Documentation of content changeisq, changes in particular tasks or safety practices) will occur via this
changecontrolled document, not through field manuals waining materials.

1.2.1 NEON Science Requirements and Data Products

CKAA LINRPG202t Fdzf FAfta hoaSNBFG2NE aOA-One@desl NI Ij dzA N.
Requirements System (DOORS). Copies of approved science requirements have been exported from
S5hhw{ FTYR FINB F@FAfl o6fS Ay nbeQueshQd R20dzyYSy i NBLRZA&A

Execution of this protocol procures samples and/or generates raw data satisfying NEONa@ipgerv
scientific requirementsThese data and samples are used to create NEONpdatiicts andare
documented in the NEON 8hniific Data Products CataloB03]).
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Applicable Documents

RELATEDOCUMENTS ANBCRONYMS

Applicable documentsontain highedevel information that is implemented in the current document.
Examples include designs, plans, or standards.

ADI[01] NEON.DOC.00430, EHSSafety Policy anBrogramManual

ADI[02] NEON.DOC.00431| Operations Field Safety and Security Plan

AD[3] NEON.DOC.00072| Domain Chemical Hygiene Plan and Biosafety Manual

ADI[04] NEON.DOC.05000| Field Operations Job Instruction Training Plan

ADI[05] NEON.DOC.00410, NEON Sciendeata QualityPlan

AD[®] NEON.DOC.00091| NEON Science Design for Plant Biomass and Productivity
2.2 Reference Documents

Reference documents contain information that suppatsomplementghe current document
Examples includeelated protocols, datasheets, or geneiaformation references.

RD[01]

NEON.DOC.00000¢

NEON Acronym List

RD[02]

NEON.DOC.000241

NEON Glossary of Terms

RDI[03]

NEON.DOC.002657

NEON Data Products Catalog

RD[04]

NEON.DOC.00127]

AOS/TOS Protocol and ProcedddIP¢ Data Management

RDI[05]

NEON.DOQG01573

Datasheets folf OS Protocol and Procedure: Measurement of
Vegetation Structure

RD[06]

NEON.DOC.01403]

TOS Protocol and ProcedukBP¢ Measurement of Herbaceous
Structure and Biomass

RD[07]

NEON.DOC.014047

TOS Protocol and Procedui®V/¢ Plant Diversity Sampling

RD[08]

NEON.DOC.001027

TOS Protocol and ProceduRd:T¢ Plot Establishment

RD[09]

NEON.DOC.001717

TOS Standard Operating Procedure: TruPulse Rangefinder Use
Calibration

RD[10]

NEON.DOC.00215(

NEON Algorithm Theoretical Basis Document: TOS Vegetation
Structure¢ QA/QC of Raw Field Data

RD[11]

NEON.DOC.001715

TOS Standard Operating Proced@&QC; Cactus Biomass and
Handling

RD[12]

NEON.DOC.00171¢

TOS Standard Operating Procedure: Toxicodendron Biomass ar
Handling

RD[13]

NEON.DOC.005023

TOS Standard Operating Procedure: Survey Method for Assessi
Vegetation Cover

RD[14] | NA Manual for Fulcrum Application: TOS Vegetation Structure [PRO
All SOPs
RD[L5] | NEON.DOC.00328Z NEON Protocol and Procedu&Mc¢ Ste Management and

Disturbance Data Collection

RD[16]

NEON.DOQG05247

AOS/TOS Standard Operating Procedure: NEON Aquatic and
Terrestrial Site Navigation
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2.3 Acronyms
Acronym Definition
BH Breast height; defined here as 130 cm above the grotod trees growing on a slope,
breast height is measured on the uphill side of the bole.

DBH Diameter at breast height
ddh Diameter at decimeter height
FIA Forest Inventory and Analysis program run by the U.S. Forest Service
Ha hectare(s)
LAI Leaf Area Index
LiDAR Light Detection and Ranging
NEE Net Ecosystem Exchange
NEP Net Ecosystem Productivity
NPP Net Primary Productivity
VST Vegetation Structure

2.4 Definitions

Common terms used throughout this document are defined here, in alphabetical order. Criteria for
defining trees, saplings and shrubs generally follow those outlined and adopted by the USDA PLANTS
database.

Tablel. Definitions for common terms used throughout the Vegetation Structure protocol.

Term Definition

Apparent A stem or group of stems that form(s) an individual wittr@vnthat is discernable from
individual other apparent individuals. Apparent individuals may have multiple stems, provided th
I NBE Of SFNIfe& O2yySOGSR F620Sxz |G 2N 2d:
R2Sa y20 NBFSNI (2 &3S yrkai Asfeh clong, Rangappamzit €
individuals are all part of one genetic individual, and each apparent individual is meas
Bole Typically, the trunk of a tree. A bole differs from a lateral branch in that it is a primary
support structure for the individual, supports lateral branches, and tends toward the
OFy2L® +d Fty3tSa ¢ npe 2FF 2F OBNILAOI €
Qown The part of a woody individual that, when drawn in silhouette from branch tip to brancl
tip, containsthe majorityof the foliage. Crown implies parts of plants that could (or did)
hold leaves (modified FIA definition). Broken boles that do not bear leaves are not inc
as part of the crownSprouts originating from the root poinand small, leafy twigs
attached to the main bole are not considered part of the crown.

Emergent Part of a multibole tree or shrub that comes out of the ground separate from othaes

bole but is attachedeither below decimeter height or attached the sameroot collar below
ground level.
Fulcrum Software platform used to create NEON electronic data entry applications.

Overstory The overstory is typically formed by the tallest individuals in the plot, and overstory
individuals are often mapped.
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Term Definition
Primary A stem that supports smaller stems and latdrednches ands not itself connected to a
stem larger branch or bole. Often emerges from the ground and is connected directly to the
system.
Qualifying A stem that meets listed criteria for a given growth form.
stem
ServiceNow | Software platform used for problem/incident ticket tracking and resolution.
stemLength | The length of the stem from the root collar or root pedestal to the base of the leaves.
Understory | Relatively smaidbtature vegetation, either woody stemmed or herbaceous, that exists in
presence of an overstory.
Woody stem| Lignified aboveground tissue that persists from year to year, typically increasing in dia|
due to the addition of new secondary woody growth as the plant ages.
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METHOD

The overarching goal of this protocol is to utilimapping and measurememethods that are robust
across avide varietyof field conditions and ecosystem types, are relatively easy to implement in the
field, areresistantto user error, ancdcan producehigh-quality data.

A combination of NEON Distributed Plots and Tower Plots are employed for collecting vegetation
structure data Figurel and Figure2). Within these plots, this protocol generates data that descabe
enable calculation ahe spatial location, structure, volume, and biomass of the westgynmed plant
community, including tree, sapling/shrub, liana, aétherQ ywdodygrowth forms. Data are collected
with handheld tools in the field, using methods with a long, substantiated history in the forestry
community. There is no laboratory component to the work. The SOPs provide detddedationand
methods related to the following activities

1 SOP A Preparing for sampling; includes equipment, organizing previously collected data, and

dendrometer band fabrication in the laboratory.
SOP R Guidelines for classifying woody and aeonody growth forms in the field.

SOP (¢ Plot delineation, guidelines for implementing nested subplots, and recording Plot
Metadata.

SOP [ Mapping and tagging requirements by growth form and offset mapping guidance to
enable calculation of stem locations.

SOP E Vegetation Structure data collected on &&ar interval; subsections are devoted to
stem diameter E.J); height and crown measurementk.Q); shruh liana and ferngroups E.3;
FYR W20KSNREHANRBGgGK F2N¥Xa o

SOP E Vegetation Structure data collected annually in Tower Plots; subsections are devoted to
faster-growth sites F.1), and dendrometer band installation and measurements at slewer
growth increment sitesK.2andF.3.
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Legend

\. Tower, soil array
Prevailing wind

@ Distributed Base
plot

FH Tower Base plot

D Tower Phenology
loop

i Tower phenocam
plot

[ Tickplot
Mammal grid
Bird grid

Mosquito trap

NLCD veg type A
(dominant)

NLCD veg type B
Roads

| G 8 ol

Figurel. Generalized TOS sampling schematic, showing the placemaii©N TOfots.

20 meters 40 meters
= > < -
10 meters 20 meters 10 meters
— = > >
4013 H 19 4813 51.1.4
4033 V43 A 4833 5134
40_10_3 40_100| | {41_100 .- 48 103 51_10_4
40_25_3 7 : 48_25 3 5125 4
:
o2 L | v2 48_50_3 51_50_4
1 B — O 48_100 51100
O I ' | 4
31.25 1 : -
31101 Ope 131100k [32_100-
31.3.1 : i | ~
31.1.1 ;2 o T 2@
@/@ pointiDs
N X_Y_Z subplotiD
2
g 1 m? nested subplot 21.100 24.100
' 3 m? nested subplot 21.50 1 24_50_2
[0 10 m? nested subplot 21251 24252
. 2 21101 24 10 2
i1 25m*” nested subplot 2131 2432
[ 50m? nested subplot 2111 2412

77 100 m? nested subplot

Figure2. A 20m x 20m base plot (left; larger destructive sampling portion of the plot not shown), a 40m x 40m

base plot (right), and associated subplots usedsBmplingwoody vegetation. The 20m x 20m plot sfieft) may

be used for either Distributed Plots or Tower Plots, and the 40m x 40m plot size is only for Towelrlqisint|D
numbering scheme is illustrated Appendix Eb dzY 6 SN&E Ay W. ¢, Q 2 NJ YornmestaleQ F 2 NI |
subplotiDsrespectively¢ KS W. Q LJ2exffiérig gerivedfrond tReSoweteft (southwest) corner od 10m

x 10m subplotindicated by the red or blue pointIDs. Red pointIDs are used for mapping, while blue pointIDs are

not acceptable for mapping KS W, Q LJ2 NI A & the &#eh (f)) 40&0 KaSdzoW PR (LI2S8Ither 2y 2 F
nested corner to which the nested subplot is anchofiedlicated bynumbers in italic black text
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Stardard Operating Procedures (SOPs), in Section 7 of this document, provide detigjildg-step

directions contingency plans, sampling tips, and best practicesnplementing this sampling

procedure To properlycollect and process sampldigld techniciangnustfollow the protocol and

associatedSOPs. &S b9hbQ&a LINRBOfSY NBLR2NIAYy3I aeadsSy G2 NBa
implementing this protocol.

The value of NEON data hinges on consistent implementation of this protocol across all NEON domains,

for the life of the project. It is therefore essential that field personnel carry out this protocol as outlined

in this documentnd keep abreastofmid S a2y OKlI y3Sa R2Odzy8afkn6R Ay b9h
system In the event local conditions create uncertainty about carrying out these steps, it is critical that
G§SOKYAOAlIya R20dzySyid GKS LINRoftSY YR SYGiSNI AG Ay

Quality assurancés performed on data collected via these procedures according toNB®NScience
Data QualityPlan AD[05).

3.1 Protocolimplementation Guidelinedy Plot Type

Table2. Vegetation Structure protocol implementatianiteria by plot type.

Plot Type | Guidelines
1 Measurement of Vegetation Structure is determined on a-bgplot basis.

9 Collect data from a plot if any of the following criteria are true:

0 NLCD vegetation type is Deciduous Forest, Evergreen Forest, or Mixed Fore

0 The plot contains at least one sindlele or multibole tree individual.

0 Qualifyingwoodyornow 2 2 Ré LISNBY YAl f @S3Sal GA
estimate).

1 If the above criteria are not met, but qualifying woody or rgaody perennial
vegetation is present in the plot:

o Implement the Survey Method for Assessing Vegetation Cover SOP (RD[13]
Distributed o Collect Vegetation Structure data from the plot if qualifying woody orwoondy
LISNBY YAl @S3ISuluA2y Aa x mMmE: O020S
1 Exceptions:
o Ferns, Xerophyllum, and Yucca growth forms are not measured when NLCD
Deciduous Forest, Evergreen Forest, or Mixed Forest.
o Ferns are not measured when aerial cover is < 50% of the plot by visual estir
AND NLCD is not forest.

9 Data collection:

o If at least one plot contains qualifying vegetatio(SORC.3, aeate Plot Meta
Data records for all Distributed Pladsheduled for sampling arassigned to the
Vegetation Structure protocol.
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Plot Type

Guidelines

oWal LJWWAyY3 FyYyR ¢F33AYy3IQ YR W! LWL} NBY
Distributed Plotsvith no qualifying vegetatioqA ®S®> ¢ NAHS{ ¢
for the entire plot.

Tower

9 Collect Vegetation Structure data from all plots if any of the following criteria are tru
o Thereis at leastone singt®leormultio 2t S GNBS Ay x MUE
0 Qualifyingwoodyornow 2 2 Ré LISNBY YAl f @Sa&adpedi A
across all plotgvisual estimate).
1 hf tbe algoye crjteria are not met, but gualitying,woody or rgaody perennial
dSIASuUFUAZ2Y Aa LINBasSyu Ay x wmE:z: 2F LI 2
o Implement the Survey Method for Assessing Vegetation Cover SOP (RD[13]
plots.
o] CoAIIectA\/egetation Strugtgre dgtg from plots if qualifying woody or-wopdy o
LISNBY YAl f @S 3S ldvdaraetl gcrodsall piots.m £z 02 JS
1 Data collection:
o/ NBI GS utlfiiQ aNSiG2 NRa schedidd Fof sampling ¢ S N
Vegetation Structure data are collected from afythe scheduleglots.
o/ NBFHGS Wal LIWAyY3 YR ¢IF33Ay3Q YR W
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4 SAMPLING SCHEDULE

4.1 Sampling Frequency and Timing

Vegetation Structure is scheduled in a coordinated fashion with other TOS plant protocols to maximize
the number of years data are collected from a site, and to minimize spikes in required Tabte3).

The interval between boutdepends on plot typéTable4), and for all plot types, no more than one VST
bout is ever scheduled per yeaite specific exceptions are documented\ppendix C

Table3. Coordination of Measurement of Vegetation Structure with other TOS plant and soil protocols through

time. Years 1 through 7 are shown to illustrate the temporal grouping of protocols, and the pattern repeats

beyond year 7. Grey cells indicate synchroRizeWOKSYA A GNEQ | YR WLINRPRdAzOUAGAGREQ LINE
protocols implemented annually in Tower Plots; orange cells are protocols implemented every 5y in Tower Plots.

Interval Plot Year | Year | Year | Year | Year | Year | Year
Protocol* | (y) Plot Type | Number 1 2 3 4 5 6 7
BGB 5 tower 20 or 3t X X
CFC 5 both 16-20 X X
LAI 5 distributed | 20 X X
LTRbgc |5 tower 20 or 3 X X
NTR 5 both 10 X X
SLshgc 5 both 10 X X
SLSnb 5 both 10 X X
CDW 5 distributed | 20 X X
HBP 5 distributed | 20 X X
VST 5 distributed | 20 X X
HBP 1 tower 5to 31 X X X X X X X
LAl 1 tower 3 X X X X X X X
LTR 1 tower 20 or 3 X X X X X X X
VST 1 tower 5 X X X X X X X
CDW 5 tower 20 or 3t X
VST 5 tower 20 or 3 X

* Protocol codes and definitionBGB= Belowground Biomass of fine root sampli@§;G Canopy Foliar
Chemistry samplind)1V= Plant Diversity samplingAl= Leaf Area Index samplirgfRbgc= Litterfall
biogeochemistry analysisiTR= soil nitrogen mineralization incubatio8L. Sgc= Soil biogeochemistry analysis;
SL8mb = Soil microbial biomass analysis (PLER)V= Coarse Downed Wood tally sampliatBP= Herbaceous
Biomass and Productivity samplingST= Vegetation Structure samplingT R= Litterfall sampling (no chemistry).
G201 ¢ ¢26SNItf2Ga al YLX SR QI NASa o0& aAil

U ¢KS ydzYo SNJ 2 F

III' Note that for annual VST sampling in Tower Pgpatially balancedubset of Tower Plotis
selectedbased on NLCD clags addition, at sites with dendrometer banadl banded trees are
measured annually regardless of plotID.

9 Lists of annually sampled Tower Plots are available via the SSL.
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Table4. Sheduling details and SOP implementation on agiertype and eventype basis.Determine the event
type for a given year with reference to the intennual schedule antiable3.

Site Event Plot Field Bout Remarks
Type* Type Number SOPs Interval
SOP C
All Tower ZQor 30 SOPD |5y 9 All growth forms measured
Plots (site dependent)
SOP E
SOP C
Distributed Dist = 20 (max) SOPD |5y 9 All growth forms measured
Faster and Tower SOP E
growth* SOPC .
Subset Tower =5 SOPD | Annual i rI;eerfr;s artgccii fern allies not
SOP F.1 su
SOP C .
Tower Subsel 5 plots SOP D | Annual T Eggs ?23 fern allies not
SOP F.1 su
SOP C
Al ey ZQor 30 SOPD |5y 1 All growth forms measured
Plots (site dependent)
SOP E
SOP C
Dist = 20 (max) SOPD |5y 9 All growth forms measured
Distributed SOP E
Slow and Tower e = s SOP C 9 Ferns and fern allies not
growth* | Subset =l SOPD measured
banded treesonly Annual : :
in additional plots SOP F.2 9 Dendrometerband installation
SOP F.3 and measurement
SOP C 9 Ferns and fern allies not
5 plots plus
SOP D measured
Tower Subse| banded treesonly Annual : .
in additional plots SOP F.2 9 Dendrometer band installation
SOP F.3 and measurement
All Tower 200r 30 SOP C 9 All growth forms measured
Plots (site dependent) SOPD |5y 9 No annual measurement of
Sensitive SOP E Tower Subset.
Distributed SOP C 9 All growth forms measured
Plots 20 (max) SOPD |5y 1 No annual measurement of
SOP E Tower Subset.
All Tower | 200r 30 e .
. RD[13] |5y 1 Schedule survey in year prior
Plots (site dependent) )
Survey potential VST year.
Distributed 1 Plot-specific survey criteria
20 (max) RD[13] |5y 9 Schedule survey in year prior
Plots .
potential VST year.

* SeeAppendix Gor site-specific designations.
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Scheduling Considerations

1. Bout duration

a. All bouts should be complete within 4 months OR before the next growing season
begins(i.e., leafexpansion)

2. Annual Measurements in Tower Plots

a. ! WLINRBPRdAzOUA @A (& & dzo sadpledanridly; hedapbishre f 2 0 & Y dza (
typically the Ghighest priority Tower Plotsn the Plot Prioritization list

i. The same subset dif’e Tower Plotss sampledevery year.

ii. Inthe event one of thdigh priorityTower Plotsassigned to annual sampling
does not have qualifying vegetation, the subset of Tower Rlatspledannually
should be the Hhighest priority plotghat do have qualifying vegetation.

b. In addition, at slongrowth increment sites:

i. Ensure there is enough time in the schedule to measure all banded trees and
repair any damaged bands (if necessary).

ii. Larger individuals may be banded in additional ToRlets,and these
individuals are also measured annually.

3. Fern measurement

a. Inyears ferns are scheduled for measurement (every 5 years in Distributed and Tower
plots), rns are ideally measured coincidentally with woeslgmmed individualsgi.e.,
trees, shrubs, lianas) to enable a single sampling gffrtyear This idealized sampling
schedule means that fermeaynot be measured at peak greenness

b. Depending on when woody measurements are schedutedhbse sites with fern
species that senesce aboveground every yeaug., Bracken FerPteridium aquilinur
¢ aseparatevisit to the plots(and considered part of the sanewentlD) may be
required to measure ferns before senescent leaves and stems begin to break apart.

4. WhiKSND @S 3 paindsiteefernsoiotin, adoptliud, §ucda

a. Measurement o 2 (i gr&whIibrmindividualsis ideally coincident witivoody
stemmed individuals (i.e. trees, shrubs, lianas) to enable a single sampling effort per
year for vegetation structure work.

b. At sites withOpuntia sppthat qualify for measuremenr(e.g., D14 SRER)separate
early-seasorbout may be required to enable distinguishingw pads from old padsee
RD[11])
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4.1.1 Scheduling thesurvey Method for Assessment of Vegetation Cover

Section3.1describes the vegetation cover criteria that must be met for scheduling Measurement of
Vegetation Structure at a site. TMegetation Cover Assessment SEBP[3]) andassociated Fulcrum
application are usetb determine whether a site meets those criteria whanisual assessment is
inadequate Table2, RD[13]) Sites scheduletbr Vegetation Cover Assessment are listedmpendix C

Scheduling the Survey Methogor sites listed irAppendix ¢

91 All plots: To enable adequate planning for hiring required staff, schedule the survey the year
before a full bout of Vegetation Structure would be needed.

9 Distributed PlotsEvery 5y, survey scheduled on a per plot basis.

9 Tower PlotsEvery 5y, survey scheduled for all plots.
4.2 Criteria for Determining Onset and Cessation of Sampling
Sampling Onset

The guiding principle is that vegetation structure measurements should begin after the majority of
annual growth in a given growing season has completed. In many systems, the onset of sampling
therefore coincides with the endf-growingseason onset of theenescence phenophase for deciduous
and herbaceous plantsi.e., the appearance of colored leaves / needles for trees and shrubs, and
reduction in % green for herbaceous plantalfle5).

Table5. Sampling onset guidelines for different site and vegetation types.

Site Type Vegetation Type Sampling Onset Guideline

Mesic, Deciduous forest, 1 Sampling may begin once approximately 50% of the

Temperate Mixed forest, deciduous woody vegetation has begun to senesce.
Shrub scrub | Use plots with deciduous woody vegetation as a guide f

when to sample any evergreen forest plgtsampling
onset applies to all vegetation types.

Mesic, Evergreen forest 1 Sampling may begin once approximately 50% of the
Temperate herbaceous understory plants have begun to senesce.

1 If any plots at a site are classified into deciduous
vegetation types (above row), use deciduous plots to gy
sampling onset.

Wet/Dry Multiple 1 Sampling may begin once the dry season has begun ar|
Seasonality growth rates are minimal (e.g., D04 GUAN, D14 SRER

Estimated sampling windows, including estimated sampling onset and cessation dates, are provided on a
per site basis il\ppendix C
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1 The dates in the appendix are mwyear averages derived from satellite data, and as such,
individual future years will vary somewhat with respect to these dates.

I Once a sampling onset date has been selected for vegetation structure measurements at a given
site by Field Operations, the onset of sampling in subsequent years should be corgistent
within the same season and vegetation phenophase.

i At each site, the onset of sampling should be the same for all growth forms (excepatcfoand
ferns as discussed above).

0 Thatis, all growth forms should be measured at a given plot when that plot is sampled.

o Staff shouldNOTsample trees in all plots first, then-sample plots for saplings/shrubs
and lianas.

Sampling Cessation

Measurement of woody stem vegetation structure must be completed within 4 months of sampling
onset,ORbefore the onset of the next growing seaspne., before new leaves expand.

4.3 Timing for Laboratory Processing and Analysis
Not applicable.
4.4 Sampling Timing Contingencies

When unexpected field conditions require deviations from this protocol, the guidaritabile6 must
be followed to ensure that basic data quality standards are met.

Table6. Schedule delays, contingency guidelines, required actions, and possible outcomes for data product quality.

Delay Action Outcome for Data Products

1 If delay prevents completion of a plot or spiot, None for woody stem data; ferng
track progress using a plspecific taglD checklist ang may senesce in this time frame,
mark the measurementHeight with a paintstick for | leading to increased uncertainty
individuals for which data have already been collect| for this growth form.

Hours to 4 .
9 Resume data collection from the plot or subplot ASA
weeks
None for woody stem data; ferng
1 If delay occurs between plots or sylots, resume may senesce in this time frame,
data collection from the next plot or syflot ASAP. leading to increased uncertainty

for this growth form.
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Delay Action Outcome for Data Products

1 If delay prevents completion of a plot or spiot,
track progress using a plepecific taglD checklisaind
attach temporary flagging anuark the
measurementHeight with a paintstick for individuals| § Temporary flagging may be

x n ¢ { forwhichdatahave already been collected lost, causing duplicate
outside | 1 Reschedulelata collectiorwithin protocol sampling measurements of individuals
scheduled | WindowASAP. { Significant wood growth could

window, | 1 Submit incident ticket if growth is active and occur at sites with yearound
within measurements not completed withioriginally growth.
protocol scheduled window. 1 Increased error in abovegroun

window | 1 If delay occurs between plots or siiots,reschedule | biomass and NPP estimatés
data collectiorwithin protocol sampling windowASAP| growth is active

9 Submit incident ticket if growth is active and
measurements not completed withioriginally
scheduled window.

X N & 1 Significant wood growth could
outside occur due to onset of next

scheduled | Submit incident ticket if measurements are not growing season.

window, completed within the sampling window defined in th{ | Increased error in abovegroun

AND outside| protocol. biomass and NPP estimatés
protocol measurements span > 1
window growing season
4.5 Missedor IncompleteSampling

Sampling according to the schedule is not always possible, and multiple factors may impede work in the
field at one or more plotsr sampling location& a given bout. For example:

91 Logisticg; e.g., insufficient staff or equipment
1 Environment; e.g., deep snow, flooding, inclement weather, or
1 Management activitieg e.g., controlled burns, pesticide application

Instancessuch as those listed aboweust be documented for scheduling, trackiogg-term plot
suitability, andnformingend usersof NEON data availabilitfome types of missed sampling are due to
events that should be recorded in the Site Management;Agifer to the Site Management and Event
Reporting Protocdior more detail(RD[06].

Missed or Incomplete Sampling Terms
Terms that inform Missed or Incomplete Sampling include:

1 Protocol Sampling DateBoutspecific sampling datgprovided inAppendix @.
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1 Scheduled Sampling DateBoutspecific sampling dates scheduled by Field Science and

approved by Science. These dates coincide with or are a subset of the Protocol Sampling Dates.

1 Missed Samplingincidence okcheduled samplintpat did not occur. Missed Sampling is
recorded at the same resolution as data that are ordinarily recorded.

1 Sampling ImpracticalThe field name associated with a controlled list of values that is included

in the data product to explain a Missed Sampling ewgre., why sampling did not occur.
1 RescheduledMissed Sampling is rescheduled for another time according to one of the

scenarios documented iRigure3, resulting in no change to the total number of sampling

events per year.

The documentation that mustccompanymissedsamplingdepends on the timingsubsequent action,
and the audience appropriate for numerous scenafkigure3).

- Submit ServiceNow incident
- Sampling Impractical record

€—— No

Sample

—Yes

- Sample

- Submit ServiceNow Approval
form to reschedule €«—Yes

R

Unable to sample:
Missed Sampling

Can sampling be
rescheduled?

Rescheduled
within Schedule Sampling

within Protocol Sampling

Unsure —»|

- Submit ServiceNow incident
- Sampling Impractical record

Yes

Was sampling
rescheduled?

dates?

Yes

!

escheduled

Delete Sampling
Impractical record

dates?

No

v

form to
- Sample

- Submit ServiceNow Approval

- Flag records

reschedule

Figure3. The documentatiomequiredfor aMissedSamplingeventis context dependentDiamondsepresent
decision points antboxes describe the requireattion. Required actions may includg:Submitting aServiceNow
incident,b) creatinga Sampling Impractical record), creating a dat&lag,d) creating éSite Management recotd
or ) some combination of (&)(d).

Pagel5




n e c) n Title: TOS Protocol and ProcedukéSTg Measurement of Vegetation Structure Date 03/19/2026
ﬁs ) ®
'(.(‘ Operated by Battelle | NEON Doc.:#NEON.DOC.00098| Author. C. Meier RevisionN

To Report Missed or Incomplete Sampling:

1. Missedor IncompleteSamplinghat cannot be rescheduled within the Schedule sampling dates
mustbe communicated to Sciend® a ServiceNowncident.

a.

For Missed Sampling that is Rescheduled, there are some casesdhat approval by
Science and OperatiorfBigure3).

ConsultTable6 aboveto determine required actions if scheduled activities are delayed or
canceledThis protocol is the ultimate source of information should any discrepancy exist
between this document and other summary materialS 3 ®> G KS W{ OKSRdzZ SR ¢
¢5S8ftlea FYyR /FyOStftliAz2yaQ aLINBFIRakKSSiG fAy]SHF

2. Create a Fulcrum record for each Missed Sampling event in the field that cannot be rescheduled.
That is,a Sampling Impracticalecord must becreated in theVST: Plot Met®ata [PROD4pp
for each plot missed.

a.

Missing data in downstream applications are not recorded. For exampldata are
recorded in either the/ST: Apparent Individuals [PR@pPp or theVST: Mapping and
Tagging [PRODRpp when &Sampling Impracticalecord is createdh the VST: Plot Meta
Data [PROD4pp.

3. For each Missed Sampling record in ¥&T: Plot Met®ata [PRODApp, the Sampling
Impracticalfield must be populated in the mobile collection dev{@able7).

4. For Rescheduled sampling events that occur outside the defined Protocol Sampling Dates, a
protocolspecific flag must also be recorddddure3).

Table7. Protocotspecific Sampling Impractical reasons entered into\l8d: Plot Met®ata [PRODFulcrum
application.If more than one is applicable, choose the dominant reason sampling was missed.

Sampling Impractical

reason Description
Extreme weather Events that compromise safety and accgssg., thunderstorms, hurricanes)
Location flooded Standing water > 30 cm depth prevents access to the plot.

Location vulnerable to
planned sampling

Location vulnerable to excessive technician impacts during planned sampling
Often related to flooding or recent heavy precipitatidviust be accompanied
by a ServiceNow Incident.

Site or plot access compromised, ste&f§ources unavailable to support

Logistical o . . . '

g scheduled samplingssues, errors (e.g., equipment not available in the field)
Management Management activities such as controlled burn, pesticide applications, etc.
Other Sampling location inaccessible due to other ecological reason described in tl

remarks
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4.6 Estimated Time

The time required to implement a protocol will vary depending on a number of factors, such as skill
level, system diversity, environmental conditions, and distance between sample plots. The timeframe
provided beloware estimatedased on completion of a task by a skilled tp&rson team (i.e., not the
time it takes at the beginning of the field seas¢hable8). Usetheseestimates asa framework for
assessing progress. If a task is taking significantly longer than the estimated time, a problem ticket
should be submitted. Please note thhsampling at particular locations requires significantly more time
than expectedScience may propose to move these samplirgtions.

Table8. Estimated staff and labor hours required for implementation/efyetation Structure SOPs

SOP Estimated time | Suggested staff| Total person hours
SOP A.1: Preparing mobile devices g
datasheets 0.25h 1 0.25h
SOP A.2: Preparing equipment 1h 1 1h
SOP A.3: Preparing previously _ )
collected data 5 min per plot 1 5 min per plot
SOP B SOP CClassifying vegetation
and selecting nested subplot sizes | 163 h per plot 2 26 h per plot
SOMD: Mapping and tagging apparen|
individualspp J 99ing app 6¢ 12 h per plot 2 (min) 12¢ 24 h per plot
SOPRE Vegetation structure ]
measurements 8¢ 10 h per plot 2 (min) 16¢ 20 h per plot

1 Dense vegetation contributes to longglot assessmentimes by impedingnovement, stretching tapes, and
making accurate visual assessment of growth form abundance more difficult.

2 Actual time requirements to complete vegetation structure measurements will vary greatly betsitesrand
depends on the variety of growth forms present and the stem density within plots.
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5 SAFETY

This document identifies proceduspecific safety hazards and associated safety requirements. It does
not describe general safety practices or steecific safety practices.

Personnel working at a NEON site must be compliant with safe field work practices as outlined in the
EHS Safety Policy and Program Manual (AD#dt]Operations Field Safety and Security Plan (AD[02])
Additional safety issues associated with this field procedure are outlined bilawemployee

witnesses any unsafe conditions or uncontrolled hazards that present an imminent danger, they should
immediately take action to stop work and report such conditions to their manager. Employees must also
report al workplace injuries, illnesses, incidents, or releases to the environment as soon as possible,
regardless of the severity.

ConsultAppendix Hfor safety considerations when collecting Vegetation Structure data in the snow.
Laser Rangefinder Safety

A laser rangefinder/hypsometer/compass instrument is used to map individual woody stems as points,
and to measure various stem structural attributes. Safety considerations for this instrument include:

9 Avoid staring directly at the laser beam for prolonged periods. The rangeimdissified as
eyesafe to Class 1 limits, which means that virtually no hazard is associated with directly
viewing the laser output under normal conditions. However, as with any laser device,
reasonable precautions should be taken during operatios. itcommended that you avoid
staring into the transmit aperture while firing the laser.

1 Never attempt to view the sun through the scope. Looking at the sun through the scope may
permanently damage the eyes.

Toxicodendron Exposure

Additional safety issues associated with this field procedure include potential exposure to
Toxicodendrowils.

1 Protocotspecific equipment to mitigate exposute Toxicodendroiis listedin Table24.

9 Additional general mitigation strategies are discussed in RD[12].
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6 PERSONNEL
6.1 Training Requirements

All technicians must complete protoespecific training asequired in theField Operations Job
Instruction Training PlagAD[04). Additional protocebpecific required skills and safety training are
described here.

Protocotspecific training requirements:

1 Proper care and use of the laser rangefinder

(0]

Metal objectsmust f g @a 06S {1SLIi x pn OY.ThiRlydesi KS
the mobile data collection deviceyeglasses, watches, rings, earrimgercingsgetc.

Althoughthe rangefinderis resistant to dust and water, it is important to seal open
ports and use lens caps whant in use

Care must also be taken to avoid scratching lenses.

Manufacturer stated accuracy is + 30 cm for distance measurements. Although
measured accuracy may be better than 30 cm, avoid using the laser rangefinder for
establishing 1 ) 3 n¥, and 10 Mnested subplots unless there are no other options.

1 Treeheight measurement

(0]

(0]

Training is required to ensure accurate height measurements.

Training should emphasize why trengefinder3-shot height measurement routine is
not suitable for treesln brief, the 3shot routine assumes the apex of the crown is
directly over the base of the bole; substantial errors in the height calculation are
introduced when the apex of the crown is offset from the base of the bole.

9 Dendrometer band fabrication, installation, and measurement

0 Repeatability is critical
0 Required to complete online training materials before field work (VST SSL)
o Individuals should receiv@JTand oversight in the field when learning to make
dendrometer gap measurements.
o Individuals should only work independently after demonstrating the ability to make
consistent gap measurements.
6.2 Specialized Skills

At least one of the technicians executing this protocol must be able to identify woody plants to species
via visual inspection and use of a dichotomous or polyclave key.
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7 STANDARD OPERATING PROCEDURES

SOP Overview

SOP A: Preparing for Samplintasks completed in the Domain lab, in preparation for the field
campaignSteps to carry out:
1 Equipment preparationSync tabletsdad plot data ontanobile devicescalibrate the
laser rangefinder.

9 Prepare previously collected data to aid sampling during the current bout.
1 Slowgrowth increment sites: Prepadendrometer band materials.

SOP BWoody Growth Form Classification
9 Guidelines for classifying woody vegetation based on structural attributes and taxonlID.

SOP CPlot Delineation, Nested Subplots, and Recording Plot MBtata
9 Guidelines for using nested subplots to standardize sampling effort across plots.
1 Instructions for collecting Plot Metadata to scale individual data to the plot level.

SOP DMapping and Tagging Apparent Individuals
1 Instructions for mapping individuals relative to plot markers, and details for how to tag
mapped trees, shrubs and lianas.
9 Instructions for assigning appropriate taxonlDs to woody vegetation.

SOP EVegetation Structure Data Collected on aygar Interval
1 Steps to collect Stem Diameter, Height and Crown data, Shrub Group data, and
& 0 NHzO G dzNB R I {-woody@weh fékasii K SN y 2y
1 Implemented when all Tower Plots or Distributed Plots are sampled eyeambinterval.

SOP FVegetation Structure Data Collected Annually in Tower Plots
1 Fastergrowth sitesAnnuala i NHzO G dzZNB Y S| adz2NBYSyia Ay (KS ¢
adzoasSiQo
1 Slowgrowth increment sites:
o Dendrometer band fabrication and fitting in the field, as well as initial
dendrometer band measurements.
o lyydzZt &ddNHzOGdz2NB YSIFadaNBYSyida Ay (GKS ¢2;

SORG: Field Campaign Followp. Steps following successful completion of field work.

SOPH: Data Entry and VerificationGuidelines and requirements for successful data entry. This
SOP is NOT a substitute for AOS/TOS Protocol and Procedure: Data Management (RD[04]).
1 Staff must read RD[04dtunderstand required data quality procedures
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SOP A Preparing for Sampling

Al Preparing for Data Capture

Mobile applications are the preferred mechanism for data entry. Mobile devices should be fully charged
at the beginning of each field day, whenever possible.

However, given the potential for mobile devices to fail under field conditions, it is imperative that paper
datasheets are always available to record data. Paper datasheets stiaalgsbe carried along with
mobile devices to sampling locations.

A2 Preparingfor Field Sampling

1. Plan and save sampling routes for field teams using standard site navigation procedures
(RDI[16]). Route planning enhances sampling efficiency and helps avoid accidental foot traffic
within NEON plots.

2. Load sampling location GPS data to the field tablet, field phone, or recreational GPS receiver
(plot centroids, SW corner pointIDs, etc.).

3. Syndabletsdailyto ensure Plot MeteData records created in the DSF, Mapping and Tagging
records created on other tabletand the most recent TOS Spatial Data are all available in the
field on every tablet

4. Pack preabeled tagdor tagging newly qualifying individualsis CRITICAL thatsingle series of
taglIDs is used for all sites within a domain.

5. Use the hand stamp and diesettogret 6 St o6f I y{ FfdzYAydzy GF3a 6AGK
taggingmultio 2t S GNBS& oWYoluQX AT LINBaSyd 4 aaidSoo
6. Pack all tools and equipment required faot delineation and measurement of individugtee
Appendix B

7. Check the laser rangefinder: Detailed instructions for setting declination, calibrating the tilt
sensor, and calibrating the compass are found in TOS Standard Operating Procedure: Laser
Rangefinder Use and Calibration (RD[09]).

a. Make sure the lenses on the laser rangefinder are free of dirtdmtlis andclean with
a lens cloth or lens tissue if necessary.

b. Declination changes with time at each site, and should be looked up annually using the
NOAA Magnetic Field Calculatottp://www.ngdc.noaa.gov/geomaaveb/)

c. TruPulse Declination Offset. Check the current declination against what is entered in the
TruPulse.

d. Compass Calibratiofror optimum performance complete compass calibration each
time you change sampling locatio(i®., plots)or after batteries are changed

SORA
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Interference frompower linesjndoor magnetic fieldssevere drop shoclgr nearby
ferromagnetic objectgan prevent accurate calibration.

e. TruPulse Tilsensor Calibration. In the rare instance that the TruPulse has suffered a
severe drop shock, the tiftensor requires realibration prior to continued field work.

A.3 Preparing Previously Collected Data

To enable accurate and expeditious field measurement of previously measured apparent individuals, it is
helpful to:

1. Generate per ploiaps andists of tagiDs, and other key identifying data, for all individuals
measured within the plot the previous bout.

a. Usethe VSTQA/QC Shingpplication(akaWPeregrin€to create per ploimapsandlists
of tagged individualandtheir previousmeasurements

. 5FdF FNRBY LINA 2 NJ & ShRioNdvenOhyy B SWF R 4 RL P& S v i
tabsin Peregrine.

b. Note thatgrowthFormmay change from yedao-year for smalleindividuals andghould
be assessed and recorded accurately for each bout.

A4 Dendrometer Band Fabrication in the Laboratory

Laboratory preparation of dendrometer bands for installation in the field is requiteeh dendrometer
bands are installed &EON sites with relatively slegvowth increment woody vegetation. The list of
slow-growth increment sites is provided Appendix COnce dendrometer bands have been installed at
a site,steps below are applicable when new recruits require bandimgddition,guidance belowrom

step (4) onwards applicabldor repairing or repladngdendrometer bandsén the fieldthat have been
damaged.

1 Sitespecific lists of trees for which bands are required are provided via the SSL.

I VST data are analyzed by Science every 5 y to identify any additighiiomasgrees that
may require banding at each slegvowth increment site.

1 Dendrometer band components are custemade in the laboratory usingST: Apparent
Individualsdata from the previous sampling event.

1 SOHR-.2describes final fitting and installation of these bands in the field.

Procedure steps:

1. Equipment and materials check: Purchase additional banding, springs, and replacement tools as
necessary.

2. DownloadVST: Apparent Individusiee data from the previous sampling event and filter to only
those trees that will receive new dendrometer bands.

SORA
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3. Create list of trees per plot and include the following data fields: plotiD, subplotID, taglD,
taxonlID, growthForm, stemDiameter, templateSize, and springLength.

a. SeeAppendix Go assign required templateSize and springLength.

4. Calculate total band length needed for each tree using the appropriate templdtppandix G
a. Total length dcm) = ftemDiameter(nearest 0.1 cm) + overlap (from template)]
b. ExampleFor a tree with stemDiameter = 3@&m, the band length needed is,

Total length dcm) = [30.1dcm + 4.5dcm] =34.6dcm (decm =diameter centimeter
equivalent, and can only baeasured witha DBHtape)

5./ dzii I adzlX e 2F RSYRNRBYSGSNIolFyR WwO2ffl N LIASO
extras Figured). Collars will be used in the field during band installation.

a. Cut 2.5 cm length collar pieces: Length = 2X width of band.

2 weowmsowm |1 oL 6 8

]I|I|l||l||I|I|Illllllllllllll“\lll]lIlllll|||IIIIIIIIIIIIIllllllllllll[ \ |

Figured® 5SYRNBYSGSNI 6FyR YFGSNAFE YIN]SR
in preparation for installation in the field.

(0p))
[\
w
Z
ot
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6. Prefabricate a custom dendrometer band for each tree. &eideo tutoria] seeDendrometer
Band Installation and Measuremeintthe Training CentetOptional: Wear light gloves for
protection.

a. Stretch DBH tape L to R along work surface with diameter centimeter equivalent (dcm)
AARS FIOAY3 dal FYR WwnQ 2y (GKS {S8Fio { SOdNB

b. Load banding into customized dispenser bucket, and place to left of DBH tape. A bucket
with a slit cut in the side at the bottom through which banding may be fed will suffice.

c. Cutlengths of lab tape (306 cm), and label one per band (plotID, subplotiD, tagiD,
springType).
d. Spool out banding from the bucket and lay on table below DBH tape (closer to yourself).

e. Use DBH tape and template guidance to cut a custom length of banding for each tree
(Appendix G.

f. Mark the following on the band:

I.  Tip punch locationpoint centered on band).

SORA
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ii. Window start (closest to tip punch point).
iii. Window end.
g. Create the tip punch.
i. Wiggle gently to remove the band from the punckhié punch is incomplete.
ii. Wiggle hanging chad back and forth to break cleanly off from band.
h. Trim the tip corners.

i. Cutthe window end. Cut perpendicular to the band, width of cut is 1/3 width of band
(do not cut more than %2 the band width). Start over if you make the cut > ¥ the band
width.

i. Cut must be clean. To minimize burring and deforming the metal, place band
deep into snips, do NOT use the tips of the srigures).

Figureb. (Leff) Correct metabknip technique for cutting the measurement window in a dendrometer baRayH()
Incorrect technique using the tip of the metal snips will result in burrs and band deformation.

j-  Cut the window Figure6).

i. Begin just before the window start and cut inward toward the window end. The
major line of the cut should be 1/3 of the way into the band. Okay to eyeball.

ii. Cuttoward the previously made perpendicular window end cut. Intersect at
right angles as perfectly as possible to minimize burring and to provide a clean
right angle for caliper measurement.

iii. Wiggle the window cubut to break off and remove.

ik - L b window end

SORA
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Figure6. Completed preparation of a dendrometer band showing tip punch (left), window cut (center), and
window end from which measurements are made in the field (right). Note the DBH tape is taped to the work
surface with diameter centimeter equivalents (dcm)ifecup, not centimeters.

k. Flatten/remove any burrs or bends. Burrs prevent smooth sliding through the buckle
during installation.

I.  Roll up and secure with labeled tape.

7. Bag up all bands for a given plotID. Suggest using 1 gallon ziploc per plotID.

8. [2FR I Wil O1tS 02EQ 6AGKY
a. Collars
b. Springs
c. Spare banding material

gAGK 5.

&
w»
QX

d. Nails, stainless steel or aluminumd@l LIJISNJ G NSS F2NJ (N
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SOP B  Woody Growth Form Classification

Consistent classification of woody individuals to growth form is required for:

1 SOP € Implementation of nested subplotselecting an appropriate nested subplot size
depends on the abundance of different growth forms within the plot.

1 SOP [g Understanding which woody individuals are mapped within the plot.

1 SOP E Determining a consistemheasurement strategy fawoodyand norrwoody apparent
individuals

Woody vegetation is broadly classified to growth form accordind $®A PlantSrowth Habits Growth

forms assigned twoodyindividuals are therefore informed by stem diameter (DBH or ddh), height, and
site-specific knowledge of the species in questidakfle9, Figure7, Figure8, and sedBox 1for
examples)Required measurements for eaaloody growth form are summarized ifiable10. Note that
woodyindividuals may change growth form from one year to the next, due to normal growth or damage
(i.e., loss of boles or stems). Additionaln-woody growth forms areused forpalm, tree fernfern, and

W2 (i we§ekhlibn that is also measured via this protosag SOIE.4.

¢tKS RAAGAYOUGA2Y 0SG6SSyYy WI LILI NBagsifyindvgoByhegetakotz £ 3 Q | y
In generalsmall trees saplingsshrubs small shrubslianas, and some fermtan exist either:
T ta Aaz2ftlGSR W! LIWI NBYyl LYRADGARdIzZrfazQ 6AGK SAGKS

1 As groups of individuals in contact with each other such thaitvnsof apparent individuals
OFryy2i 06S RAZAOSNYSR 6So3d | aKNHz 2N GAYyS (GKAO

¢CKS W! LI NBYyd LYRAGARdzZf Q RSA&RA 3ysaliometigequationsl t ¢ & &4 L
used for estimating biomass typically depend on basal stem diameter or DBH measurements, and these
measurements are not made f@oups.Group measurements allow only for estimation of voluraed

translating volume to biomass is often not possible. NonethelessGthap designation is warranted

when:

1 Vegetation forms dense, impenetrable, or thorny thickets.
1 Safety concerns are associated with accessing the vegetationRatmughickets).
1 Excessive damage to vegetation would be requirecaitect data(e.g., chaparral thickets).

I Important: This SOP provides generalized definitions and guidance for determinody growth

forms. However, not every possible situation can be addressed in this generalized format. For example,
the line between a multbole apparent individual and a shrub group can be difficult to clearly define,
especially for clonal species. Followihgstprotocol may lead technicians in different domains to

different conclusions. Therefore, it is recommended to createsuiecific or speciespecific materials

within each Domain to maintain consistency through time with respect to how decisions are made to
resolve commorthallengesScience may review documents and facilitate sharing between Domains.
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Table9. Growth forms into which woody vegetation is classified and their definitions. Parentheses following terms

in the list below indicate the-8tter code used for each growth form.

Growth Form

Definition

Liana (ia)

Nonselfd dzLJL2 NI Ay 3 g22Re aiasSya sAGK 5.1 x

Sngle-bole
tree (sbt)

A selfsupporting individual with a single baleat must bex OY RAI YS{

height. Usually greater than@5 meters height.

M N

Multi-bole
tree (mbt)

A seltsupporting individual with multiple boles at breast height. At least one bole mus
K @S 5. | seapndamrity, h€ightlissually greater than 4 5 meters. To qualify as a
additional bole, the fork in question must meet the following criteria:

9 Be at leastDthe diameter of the main sterand>3.3cm diameter SeeTable13 for
cases involving brokdpoles and resprouts

1 The angle formed with the pith of the main stem mustie pfom vertical
1 The pith must intersect the pith of the main stem at or below 130 cm above the gro

9 Multiple boles may also emerge independently from the ground, provided they are
connected belowground.

Snall tree
(smt)

Woodyindividual with the potential to grow into either a singbele tree or a multbole
tree. Also includes tree species that, at maturity, never attain the stature of simglie or
multi-bole trees (e.g.Acer pensylvanicuor Picea marianainder some environmental
conditions).Of primary importance, idmeter at breast height foat least onestemmust
YSSiG GKS ONXR (S NAsecondari@néightsually loesrnot mxaeeddy
meters.More than one bole may qualify for measurement if the secapdmle(s):

1 Are at leastOthe diameter of the largest bole AN v ®p OY RAL YSG 4
T¢KS y3fsS F2NX¥SR $AGK GKS LAGK 2F (K
1 The pith must intersect the pith of the main stem at or below 130 cm above the grg
Amultito 2t S avyrtf GNBS A&a adgatt OflaaArFaAs

Sapling éap)

A selfsupporting individual with the potential to grow into either a singlge tree multi-
bole treg or a small treelf total height is > 130 cm, DBH is < 1 cm and ddh of at least
stem is > 1 cmif total height is < 130 cm, ddh of at least one stem is > lrwtividuals
0KFG KFE@S y2 aidSvya gAGK RRK x m OY |
sampled as part of the herbaceous plant sampéffgrt

NE

Sngle shrub
(si9)

A seltsupporting individual, typically with multiple primary stems; maysbgle stemmed
under certain environmental conditions. Diameter of at least one stem at breast heigh
YSSia GKS ONRGSNAI wm OY X 5¢5imeters marimudy d
KSAIKG G YFrGdNRAGed | 'yOz2yY2yfteéex 5.1 OF
and the maximum height potential of the species (Bfedodendromxample below).

Small shrub
(smg

A selfsupporting individual, typically with multiple primary stems; includes typical
WadzoaKNUzo Q aLISOASE GKIFG YIe yS@SNI SEOS
YIGdzZNE Ay(d2 WwaiaQ INBgGK FT2NY¥O ¢ Ks$hatRav
y2 aGSya ¢AGK RRK x ™ potoca aidnaypenieasiié&dlas d
part of the herbaceous plant sampling effort.
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Growth Form| Definition
Group 9 Groups are defined as vegetation likely comprised of two or more individuals in cot

adzOK GKFG AG Aa AYLIRaaiaoftS G2 RA&aOSNJ
GF LI NByié AYRAGARAZ fasz y2i a3Sy¥iédgA Of
clumps of clonalern species, efc

1 Groups may contain multiple species (including vine masses), and both live and de
material from one or more species.

fDNRdzLJA GKFG FNB LINARYFNREE WAaYaQ AYRA(
cm; measure a subset of stems to make this determination NOT every stem. If the
majority of stems in the Group have ddh < 1 cm, do not measure.

Below,Figure7 provides higHevel classification information, arfeigure8 indicates how lowevel
growth formclassificationgre informed by structural and taxonomic data. To make a consistent
classification, use the flow charts in combination with the definitionBahle9, and use knowledge of
speciedevel growth habits at a site.
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Box1. Woody gowth form classification examples.

Example 1 AQuercus albandividual in the eastern U.S. may be classified as either a sapling (s&
small tree (smt), a singleole tree (sbt), or a muHbole tree (mbt), depending on life stage and the
specific growth habit of the individual. However, a salalbaindividual would not be classified ag
a small shrub (sms) or single shrub (sis) because this species is broadly recognized as a tree 4
(e.g., USDA PLANTS), and the biomass of large and small individuals can be estimated using
allometric equations developed for tre€s.g., Jenkins et al. 2004, Chojnacky et al. 2013)

Example 2 AnAcer rubrumindividual has four boles with the following diameters at 130 cm along
each bole: 12 cm, 9 cm, 4 cm, and 3.5 cm. This individual is classified aslatautee growth
F2NY 0SOFdzAS GKS fFNBHSaAlG 02fS Aa x RAIFEISH
the diameter of the largest bole. The smallest bole with DBH = 3.5 cm is not tagged and measu
0S0FdzaS Ada RAIFYSGSNI Aa y248 O GKFG 2F GKS

Example 3Rhododendrospp.Y @ 3INRB g I NBHS Sy2dzaK GKI G 2y
only DBH and stem count are considerEijure8 on its own would have largehododendron

individuals classified eitherasasingle t S G NBS 6YdzZ GALIX S adsSvyax
oramultio 2f S GNBS O0Y2NB GKIyYy 2yS 062t S Rhddad&ndrbn. |
spp.are usually < 4 5 meters height, these large individuals are classified as single shrubs (sis)

Example 4A young Interior Live Oak(ercus wislizenimay split below 130 cm into multiple boleg
GAGK mn OY B 5.1 x M OY®d . SOl daadnulirtiols tee status, O
aYFft SN AYRADGARIzZEf & FNB OfFaaAFASR | & UYrae
8).

Example 5A Big Sagebrush individuélremisia tridentata has multiple emergent boles, with only
2yS &a4dzOK SYSNBHSyd o02tS KFE@GAy3d mn OY B 5.1

height. This species never attains singlemulti-bole tree status, and this individual is classified a
WAAYIL® AKNBSEN 0KFYy | waylrff (NBSoQ

Example 6Species information may not be informative with respect to assigning growth form. H
example,Toxicodendrospp commonly exist as lianas, small shrubs, and shrub groups. For
Toxicodendron sppand other similar species, growth form is assigned on a per individual basis
according to observed attributes and not spe€iegel tendencies.
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Individual
—1 Woody Non-Woody
Apparent G F Pal Tree Fern Other - Herbaceous/
Individual roup B erm Shes aim Spes spp. Yucca, etc. Graminoid
4
Apparent DBH = 10 cm DBH = 10 cm
Individual — AND stemLength — AND stemlLength
> 130 cm? > 130 cm?
|
Yes Yes
No No Large
Pal(mlr‘nl';ee Tree Fern
2 (tfn)
Y
See Low- Small Clip
Level Tree ff?:; Sm(:l;rl:slm Tree Fern (ng;:rg) Harvest

(Figure 7)

(stf)

protocol

Figure7. Highlevel classification tree for assigning vegetation to growth fddashed arrovaffects D20 PUUM

Apparent

Non self-
supporting

Individual
(woody)

Self-
supporting
DBH = 10 cm DBH < 10 cm DBH < 1cm
(at least AND OR
one bole) DBH = 1 cm stemLength < 130 cm
ddh =z 1 cm
Multiple Single Multiple Single Single Multiple
qualifying qualifying emergent emergent emergent emergent
boles* bole stems stem stem stems
~< N N N/
~- A A s
-~ \ 7N ’
S~ N 4N /
N, 7 N e
P Y Y ¥
Mu%fi—bole Singlegbole Single Shrub Small Tree Sapling Small Shrub
ree Tree A
(sis) (smt) (sap) (sms)

(m

bt) (sbt)

ddh <1 cm

Clip Harvest

protocol

Figure8. dassificatiortree indicating how structue and stem diameter inform thgrowthFormclassification of
woody apparent individualsDashed lines call out points where growth form classification may change after
considering height and specispecific information* Multiple qualifying bolesSeeTable9 for qualifying bole

criteria.

SO
Page30




NSE
.28

ne<n

Operated by Battelle

Title: TOS Protocol and ProcedukéSTg Measurement of Vegetation Structure

Date 03/19/2026

NEON Doc.:#NEON.DOC.00098

Author. C. Meier

RevisionN

Table10. Summary ofequired measurements for each growth form. Note that individuals may change
growthForm from one year to the nexptentially necessitating different measuremenfiom yearto-year(e.g., a

OKIFy3aS FTNRY Wil LBorieyuted cattds (i nMdadurementdy Bes RO[1D).

sy Stem Diameter Height Crown Diameter (AIHTETEL
Form Measurements
9 stemDiameter (DBH)
Liana 1 measurementHeight
(lia)  see Appendix E for 1 Not measured 1 Not measured 1 plantStatus
complex cases
9 vdApexHeight =
. . Maximum height above
Single | 7 stemDiameter (D.BH) observer 1 Maximum diameter| § plantStatus
bole 1 measurementHeight S . .
1 vdBaseHeight = Height | T Perpendicular to 9 canopyPosition
tree 1 SeeTablel3andSOP
from observer to base of | max (Tablel7)
(sbt) E.1for complex cases : -
tree (typically a negative
number)
Measure per individual, not
per bole.
. 1 vdApexHeight = Lo
Multi- 9 stemDiameter (DBH, Maximum height of 1 Per individual, not | | plantStatus (per
per bole) per bole bole)
bole . tallest bole above . . .
9 See Appendix D.2 to 1 Maximum diameter| § canopyPositionger
tree . observer (not per bole) . s
determine correct S 1 Perpendicular to individual,not per
(mbo) measurementHeight T vdBaseHeight = Height bole, Tablel?)
9 from observer to base of | M&* '
tree (typically a negative
number)
] Measureper individual (not
1 stemDiameter (DBH)
i per bole). 1 Per individual, not | { plantStatus (per
1 measurementHeight 11 vdApexHeight (top) and ) p p
tree vdBaseHeight (ground) 1 Maximum diameter| § canopyPositior{per
E.1for complex cases |  Record vdBaseHeight = ( : canopy "t
(smt) . . S 1 Perpendicular to individual, not per
1 Measure multiple boles| if total height is measureg
) i . max bole, Tablel7)
if applicable from the ground with a
collapsible ruler
Measure per individual, not|
1 basalStemDiameter perbole.
(ddh) 1 vdApexHeight = TplantStatus (per
: . : . bole)
Sapling | T measurementHeight Maximum height .
. .. 1 1 Not measured 9 canopyPosition (per
(sap) 1 Measure multiple 1 Record vdBaseHeight = ( S
. . o individual, not per
emergent boles if if total height is measured bole, Table17)
present SOFE.]) from the ground with a '
collapsible ruler
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It Stem Diameter Height Crown Diameter ALY
Form Measurements
1 plantStatus (per
1 basalStemDiameter q gglneg Position (per
(ddh, per qualifying Measure per individual, not canopy b
emergent bole) per bole individual, not per
. 9 stemDiameter (DBH, 1 vdApexHeight = T Per individual, not bole, Table17)
Single . : . per bole 1 shape
shrub only on largest diametel Maximum height 1 Maximum diameter] 1 If shape=icn:
(sis) fork per emergent bole) § Record vdBaseHeight = ( P dicular t Tits gpe—gn.
1 measurementHeight fo if total height is measured T mzrpen icufarto g.z):mise? arg(\;\m
both ddh and DBH from the ground with a X ! '
. ninetyBaseCrown
1 SeeSOFE.1for complex| collapsible ruler .
cases Diameter
1 If shape=elp: height
to crown base
1 basalStemDiameter 1 plantStatus (per
(ddh, per qualifying bole)
emergent stem) Measure per individual, not 9 canopyPosition (per
1 measurementHeight per stem. L individual, not per
Small 9 Measure multiple 9 vdApexHeight = T Esrrt;';?;\”dual’ not bole, Tablel7)
emergent stems if Maximum height . . 9 If shape=icn:
shrub .19 Maximum diameter,
present SOFE.]) 9 Record vdBaseHeight = ( : maxBaseCrown
(sms) . S 9 Perpendicular to :
1 Broken emergent stemy if total height is measured max Diameter, and
Ydzad 068 x d fromthe ground with a ninetyBaseCrown
(or stem length) to collapsible ruler Diameter
qualify for 1 If shape=lp: height
measurement $OFE.]) to crownbase
9 % contribution to
Shrub 1 Five points that best ] total volume (per
. 9 Crown area; graph .
group 9 Not measured represent overall height aper method species)
(sgn) of the group pap 1 % live (per species)
1 % dead (per species
. i 1 plantStatus
Z‘rer:;] Il 2po?:gej dependent; sef 9 Not measured 9 Not measured 1 Species dependent;
' seeSOFE .4
1 Maximum height
9 stemDiameter (DBH) T Iﬁﬂcgiﬁgeﬁfzg ) and
Palm fLF LINBaSyd: P 9 P 1 Maximum diameter| 1 plantStatus
= P N d vdBaseHeight (ground) ) .
tree Ooz2yul Aya f S 7 L9 Perpendicularto | § canopyPosition
\ 9 Record vdBaseHeight = (
(ptr) remarksfield . . max (Tablel?)
1 SeeSOFE.4 if total height is measured
' from the ground with a
collapsible ruler
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Cloil Stem Diameter Height Crown Diameter ACEITTONE]
Form Measurements
1 Maximum height 1 canopyPosition
Small 1 Record vdBaseHeight = { 1 Maximum diameter Py
. o ) (Tablel7)
palm 9 See SOE.4 if total height is measured 1 Perpendicular to . .
(spm) from the ground with a max T Species dependent,
. see SOE.4
collapsible ruler
Large 1 Maximum height
tree 1 stemDiameter (DBH) T Record ngBaseHelght = 1 stemLength .
. if total height is measured § Not measured 9 canopyPosition
fern 9 measurementHeight .
(ith) from the ground with a (Tablel7)
collapsible ruler
1 Maximum height
Small 1 Record vdBaseHeight = ( 1 stemLength
tree fern| 9 See SOE.4 if total height is measured § Not measured 9 canopyPosition
(stf) from the ground with a (Tablel?)
collapsible ruler
1 Maximum height
Yucea 1 Record vdBaseHeight = ( 1 Maximum diameter,
(yuc) 9 Not measured if total height is measured 1 Perpendicular to 1 plantStatus
y from the ground with a max
collapsible ruler
Bear 9 Mean basal diameter of
Grass 9 Not measured 9 Not measured 91 meanLeafLength
tussock
(xer)
Measure per individual, not
per stem.
. 9 Maximum height T m.axBase Crown
Ocotillo . Diameter 1 Basal count of
9 Not measured 1 Record vdBaseHeight = ( .
(oco) . o { ninetyBase Crown | stemNumber
if total height is measurec :
. Diameter
from the ground with a
collapsible ruler
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SOP C  Plot Delineation,Nested SubplotsandRecordingPlot Meta-Data

Overview

This SOP describes implementation of nested subplots to standardize sampling effort across plots and

growth forms, and recording critical plot metita that allows dataisers to accurately scale biomass

estimates to the plot leveHigure9).

Find Create
= sampling —> Plot Meta-Data
location record
No
Assess entire Assess subplots
plot for qualifying for qualifying
growth forms growth forms
| Save tl:ie Qualifying
JCEel growth forms
A present?
+ No Yes—+
Record Nested subplot
targetTaxaPresent size assessment
= No (NOT for sbt, mbt)

Figure9. SOP C workflow diagram for growth form survey, nested subplot assessment, and recording Plot Meta
t £ 20Q | LILIX A S & mé Riagéark sufparts and S NB

data.¢ KS { SN WdzNBt ¢ 2 6 SNJ

SOP C: Selecting Nested Subplot Size and Recording Plot Meta-Data

Sampling
effort reasonable
and meets minimum
requirements?

Propose new
Yes —> nested sub area

to Science

(if applicable)

4

Assess nested sub

form group

Review

size per growth | Total Sampled Area

for accuracy

Select new nested

4

sub size per growth Save the
form group record
No Yes
Previously
measured Proceed to
SOP D

plot?

does not replace protocol text; most common workflow is outlined.

Fulcrum applications used to collect data for

this SOP:

1 VST: Plot MeteData [PROD#&pplication. ColledbiophysicalCriteriadata, targetTaxaPresence
data, andimport growth formspecificnested subplot size daffrom the TOS Spatial Data

Fulcrum app

1 TheVegetation Structure Fulcrum Manuah the SSL contains detailed data entry instructions.

SORC
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C.l1 Spatially Linked Protocols

Plant Diversity

1 Plant Diversity sampling occurs in all Distributed Plots that support Measurement of Vegetation
Structure.

1 Plant Diversity sampling occurs in 3 selected Tower Plots that support Measurement of
Vegetation Structure.

{ Plant Diversity and Vegetation Structure utilimany ofthe same Im? and 10 m? nested
subplots.

1 Mitigate trampling and impadio the vegetation as much as possible when implementing
Vegetation Structure in nested subpldtst also support DIV samplinghiswill ensure that
data are of the highest possible quality from these sampling locations

Leaf Area Index

1 Leaf Area Index sampling occur8ifiower plots that also support Measurement of Vegetation
Structure.

1 Mitigate trampling and impact to the vegetation as much as possible in these pyscially
within 3 meters of the plot centroid

Litterfall and Fine Woody Debris

9 Litterfall collections take place manyTower Plots that support Measurement of Vegetation
Structure.

1 Avoid foot traffic through 3m x 0.5m litter ground traps to prevent damage to qualifying
particles within the ground traps.

C.2 Subplot Dimensions and Guidelines

Saplings, small trees, shrubs, lianas, and many other woody andoody species with DBH < 10 cm
that aresampled via this protocol can attain very high stem densities. A nested subplot approach may
therefore be employed to standardize the sampling effort across plots. Sutapibhested subplosizes
are shown irFigure2. To ensure sampling effort consistency:

1 On a per plot basis, subplot size may be chosen independently for:

0 Small woody individualg: K S & gl + ¥+ sk + sms + groips
0 Lianas
o Ferns

o ! y & (i Wealifing vegetation, includingmallpalmQ¥mall tree feri®yucca, etc.
(seeTablel8F 2 NJ | FdzZA f fA&d0 2F W2UKSNX ljdzZ- f AFeAy3
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1 For all growth forms, the chosen subplot size must be used for the entire fldiplot size
requirements:

(0]

In a 20m x 20m Distributed or Tower PBample a minimum of 20 individuals across

the entire plot(seeBox2).

In a 40m x0m Tower PlotSample a minimum of 20 individu&ts at least one 20m X

20m subyot (seeBox3).TKS 2 1 KSNJ & dzo LI 2 i

requirement

R2Sa yz2i

Subplot and nested subplot details are illustratedrigure2, and compiled below iffablel1. Nested

subplots are numbered in sequence beginning with the SW corner of the subplot SW=1, SE=2, NW=3
NE=4 Figure2).

Tablell. Supported subploand nested subplodimensions that vary with plot size. The decision to nssted
subplots is made on a per plot basis, and allows standardization of sampling effort across plots.

Subplotand Nested
SubplotDimensions
Plot Size (area) Additional Information
The prescribed sampling area when nestedSubplot size =
10 m x 10 m (106 ay2yS{St SOUSRE¢ ®
20mx20m| 5mx5m (25?) Nested subplotsvith these sizes arrot utilizedfor trees with
(400m?) 316mx3.16m(10° |5 | x ,anforpanvirees and large tree ferns with DB
173mx1.73m@BH |x ma OY | yR 2 8nsdeSgivaiials ar§ m
1mx1m (I?) sampledthroughoutthe entire plot.
Two of the four subplotsf this sizeare randomly selected fo
sampling by Science. Lists of random subplots are provide
20 m x 20 m (4069 the FulcrumlrOS Spatial Datpp.
This is the prescribed sampling area when nestedSubplot
' ay2yS{5f S005RE ®
40 m x 40 m| 10 m x 10 m (106v) Smaller nested subplots are established within the two
(1600m?) 7.07m x 7.07 m (50§ | randomly selected 20 m x 20 subplots. Each nested subpld
5mx5m (257) is anchored to a preletermined corners shown irFigure2.
A1 A1 160
i 72 2 i i 72 2 E3ﬁ%1) Nested subplotsvith these sizes arpot utilizedfor trees with
: : 5. 1 x anforpadviEes and large tree ferns with DB
x Mn OY FyR aGSY[Sy3aiK B wm
1mx1m (In?) sampledthroughout the selected subplots.
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Box2. Guidelines for selecting nested subplot size in a 20 m x 20 m base plot with heterogeneously distribute|
vegetation.

In this scenario, we consider whetheestedsubplots might be appropriate fa@amplingsmall tree,
sapling, shrub, small shruand groupghat are heterogenously distributed throughout the plot (Figure
below). Remember thatestedsubplots are not employed fdrees, palm trees, and tree fermgth DBH
¥ Mn OY® Ly (GKA& LI 2032 assdCistedByithltheBnallergrowth JodnsNided
above and 2 shrub groups, for a total of 44 (each shrub group is counted as n=1). We are required
measure a minimum of n=20 per plot, assuming there are at least that many present, so in this cas
should explore whether use okstedsubplots can reduce the sampling effort while maintaining a
alYLX S aAil S 2F y x wnd 2SS aasSaa GKS ydzyo SN
subplot size, working upwards from the smallest subplot size to the largest:

1 1 n? 2 apparent individuals sampléd insufficient sample size

1 3m? 5 apparent individuals sampléd insufficient sample size

9 10 n?: 12 apparent individuals sampléd insufficient sample size

1 25 n?: 28 apparent individuals sampléd sufficient sampling effort, use 25%subplots
throughout the entire plot.

20 meters :

@ GPS and markers
1 m” nested subplot

3 m? nested subplot

10 m? nested subplot

25 m? nested subplot

-%1 100 | -32 100 | *-%
.- . e o° ® Apparent individual
[ 1 . . .2. [ ] P
*—--° - ol s G Group

A 20 m x 20 m plot with heterogenously distributed vegetation. Grey numbers indibatet subplot IDs, and
black italic numbers indicate nestedrners used to constru¢Ds forsmallernestedsubplots (seeFigure?2).
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Box3. Guidelines for selecting nested subplot size in a 40 m x 40 m base plot with heterogeneously distributg
vegetation.

As in Box 2we consider whether nested subplatan be usedor samplingsmaller woodyindividuals
that are heterogeneously distributed throughout the plot. Here, assume subplot4@Band 41 400are
prescribed for sampling, so we do not consider subplotsA®0and 39 400further. An initial survey of
the plot indicates that qualifying individuals are relatively dense in subplo#@3(n=81, including 2
groups), and are less dense in subplot 400(n=25, including 1 groupfompared to Scenario ihe key
distinctionis that we areonlyNB lj dzA NB R 2 &I Y it ableagt ong ofihe twdGORA @
adzo L) 2Ga NIyR2Yfte& aStSOGSR F2NJ al YL Ay3IT (KS
requirement Because stem density in subplot Z®0is high, we begin by assessing whether there is
YSaGSR adzo L) 2G aAl S {Kforsubglok 238003 A @S dza Yy X HJ
1 n¥: 1 apparent individual sampled insufficient sample size

3m? 2 apparent individuals sampléd insufficient sample size

10 n?: 5 apparent individuals sampléd insufficient sample size

25 n?: 12 apparent individuals sampléd insufficient sample size

50 n?: 20 apparent individuals sampléd sufficient sampling efforé Yy xusei50 thnested
subplots throughout the entire plot.

9 100 n¥: 45 apparent individuals samplé&d do not use, minimum sample size already met

= =4 —a —a -

Using thes0 n? nested subplot for both of the two randomly selected subplots, our sampling effort Iq
like this:
9 subplot 23 400 n=20
9 subplot 41 400 n=6. We must alssamplethe portion of the group that overlaphe nested
subplotin corner4.

***Note : If subplot = 23400had NOT been randomly selected, the selected nested subplot size would be
different for this example plot.
40 meters

20 meters

.J Q@ L.?

e a . - ¢ GPS and markers
.3 . 4 1 m? nested subplot
. .
39400 ¢ 3 m” nested subplot
. L] . .

. 10 m? nested subplot
.

. . 2
. . . 25 m* nested subplot

. = . .' .
> LI R 50 m® nested subplot
(@} L 2 PT— . ® 2
D L 100 m* nested subplot
. * 9 * e .

P 3 @®  Apparent individual
L] . '. .q . G
- R b 4 .
21_400 (} 23_400 . c
=] . . L- - .
. . s
? ’ o el ¥ .
. L] . . L L] C
. " . .
ol : A
o (4

A 40 m x 40 m plot with heterogeneously distributed vegetation. Grey numbers indiatat subplotiDs, and
black italic numbers indicate nestedrners usedhat anchorsmallernestedsubplots(seeFigure?2).

Group
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C.3 Plot Delineation andRecording Plot MeteData
1 Data collected as part of this SOP are recorded iVth&: Plot MeteData [PRODpplication.

 /2yadzZ 0 GKS Wal ydzf F2NJ Cdzf ONHzY KLAX ADhiida@y¥2H
data entry details (RD[14]).

TheVST: Plot Metdata [PROD4pplication communicates an accurate, detailed per plot per year
report of growthForm presence / absen@dthe total area samplefbr growth formsis clearly
documentedin the data for eneusers These data are critical for scaling purposes., calculation of
biomass or productivity per unit area

Procedure steps:

1. Create arecord in th¥ST: Plot Metdata [PRODjpplication. Enter required information:
a. sitelD

b. yearBoutBeganfor bouts that span > 1 calendar year, ALL records should be assigned
the year in which the bout began.

c. eventType choices correspond to the types of plots scheduled for sampling for the
year, as shown ifiable4. Select from:

i. allTowerPlots all Tower Plots are scheduled for the bout, and NO Distributed Plots
are scheduled.

ii. towerSubset select when a subset of Tower Plots is scheduled on an annual basis
and NO Distributed Plots are schedulédso applicable when dendrometer banded
trees are measured in additional Tower plots but not all Tower plots are sampled.

iii. distributedAndTowerSubsetDistributed Plots are scheduled AND the subset of
Tower Plots measured annually are scheduled. Also applicable when dendrometer
banded trees are measured in additional Tower plots but not all Tower plots are
sampled.

DSNY and LAJA sites: Tower plots theoretically could support VST at a future date.

When Distributed Plots are scheduled, select this option for Tower plots sampled
Fyydz- £t tex ONBFGS NBO2NRa F2NJ 6KSaS ¢24SNJ
(see bedw).

iv. distributedOnly; only Distributed Plots are scheduled, and no Tower plots are
scheduled (only applicable to D13 MOAB, D14 JORN and SRER, and D15 ONAQ).

d. plotiD

i. Ifworking in a site with both 20m x 20m and 40m x 40m Tower Plots, implement the
+S3ASOFGA2Y {GNHzOGdzZNB LINRG202f Ay GUKS HnY
Plots
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ii. Ifworking in a site with all Tower Plots = 40m x 40m, the app will display
randomSubplotAandrandomsubplotBsubplotiDs that have been selected for
sampling.

e. date; for plots sampled only once in eaekientID, record the date that sampling begins.

i. nonwoodyCollectDatefor plotsthat support earlyseason sampling of newoodies
(e.g., cacti, ferns), and woody individuals are sampled later, record thevoody
sampling date here. Record the date woody sampling begins idatefield.

f. Sampling Impracticalpopulate if it is not possible to collect VST data from the plot for
the current bout Table7).

g. biophysicalCriteriause this field to document the biophysical sampling conditions
GKSY al YL Ay3d 200dz2NB YR {FYLX AYy3 LYLNNI OlGAC

i. WKcnoknownexception® ORSTlFdzA GOT GKS LX2d Aa aly
specified sampling window under typical conditions.

i. Yhoa OKSRdzZtf S OKI y 3S ;sadpling Geauyfedl buiskd@tiea Y S G Q
scheduled sampling window but conditions otherwise met (e.g., plot sampled
later than scheduled but leadut has not yet occurred).

ii. YWaOKSRdzZicO2 PRI ¥ B 8 ysampying dcculed duiside the
prescribed sampling window and conditions not met (e.g., plot sampled later
than scheduled and leafut has begun).

iv. WL 2 0 R A samplzigDbdowyr€d At there is evidence the plot was
disturbed after the prior sampling event. Note specifics inrdmarks(e.g., plot
was burned or flooded), and verify thatSite Management and Disturbance
record has been created.

h. dataCollectedindicates which data are collected in the plot for the current bout. The
selected choice controls wheth&lested Subplot Sampling Araalues are used to
calculate aotalSampledAredor the plot (e.g.totalSampledAreds not reported when
only dendrometer banded trees are measured).

i. allGrowthForms select when all growth forms that exist in the plot are sampled
for the current bout.

ii. dendrometerOnly select if only trees fitted with dendrometer bands are
sampled within the plot for the current bout. Combined wéhentType this
selection allows endisers to find data needed for annual productivity
calculation at slowgrowth increment sites.

ii. partial; scheduled sampling was partially complet&dibmit an Incident to use
W LJ- Nibis\optiorQs not available in the mobile ingest application
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a) Exampleln a 40m x 40m Tower plot, sampling of one subplot was
completed but sampling of the second subplot is incomplete.

b) ExampleSampling for some growth forms was completed (e.g., trees)
but sampling for other growth forms is incomplete (e.g., shrubs,
saplings).

i. samplingProtocolVersiorthe version of the Vegetation Structure protocol used.

2. Delineate the plot or subplot. Use existing plot markers, meter tapes, and chaining pins to
carefully delineate the plot / subplot boundaries.

a. lItis not necessary to pay attention to whether the plot is sloped or Tlad: tape is used
2yfe (2 KStLI RSGUSNN¥AYS G6KAOK aidiSya INB WAYC
b. LYRAQGARdzZ ta INBE 2yfté& YSIFI&aAdZNBR ¢gKSYy x pr:r 27
multi-stemmed individual) are rooted within the measurement area.

c. Refer to the Plot Establishment Protocol (RD[08]) for a review of tape wrapping
techniques that can be used to delineate subplots.

3. Assess the entire plot or the entirety of the assigned random subplorésence/absencef
woody and noAvoody growth forms (as defined rable9 and Table18). Per plot
presence/absence data recorded here indicate when downstream measurements are expected.

a. Presence/absence data are not required whiataCollected WRSYRNRBYSGSNhyf &
b. If all growth forms are absent from the entire plot or both randomly selected subplots:

i. SelectargetTaxaPresenf Wb 2 @STABJot Niek@&taW LINSE & Sy OS! 6aSy O
section.

i. AlsoselectargetTaxaPresenf Wb2Q AF | 3INRGUEK F2NN¥ A&
scheduled for sampling, but cover requirements are not met (e.g., a Distributed
plot dominated by graminoids has a few saplings and sapling cover does not
meet requirements for measurement).

iii. Save the record and proceed to the next plot.

c. If any woody or noswoody growth forms, as defined ifable9 and Table18,are
present in the plot or in the assigned random subplots and sampling requirements are
met for at least one growth form:

i. SelectargetTaxaPresenf W, S a/QT: Rlof MeiBaBWLINS 4 Sy O0S! 6aSy O
section.

d. IftargetTaxaPresenf W, S&aQY
i. Consider each of the following growth forms or groups of growth forms:

a) Trees (sbt, mbt)
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b) Shrubs, Saplings, and Small Trees (includes sum of sis + sms + smt + sap
+ shrub groups)

c) Lianas

d) Ferns

e) Otherc cacti

f) Otherg palm (sum of ptr + spm)

g) Otherc tree fern (sum of Itf + stf)

h) Otherc¢ yucca(sum of agave + yucca)
i) Otherc ocotillo

j) Otherc¢ Xerophyllum (Bear Grass)

ii. Foreach of the growth forms or group of growth forms listed above, assess
presence/absence according to the following options:

a) present¢ sampled select if growth form is present and sampling
criteria are met. Downstream records for a growth form exist.

b) presentc criteria not met(ferns only); ferns are present and sampling
criteria are not met (e.g., due ®ventType cover criteria, fern frond
length requirements). Downstream fern records do not exist.

c) not present select if growth form is absent from the plot. Downstream
records for a growth form do not exist.

4, C2NJ 6KS W{KNMHzax {lLXAy3aaz IyR {YIff ¢NBESaQ 3aAN
growth forms present in the plot, determine separately whether nested subplots may be
employed to constrain the sampling effort (SOR.b S@SNJ dza S y Sa i SRY @ LI 2 (-
WLIG NI growzhNormigt G F Q

a. Not required wherdataCollected WRSYRNBYSGSNhyfe&Qo

b. For a plot that HAS been sampled previously: Nested subplot area values are
automatically populated from the previous bolitsingthe same nested subploarea
each yearensuresthat repeat measurements are made on tagged stems.

i. Survey for recruitment of newly qualifying individuafssignificantand
persistent changes in stem density have occurred over time, due to succession,
seltthinning, natural disturbance, or management activities, submit an Incident
to discuss with Science whether a change in nested subplot area is warranted.

c. Fora plot that has NOT been measured previously: Assess vegetation density and select
an optimal nested subplot area (SGR). Submit an Incident to document the selected
nested subplot area in thEOS Spatial Dafaulcrum application.
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5. Delineate nested subplots for each growth form present in the plot that qualifies for nested

subplots.Use tapes fosmallernested subplotsnstead of the laser rangefindewhen using the
rangefinderto mark cornerdor larger nested subplotsise inWK 2 NA T 2 y (i | tmodekoa i I y OS¢
account for slope.

a. Nested subplots araot usedwhendataCollected WRSYRNBYSGSNhyf & Qo

A % 4 A x

b. ' 45 Wy2yS{StSOGSRQ AT y2i( daAy3I ySaidSR &dwol

|
density.

A 2 4 A x

Review autecalculatedT otal SampledAreavalues to ensure a match between what is recorded
and what was sampled in the field.

a. If necessary: Submit an Incident to discuss upddtiegted Subplot Sampling Ard¢a
match the actual sampling effort.

b. If nested subplot area is updated in th®S Spatial Dafaulcrum appthe plotiD must
be re-selected in the/ST: Plot Met®atarecord to propagate the changes.

Save the record.

Finalize the record only after QC is complete for all growthFoFimsFulcrum record LOAD
{¢r ¢! { Attt OKIFy3aS FTNBY a{YLté (G2 abhb9é¢ HKSYy

SORC
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SOP D Mapping and Tagging Apparent Individuals

Overview

This section describes the tagging procedure for woody anewady perennialndividuals and
providesthe offset mapping procedure for individudlsat additionally qualify for mapping

1 SeeTablel2for mapping and tagging requirements by growth form.

SOP D: Tagging and Mapping Apparent Individuals

form (SOP B)

Tagging
criteria met?

Yes

sbt, mbt,
ptr, or Itf
anywhere in
the plot?

Select Create Yes—— i Select plot marker
—»  untagged —» Map & Tag Growth for offset mapping
plant record form is sbt, (pointIDs in Fig 2)
mbt, ptr, or #
ltf?

M Map the individual
ap the individual:
Attrzigrt;g' No Record the pointID,

Stem Data No stemDistance,

) stemAzimuth

Assign growth

Yes

Collect sample,

<€—Yes

Collect
for voucher
or genetic
archive?

No

(Table 12) record additional ¢
required info
3 Save the
record

Figure10. SOP D workflow diagram ftagging and mapping apparent individuaBiagram supports and does not
replace protocol text; most common workflow is outlined.

Fulcrum applications used to collect data for this SOP:

1 VSTMapping and TaggingPRODRpplication. Collectiata that are invariant through time,
includingtaxonlID, tagID, and geolocation datevhen required(pointlD, stemAzimuth

stemDistancg.

T LT aGNHzOGdzNB YSI adz2NBYSyda NS YFERS d GKS

collected, record structure data in théST: Apparent Individuals [PRO&jplication SOP E

1 TheVegetation Structure Fulcrum Manuah the SSL contains detailed data entry instructions.

SO
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This SOP is implemented every time the Vegetation Structure protocol is implemented to account for
recruitment of new qualifying individuals.

9 The procedure described here applies to apparent individuals(oely not Shrub Groupsr
Fern Groupps

T {G4SYya Ydzaad 0SS x pmxk: NR2GSR Ay (GKS LX2G G2 0SS O
monitoring.

1 Dead individuals are tagged and mapped if they are leaning < 45° from vetivedverthis
criterion does not apply to decumbent growth forms.

9 The mapping proceduris completed for:

0 Trees(WbtandW Y §, faln treexd W LENNEXge tree fern8ifQ Al individualsof
these growthforms are mappedhroughout the plot.

o If no trees palm trees, or large tree ferr@e present in the entire plotamaller woody
and nonwoody growth formsare mapped mtQWIRYMODYEpmQStfQ. If nested
subplots are used, magmaller woody and nomwoody growth formsonly within
subplots.

1 AssignedaglDsmust be unique across both the Vegetation Structure and Plant Phenology
protocolsc i.e., Vegetation Structure taghould not overlap with Plant Phenology tags that are
in the 60018000 series

0 To avoid any chance of creating duplicate Vegetation Structure tags, a single series of
tags should be used for all sites within a domain.

MAPPING TOOLS

1 The steps below assume the use of a laser rangefifader RD[09] for detailed rangefinder
instructions) However, a meter tape andleclinationcorrected compass may be used on slopes
< 20% if the tape is not prevented from being stretched straight by understory vegetation.

1 A declinationcorrected compass is helpful to check agreement with the rangefinder and ensure
the rangefinder unit is calibrated.

9 Training is required to properly set declination and accurately use a compass.

SO
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D.1 Requirements foragging andlapping by Growth Form

Taggingand mapping requirementsary with vegetation type andre broadlyguided bytwo principles:

1) Tags are used when an individual is likely to generate longitudinal data (i.e., persist from bout
to-bout), and
2) Individuals are mapped when they arisible to AOP remote sensing instruments.

However, due to logistical constraints, mapping efforts within a given ecosystem are targeted toward
those individuals in an ecosystem with the greatest biomass AND that are visible to remote sensing
instruments. The following are examples of how thisteigg is executed in three common ecosystem

types:

1 Closed canopy foresErees palm trees, and large tree ferase mappedall $¥btQ4hbtQPtrQ
and Y Small trees, saplings, shrubmall tree fernsetc. in the understory are not mapped.

1 Rangeland shrub, Pinyon / Juniper, Scrub Oak,-shairire woodlandsin these systems, it is
possible for shrubs likArtemisia tridentateor Prosopis sppmesquite) to make up the
overstory in plots that lack trees. Here, these smaller stagroevth formsARE mapped.

9 Earlysuccessional forest andwsannah ecosystem$hese systems are a mixture of the previous
two examples; trees form the overstory in some parts of the plot, smdllergrowth forms
(e.g.,shrubs herbaceous plan}sF 2 NY (G KS a2SNEG2NEB¢ Ay 20§KSNI LI I
onlytrees WhtQ4¥hbtQtrQand4tf Qare considered the overstory in savandite plots
because these larger individuals comprise the majority of the plot biomass. Even thimadjar
growth formsmay be visible to remotsensing instruments throughout much of the plot, these
individuals are NOT mapped if there d@ireesin any part of the plot prescribed for
measurement.

Mapping and tagging requirements also vary by growth form:
1 Apparent Individuats
0 May be mapped as point§&yowth form specific mapping and tagging requirements are
provided inTablel12 (below).SeeTablel13for guidancewith complex individuals not
covered inTablel12.

0 Are tagged with a unique aluminum ID tag for repeat measurements.

0 Mapping and tagging data are recorded in M8T: Mapping and Tagging [PROD]
application.

0 Wh { K S-ndody yhdiduals are measured liwody Apparentindividuals butare
typically not mapped and tagged (except fargestature cactismall palmsand small
tree ferns in some Domaihs
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1 GroupsThe locations oGroups(shrub, liana, etcare mapped relative to the plot with
polygons and graph paper (SBB), and location data are NOT entered into the NEON
database. Individual stems within the group are not tagged.

Table12. Summary ofagging andnapping requirements by growth fornror cactus, see the companid®S
Protocol and Procedur€actusBiomass and HandlingRDL1]).

Stem Diameter " .
Cleil Map Measurement Tag Type, Location, and Method AL TR Rl
Form . Data
Location
Sinale Record 1 Unique #
9 stemDistanceand | § 130 cm along bole | § 10 cm above stemDiameter
bole . . 1 taxonID
tree stemAzimuth 9 SeeSOFE.1for measurement locatiorfpreferred) 1idQ
(sbt) relative topointID complex cases or per site host requirements
(plot marker) 1 Aluminum nail
1 Unique # on largedive stem (e.qg.,
Record T 1‘3;%?:"%2?68 it 01234) tag most stable dead bole
Multi- | stemDistanceand qith interiection if all boles dead
bole | stemAzimuthof P 1! 5.5/ X 2y | RRAG|TtaxonD
. occurs below 30 cm .
tree largestintact bole U stems (e.g.01234A) 1idQ
: . 1 SeeSOFE.1if pith .
(mbt) relative topointID . T 9 10 cm above stemDiameter
intersection is >30 .
(plot marker) measurement location
cm along stem . )
T Aluminum nail
9 Unique #
Record 1130 em along 1 10 cm above stemDiameter
. qualifying boles : 1 taxonID
Small stemDistanceand . measurement location OR a .
; 1 SeeSOFE.1if . . . 1idQ
tree stemAzimuth . . consistent, visible location !
. . multi-bole and pith : . 1 subplotlD (if
(smt) relative topointlD . ) 9 Loose aluminum wire .
. . intersection >30 cm . . applicable)
if no overstory along stem 9 If multi-bole, Temp ID assigned to
qualifying bolesSOP E
T Umqu_e # - . 9 taxonID
. 1 Consistent, visible location .
Sapling . : 1idQ
Not mapped 9 10 cm along stem | § Loose aluminum wire .
(sap) . . 9 subplotID(if
9 If multi-bole, Temp ID assigned to applicable)
qualifying bolesSOP E bp
1 Unique # on largest live emergent
stem (primary)
For each qualifying | § No tag on additional qualifying
Record emergent bole: stems.
_ stemDistanceand 1 1.0 cm a}long stem | q M_ark secondary qualifying stems 1 taxonID
Single . (if possible), AND with lumber crayon .
stemAzimuthof . 1 idQ
shrub 1 130 cm along stem| 1 10 cm above stemDiameter .
. shrub center . : ; 1 subplotiD (if
(sis) . . on largest diameter| measurement location (nail) OR .
relative topointID : applicable)
if no overstory* fork nearground level (wire)
1 SeeSOFE.1for 1 Aluminum nail or loose wire as
complex cases. appropriate
1 If multi-bole, Temp ID assigned to
qualifyingboles(SOP E
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Stem Diameter " .
GFrg\ant]h Map Measurement Tag Type, Location, and Method Add|t|orl13aa|1t2equned
Location
Record .
stemDistanceand 1 Unque # . : 1 taxonID
Small . 1 Consistent, visible location .
stemAzimuthof 9 10 cm along each . : 1idQ
shrub h . 9 Loose aluminum wire .
(sms) shrub center qualifying stem 1 If multi-bole, Temp ID assigned to 1 subplotiD (if
relative topointID . ' P 9 applicable)
if no overstory* qualifying bolesROP E
ireiﬁgdpsss(rj to 9 Tagging not required, but may be
Shrub calculate area tagged for internal tracking 1 subplotiD (if
group ) . 1 Not applicable purposes P
only; location not . . . applicable)
(sgn) recorded in NEON 9 Unique ID assigned per bout if not
database tagged
1 Unique #
1 10 cm above stemDiameter
measurement locationor above 9 Supporting stem
Not mapped, but the rooting point most proximal to| taglD
Liana supporting stem E éizscgpzli?grStem the ascending stem 1 taxonID
(lia) taglD is recorded ' 9 Loose aluminum wire 1idQ
. complex cases S .
when applicable 9 One tag per apparent individual, | { subplotiD (if
regardless of branching applicable)
9 If multi-stem, Temp ID assigned tg
qualifying stems3OP E
1 Not tagged 1 taxonID
Ferns | Not mappedor 1 Species dependent|  Temp ID assigned VST: Apparent| 1 idQ
(frn) tagged seeSOFE.4 Individualsappduring data 1 subplotiD (if
collection SOP E applicable)
Record T Unique # .
. 1 10 cm above stemDiameter
Palm stemDistanceand . .
tree stemAzimuth 1 130 cm along stem measurement location (nail) OR |  taxonID
. . g ground level (wire) 1idQ
(ptr) relative topointID . X .
(plot marker) 9 Aluminum nail or loose wire as
appropriate
9 Unique #
small thZTT?[r)?stanceand 1 10 cm above stemDiameter 1 taxonID
alm stemAzimuth 1 Species dependent| measurement location (nail) OR | § idQ
P : : see SOE.4 round level (wire { subplotiD (if
(spm) relative topointID 9 (wire) .
if no overstory* {1 Aluminum nail or loose wire as applicable)
appropriate
1 Unique #
Large Reco“?' 9 10 cm above stemDiameter
stemDistanceand . .
tree stemAzimuth 11 130 cm along stem measurement location (nail) OR | 1 taxonID
fern : : g round level (wire) idQ
it relative topointID g
(Itf) (plot marker) 9 Aluminum nail or loose wire as
appropriate
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Stem Diameter " .
Growth Map Measurement Tag Type, Location, and Method Additional Required
Form . Data
Location
Record f stemLength> 130 | T Unique #
Small ecord cm: 130 cnalong | 1 10 cm above stemDiameter 1 taxonID
stemDistanceand . . .
tree stemAzimuth stem measurement location (nail) OR | 1 idQ
fern relative topointiD | 1 StemLength< 130 ground level (wire) 1 subplotID (if
tf) : P cm: 10 cnalong i i i licabl
(S if no overstory* 9 Aluminum nail or loose wire as applica e)
stem appropriate
Not required but . . { taxonID
may be mapped 9 Tagging notequired butmay be .
Yucca . 1idQ
(yuc) to enable repeat |  Not applicable taggedto enable repeat 1 subplotiD (if
measurements if measurements if desired. :
desired. applicable)

F C2NJ YI LAYy 3

D.2

YR

Exceptions to Standard Mapping and Tagging Guidelines

GF33Ay3s W2 JS NEtiee NE VY RAtrQOF ISR

There are numerous instances in which the generalized guidelines provided atialgléi? are
insufficient when it comes to deciding on an appropriateasurementHeightaind tagging location.
Guidance for determining thmeasurementHeightind tag location for@amplex and norstandard
individualsis summarized imMable13 and illustrated in detail ISOFE.1 Sitespecific modifications are
described iMAppendix D

Note: The the tagging location should never be the same asitbasurementHeight

Table13. Measurement location and tagging guidelines for complex woody stems not covefablail 2.

Measurement location and tagging guidelines foomplex woodystems

Stem/Site Characteristics

measuremen

tHeight and tag location

terrain

Growing on sloped or uneven

Measure stem diameter 130 cm from uphill side, tag 10 cm above
measurementHeight.

Thickened base

Measure stem diameter 50 cm above the point whtre bole becomes
WNXE 3 dzf ITheRBeldcteihehsyirémentHeighinust be samplableand
generate highguality data for a technician of average height.

Leaning or twisted stems

Measure stemDiameter 130 cm along the underside of the stem; diameter
measurement is perpendicular to the direction of stem growth, not parallel {
ground. Tag 10 cm above measurementHeight.

SO
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Measurement location and tagging guidelines foomplex woodystems

Stem/Site Characteristics measurementHeight and tag location

Stems with anomalies at 130cm| a St adzNB | 62@3S (KS Fy2Ylfé gKSNB a
(e.g., bulge, node/branch, or above measurementHeight. When damage is a major feature of the stem,
minor, localized damage). not move the measurementHeight and tag locatidine selected
measurementHeightnust be samplable and generate highuality data for a
technician of average height.

Deep litter/duff layer heaped The measurementHeight and tagging location are determined from ground
around bole base level, not the top of the duff layer.

TC2NJ ONBIF| LRAYyGa x mon OY KSAIKID
tagging guidelines.

Singleboleindividual is broken 1 Live or dead broken boles < 130 cm heigbtionger qualify for tagging and
measurement.

9 For a single broken bole < 130 cm height (live or dead) with resprol¢s:
broken bole does not qualify for measuremefihe largestive resproutis
tagged, andall resprouts are collectively considered a4 y 3f S Wa
individual and measured accordingyQP E

(applicablel 2 W& o @n@ =
Y &, with Or without re-sproutg

f1C2NJ 6 NBI 1 LJ2 A yadh gualiyingvolesfollovw'stakdard 3 K
measurementHeight and tagging guidelines.

Multi-bole individual is broken 1 Location of measurementHeight and tag depends on whereqgith

. L, secondary bole(s) intersects with pith of main bole. See SQP

OF LILJX AOF ot Sand2 | q |jve ordead broken boles must be > 130 cm length to qualify for

W&, Jvith Qr withoutre-sproutg YSIAdNBYSyid o6FyR F2NI Iy WYodQ ¥2

1 Live or deadroken boles < 130 cimeight(or stem lengthno longer qualify
for tagging and measurement. Focus on remaining qualifying boles

1 For a singlestemindividual:Follow standard measurementHeight and
GFr33Ay3 IdzZA RSt Ay Sa A T Broke®sies/< 3@dmS
length no longer qualify fomeasurement (whether live or dead).

9 For a multistem individual with one or more brokestems: Tag the largest,
live qualifying stemBroken stems < 30 cm length no longer qualify for
measurement (whether live or dead).

val LIQ 2N wayvyaaQ

Downed live, with vertically Measurement and tagging strategy depends on whether the pith of the
growing resprouts downed bole is above or below the forest flo&eeSOFE.1

TC2NJ a0l yRAY JenghSiollRv standard measOr¥mentHeight
Standing dead and tagging guidelines.
1 When broken boles are preserfollow broken bole guidance above.

9 If lean is < 45° off vertical, measure and tag same as standing dead

fTLF¥ €SIy A& x npcX AJy2NB aidSy:s ¢
(except in the case of decumbent growth forms such as manzanita spec
individuals leaning toward available light, 8tc.

Leaning dead
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Measurement location and tagging guidelines foomplex woodystems

Stem/Site Characteristics measurementHeight and tag location

Do not change measurement strategy. Do not need to search for fallen, tag

Plot burned since previous bout | . . .
individuals for remeasurement.

D.3 Procedure for Mapping and Tagging

Procedure steps:

1. Choose a plot marker with higlesolution GPS coordinates that can be used for offset mapping.
a. Only pointIDs shown in red iRigure2 may be used for offset mapping.

b. Avoid using pointID = 41 unless absolutely necessary. Mapping from this pointID leads to
trampling of subplots used faamplingsmaller growth forms.

2. Mount the laser rangefinder on the nemagnetic tripod and position the body of the
rangefinder directly over the selected plot marker.

a. Use of a tripod ensures the rangefinder is centered over the plot marker.-Raldthg
the rangefinder may result in swinging the unit from stdeside, introducing errors in
azimuth (primarily) and distance (secondarily).

b. Care should be taken to avoid placing tripod legs within nested subplots.

c. A cutlength of PVC post may be used as an alternative if -snagmetic tripod is
unavailable.

3. For each individual that requires a tag, create a record irMB8&: Mapping and Taggiagp.
SeeTablel2for tagging criteria. Enter the following:

a. CF@nly Tagstatus;a St SOG W, SaQ AF (GKS AYRAGARdzZ f Aa
Sampling and is not otherwise measured for Vegetation Structure.

b. domainiDandsitelD; these fields narrow the list of plotiDs.

c. plotiD; the list of available plotIDs is populated by records created iV®Bi€: Plot Meta
Dataapp. Create Plot Met®ata records prior to Mapping and Tagging records.

d. yearBoutBegaranddate; typically the former is part of the latteHowever, the two
may be different if the bout began in a previous year and continued over the Dgo 31
Jan 'transition.

e. samplingProtocolVersionthe version of the Vegetation Structure protocol used to
guide sampling.

f. recordType select from the following:
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i. Map and Tagindividual is both mapped and tagged.
ii. Tag Onlyindividual is tagged and not mapped.
iii. Band individual is mapped, tagged, and dendrometer band is installed.

iv. Temporary individual that is measured but not tagged. Applies to approved
domains onlyseeAppendix [y consult with Science if potentially applicable to
your siteq i.e.,chronic loss of tagged individuals before next measurement
bout.

4. Determine themeasurementHeighusingTablel2, Tablel3, andfigures in SOE.1 Attach a
pre-numbered aluminum tag according to guideline§ able12; this number is théagID.

a. Whenmulti-bole apparent individuals are in close proximity and emergent boles from
one apparent individual intermingle with another, it is best to treat each qualifying
emergent bole/stem as an individual.

b. Mark themeasurementHeighbn the qualifying stem(s) using lumber crayon or
equivalent.

i. For stemDiametemeasurementthe maximum allowed measuremeheight is
200 cm (all sites but PUUM) 500 cm (PUUM only).

ii. For basalStemDiameter measurement, the maximum allowed loesaleter
measurement height is 100 cm.

c. TIP:ltis helpful to mark trees you have just tagged, mapped, and/or measured to track
. work progress. The lumber crayon marking suffice for tracking purposes, or a small
@ length of flagging may be affixed to track work progress. All temporary flagging must be
removed once data have been collected from all trees within a given subplot.

5. Record require®Gtem Datdor the individual:

a. fixedSubplotID; select the subplot that is invariant through time (i.e., the individual will
always be rooted in this subplotID regardless of future stem density changes). Helps to
relocate individuals in subsequent bouts.

i. Example 31_100 (Distributegsmall Tower plot)or 21_400 (large Tower plot)
arefixedSubplotlDs

b. nestedSubplotCornerselect if sampling occurs within a nested subplot that is anchored
to a corner of a fixedSubplot (s€é&gure2). Helps to relocate individuals in subsequent
02dzi&aT YIFe& 68 fSFG b![[ F2NI Ylye GNBSa 6wao
subplot.

c. taglD, the numeric identifier for the individual. Should be unique within a domain.

d. supportingStemTaglPrequired for the lianafaQ growth form only.
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e. previouslyTaggedAsnter the previous, incorrect identifier if an individual was
previously tagged in the field and associated with an incorrect tagID value in the
database.

i. The correct tagID value is recorded in thglDfield.

f. otherTaglDrecord any taglD assigned to the individual by a research group other than
NEON (e.g., ForestGEO).

g. otherTagOrgif a nonNEON taglD is present, enter the research organization that
applied the tag. Leave blank if not known.

h. taxonlID; select from the NEON master list of USDA plant species codes for species
present within the domain. Identify to the greatest taxonomic resolution possible.

i. Record the USDA plants code rather than the scientific name.

ii. IftaxonIDis unknownand the stem is alive, assigh a morphospecies ID as
indicated in steps below, obtain leaf, bark, and/or reproductive part samples
(e.g., cones, nuts), and bring back to the lab to identify.

ii. WhenstemplantStatus =2 ¢ standing dea@br Q0¢cR S| RX ,@afNBnltdS y Q
species if possible. If the species cannot be determined, assign to genus, family,
unknown hardwood or unknown softwood, in that order of preference.

i. identificationQualifier; select the appropriate qualifier when identification below a
given taxonomic rank (e.g., family or genus) cannot be nfadblel14).

i. 'y ARSYUAFTAOFGAZ2Y ljdzad t ATASNI Oy 6S dzaSR
d0ASY (A TA O ingidatgsSorly ohekuBknowa dpkeis is involved; the
W a Lisididates multiple unknown species in the same genus.

ii. If the genus of a specimen is obvious, and the specimen is one of up to 3

species, assign the specimen to the best matched species, and then assign
WARSYUGAFAOIGA2YyvdzZl ft ATASNIT /{Qo®

iii. When a genusor family-level code is selected, an identification qualifier is not
needed, unless for example, the genus is uncertain.

Exampleif you recordaxoniD =¥ L b ! { QX R2dQb h YONBOANB OA S & ¢
already clear that you do not know the spedeausea Genudevel code was
reported intaxonlID.
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Tablel14. Taxon identificationQualifer (idQ) codes. Leave this field blank if the person making the
identification is confident in the species ID.

idQ

code | identificationQualifier | Description

CS cf. species RdAKf & Sljdz- fa odzi ayz2i
AS aff. species a imilar to, but is no€ the species

CG cf. genus RdAKf & Sldzfa odzi ayzi
AG aff. genus a nilar to, but is not the genus

CF cf. family RdAKt & Sljdz- ta odzi ayz2i
AF aff. family a imilar to, but is not the family

cVv cf. variety RdAKt & Sljdz ta odzi ayz2i
AV aff. variety a inilar to, but is nof the variety

6. Map the individual if it qualifies for mapping (s€able12). Skip this step if the individual is only
tagged.See RD[09] for rangefinder operation instructions.

a. Make surerecordTypel Wal LJ | YR ¢ | ¥SI: Mapding’antl Tagyidg Ay (G KS
[PROD&pp.

b. Record thepointlD; this is the plot marker number over which the laser rangefinder is
positioned.Only pointlDs identified ifFigure2 may be used for mappingRefer to
Appendix Hf plot markers are not numbered.

c. Recordthe stemDistancenearest 0.1 m. This is the horizontal distance from the plot
marker to the base of the main stem, or the center of a shrub.

i. Note that tapes are preferred for measuring distances < 3 m due to rangefinder
accuracy.

d. Record thestemAzimuth;nearest 0.1 degree. This is the angle relative to True North
from the chosen plot marker to the base of the main stem or center of shrub.

I.  Always keep metal objects > 50 cm (2 feet) from the rangefiddeng
operation; metal objects interfere significantly with compass accuracy. This
includes watches, earrings, rings, glasses, etc

7. Record additionabtem Datafor the individual:

a. identificationReferencesfor unknown species that must be keyed out, record the
references used (e.g., dichotomous keys, regional flora guides) on a per individual basis
the first time the species is encountered. It is not necessary to record the
identificationReferences the nextme the species is encountered.

i. Only required when a species at a site has been keyed out with that reference
for the first time. Consult with the lead Field Ecologist if you are unsure.
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b. morphospeciesiDenter a concise, descriptive ID that will be possible to link to this
species at a latertimeS ®3 &> WKANHKdzGS LI £ YIS RSOdzyoSyiQ

I. Record thetaxonIDto the best of your ability IN ADDITION to the

morphospeciesID.

ii. If domain staficannotidentify a given morphospecies prior to data entry, the
morphospecies ID must be recorded in the morphospecies ID list (found in the
WY2NLIK2ALISOASACNI O1AYy3IQ F2ft RSNJ 2F G(KS CI

iii. Cryptic speciego aid in identifying cryptic species at a site, members of cryptic
pairs or groups should be added to NEON master taxon lists. New pairs / groups
YIed 6S SYGSNBR Ay (KS WONRBLIGAO{LSOASADNJ]
F2f RSNJ 2F (KS BRIOEEESHYYVIT ({ARLILR NIKI NB L2 Ay i
8. Enter optionaPlant Voucher or Genetic Archive Daifa

a. Adding the sample to a doma#pecific reference collection would be helpful (see
RD[07] for procedure), or

b. Collecting a specimen from the individual for Genetic Archive (see RD[07]).

9. Save the record and proceed to the next individual.

D.4 QA/QC for Mapping and Tagging Data
Ensuring that mappingnd tagginglata are accurate is important because:

1 Mapping data are used bgsearchergo link groundbased measurements with airborne
remote-sensing data.

f al LIWAY3A RFEGEF NBGSFft ¢KSGKSNI {2 NNENSNIZIIONIE2STa  (F KNS LUK
F OOdzNY S WAYyk2dziQ Ot aaAFAOFIGAZ2Y Oly &H@S aA3dy
productivity per unit area estimates

0 Mapping QA/QC iparticularlyimportantin steep terrain or dense brushy vegetation
when it is difficult to determine plot boundaries.

1 Correct taxonIDs are necessary for accurate biomass estimation via allometric equations. For
example, different parameters are used for estimating biomass of hard maples vs. soft maples.

Use theWt S NEB #dMST GAMDShinyapplication to review mappinglataas soon as the data are
entered into Fulcrum. Pay particular attention to:

1 Mapped stems that appear to reside outside of plot boundaries. It is important to verify
mapping data for these individuals in the field.
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1 Mapped stems that appear to be located in a different part of the plot than where you
remember the rooting point. Verify mapping data for these individuals in the field.

1 TheVST QA/QGShinyapplicationis only available within the NEON network (and via VPN) to
LINB@SydG SEGSNyLrt |O00Saa G2 NIg¢ RIFEGE GKIFG KIF@S
To Correct Errors in Mapping and Tagging Data:
1. If the record is lockednd was originally created in a different year than the current one

a. Create a neWwST: Mapping and Taggingcordandenter all required fieldsEnter
updated information intothose fields that require correctioata in other fields should
remain unchanged.

2. Ifthe record is lockednd was created in the current year:
a. Request deletion of the Fulcrum record and the loaded data.

b. Create a new Fulcrum record and enter updated information into only those fields that
require correctionData in other fields should remain unchanged.

3. If the record is not locked:

a. Edit the existing record anehter updated information into only those fields that
require correction. Data in other fields should remain unchanged.

b. DowndreamVST: Apparent Individuaiscordswill need to be updated to reflect
taxonID changes made YST: Mapping and Taggindpat is,changes to the/ST:
Mapping and Taggingecord do notpushautomaticallyto downstreamrecords

SO
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SOP E  VegetationStructureData Collectecn a 5-Yearinterval

Overview

In this SOP, we describe measurements collected ogembinterval for all qualifying woody and non
woody growth formgFigurell). All qualifying woody and newoody individualsare sampledevery 5
years in DistributedPlots éventType=distributedAndTowerSubsgand Tower PlotgeventType=
allTowerPloty Importantly, the full complement of VST Distributed Plstsampledin a different year

than the full complement of VST Tower Pldtal§le3). Additional measurements performed annually in
a subset of Tower Plots are describe®@P FSubsections of this SOP address the following:

1 SOFE.1 The procedure for measuring stemDiameter and guidance for recopliémgStatus,
measurementHeight, and otheritical data.
0 SOP E.1.1 illustrates stemDiameter measurement for complex scenarios.
0 SOP E.1.2 describssategies for determining liana stemDiameters.
0 SOP E.1.Brovides guidance for individuals that no longer qualify.
0 SOP E.l.describegequired data whera previously sampled individual is lost.

f SOFE.2 Guidance fodeterminingindividuala K I LJ® ¢ YRA 3#aYaQ 2yf &0 YSI &
crown diameters, and assessicgnopyPosition.

0 SOP R.1describes strategies for measuribgoken individuals when either all or a
subset of boles are broken.

f  SOFE.3 The procedure fomeasuring¥ 3 N2 dzLJS R Qthak cfiriRdt Be/sampediséparately
due todense stems that cannot be accessed without damaging either vegetation or staff.

1 SOFE.4 Guidance for sampling other nemoody growthFormgor which vegetation structure
data are appropriate, including ferns, tree ferns, palarg] others.

0 SOFE.4.1: Fern sampling guidance.
0 SOP E.4.2: Tree fern sampling guidance.

0 SOFE.4.3: Guidance for samplipglms, small palms, ocotillo, xerophyllum, and yucca
(and agave).

o {ht 9dndnY ! &dZYYINE dGF6tS 2F NBldANBR YSI 3

Woody stemmed vegetation may exhibit numerous growth fogfiom single, straight boles to

multiple curved, branched stems, and more. The measurement strategy for woody individuals depends
on growth form because allometric equations that relate structirdiomass require growtfiorm
dependent input data. This protocol modifies guidelines established by the U.S. Forest @&i/&)éor
measuring tree species. Shrubs are measured accordibgtioet al. (2014and Conti et al. (2019and

liana measurements are derived froBerwing et al. (200&nd Schnitzer et al. (2008)
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Goals

1. Accurately classify individuals to growth form and thoroughly assess each plot for the presence
of qualifying growth forms.

a. Review current bouV/ST: Plot MeteData [PRODtecords for each plot and update if

b.

any qualifying growth forms were missed during the initial survey &ee L

Communicate with Science if changes to nested subplot size are required.

2. Mapand tag newstems that now meet mapping and tagging requirements Ge® D

a. Collect new mapping and tagging data in ¥@T: Mapping and Tagging [PRCdHp.

3. Determine which structure measurements are required for each qualifying individual pidhe
andcollect repeatable data from consistent locations on stems.

a. The measurements required for an individual are dependent on the assigned growth

b.

d.

form (Table10). Check for changes in required measurements based on changes in
growth form throughtimegS @3 ®X Wal LJQ INRga G2 WYaYiQo

/| 2t €t SO0 RFEGF FNBY Iff AYRAQGARdzZ fcie.,dAh G K 5. |
bhe¢ dzaS ySadGSR adz L) A8 & YF ANNBENS SaV LA WNDDEQ 22D
OWE 0F QU

Record data in th& ST: Apparent Individuals [PRO®&]dVST: Shrub Groups [PROD]

applications.

] 2yadZ & GKS Wal ydzZ t TF2NJ Cdz ONHZY KADLX A OF G A2y
{htdaQ FT2NJRIFIGI SydNB RSGIAf&E OwW560MNB0®
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SOP E.1 and E.2: Measuring Stem Diameter, Height, and Crowns

|
|
|
i
Find and delineate Assess and Growth I
plot and subplots record plantStatus form = sis Yes—»! Assign shape l
per bole o SRR I
i (Table 15) - !
|
T No— A |
Survey plot and Make shape- |
record Plot Meta- ! specific l
Data (SOP C) Yes measurements :
|
|
Y Iixistia? No—» Retplace y i
Map and Tag newly ag ok ag Measure :
qualifyir;%li,ngividuals »| stemDiameter(s) and :
( ) measurementHeight(s) I
¢ Yes }
, |
g . Assign I
) Select individual Tag required? >—No—>
to measure area Temp ID Measure height i
if required |
i (Table 9) l
|
Create VST: M A '
2 ark measurement Growth !
Apparent Individuals location(s) per  |€— form = sbt Measure crown I
record emergent bole I dimensions |
mbt, smt, sap, sis, if required |
sms, Itf, stf, ptr, !
(Table 9) i
I
Previously Assign I
measured? No—3 growth form 3 Record I
* s canopyPosition i
Yes No ¢ :
Y |
. Growth h '
Check previous ; L No——>» Save the '
growth form 5 form still = record }
accurate? !
] |
|
|
|
M e e e e e e e e e J

Figurell SOP E.1 and BEarkflow diagram foistem diameter, height, and crown dimension measurements

collected fromapparent individualsDiagram supports and does not replace protocol text; most common workflow

is outlined.
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This sectiordescribescollecting diameter at breast height (DBH) measurements and basal stem
diameter(ddh)measurements that areequired inputsfor allometric equationsised toestimaie woody
biomass. This section also describes assessment of plant status (live, dead, etc.) and other variables that
are required for accurate biomass estimation.

1 Bring per plot checklist&SOPA.3) of previously tagged individuals to the field to ensure that
repeat measurements are obtained for as many apparent individuals as podisded
individuals significantly impagliot-levelproductivity estimates.

1 (Optional)lt is helpful to mark trees to track work progre€mne method is to useemporary
flaggingthat isremoved once data have been collected.

Procedure stepsoir each qualifying apparent individual:
1. (If necessary) Create a parent record in YH&T: Apparent Individuapp for the plot and enter
required information.
2. Select an individual andetermine thegrowthForm(seeTable9).
a. A quick, initial assessment stemDiameter(DBH or ddh) may help guide classification.
b. Remember thagrowthFormvalues may change from year to year
i. ExampleAWa grbv@ inoaWa Yi Qo
i. ExampleAWaoidQ oNBlFI1a 0St2¢ mon OY FyR 068
from the root collar.

3. Determine themeasurementHeights) for each of the qualifying stems of the individgak.,
the distance along the bole(a} which thestemDiameteris measured, beginning frothe root
collargi.e., typicallywhere the bole emerges from the ground (sEable12, Table13, and SOP

E.D.
a. ThemeasurementHeighis determined independently for multiple emergent boles that
are part of the same individual.
b. In many cases, the measurement location will already be marked with lumber crayon.

c. Reuse previously measuradeasurementHeightalues if within + 5 cm of the
observed height in the current year.

i. If reemeasuring indicates the previonseasurementHeighis more than £ 5 cm
different from the actual measurementHeight, update with thew value.

i. ' Do NOT move the actual location on the bole at which the DBH is measured
unless absolutely necessary: A meaningful tsedes depends on this location
staying constant.
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d. DO move the actual measurement location on the bole and record a new
measurementHeightf the previous measurement location becomes unusable

e. ConsultAppendix Hwhen determiningneasurementHeightn snow.
4. Select a bole to measure. For a mitile individual, the steps below are repeated per bole.

5. Use thechangedMeasurementLocatiofield to document when the actual measurement
location on the bole must be moved.

a. noChangemeasurement location is consistent with previous measurement location.
b. deformityGrowth; growth of a deformitycompromisegpastmeasurement location

branchGrowth growth of a brancltompromisegpastmeasurement location

e

d. damage localized damage compromispastmeasurement location

e. newRootingPoint the measurement location is shifted relative to a new rooting point
(typically applied to lianas)

f. boleChangea different emergent bole is selected for measurement and the
measurementHeight may or may not be different than previously recorded (e.g., the
GKAO1Sad F2N)] 27F | WaraQ OKIIEBBE@AG B KS LINE g2
absent2 NJ 'y Wao0o0Q o0NBLI -ppioutdageftieromeasorgd OY | YR NB

g. protocolChangemeasurement requirements changed between protocol versionss
described in 2.cabove, the previous measurementHeight is incorrect and is more than
+ 5 cmfrom the correct measurementHeight

6. Mark (or remark) thebole at the desiredneasurementHeightvith lumber crayon or
equivalent to enable repeat measurements at the exact same location.

a. Markboless AGK 5.1 x on OY G YdzZ GALX S LRAydGa | N
measurement.

b. 6hLIWGA2YIf0 C2NJ F2NJ SR WYoidQ IyR WavYdQsz YI NJ
reference (SOP E.1Higurel3).

7. Assess whether a diameter tape or calipers should be used to measure stem diameter.

a. Use a diameter tape farSelfsupporting stem®r large lianag A G K 5.1 x p OYX |
that do NOT have liangfungal growth, etcthat will interfere with accurate diameter
measurement.

b. Use calipers far

i. Selfsupporting stem®r lianas with DBH < 5 cm; ugerniercalipers to
measure the stem at its widest point, and perpendicular to its widest point.
Calculate theaverage andecord. Diameter tapes are less accurate for small
stems.
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i. Selfa dzLILI2 NI Ay3 adsSvya gAdK 5.1 x p OY GKIGG
with accurate diameter measurement; usee calipers to measure the stem at
its widest point (excluding lianas), and perpendicular to its widest point.
Calculate theaverage andecord(calculate the average separately for each bole
of a multibole individual)

8. (Qreate aVST: Apparent Individuatkild record for the individual and enter the following:

a. Go To Mapping & Tagging App Ot A 01 WbSé6Q AT (GKS AYRADARdZ
there is no prioST: Mapping and Taggingcord. AVST: Mapping and Taggingcord
must existbeforeaVST: Apparent Individuathildrecordcan be completedf the
AYRAGARIzZLf A& FftNBIFIRe GF3I3ISRT Ot A01 W{Sft SO
i. If VST: Mapping and Taggindata are incorrect and the record
[h15g{¢!t ¢! {:I a[h! 595¢%
a) Deselect the/ST: Mapping and Tagginecord.

b) / £ BWY Q¥ I y R OusBMafipihg dnd TAdyidgecord with the
correct data.

c) Return to theVST: Apparent Individuakorkflow.
ii. IfVST: Mapping and Taggindata are incorrect and the record is not
a[ h! 595¢Y
a) Click thevST: Mapping and Taggingcordlink andedit the recordin
the VST: Mapping and Taggiapgpto updatewith the correct data.

b) Save the/ST: Mapping and Taggingcord and return to the/ST:
Appaent Individualsworkflow.

ii.  If measuring a woody individual for which a tag is not required (e.qg., fire re
sprouts in DO3; seAppendix oo determine applicability to your site):

a) Create avSTMapping and Taggingecord withrecordType=
YHiSYLISRPMNE Q 6

b) wSO2NR& 2F (KAA& indvidsallKola@®ithWe 9at Q Ay
discoverabilityW ¢ 9 dypefecords created vi& ST: Mapping and
Taggingare associated with an entire individual and differ from the
templDthat is used to differentiate between emergent boles from the
same individual (see Step 12 below).

b. taglD select the individuallD from the list of previously crea¥siT: Mapping and
Taggingrecords. Verify that the taxonID associated with the tagID is correct.

a. If there is more than on®ST: Mapping and Taggingcord for an individuallD,
select the most recently created record.
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c. tagStatus select from the following options:
i. ok; select if:

a) Previously attached tag exists, is legible, and value is consistent with
previously entered value, OR

b) A new tag has been attached because the individual did not previously
qualify for measurement, OR

c) A new tag has been attached because the previous taglD value could
y20i 0S RSGSNXYAYSR gA0GK x dmrE> OSNIFAY
swapped for a new tagID.

ii. replaced tag no longer attached, readable, etc., and the previously recorded
GF3aL5 @FftdzS Oy 06S &dz2N¥A&ASR GgAGK x x>
elimination, or other means). Tag has beermade with previous number.

iii.  notRequired applicable to many nowoody ferns, yucca, and cactfs
which longitudinal data are not collectédeeTable12).

iv. tagRemovectag has beememoved,and individual will not be measured in
future years(see SOP E.1a®d SOP E.J).4Also applicable if tag is found not
associated with any individual (e.g., after a fire).

d. taxonlD; for reference only. Update MST: Mapping and Taggiifgheeded
9. Assess and record th@antStatusfor the selected bol€Table15).
a. SeeSOP E.1.for guidance for multbole individuals with mixed plantStatus.
b. If plantStatus= 8 or 16: Skip to Section E.1.3
c. If plantStatus= 3, or 1115: Skip to Section E.1.4

Table15. List ofplantStatuscodes and definitions.

Code | Definition

Liveg any live Apparent Individual that is of typical healthy status fordite If minor insect damage or

foliar diseasastypical onmostindividuals, use this code rather than code 4 or 5 below.

Standing dead; any dead individual, or standing dead bole within a rdodtie individual, regardless of

cause of death. The entire tree or bole must be dead, and the bole is NOT broken. For dead, broken &

see additional code below. Indicate factors associated wititllén order of importance in theemarks

field. Only record a specific cause of death when observable evidence indicates the cause:

1 Unknown:It is common to have no observable evidence as to the actual cause of death.

2 1 Biotic: Suppression, animal damage, mistletoe

1 Disease: Blister rust, rot, canker, other (specify), unknown

1 Insect: Bark, defoliating, other; specify insect species if possible

9 Physical: Crown damage, crushed, lightning, other (specify if possible)

9 Fire: Crown scorch, crown combustion, bole/stem scorch, bole/stem combustion, burned through a
(for small trees, due to litter & duff burning around base), other (describe).

1
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Code

Definition

Removedc an individual that has been cut and removed by direct human activity related to harvesting,
silviculture or land clearing (rmeasurement plots only). If the individual is a species that may resprout g
SOSylGdzk £t €& ljdzZl f AT& | F12A ff 2 ANNY §jIdA ENSFVRSEIN NS X

Live, insect damaged Visible damage caused by insects that exceeds trace amounts that may be pres
GeLMAOIKTtte KSIfGaKe GNBSai®maks dndindie@dde of Rsec dalisivgddania
if there is evidencée.g., Mountain Pine Beetl§pongyMoth, etc.)

Live, disease damagetiVisible damage caused by disease that exceeds trace amounts that may be pr|
2y GeLmAOoOrftfte KSIFfGKe (NB EemarksghaiidiSateWyPa\dRdisgase causlig ¥
damage ithere is evidencée.g., Blister Rust, rot, canker, other (specify), unknpwn

Live, physically damaged Visible damage not caused by insects or disease, but of known origin; note
YONR sy Q 2 NJ YWanarkssl inRicate tym f physical damage (epgutial breakbole scar,
girdling, snow/ice damage, crushed, lightning, crown scorch, bole scorch, ungulate herbivory, human
damage)

Live, otherdamage+ A aAo6f S RIFYI3S 2F 20KSNJ 2NAIAYyZ So3o
in remarksandnote cause of damagettfiere is evidence

No longer qualifies; note reason irmremarks record in multiple years if individual is still alive and may
qualify in the future Reasons for not measuring include: Individual no longer qualifies lfeaken and
remaining live shoots do not qualjfychange in nested subplot sizetc.See SOP E.1.3

Live, broken bole/stem individual with broken top, with broken main bole and ascending leaders (that
or may not be taller than the break point), or that is broken and dead at top but live belowf ktmown,
indicate factors that may have caused the break and other damage in order of importancerémtheks
FASEtR® 2KSy RIYIFI3S R2Sa y2G NBadzZ G Ay | Of SIy

10

Dead, broken bole/stenzall parts of the broken bole or stem are dead; may have broken spike top, or
leaders ascending beyond the break poldseWg{ (i yYRAYy3 RSIRQ [ 620S AT
known,indicate factors associated with death and the source of damage in order of importance in the
remarksfield.

11

Lost, burnedg A previously measured individual that is not measured in the current bout because the p
has been burned, and the individual could not bdaeated for measurement. Cause of loss is presumed
be fire.

12

Lost, herbivoryg A previously measured individual that is not measured in the current bout because thg
individual could not be réocated for measurement. Cause of loss is presumed to be herbivory.

13

Lost, presumed dead A previously measured individual that is not measured in the current bout becau
could not be relocated for measurement. The individual is presumed dead based on evidence within th
plot. If known, rote presumed cause of death in themarksfield (e.g., blowdown eventAlso applicable
when a tag is found on the ground unassociated with an individual.

14

Deprecated; no longer in use

15

Lost, fate unknowng A previously measured individual that is not measured in the current bout becaus
individual could notbdound.C2 NJ aYl f f AYRAGARdzZI f &3 lAlsdapplicabler 2
when a tag is found on the ground unassociated with an individuattzre is no evidence to suggest
death.

16

Downed, deadc A previously measured individual that is not measured in the current bout because it is
npe T NE and i@ GebdAlso@ppficable when
1 Most of theindividualhas fallen and the remaining rooted, dead boleriekencompletely and has
height< 130 cnmand there are no resprouts,or
1 When an individuahas brokercompletelyand begun to fall buhas become supported by other
vegetation before reaching the ground.
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10. Recordthe growthFormdetermined in step?).

11. Measure thestemDiameterat the requiredmeasurementHeighfs). Sed able10 for growth-
form-dependent requirements (DBH, ddh or both). All diameter cutoffs that determine
measurements are hard cutof€sdo not round.

a. Place the diameter tape or calipers directly over the marking(s) from 8)ep (

i. Take care to avoid sloughing bark when collecting data. Negative growth can be
perceived due to bark los@ptional) Record iremarksif peelingflaking bark
results in negative growth increment.

ii. For large boles, the tape must not slip above or below the desired
measurementHeight.

b. QCin the field Checkcurrent measurement against previous measuremengsior
year data are available. Repeat tiieasurement if necessaand optionally record
G RA I YS i S NremidksiRcarer Reasurkngent is significantly different frahe
previous measurement

12. Record in the/ST: Apparent Individusapp:

a. stemDiameter(growthForm dependent)The diameter of the bole perpendicular to the
pith, typically 130 cm along the bole for DBH; nearest 0.1 cm. Not recorded when
IANRPSOGKC2NY I' WalLlQ 2N wavyaQo

b. basalStemDiametefgrowthForm dependent)The basal diameter of the bole, typically
mn OY 62@0S GKS 3INRBdzyRT ySINBaid nom OYd wS(c
2NJ YavyaQo

c. measurementHeighfs): Distance along the bole at which tstemDiameteror

basalStemDiameteismeasured y SI N ad m OY®d . 204K 5.1 |yR |
individuals.

i. If the desired measurementHeight is out of reach for all but the tallest foresters,
adjust downward to ensure that repeat measurements can be made by the
average person (se8OP E.1.Case B for how to deal with compound splits that
often lead to this situation).

5. changedMeasurementLocatigrselect from the droglown if the actual
location along the bole where the measurement is made moves relative to its
position in previous years. See step (4) for definitions.

d. measurementStrategy (lia onlyselect the liana morphology froOP E.1.that best
informs the measurement strategy for the individual.

i. If multiple measurement strategies are combined, select the most relevant from
the drop-down.
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ii. You may recordemarksto help ensure a consistent measurement strategy if
multiple strategies are combined.

13. TorecordstemDiameterfor individuals with multiple qualifying boles:
a. C2NJ GNBSa O03INBGUOIKC2NY I WYoidQuy

i. Create a new child record for each qualifying bole, each of which hagjae
taglD¢ e.g.,01234 (largest bole)1234A(next largest)p1234B(etc.).

ii. Keep taglDsonstant through time; i.e, do not changghe taglD if what was
initially the second largest bole becomes the largest.

b. C2NJ I ff 20KSNA O0INRBGIXC2MNMNVYTANAYGIQY WwWal LIQX

i. Create a new child record for each qualifying bole, each of which hasathe
taglD.

ii. Assign demplD; this ID is an incremented integer assigned to each qualifying
stem. Combined with the taglD, the templID uniquely identifies the stem in the
database within a year. Incrementing starts over for each individual. Within an
individual, it is not important wich templID is assigned to a given bole from year
to year.

14. Measure and record requirelgeight and crown measurements according to SGR2

a. For multibole individuals, complete height and crown diameter measurements
considering all boletogether andrecord the data in the child record associated with
the largest bole.
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E.1.1 Stem Diameter Measurement Guidelines

In the sections below, guidelines for tree measurement were adapted from the U.S. Forest Service
Forest Inventory and Analysis National Core Field Gulde. Forest Service 201Zhe approach for
measuring shrubs was developed in collaboration with researchers frofAdhestGE@etwork (Lutz et
al. 2014)

Irregular Boles

100 cm
or more

.
.
—
.
H
H
H
H
H
|

Figurel2. Stem diameter measurement guidelines for irregular stiiglie trees.The lowest dashed line
represents ground level from which the desired measurement height is referenced. The thick dashed red line
shows the desired measurement height above ground level. Tags are typically placed 10 cm above the
measurement height.

AVt N2y 2dzy OSR GKAO]SYAy3a ySINI GKS o6l1asSe LT GKS Lk
cm above the ground (top dashed line), measurementHeight for bole diameter is BBOWE
this point.Also applicable if the root collar is elevat®@d0 cm or more above the grourd.e.,
the individual is growing upright onstump, boulder, etc. with roots extending to the ground.
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(B) Irregularities at breast height. If swelling, bumps, depressions or other irregularities occur at

breast height, move the measurementHeigkBOVEhe irregularity to a point where the bole

becomes regular again.

(C) Branches at breast height. Similar to (B), move the measurementH&R&DYEhe branch to a
LRAYG 6KSNBE GKS ONIyOK y2 f2y3aSNI FFFSOda

(D) Missing wood or bark. If a tree is missing substantial wood or bark at the desired

measurementHeight (light grey indicates exposed wood and missing bark), do not attempt to

reconstruct the diameter as it would appear without the damage. Measure the

DBté wfood

and bark that is presenaind optionally note in theemarksthat bark is missingHowever, if the

damage is localized, treat it as an irregularity, and measure as in (B).

(E) Sloped ground. Consider ground level to be the uphill side obtte andmeasure DBH 130 cm

above this point.

(F) Leaning tree. Measure diameter 130 cm along the bole on the underside face.

(G) Leaning tree on a slop&onsider ground level to be on the uphill side of the bole as ian@E)

measure diameter 130 cm along the bole on the uphill face
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Multi -Bole Trees

Bole pith splits below 30 cm

F_ pith

Bole pith splits between 30 cm and 130 cm

_Y_ pith
intersection

Figurel3. Stem diameter measurement guidelines for mblile trees with pith splitsSeeFigure16 for Shrub
guidance.

A{AYLIS aLXAlGd t AGKE AYGSNBSOG X on OY F62@0S (K
cm above the ground, or 130 cm along the stem if curved.

B)/ 2YLI2dzy R ALX Add t NAYFINE LAGKA AYGSNESOG X on O
main boles are measured separately, stemDiameter on the left bole is measured 130 cm above
the ground. However, the right bole forms a secondary split between 30nchi30 cm. Here,

the stemDiameter of the secondary splits are measured 100 cm above the point of the
secondary pith intersection
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(Cladzf GALX S 02fSad adzZ GALI S LIAGKEA 2NAIAAYFGS FNRY
Measure stemDiameter on each bole 130 cm above the ground, or 130 cm along the stem if
curved.

D)9t SBIFIGSR AAYLI S aLXAlGd {AYLIS AL AG AGK LIAGKA
ground. Forks originating between 30 cm and 130 cm are measured 100 cm above the pith
intersection point.

()9t SOl GSR O02YLl2dzy R ALX A0 t NAYFINER LAGKA AYUGSNES
left primary fork is assessed independently from the right one. On the left, stemDiameter is
measured 100 cm above the primary pith intersection poifthe right bole forms a secondary
split between 30 cm and 130 cm; in this case, once a stem is tallied as a fork originating from a
primary split between 30 cm and 130 cm, ignore any additional forks, and measure just below
the base of stem separation. ahis, do notmeasure stemDiameter the full 100 cm above the
primary pith intersection point.

(F9tSBIGSR YdzZf GALIX S 02tSad adzA AL S LIAGKA 2NRARIAY
above the ground. To qualify, multiple boles must originate from roughly the same point along
the main bole. Each bole is assessed indepergeand stemDiameter is measured 100 cm
above the pith intersection point.

Ly GKS FAIdzNBE 1 020S3 {f-02¢8A WA RAIDMEREBHES 2 NKE NI ¥
Figurel6for Shrub guidande Furthermore:

1 *For (B), (D), and (E): In the event the pith intersection for the secondary fork on the right
occurs close to 130 cm, the resulting desired measurement location may be out of reach for all
but the tallest foresters. Adjust the measurementHeight downward maximum of 200 cyif
necessary, to ensure that repeat measurements can be made by the average person.
Repeatability is more important timereaching exactly 100 cm above the fork in the pith.

1 The lowest, finely dashed line represents ground level from which the 30 cm and 130 cm
reference heights are drawn (mulfiashed background lines).

1 The thick dashed red line shows the desired measurement height above ground level.

1 If the bole is not growing vertically, measure 130 cm along the bole, rather than 130 cm above
ground. Diameter is measured perpendicular to the pith.

9 Large dashed black lines indicate the pith of each bole.
i Tag 10 cm above the measurementHei¢tieally) or according to site host specifications

1 To qualify as a split, or fork, the stem in question must be at [€4be diameter of the main
boleandydza i o NJ yOK 2dzi FNRBY GKS YIFIAYy 062fS G +y |
0 The presence of a qualifying fork may require shifting the measurement height (cases B,
D, E, and F). Moving the measurement height upward to the required height may cause
one or both forks to no longer qualify for measurement.
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0 ExceptionForks that are < 2.5 cm diameter are l\@'lhpled: S
RAFYSGUSNI NBljdZANBYSylid® ¢KA&0S

9 Forks originate at the point on the bole at which the piths intersect

Live Downed Trees

A

Figurel4. Stem diameter measurement guidelines for live, downed trees
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For(B)and(C) consider a downed live tree, touching the ground, with tli&e branches that originate
FNRBY GKS YIAYy 02tS3s !'b5 INB fSaa KKy npe 27FF
is above the duff layer, assess accordin¢B} and if the pith is below the duff layer, assess according to

(©)

(A) Live windthrown tree Measure 130 cm along the bole from the top of the root collar. Tag 10 cm
above the measurement location.

(B) Pith above duff.Use the same forking rules specified for a forked {feigure13D), and
measure and tag accordingly. If the intersection between the main downed bole and the tree
like branch is > 130 cm along the main bole, treat that branch as part of maig beleignore
it.

(C) Pith below duff.lgnore the main bole of theree andassess each trelike branch individually to
determine whether it qualifies for measurement. In the figure, the two-tatist treelike
0Nl yOKSa DBWBndre measurdd Y30 cm above the ground (not necessarily equal to
measuring from the top of the main downed bole). The other, smallerlikesebranches may
qualify for measurement if they lie within the desired measurement area (i.e., nested subplot
size).
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Mixed StatusTrees andSingleShrubs

<1cm DBH

intersection

Figurel5. Stem diameter measurement guidelines for mblble individuals with mixed plantStatus (live/dead).

The figure above deals with tre€& ¢ E)and shrubgF)that have both living (light brown) and dead
(dark brown) boles or portions of stems. The lowest, finely dashed line represents ground level from
which the desired measurement height is referenced. The thick dashed red line shows the
stemDiameter measureent location. FOfA ¢ E):

T
)l
)l

Stump sprouts originate between ground level and 130 cm above the ground.
Measure stump sprouts the required distance along the bole if it is growing off the vertical.

If the broken stump is > 130 cm heigBtump sprouts are handled the same as forked trees
resprouts must b&dtheDBH2 ¥ (G KS oOoNR 1Sy addzYLl FyR x H®p OY F

If the broken stump is < 130 cm height: Stump sprouts are treated as the same individual and
I NB YSF&dz2NBR & SAGKSNI Wal LIQ 2N wayYidQs RSLISYRA

For multistemmed woodland species, treat all new sprouts as part of the same new tree.
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(A) Dead main bole that is > 130 cm heigtith resprouts {andii) that have piths intersecting
with the main dead bole somewhere below the grou@owth form is a multbole tree (mbt).

Similar to when the main bole is alive, measure the DBH of each qualifying bole 130 cm above

the ground.(i) Resprouts with DBH®G KS 5.1 2F GKS YI Ay qualifyS |
for sampling (i) resproutsthat do not qualify are not sampled but their presence may be

noted in theremarksof the record associated with the main dead bdter the dead bole,

record the break height, and recotlde diameter at the break height as well as DBH

YR

B)YWSALINRdzi % M OY 5.1 @gA0K RSMeasuebBHfte2t S G KIF G )

resprout 130 cm above the grounignore the dead main bole. The diameter of the resprout
determines the growth form (sbt or smt); if growthForm = smt, only measure if the individual
falls within the desired measurement area.

(C) Resprout < 1 cm DBH with dead main bole that is < 130 cm h#ighsure the diameter of
the resprout 10 cm above the ground (ddignore the dead main bole. The growthForm = sap,
the tag is moved to the resprout (the largest if there are maagyj the individual is only
sampledif it falls within the desired measurement ar@ee., nested subplot)

D)wSaLINRBdzi % M OY 5.1 gA0GK LAGK Ay(dSIESMOGAY T
above the groundThe DBH of the resproutisQi KS 5.1 2F (GKS YIAY
diameter.Growth form is a multbole tree (mbt). Similar to when both boles are alive,

measure the diameter of the resprout 100 cm above the pith intersection point. Measure the
dead bole as in (A).

E)YwSAaLINRdzi % m OY 5.1 gA0GK LAGK AYyiSNBRSOGAYS
dead boles < 130 cm height. Measure the DBH of the resprout 100 cm above the pith
intersection point, and ignore the main dead bole. The growthFsrdetermined by the DBH
2T GKS NBaLINRdzi FLYyR YI& 06S WavyidiQ 2N Wwaoio

(F) Shrub with plantStatus ' ¢ standingdeador largestemergentstemsand broken dead
stemswith plantStatus 2 MR S I R 3 . df @ ihdigugl has multiple qualifying emergent
stems> 130 cm height (or total length) with different status, DO record status separately for
each emergenstem. Measure DBH at 130 cm on largisk andmeasure ddh. Ignore broken
emergent stemgalive or deadjhat are < 130 cm height (or total length if growing off the
vertical).Refer toFigurel7for Sapling and Small Shrub guidance.

SOFE
Page’4

G KI
02¢

Y I 7



n e (’ n Title: TOS Protocol and ProcedukéSTg Measurement of Vegetation Structure Date 03/19/2026
-
Operated by Battelle | NEON Doc.:#NEON.DOC.00098| Author. C. Meier RevisionN
SingleShrubs Splits above 10 cm

Figurel6. Shrub stem diameter measurement guidelines.
Simple dashed black lines represent stem piths. Light
brown shows live tissue, and dark brown indicates dead. ;35 .y,

(A) Simple shrub with unified base. Measure DBH a
130 cm (or along the pith for decumbent growth
forms) on thethickestfork only, and measure
diameter at decimeter height (ddh).

(B) Irregular at DBH. Similar to (A), but with a branc
point at 130 cm on the largest fork. Move the
measurement height up on the largest fork so th
DBH is not influenced by the branch.

(C) Multiple stems connected above ground. Piths
intersect below 10 cm and originate from a visibl
root collar. Consider emergent stems separately
for stemDiameterandassesstems together for
height andcrown diameter(s). Measure DBH at
130 cm on the thickest fork of each emergent
stem andmeasure ddh for each emergent stem
with qualifying DBH. a

(D) Irregular at ddh. Similar to (C), but the base of
stem separation for the left two stems occurs
right at 10 cm above ground. Because the piths
intersect below 10 cm, the left two stems are stil
considered separately, but the stemDiameter is
measured highewhere the diameters are not
affected by the fork.

Splits below 10 cm

(E) Multiple stems connected below ground. If stem:
emerge independently from a buried root collar,
consider each emergent stem separately for
stemDiameter. Measure DBH on the thickest for
of each emergent stem at 130 cm height; the E F
thickest fork on the righstem is dead/broken
and ignored because it does not reach 130 cm.
Measure ddh for each emergent stem with
qualifying DBH; center stem does not qualify for
DBH and is not measured for ddh.

(F) Access deniedsimilar to(E) but middle stem
now qualifies at DBH, and desired ddh
measurement height is no longer accessible. Fo
the middle stem, DBH is measured and ddh is n
measured if a measurement location cannot be
accessed within the first 30 cm along the stem.
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Saplings and Small Shrubs Intact Saplings and Small Shrubs
Figurel?7. Stem diameter measurement guidelines for A

saplings and small shrubs thadve no qualifying DBH.

tissue For all cases, consider emergent stems separate
for basal stem diameter measurements, and consider €
intact stems together when measuring crown
diameter(s).

(A) Simplesapling or small shrubvith unified
base.Measure ddh 10 cm above the ground,
or 10 cm along the stem for decumbent
growth forms.

(B) Multiple intact stems connected below
ground. (i) Ignored: ddh < 1 cnfji) Measure
ddh, plantStatus ¥ gliveQ(iii) Measure ddh,
plantStatus 2/ g deadQ

(C) Multiple intact and broken stems, connected
below ground.()L 3y 2 NERY RRK
broken, and total length < 30 crfii) Measure 1oem 2
ddh, plantStatus ¥ gliveQ(iii) Measure ddh,
plantStatus 2V miliveQ(iv) Measure ddh:
ONR1SyzZ odzi G2aGFf €S
Woco NB {1 SY.Z RSIRQ

(D) Mixed status dwarf small shruh(i) Ignored:
RRK x M OYX o6dzi o6NER]J
cm; (ii) Measure ddh for live stems <30 cm

dza T

not broken.

(E) Multiple stems connectedabove groundnot depicted) Determinethe ddhmeasurement
locationasin@©r5 ¥ 2 NJ & { Ay 3 tirFigyred 6\ atmd cbliect bagaB@rdDiametand
plantStatus datdoreacha 1 SY A G K. RRK x m OY

Note: Saplings and small shrubs witlelatively decumbent growth habit may have multippeting
points for one or more emergent stemé/hen this occurs, determine thliametermeasurement

location relative to the secondary rooting2 A y i ol a Ay /I &S Bigmel8F2NJ f Al yI &
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E.1.2 Liana Measurement Guidelines

The guidelines belowupportconsistent measurement of complex liana growth for@@adapted from
Schnitzeretal. 2008) h (i KSNJ O# XHISHE YPNALIKZIE 2 3A Sa Viliksppi | NB 2 F ¢
Smilax sppParthenocissus quinquefoliatc. may also be measured according to these strategies.

Figurel8. Guidelines for determining where to measure liana stem diameter (red line) across a variety of complex
growth forms. Different growth forms correspond to capital letters.

(A) Individuals that simply ascend into the canopy are measured 130 cm along the stem from the
main rooting point.

(B) Twining individuals are measured 130 cm along the stem from the rooting point, including all
twists and curves.

(C) Individuals that split below 130 cm from the rooting point are measured 20 cm below the
branching point:

(2). If the branch point is less than 40 cm from the ground, measuredmffbetween the
branch point and the ground, where the stem is regular.

(2).1f the stem is not regular anywhere between the branch point and the ground, measure
according tqG)below.

(D) Individuals that loop to the ground and root again before ascending to the canopy are measured
130 cm from the last rooting point.

(E) Like(D), but the loops have branches that ascend to the canopy. Each rooted ascending stem
with a leafy canopy branch is recorded separately as part of a-tml#iindividual.
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(F) Individuals with rooted adventitious roots further than 80 cm from the main rooting point are
measured 50 cm past the last root.

(G) Individuals that branch below 13fn buthave a very irregular main stem or branch close to the
ground. Measure branches separately at £8® andrecord as part of a muHbole individual.

(H) lgnore branches < 1 cdiameter andmeasure the principal stem 130 cm from the roots.

(I)QEOfdzﬁé AYRADGARdIzZF £ 4 GKFG oN)}YyOK 6St2¢ wmon OY 7
diameter at 130 cm above the roots.

(J) Similar to(G)above.

Kyadzf GALX S NR20GAYy3 LRAyGa Ay | avyrtf FNBlIY aSl ad
roots of the most proximal rooting point.

(L) 9 EOt dzR Sto@BHRBAY7RR AYRAQGARdZ ta GKIG 221 FNRBY 2y S
ascend to the canopy. Also exclude those individuals that are prostrate on the soil, even if they
FNBE %x M OY AYy RALFYSGHSN®

(M)LYy Of dzR Sto-8l BRRBzgzZRR AYRAGARdzZ fa AF GKS@& KIFI@S | NBa
1 cm diameter. If the branch is < 1 cm, measure the principal stem 130 cm from the roots,
AJYy2NRAY3I GKS OoNIYyOKd LT {KS 0adfieddotsxhe poit m OY R
of measurement should be on the ascending branch.

(N9 EOt dzZRS AYRADGARdzZ & ANBSAYI LINRPAGNIGS 2y (KS &
ascending towards the canopy.

(O) Exclude multiple branches that originate within 130 cm of the main roots if they are smaller
than 1 cm diameter.

(P) Deprecated: Refer to Cafe)

(Q) If the stem is anomalous and not uniform below 130 cm from the root, measure 20 cm above
the point where it becomes uniform; if there is no uniform area within reach, measure the stem
130 cm from the roots.

(RILT GKS adS8y Ara Tt I-yIVQ gARSX Ayét dzRS (G KS )\ylfz)\
cm diameter.

Implementing Liana Measurement Guidelines
From the cases presented in the figure abayeneralized implementation strategies may be derived.

1. For any liana to qualify for measurement, at least one stem that is ascending toward the canopy
must be greater than 1 cm diameter at a distance of 130 cm from the most proximal rooting
point to ascension (rule&, D).

a. Lianas lacking any ascending branches do not qualify, regardless of their sikp (rule
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b. Measurements are taken 130 cm along the stem, including all twists and curveB)(rule

c. Oblong stems qualify if the average of the wide and narrow axes is greater than 1 cm
(ruleR.

2. Exceptions to the above rules:

a LYRAGARdzZE fa GKFdG £22L) TNRY 2yS NR2GAY3I LRAy
ascending branch < 1 cm diameter at a distance of 130 cm are measured along the
principalstem 130 cm from the roots, ignoring the branch (rivig

b. LT | <GoBANRdzyRé AYRAGARdIzZEf KIFa Iy aOSyRAy3

distance of 130 cm, measure the ascending branch and do not measure below the split.

c. LT + G3INBdzyR (G2 3INRdzyRé AYRADGARdAzZrf R2Sa
is not measured (rule).

d. Lianas completely prostrate on the ground are ignored (N)le

3. Stems that branch below 130 cm may be measured with an altered measurement height
depending on the following conditions:

a. Confirm more than one branch is > 1 cm diameter at 130cm before considering an
altered measurement height. If only one branch qualifies at 130 cm, do not alter the
measurement height (ruled, I, Q.

b. If multiple branches qualify at 130 cm:
i. Measure 20 cm below the branching point (r@e

ii. If the branching point is < 40 cm from the roots, measure halfway between
rooting point and branch (rul€).

4. Multi-bole individuals may be recorded in the following conditions:

a. If no regular point of measurement exists below a branching point (due to general stem
irregularity, or branching very close to the ground), measure each branch separately at
130 cm (ruled).

b. If anindividual has one or more branches that loop to the ground aswdatbefore
ascending, measure each qualifying branch 130cm from its most proximal rooting point
to ascension (ruleg, K.

5. Measurement heights may be altered on an individual stem or branch:

a. If astem is irregular below 130 cm, measure 20 cm above the point where the stem
becomes uniform. If no uniform area is within reach, measure at 130 cm regardless of
the irregularity (ruleQ).

b. Individuals with rooted adventitious (aerial) roots > 80 cm from the main rooting point
are measured 50 cm past the last root (r&)e
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E.1.3 Apparent Individuals That No Longer Qualify

Procedure stepsofr apparent individuals that no longer qualify for measuremeand that can be
relocatedc e.g., the individual is not lost but is no longer measured due to a change in nested subplot
size, windthrow, damage, or other change.

1. Create arecord in th¥ST: Apparent Individuals [PR@pPp. Enter the following:

a. taglD select the individuallD value from the list of previously creat&d: Mapping and
Taggingrecords. Verify that the taxonID associated with the tagID is correct.

b. plantStatusT a St SOG Layl2y { {2y138deavg (avwingd Bdad® a Q 2 NJ
2. ForplantStatus='8 ¢ no longer qualifieQrecord:

a. tagStatusrecord as in SOP.1 The tag may be left in place if there is a chance the
individual will be measured again in the futuremove the tag if the individual was
clearly tagged in error (e.qg., it is clearly outside the plegamples of when a tag should
be left:

i. Individual may be measured again if nested subplot size changes

ii. Nonqualifying living shoots of a downed brokenindividual may grow to
qualify in the future.

b. growthForm leave blank.
c. remarksNBO2NR WOKI y3aS Ay ySaidSR &adzonLX 2id &aA1SQ
situation for endusers.

d. No adlitional data are collected.

3. ForplantStatus=Q6¢R 2 ¢ Y S R Zindikdialsstould be dead and downéds npes FNRBY
verticd) and not likely to producee-sprouts that may eventually qualify for sampling. For dead,
downed individualstecord:
a. tagStatug aSf SOU Wit AWSWRIPBRIAY2PSRQ 2LIA2Y &K2d
tag is left on the log for potential inclusion in the CDW Tally datasé¢his case
GNBY2@0SR¢ YSIya NBY2@OSR FTNRBY GKS +S3SilGAz2y
b. growthFornt leave blank
c. remarks enter any brief observations relevant to a data emgkr (e.g., a disturbance

event already recorded in thBite Management and Disturbanagp likely downed the
individual).

d. No additionaldata are collected.
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E.14 Lost Apparent Individuals

Procedure steps for apparent individuals that cannot be relocatedrfirasurement Steps below apply
to plantStatus='8¢removedbr 11-:15(¢ y& @I NAI GA2y 2F Wi 2adQu o

1. Create arecord in th¥ST: Apparent Individuals [PR@pPp. Enter the following:

a.

f.

taglD; select the individuallD value from the list of previously creat&d: Mapping and
Taggingrecords.

plantStatus select from®8 (removed§br 11-15 W[ 2 Yuding Quidance ifiablel15.
tagStatus while in the field:

i. Leave blank if the individual and its tag cannot be relocated and there is a
chance the individual may be found agdin K SN» A4S asSft SO0 Wil 3w

i. {StSOG WwWilFr3aIwSY20SRQ FT2NJ Fye GF3a F2dzyR
growthForny leave blank

remarks enter any brief observations relevant to a data arsgr or to NEON staff who
may attempt to relocate the individual in a future sampling event.

Examplet b2 F2dzyR AY HAHPpAFNHANMNY PE AYRADARZ €

No additional data are collected.

2. While performing QAQ@se the VST QAQC Shiny applicatioretiew records wittplantStatus
o'XQ (2 RSGSNHSHiEG 6 XKEURSNE aSia GheysHolld@wS Y2 3SR
dropped from the dataset and not looked for in future bouts.

a.

For plotssampledevery 5 yearsSettagStatud Wil AwSY2OSRQ FT2NJ AYyRA(L
for two consecutive boutéincluding the current one)

For plotssampledannually SettagStatusl’ Wil 3wSY23SRQ F2NJ AYRADAF
three consecutive boutéincluding the current one)
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E.2 Height and Crown Diameter Measurements

This section describeseasurement of height, crown diameters, ahdi 8 SaaYSy i 2 F aAKI LISQ
these measurements for some growth forms.

NOTENEON employs aghot height routine for measuringeight of individuals > 2 m talTthe 3shot
@ height routine built into the laser rangefinder is NOT used becthesassumptions of the-8hot
routine cannot be easily verified in the field.

6. 0C2NJ ANRPSUKC2NY T WaAi a shadeof tRe indididoad tablelg).iSirub 5 S G S N
crown dimensions and height can be used to estimate volume according to idealized shapes.

a. For previously measured individuals, refer to the previously recosthegefor
guidance Theshapecan legitimately change through time, bitifs desirable tae-use
the previously recorded valuié it is plausiblquse theVST QAQC Shiagp to find
previously recorded data)

b. Not all shrubs match an idealized shape: Choose thefltestd consider the stems and
branches as they emerge from the ground level, not just the leafy crown

c. CKSNBE ¢gAff y20 ySOSaalNAfe 0SS I WO2NNBOUQ 3
than one shape can conceivably apply.
i.  Shape may be relatively consistent fromyeae S NE a2 dzaS GKS LINEF
shapeas a starting point (if available).

ii. Calibrate your judgement as a team prior to beginning work to enable
consistent data collection through time and across teams.

Tablel6. Idealized shapes for shrub volume estimation.

Shape Example Additional measurements
(I—;]aSI;)sPhere None
(O()l;l;tf half sphere ; | 4 None
Cone None
(cne)
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Shape

Example

Additional measurements

Inverted cone*

1 maxBaseCrowmiameter(dashedred
line); the maximumwidth of the shrub
base, includingroundlevel branches or
boles emerging from the ground for

(icn)
multi-bole individuals.
1 ninetyBaseCrowiDiameter
Cylinder
(cy) None

(elp)

Ellipsoid or sphere

1 baseCrownHeigh{shortdashedred line)
the average height above the ground at
which crown leaves begin.

1 height (longdashedred line) is already
recorded

* Images fromLudwig et al. (1975)

7. Measure theheight (if requiredfor the growthForn). SeeTable10 for growthForm dependent

requirements.

In select domains with very tall tre¢®06, D08, D16, D17, D2@e heightis not populated

(and inputvdApexHeightandvdBaseHeighare not recorded) if the top of a singler multi-
02fS GNBS owaodQ 2N WwYodQu Olyy24d o0S aSSy
heightQualifier ab2 KSAIKGE NBO2NRSRIX (GNBSG2L) y2i

TNRY
DAER
Otherwise, record in th&ST: Apparent Individuapp:

a. vdApexHeightthe definition depends on the measurement method:

i.  RangefinderThe vertical distance between the top of theownand the
rangefinder (typically a positive numbetigure19A); nearest 0.1 mWhen
using the rangefinder, make measurements until two measurements match
within 1%, then record the mean.

i.  Collapsible rulersurveyor level rod, measuring stioketal measuring tapegr
equivalent If the individual is shorter than the measurirgp/tape, record he
vertical distance between the top of the canopy and the gro(FFigure190);
nearest 0.1 mif the individual is taller than the measuring device the
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rod/tape can be held up so that it reaches the apeight,record vdApexHeight
relative toan elevated point along the bo(Eigurel9B) ¢ e.g., breast height,
and record to the nearest 0.1.m

b. vdBasdHeight Do NOT leave blankhen vdApexHeight is populatédihe definition
depends on the measurement method:

i.  RangefinderThe vertical distance between the rangefinder and the tree base
where it emerges from the ground (typically a negative numbegurel9A);
nearest 0.1 m

NOTEIf the base of the tree is completely obscured to the person operating the
rangefinderg due to debris, vegetation, CDW, etchold the reflector a known
height above the ground where it can be seen (e.@ ), then measure

vertical distance to the reflector and manually add the offset to obtain the
correctvdBaseHeightalue.

i.  Collapsible ruleisurveyor level rod, measuring stioketal measuring tapegr
equivalent If the individual is shorter than the measuring rod/taged
vdApexHeight was measured relative to the gropmd i SNJ Yn Q> &Ay OS
vdApexHeightalready represents totdieight above groundFigurel90. If
vdApexHeight was measuredth a rod/taperelative to an elevated position
(e.g., breast heighfFigurel19B), enter vdBaseHeight abe inverseof the
elevated positior{e.g.,¢1.3 m).

c. height (auto-calculated); if possible, compare with a previously measured height.

. C2NJ GNBSasx LIftY GNBSasx FyR fFNBS (NBS ¥
observed height is >.Q m shorter than the previously observed value and no
damage is obvious.

ii.  For all other smaller growth forms, remeasure if observed height is > 5% shorter
than previously observed value and no damage is obvious.

iii.  To verify a measurementheckheight from a few different locations around
the tree. It is not necessary to match or exceed the previmight, only to
verify to the best of your ability that the current measurement is accurate.
Verification should not take more than a few minutéghen complete, add the
remarkd KSAIKG OSNATASRE @
iv.  If height is uncertain due to foliage/understory in front of or behind the crown
' LISE FyR GKS NIy3aISTFAYRSNE aSid GKS NI y3s:
GCIFNIKSad oCFNDLéE RSLISYRAYy3a 2y (GKS @S3aSil
collect additional reasurements until a repeatable, convincing height is
attained.
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v.  When height remains uncertain after multiple measurement attempts, record
the best estimate o¥dApexHeightandvdBaseldight, and record
heightQualifierl & dzy OSNI F Ay KSAIKEG YSI adaNBYSyiié o
YSIadNBYSy (¢ ljdz2 t AFASNI YI& | faz2 6S NBO2I
on the rangefinder lens.

d. See SOP E.2.1 for strategies to deal with broken individuals.

A

vdApexHeight
(positive)

vdBaseHeight
(negative)

o
(@]

vdApex
Height
(positive)

vdApexHeight
(positive)

vdBase
Height
(neq)

I

vdBaseHeight=0

Figurel9. Strategies to colledteight data from woody individualgA) For tall individuals, a rangefinder may be
usedwith the 2-shot height routineto sight along the orange dashed lin@sd generate vdApexHeigtand
vdBaseHeight, which are positive and negative, respectively, relative whbtherver height (the black dashed line);
(B)For midstature individuals that are talléhan the measuring rod buvhoseheight can be reached when the
rod is elevatedvdApexHeight can be measureglative toan elevated positior e.g., thedashed black line at
breast height 1.3 m) and vdBaseHeight is entered as theerse €.9.,¢1.3m); (C) For individuals shorter than the
measuring rodydApexHeight is the height of the crown above the groand vdBaseHeight = 0.
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8. Measurecrown dimensions (if required). S@able10for growthFormdependent
requirements.When measuring crown diameter, the purpose is to record diameter data that
approximate the area of the crown as seen from above.

a. Thecrowndimensions may include live and dead material from both intact and broken
boles / stems. Individual branches trare abnormally longor individual boles for
multi-d G SY Wa Y i Q hat &a dbdonzally Brigd stiek attiafabnormal angles
relative to the majority of the crowmmay be ignoredDo not record crown dimensions
for broken individuals with no remaining branches.

i. Examply | WaoliQ sAdK A
supports both live and dead branches
below the break. Include all branches
that contribute to the general shape of
the crown.

i. Example! WYoluQ KlFa 2y
broken, and this bole supports branches
and foliage below the break that
contribute to the general shape of the
crown. Include the branches and foliage B
on this bole in your assessment of the
AYRA@DGARIZ f Qa ONRgY

iii. Example! WYaAaaQ Kla 2Yy
emergent bole sticking out at an angle q;
such that it is well removed from the K/
remaining crown of the individual.
Ignore this broken bole when measuring

iKS AYRAOARIZ t Q& ¢

b. Forindividuals that lean such that the crown is
not over the rooting point, ignore the bole(s)
that extends beyond the main crown volume
(seeFigure20). Sprouts originating from the root
point are not considered part of the crown, and
small, leafy twigs attached to the main bole are
similarly ignored.

Figure20. Crown diameter measurements for leaning individuals (A), leaning individuals with root sprouts
(B), and leaning individuals with leafy twigs emerging from the bole (C). For all cases, crown diameter
measurements are focused on capturing the area of tlosva as seen from above (black bars) and the
portion of the bole extending beyond the crowsignored.
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c. Measure crown diameters with the technique that works best given the constraints of
the vegetation:

i. [FNBS OFfALSNE owavYaQo

i. WAJIAR O2fftlFLAAOGES YSGSNI adAd] owavyaQ:r a:
i. aSGSNJ GFLS owav8QranyelQwaYyiQs

iv. [F&SNJNFyYy3ISTFAYRSNI 6a2YS WaraQ:r WavioQs v

9. Record in the/ST: Apparent Individuadgp:

a. maxCrownDiameterThe maximum extent of the crown; nearest 0.1 m.
b. ninetyCrownDiameteT ¢ KS RALI YSGSNI G dne (G2 YIE/ NRgY!

10. Measure and record additional growthForependent crown data (if required). S@able10
for growthFormdependent requirements. Use methods as described above.

a. Forshape= inverted cone (icn):

i maxBaseCrownDiametenearest 0.0dIm. The maximum diameter of the base
of the crown (dashed red line ifable16), always measured at ground level. For
aninverted conewith only one stemthis diameter is the diameter of the stem.
Record to 0.01 m (highest precision) for small individuals where the stem itself
forms the very narrow base; nearest 0.1 m is acceptable for larger individuals.

ii. ninetyBaseCrownDiametemearest 0.01 m. The diameter at the crown base
that is perpendicular to maxBaseCrownDiameter.

i. L¥ dzaAAy3 LI LISNI RIGFaKSSGay YFE. &S/ NRgy!
YAYSGe. aS/ NRgogy5AFYSGSNIT W65 GdzyQo
b. Forshape= ellipsoid (elp):
i. baseCrownHeightnearest 0.01 m. Should be a positive humber. Use a rigid,
collapsible meter stick to measure the height above the ground surface for the
lowest portion of the crown (short dashed red lineTiable16 above).Nearest

0.1 mis acceptable faall W& A & Q AvithRuba8dCRdziHeight that is
overhead.

i. LT dzaAy3 LI LISN RI (I apa®mira WodmH HS2YNR 4y Iy IUH
11. Assess and record tlmnopyPosition(seeTablel7, Figure21).

a WSIdANBR F2NJIff waoliQr WYodQs WavyidiQr wal LX
NBIljdZA NBR F2NJ WEAIFIQ YR &AKNXz 3INPdzLJa &
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b. Include both live and dead branches when assessing the crown and its position but
ignore individual branches that are abnormally long and do not represent the general
shape of the crown.

c. AssesganopyPositiorrelative to other trees.

d. ThecanopyPositiordata arecritical for selecting representative individuals visible to
remote sensing for sampling via the NEON TOS Canopy Foliar Chemistry protocol.

e. ExampleA closed canopy, mthern hardwood forest. A young Red O&kuercus rubrp
with DBH = 12.2 is growing at the center of a narrow gap in the canopy caused by a
blow-down that occurred some years before. Assign canopyPosition = 3, because the
2L 2F GKS GNBSQa ONRgYy Aad R2YAYylLGAYy3 | avl
sides receive little direct light, since the gap is narrow.

Tablel7. Canopy position definitions. Modified from USFS Forest Inventory Analysis program Crown Class
RSTAYAGAZ2YyEa (2 SYLKEFAAT S | ending Rstr@edzB. F@est Servick 2062) f A (& G 2

Code | CanopyPosition Definition

1 Open Growng Full sun, not touching other plants, with crowns that have received full light from above
from all sides throughout most of its life, particularly during its early developmental period.

Full sudidominant ¢ crowns receiving full light from above and partly from the sidd®se trees are taller
2 than the average trees in the stand arftetr crown form or shape appears to be free of influence from
neighboring plants.

Partially shaded/cedominant ¢ crowns receive full light from above, but little direct sunlight penetrates
3 their sides. These trees are average height with respect to the canopy and are somewhat crowded frd
sides.May also apply to eelatively shortertree growing in amall canopy gap.

Mostly shadedc individuals that receive little diredight from above and none from the sidehese trees
4 are shorter than dominants and eominants, and hence shorter than the average canopy height.
However, crowns of these trees do extend into the canopy formed by dominants addnsimants.

Full shade individuals that receive no direct sunlight either from above or the sitleese trees have
crowns that are entirely below the canopy formed by dominants andaminants.
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Figure21. lllustration of relative canopy positions definedTiable17; numbers (15) correspond to codes. 1 =
open grown, 2 = full sun/dominant, 3 = partially shadeddwminant, 4 = mostly shaded, 5 = full shade. Modified
from (U.S. Forest Service 2012)

12. Review alVST: Apparent Individuals [PR@&zJordfields for completeness and accuracy.

a. Itis valuable to spend a minute to identify missing datdssed individualgr other
errors while still in the field where the individual can be checked against measurement
requirements (sed@ablel0, Tablel6).

b. Collecting missing data later and / or correcting errors without access to the measured
individual is timeconsuming and costly.

13. Save the record and repeat steps for additional qualifying individuals.
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Measuring Broken Individuals
Broken boles: sbt

When either live or deadompletelydo NB { Sy WaoiQ AYRAQDGARdAzZ ta B
encountered:

a. RecordplantStatus=9¢t A @S T or@RBdeas yoketseeTablel5). Partial

MO .

breaks areassigned tglantStatusl cMee, LK@ aAOF f £ & RIFYF3ISRQ | yR

here.

b. RecordstemDiameter breakDiameter, vdApexBreakHeighindvdBaseBreakHeight.
The purposef these data is to enable estimating the mass ofknder that
approximates the dimensions of the broken b@fégure22).

i. MeasurebreakDiameterbelow the brealat the last point the bole is regular.

ii. For broken decumbent bolebreakHeightdata correspond to the length of the
bole between the break and the root collar.

ii. If leader branches ascend higher than tireakheight, vdApexHeighwill be
larger thanvdApexBreakHeight

iv. If the breakheightis the highest poinand the break is cleaand horizontal the

value recorded fowdApexBreakHeighwill be the same as that recorded for
vdApexHeight

v. vdBaseBreakHeighbften the same agdBaseHeightMay be differenthan
vdBaseHeighf 2 NJ I 0 NR {1 Sy WYo (i Qorwrerd sifféddi® ¢ A y 3
viewpoint is needed
to make the separate A . B
height/breakHeight 1
measurements

A

Figure22. Broken bole measurements
for an individualg A G K I aal
(A), and an individual with an ___
ascending leader above the break (B 1
Thedashedred linerepresents DBH
and the dashed blue line is the
breakDiameter.

Wby
Wby

breakHeight
breakHeight
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c. If the broken top of the bole can be found nearby on the ground:

i. Measure thebreakDiameterof the entire bole as near the break point as
possible nearest 0.1 cmMeasure two diameters wittree calipers and record
the average if a diameter tape cannot be used.

d. If the broken top cannot be found it cannot be determined which broken top
matches the broken bole of interest: Two people may wse calipers to estimate the
diameter at the breakpoint.

i. Person 1Stand away from the broken bole at a sufficient distance such that you
can see the breakpoint AND the base of the bole (i.e., the same distance
required for measuring the height of the break).

ii. Person 2: Stand in front of the broken bole with the caliper jaws open and
pointing up.

iii. Person 2 directs Person 1 to open the calipers until the jaw gap appears to
match the diameter at the breakpoint (squinting may help).

iv. Record to the nearest centimeter and note in theemarksthat & 6 NB | |
RAFYSUSNI Aad SaidAYldSRe®
e. RecordnaxCrownDiameter, ninetyCrownDiametpsee SOE.2 step 3 (above).

f. C2NJ I O2YLX SGSft & 0 NI isdividud daesinat qualifyydonot OY K S A =
sample Note: SeeSOFE.1Figurel5if resprouts are present.

Il Broken boles: mbt

When either live or dead broken boles > 130 cm length are part of d-bulé tree:

a. If a subset of the boldasbroken:
i. Record data for the largest, intact bole fir€town dimensions and height data
should not be associated with a broken boderen if the broken bole is largest

ii. Recordplant3atus individually for each bole (séeablel5).

iii. Recordcrown diametermeasurements oncper taggedindividual andenter
the valuedn the crown diameteffieldsfor the largest, unbroken bole.
Measurement otrown diameter may include broken boles as described above
in SORE.2 step 3

iv. Record mapping data in a ne¥&T: Mapping and Taggingcord if the largest,
intact bole was not previously mapped.
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v. Separately measure and recasttmDiameter breakDiameter
vdApexBreakHeightandvdBaseBreakHeighor the broken bole(s) as
RSAONAROSR 0203S F2NJ oNR| Sy WaoidoQ

b. If all of the boles are broken:

i. RecordplantSatus individually for each bole (sekablel15).

ii. Recordcrown diameterdataas described above in S@R2step 3if broken
boles continue to support a crown

iii. Separately measure and recastbmDiameter breakDiameter
vdApexBreakHeightandvdBaseBreakHeigHbr each broken bole as descrithe
F62@0S FT2NJoONR|1SY WaoioQ

iv. Height dataydApexHeightandvdBaseHeightshould be collected from the
tallest broken bole.

lll.  Broken boles: smt
a. Whenasing® 2t S wavYiQ KIad OoONRDPBYVS HENEDI KbPHESaND
length of all boless now < 130 cm:

i. Consideti KS AYRA@GARdzE £ | & | Wiaqudld@s for iR Y S| a dzl
growth formand the individual lies within the accepted measurement area
i.e., the individual is within a nested subplot if nested subplots are employed

i. LT AYRAGARdZ f R2Sa pastStatugldzicibgloriger | & | Wal |
jdzZt f ATFASAaQ YR R2 y2i4 YSIadiNB® [ SIS (K
years as the individual may again qualify for measurement.
b. Whenoneormorebolesofamuii2zf S WaYiQ mowdhdeanddtxidy | yR
cm, and at least one bolstill qualifies for measurement at 130 cm

i. For broken boles that do not qualifiyp data collected
ii. Continue to measure emergent bolggat qualify at 130 cnas normal.

lii. Measurement otrown diametermayinclude broken boleas described above
in SORE.2 step 3

c. Whenoneormorebolesofamuiii2z f S WaY(iQ Kénglifis>d30Rm:Sy > | yR
i. RecordplantStatus=9¢t A @S T ordNER SYRE @eiiBbRes holo.
ii. Measurecrown diameteras described above in SGR, step 3(above)

iii. MeasurebreakDiameter vdApexBreakHeightandvdBaseBreakHeighds for
YaouQzr o20So
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Broken boles: sajpnd sms

a. 9YSNASyYy:d adSYy KFa RRK x M OYX

b. 9YSNASyG adiSYy KIFa RRK x m OYX

C.

d.

i. Do not measure ddh.

YR A&

i. C2 NJ Yaa¥ude@ant okrowndiameter may include broken stems as

described above in S22 step 3(above) Crown diameters are not measured

FT2N Wal LIQ®

i. AssigrplantStatus=9¢f A @S I ordRER SYRE

ii. Measure ddh.

YR A&

GNR1SYQ

ii. C2 NJ Waasuée@ent oftrown diameter may include broken stems as

described above in S@R2 step 3 (above)rown diameters are not measured

FT2N Wal LIQ®
iv. breakDiameterandbreakHeightdata are not required.

LT Ftf ljdrtAFeayd SYSNEBSy
WoNR]1SYQ ONRGYy D

aisSy

a | N»B

If all qualifying emergent stems are broken and < 30 cm stem leimgtivjdual does not

gualify andno measurements are made.
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V.  Broken boles: sis
a. When an emergent bole is broken and is < 130stem length
i. No data collected.

ii. Measurement otrown diameter may include broken stems as described above
in SOFE.2 step 3 (above)

b. 2KSy ty SYSNHBSY( 062t Sstehlenga N2 Sy FYR Ad X M

i. Iftheindividualisamuid 2 f S WaAaQ> iNBeORI&RhtRE G F2NJ
largest DBH firstas this bole will be associated with height and crown
dimensiors.

i. RecordplantStatus=@gcf A @S 3 ordRER SYRE @eNiBbResS hole.
iii. Measurecrown diameteras describedn SOHRE.2 step 3 (above)
c. When all emergent boleasre brokenandk Mon OY &aidSY €t Sy3adKy
i. RecordplantStatusl Wdh ST 0 NERSYRE 20NNPAMSY Q LISNJ 06 NJ
i. aStkadaNB (KS SEGSY iasdestribed@tBdveWo N2 1 Sy Q ONR 4
d. When all previously qualifying emergent boles are broken and are < 13¢eom
length
i. LeavethetaginplaceNtS I (i G KS A Yy R andhdasiztet descibed WA Y & C
l62@dS FT2NJLoNR]SY wavaaqQ
i. LT GKS AYRAQARdZ f amidsSilkalivg 2réate prazke€odfo2 | a |
the individual withplantStatusT yy2 f 2y 3SNJ ljdzZ- f AFAS&AQ | yR

Continue to monitor in future years in the event the individual again qualifies
for measurement.

ii. If all boles are broken, dead, and < 30 st@m length, create one record for the
individual withplantStatusT @QR2 6y SR RSIF RQ®
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Shrub GroupsLiana GroupsFern Groupsand Cactus Groups

Data collected as part of this section are recorded inMI83: Shrub Groups [PR@pplication.

Fern Groups are reserved for certé@mn species at the D20 PUUM site.

[+ O dza
.AZ2Yl aa

| 2y &dz

DNER dzLJ Y S| & dzNBSfahdanid Opemtinlr&ad@rdlFAG Eactust y  W¢ h {
OW5 0OoMMB U @

Iy R

I FYREAY3Q

0§KS Wal ydz f
data entry details (RD[14]).

F2NJ Cdzf ONHzY KLAXE ADPhtiaQ@y¥z M

AAATEAYIGESESG | A& 2ly Y &l dCdadBneasemenitsa@ré theNdast 2 NI S |

useful with respect to allometric biomass estimatidiigure23, seeSOP Bor explanation and
classification guidelingsVegetationgroups are not mapped relative to a plot marker, ahid not
required that they baagged however, you may tagroups to better enable repeat measurements if
you wishb D NR dzLJa
W gSNI 3S KSAIKGEQO

SOP E.3: Measuring Shrub and Liana Groups

Find and delineate
plot, subplot,
nested subplots

v

I NB YSI adz2NBR

Survey plot and
record Plot Meta-
Data (SOP C)

Y

Identify potential

 J

Shrub Group

/Wauld stem\

< measurement
damage staff or
vegetation?

Yes

>_

r/h\\
f/ \\
f/ \\
~" Does group ™.

< cover 100% of :}

~sampling area?”
\i\\ g //
.
o

Create V5T:
Shrub Groups
record

*

No
1
r/ \\.
f/ \\

z/ . \-\
~ Are perimeter™.,

—l~< stems safely

~._accessible?
. -
~
N
T
Yes

Y

az

NO 3

Measure these stems
as Apparent Individual
(SOP E)

5

GKFG GKS @2f dzyS

Measure canopyArea
with Graph Paper
method

No —3]

Y

Record
canopyArea

Yes —

Y

Measure and
record height

h 4

Assess and record
composition and
live /dead status

by taxonlD

Figure23. SOP E.3 erkflow diagram outlining measurement of shruiana, fern, and cactugiroups; boxes
AYRAOFGAY 3 W{ KNXzo
protocol text; most common workflow is outlined.

D NE datlier grbup typesDiagra supgpdiits avid dods &d? replatélJt &
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=

Canopy area is estimated using the graph paper mapping technique, with the area covered by the group
determined by counting the number of graph squares within the gréuguie24).

Each group receivesgrouplDthat is unique within the plot. This number is not necessarily a
permanent assignment; it is a temporary ID used to link data related to-spéties groups.

plotiD: HARV_001 [TTTTTTTTTTTITTTITITT1]
grouplD: 21_01 C 344 ~7 =4 -
subplotiD 21_400 - .
i . H
]
/ 7 /
]
4 r
] ]
] ]
| ]
! 1
Step t Record Step 2 Draw Step 3 Ignore Step 4 Count the
metadata shrub group portions of shrub grid cells to
relative to plotor group outside of the determine canopy
subplot plot or subplot area

Figure24. Example of graph paper method for estimating shrub group area within a 20 m x 20 m subplot. In this
example canopyArea= 41m2.

For each Shruiiana or FernGroup:

1. Assess the % cover of tlBeoup relative to the measurement area:

a. Do not map the group if cover is 100% for a given subplot or nested supiptot stems
are very dense, and a mom-less continuous group covers the entire measurement
area. When this occurs, record theea of thenestedsubplot in the canopyArea field.
E.g., if the nestedubplot area = 25 rhand cover is 100%, record canopyArea = 25.

b. If the group covers <100% of the measurement area, map the area of the group using
the graph paper method.

2. MeasureGroup canopyAreawith the graph paper methodrjgure24):
a. Label plotlDand subplotiDor nested subploti®n the graph paper.
b. Draw the measurement area boundaries, (1°end n¥).

Draw the shape of the shrub group to scale within the measurement area.

o

d. Count the number of grid cells contained within the sketched group, begin with whole
cells then add up partial cells: the sum is damopyAre&for the group.

SOFE
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3. Measure Group average height:

a.

b.

Use either the laser rangefinder (> 2 m), a meter tape (< 2 m) or collapsible ruler (< 2 m).
Measurethe height at 5 locationsaGroupHeightbGroupHeight etc.); nearest 0.1 m.

i. Choose heights that you feel best represent the average maximum height of the
shrub group. Bear in mind that the goal is to estimate the volume of the entire
group as accurately as possible.

ii. Forgroups that include lianas, measure height for the majority of the group, do
not account for climbing stems extending to the canopy.

4. Create arecord in th€ST: Shrub Groups [PR@Pjlication. Enter the following:

a.

sitelDandplotID; select a plotID from the list generated by t8T: Plot Metdata
app. Return tovST: Plot Metdataand create record for the current bout if one does
not yet exist.

Date enter the correct dateYYYXM-DDformat.

fixedSubplotlD select the subplot that is invariant through time (i.e., the group will
always be rooted in this subplotID regardless of future stem density changes). Helps to
relocate groups in subsequent bouts.

i. Example 31_100 (Distributed, small Tower plot), or 21_400 (large Tower plot)
are fixedSubplotIDs.

nestedSubplotCornerselect if sampling occurs within a nested subplot that is anchored
to a corner of a fixedSubplot (s&&gure?). Helps to relocatgroupsin subsequent
bouts; may be left NULkhen sampling groupthroughout the entire plof(i.e., nested
adzoLX 20 I Wy2yS{StSOGSRQU®
i. If a single group spans > 1 nestedbplot, record additional nesteslbplotiDs in
the remarksfield.

eventlDT | dzy AljdzS ARSY (AT &sESITEFRYRY © KIS) vy ®wyLI K § HS !
is the year the bout began. If an agp@pulated value is incorrect, return ¥ST: Plot
Meta-Dataand update the record.

grouplD unique identifierwithin a plotF 2 NJ § KS & K NXz0 IXERWRLIEZ dza Ay 3
whereXXis the subplotlD, andYA a |y AYONBYSyidlf ydzYoSNJ 6nmz
the field, starting over for each plot.

canopyAreathe area of the shrub group, nearest £.m

aGroupHeight, bGroupHeight, etcenter 5 representative height measurements,
nearest 0.1 m.
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5. Assess the Group to determine taxonomic composition and per taxon live/dead status.

a. Determine the % contribution by volume (ocular estimation) of each species within the
group (sum of live + dead biomass).

i. Ignore herbaceous species that are quantified via the Herbaceous Biomass
protocol.

ii. Itis okay to include woody individuals with ddh <1 cm in the estimate that,
were they not within the group, would be quantified via the Herbaceous
Biomass protocol.

b. For each species present, assess the % live and % dead within the total group volume.
The sum of % live and % dead should = 100 for each taxiholiph see below if the
%volume is < 5% for a given taxonID

i. Do notinclude dead, downed individuals that would be measured via the
Litterfall or Coarse Downed Wood protocols.

ii. Dead decumbent individuals should be assesssg site and taxonspecific
criteriatoRSGSN¥YAYS AFT G(GKS&@ I NB WR24yYSRQO®
c. Create a child record in tRéST: Shrub Groupgp for each taxonID within the shrub
group and record:

i. taxonlD; select from the NEON master list of USDA plant species codes for
species present within the domain. Identify to the greatest taxonomic resolution
possible.

1. IftaxonlDis unknownand the stem is alive, assign a morphospecies ID
as indicated in steps below, obtain leaf, bark, and/or reproductive part
samples (e.g., cones, nuts), and bring back to the lab to identify.

ii. identificationReferencesfor unknown species that must be keyed out, record
the references used (e.g., dichotomous keys, regional flora guides) on a per
individual basis the first time the species is encountered. It is not necessary to
record the identificationReferences the ridime the species is encountered.

iii. identificationQualifier; select the appropriate qualifier when identification
below a given taxonomic rank cannot be mage.g., taxonID = familyr
genuslevel (Tablel14).

iv. morphospeciesliif applicable); enter a concise, descriptive 1D that will be
possible to link to this speciéamter. Follow all guidance in SQR3

v. volumePercent visually estimated % volume of the group for a taxonID, nearest
10%. If a taxonID is < 5% of total group volume, record volumePercent = 1%

SOFE
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&

vi. livePercent the estimated percent of the biomass that is alive for a taxonID in
the group, nearest 10%.

vii. deadPercentthe estimated percent of the biomass that is dead for a taxonID in
the group, nearest 10%. Sum of livePercent + deadPercent must = 100%.

d. Save the childecord andrepeat for additional taxa present in the group. The sum of the
% volume contributions from all taxa must equal 100%.

6. Save the parent Shrub Group record and proceed to the next group.
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aSlkadaNAy3 WYhiKSND DNRgiUK C2NXNa

E.4
E.4.1 Ferns and Fern Allies
CSNya FyR FSNYy I|fftASa

FNBE 2yS 27

GKS Yzali

o2vvz2y

Observatory. As a group, ferns and fern allies have a range of shapes and sizes. However, there are a

limited number of fern allometries available for estimatingroass for this group. Measurements

required for common fern species are providedablel8.

For Distributed PlotsFerns may be ignoreehdNB O2 NRS R ONAWISNBE SyWwB G YSiGQ
when sampling Distributed plotstlie NLCD class for the plot is forested (of any type), or if the
visually estimated aerial cover of ferns is < 50% of the entire plot &igare25). That is, visually
estimate the fern cover as seen by A@#l ignore those individuals that are not visible because
they are growing beneath the tree canapy

For Tower PlotsSampling ferns within Tower Plots is determinedSayence ang based on
analysis of Site Characterization data.

Find and delineate
plot, subplot,
nested subplots

l

Survey plot and
record Plot Meta-
Data (SOP C)

Y

Review previous
nestedSubplot
areas (SOP Q)

4

Propose new
nested subplot
area to Science

(if applicable; SOP C)

4

Create VST:
Apparent Individuals
record

Ferns
'present-
sampled®?

Select individual
to measure

Determine

'Other' growth
Forms 'present-

sampled?

Select individual
to measure

A

Assign
growth form

Y

Determine growth
form specific
measurements

taxon-specific
measurements

4

. Record

required data

i

Save the
record

Figure25. SOP E.4 wkflow diagram outlining measurement t#rns and¥ 2 (i K S-\Mdady gf@vihForms
Diagram supports and does not replace protocol text; most common workflow is outlined.
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To Measure Ferns and Fern Allies:

1. Determine the appropriate measurement arém fernsc i.e., whether nested subplots should
be employed to standardize the sampling effort (SOB.

a. ThenestedSubplotAreaFernsiay be informed byhe area selected in a prior bout for a
given plot For each bout, confirm that the fern sampling effort is adequatedif
applicablerequest a newnestedSubplotAreaFernr a plotby submitting an Incident

2. Ignore all individuals with average frond length < 30 cm.
a. !!l Note: This will likely disqualify many fern allies from consideration for this protocol.

b. For individuals close to the cutoff and with fronofsvery different lengths, use the
WaSty [ SIFT [ Sy3auUK: ApparerOlddividuéagpN Ay (G KS

3. Create a record in the#ST: Apparent Individuagp and create a newoody child record for
each fern.

4. Assign demplDto each individual fern that is measured. The templD dntwements within
each plot.
a. If multiple teams are working within the same plot, one team should begin the-auto
AYONBYSYyUAy3 GSYLILS5 &4SljdzsSyO0S 6AGK WmQ FyR
sequence witta much higher number (e.g¥ p htaaRoid overlap and duplicates within

thedatab2 S GKIFG GSYLIL5a OFyy2i SEOSSR WYhpohhpQ
working in the plot and plan the appropriate starting values accordingly.

Q)

b. Note:Use flaggingor equivalent) to keep track of which ferns have been sampled.

5. For densely clustered ferns that form an impenetrable mass (e.g., some D20 PUUM species):
a /| 2yaAARSNI RSyasS LJ GOKSa I a YWhNRrdadaST:aA YA | NJ
Shrub Groups [PROIRFord.
b. DNRdzLJa O2dzy i a WmQ 6KSYy RSUGUSNNAYyAYy3d (GKS O2
6. Determine species or morphology group and measure accordinghl€18). If a species is not
listedin the table record:

a. Average frond lengthnearest 1 cnfselect5 representative frondto measure).
Measure fronds from theooting point to the tipwith the frond extendedlaid flat) on a
ruler.

b. Number of total fronds.
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E.42 Tree Ferns

Tree fernspeciesare measured similarly to woody individualarge tree ferngU¢f Qare sampled
OKNRdzZAK2dzi GKS LX 20 OAYRAGARdzZ f & gskilikee rns(Wtfigx mn OY
may be samplevith nested subplots, if applicablstf areindividuals with DBH < 10 cm or stemLength

< 130 cm)Se€Tablel8for a summary of required measurements.

1. For small tree ferns#tf(), ®lect anestedlubplotAreaOther using guidelines in SAR2

a {YIff GNBS FSNya IINBE O2yaARSNBR Ff2y3a gAlGK
determining nested subplot are@dhatA 8 = AT | yeé& | RRAGAZ2YIf Wh{iKS
LINB&aSyild Ay GKS LX2GX dzas8 GKS Glrtfe 2F avlftf
determine the appropriateestedSubplotAreaOthefor the plot.

b. ThenestedSubplotAreaOthemay be informed by the area selected in a prior bdft
nested subplots are utilized, confirm the selected area meets guidelir@®Ht.2and
submit an Incident if a new nested subplot area is desired.

c. LargeNBS TFSNYa ¢ idstensength >130crDo KOT use nested
subplots. Measure these individuals throughout the plot.

2. Mapping tree ferns:

a. Map alllargetree fern @fQindividuals(i.e.,5 . 1  x andrsterAL¥ngth > 130 cm)
Map the root point, not the crown.

b. Do not map small tree fern&{fQp
3. Measure and record themeasurementHeight

a. Forall WfQndividualsand ¥ a wiitlf €emLength > 130 cm,easure diameter 130 cm
along the stem from thé&bot collaKbr Ybot pointQ

i. For downed individuals that are still growing, find the rooting point, and
measure 130 cm along the downed stem to find the measurement location.

ii. Forindividuals with pedestals, define the zero point as the top of the pedestal,
then measure 130 cm along the stem from the top of the pedestal.

iii. For individuals with the frond attachment point at 130 cm (or close to it):

1) Move the measurement location down the stem until the stem is
regular.

2) Record the modifiedneasurementHeight

b. C2NJ Wali¥TQ 6A(K salectdndasigriettleighabovettie rootdlar
or root pedestal where thetem is regular.

c. Guidance in SOP.1may help with other complex situations.
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4. Measure and record thetemDiameter(DBHat 130 cnfor WF Q | Yy R Wad¥Q 6AGK &ads
cm) or the basalStemDiamete(ddhat 10cmfor Wa 6 FQ A GK &A0GSY[ Sy3adGdK £ wmo
a. Use calipers when boles are extremely furrowed, mo®gered, or there are other
irregularities like roots / shrubs / lianas that prevent accurate use of tapes.

b. Avoidsloughing off bark to ensure repeat measuremethtsnot yieldnegativechanges
in stemDiameteror basalStemDiameter

5. Measure thestemLength The stemLength is the length of the stem from the root collar or root
pedestal to the base of the leaves.

a. For decumbent individuals the stemLength is used to allometrically estimate biomass,
whereas height is meaningless.

b. Atthe apex of the plant, the stem terminates at the point where woody parts stop and
fronds emerge.

i. The point at which woody material stops and fronds emerge is often obscured.
When possible, probe by hand to determine where woody parts stop.

ii. For very tall individuals for which manual probing is not possible, use experience
with shorter individuals to consistently visually estimate the correct
stemLength

c. Use a measuring stick or a rangefinder to measure the reqlémgth.
6. Measure thevdApexHeightandvdBaseHeighfi.e., the required inputs foheight).

a. The totalheightshould be the vertical distance betweerhnere the individual emerges
from the ground and théiighest point of the fronds.

b. As above, se a measuring stick or a rangefinder to measure the requiegtical
distances.

E43 | RRAGA2YIE WhiKSND DNRgGK C2NVa

1. YhdKSNR INRPGgGK F2N¥a GKIG INB Ffaz2 YSIFEadaNBR | O
Required measurements are unique to each growth form, and are listédhlel8.
a. PalmtreeqptrQwithDBHK mn OY ' b5 aGSY[Sy3aidK B mon OY)

i. Measure throughout thesampling area, do not use nested subplots

ii. Create anapping andagging record in th& ST: Mapping and Taggiagp to
track the same individuals through time.t rQ WAY RA @A Rdz £ & a K2 dzf R

iii. For treepalmlike species (e.gArecaceak measurestemLengthandheightas
describedabove for large tree ferns

b. Small palm trees§pn
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i. Nested subplots may be used to standardize sampling efftse. prior values of
nestedSubplotAreaOtheas a guide and request a new nested subplot area via
an Incident ithe old value does not meet guidelines in SQP

ii. Create atagging record in thé&ST: Mapping and Taggiagp to track the same
individuals through timeL Yy RA @A Rdzl £ & Yl & Ffaz2 od YI LLIS
2NIMO FNB LINBaSyid Ay GKS LX 200

ii. Distinct measurements are required for:

1) Shrub-type palms (e.gSerenoa repensignore individuals with < 30 cm
mean total leaf length.

2) Small tee-type palms (e.gButia capitatg with DBH < 10 cm or
stemLength < 130 cm.

iv. Small individuals from trepalm-like species do not qualify for measurement
when only leaves emerge from the ground and no bole is yet visible.

c. Fouquieria splender(ge., Ocaotillo)
i. Stem count is basal stem count, not terminal stem count.
d. Xerophyllum species (i.e., Bear Grass)
e. Yucca species
i. Include agave species with yuddae growth form in this group.
ii. Ignore all individuals with height < 30 cm.
iii. Ignore the flower stalk for flowering individuals.

iv. (Optional): Create a tagging record in M8T: Mapping and Taggiagp to
track the same individuals through time.

f. Cactaceae species:

i. The Cactus SOP is implemented concurrently with this protocol. Measurement
of Cactaceae species is described in the companion Cactus SOP (RD[11]).

2. As above, create ¥ST: Apparent Individuaiscord for each plot that contains nemoody
growth forms, then create a child NéAoody record for each individual.

3. For most noaAvoody individuals, ssign arauto-incrementingtemplDto each norwoody
W2iKSNR AYRAGARdzZrf @GgAGKAY (GKB41LJX 240 a4 RSaONROS

4. Measure and record theneasurementHeightiny time astemDiameter or basalStemDiameter
measurement is made.
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&

5. To measurenearBladd_engthand meanPetioleLengthor shrubtype palms €.9.,Serenoa
repeng:

a. lgnore young fronds not fully expanded.

b. Ignore dead fronds that have started to break apart due to decomposition; otherwise
include dead fronds.

c. LT AYRAGARdZf KFa X p | drdduse he/STyAppaleMNB Yy RayY a &
Individuat app calculatoto determinemeanlengths. Recordto the nearest 1 cm

d. Iftheindividual has > 5 qualifying fronds:
i. Number all qualifying fronds at the petiole base with a sharpie

ii. Use the random number generator antean length calculator in théST:
Apparent Individualapp torandomlyselect 5 fronds for measuremerfecord
the meanlengthsto the nearest 1 cm.
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L

E44 {dzYYI NB 2F wSI|dZANBR aSlIada2NBYSyda F2NJ WhiKSND D

Table18. Summary of required measurements for ferns, tree ferns, palms, and additionad g Re& W2 (i K S NI
growth forms.

Athyrium filix leaf «
femina®
Blechnum leaf "
spicant
Ferns Dryopteris
(frn) austriacd leaf X
Polystichum
munitunt leaf x
Pteridium basat «
aquilinunf
Large
Tree Cibotium spg,
Fern Cyathea sp§p. x DBH X X X
(Itf)
Small
Tree Cibotium spp, N DBH or “ « «
Fern Cyathea sp§. basal
(stf)
Palm
tree Arecaceae spp. X DBH X X X
(ptr)
Leuc_oEr; finax leaf | crown | crown | x X X X
morrisii
Serenoa leaf | crown | crown | x X X X
Small repens
Palm
(spm) Sabal etonia leaf | crown | crown | x X X X
Arecaceae spp. DBHor
(i.e.,smalltree X basal X X X
palms)
SORE
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Fouquieria splendefs basal
Ocotillo (oco) stem

basaf | basaf X

Xerophyllum tenaxg Bear

Grasgxer) basaf X

Yucca spyuc)t

Includes agaveandspecies
with yuccalike, large basal
rosette growth form

crown | crown X

L Fern species not mentioned in this table should be measured similaAthtaium filixfemina.To qualify for measurement

according to this protocol, ferns must have an average frond leG@b cm.
2 pasalStemDiameter fdPteridium aquilinumt Y R WESNIR A& YSI & dzNB

F2NJ WESNRE | gSNI 3S (KS YIE | yRA¥EES RAK ST SHS dgans hGlpnwerdg v O

individuals, also the sten

R |

[:.I

-

Z

GKS adaNELF OS
& &R

3 §S (KS WHRahlglEXor dlustiatids of the/maxBaseCrownDiameter and ninetyBaseCrownDiameter

measurement location.

4 Allometry fromGholz et al. (1979)

5> Allometry fromOstertag et al. (2014Belmants et al. (2014)
6 Allometry fromAlves et al. (2010)

7 Allometry fromGholz et al. (1999)

8 Allometry fromMorel et al. (2011)

9 Allometry fromBobich and Huxman (20Q9)

10 stemLengthdefinition: See SOP E.4.2; measure to 0.01 m. For vertical individuals, stemLength is equivalent to height.

For decumbent individuals, height cannot be used to allometrically determine biomass.
1170 qualify for samplingg dzOOF Ydzad KIF @S KSAIKG x on
individuals.
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SOP F  Vegetation Structure Data Collected Annually Tower Plots

Overview

In this SOP we describe measurements made annually in a subset of Tower Plotgi@igsethis
SOP are focused on sites with and without dendrometer bands.

1 SOPF.I Forrelatively fastgrowth incrementsites without dendrometer bands

1 SOP9® andO: Forrelatively slowgrowth incrementsites with dendrometer bands
This SOP assumes working knowledgB@PE W+ S3ISGlF GA2Yy { G NHz2Q€dzNE 51 G/
LYGSNDIt Qo
Goals

1 Collect annual Vegetation Structure data fromraductivity subset of Tower Plots

At slowgrowth increment sitesfit selected trees\ y 1 KS WLINE RitzOdndrathktére@ a dzo &
bands Cdlect annual band gap data in addition to standard DBH ftata banded trees

1 At slowgrowth increment sitesiitflarge treesk  ®§ftile biomassn additionalTower Plots
with dendrometer bands@llect annual band gap data in addition to standard DBH fiata
banded trees

F.1 Annual Measurements at Fastgerowth IncrementSites

1 Annual Tower Plot measurement at fasgnowth sites involves implementation 8OP i a
WLINE RdzO G A @A (i tidestifizd iatiSe(P@t Péofitization list pPolided via the SSL

1 Thelist of plots in theproductivity subset is determined by Science and the plot list is provided
via the SSL.

1 All qualifying woody and newoody vegetation is measured annually within the productivity
subsetwith the exception of ferns and fern allies

1 SeeAppendix Gor a list of fastergrowth and slowgrowth increment sites.

Procedure steps:

1. Navigate to one of the selected plots and delineate accordirgQ® C

a. Classify individuals to growth form accordingOP Bvhen determining nested subplot
size.

2. Create arecord in th¥ST: Plot Metdata [PRODdpplication. Enter required information as
described in SOE.3 Ensure the following two fields are entered correctly:
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a. Enter theeventType

i. allTowerPlots do NOT seleciThis option only applies when all Tower Plots are
measured on afyear interval.

ii. distributedAndTowerSubsetselect if Distributed Plots are scheduled for
YSIFadaNBYSyid Ay GKS akryS @SFN dKIG GKS
measured.

iii. towerSubset select when only the productivity subset is scheduled for
measurement for the current sampling year.

b. Enter the type oflataCollected

i. allGrowthForms select when all woody growth forms are measured within the
plot. This is the only option to select for fasignowth sites.

ii. dendrometerOnly do NOT select. Dendrometer bands are not currently
installed at fastelgrowth sites.

3. Survey the plot for newly qualifying woody and renody individuals.
a. Tag and map (if required) according3®@P D
b. Do NOT consider ferns and fern allies for annual measurement in Tower Plots.
4. Collect and record required vegetation structure data for woody individuals accord®@RoE

a. Do NOT measure ferns and fern allies annually in Tower Plots.
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F.2 Dendrometer Band Field Installatioat Slow-Growth Increment Sites

Overview

At slowgrowth increment sites, measurement of banded individuals providestgigblution woody
growth-increment data on an annual frequency that is not possible using standard DBHAapes)l

growth increment data are used to calculate annual changes in aboveground Net Primary Productivity

(NPP) for the site.

Dendrometer band installation in the field requires preparation of the tree, diameter measurements

and data recordingzustom fittingthe tree-specificmetal bandpreparedin the lab (SOR.4), collar

fabrication,installingthe bandon the tree, and finally, initial gap measuremefigure26).

Identifying Trees to Band

1 Trees selected for banding are initially identified by Science and a list is provided via the SSL.

1 Banded trees are concentrated in a subset of spattzdanced Tower Plofgypically n=5)The

subset is chosen to match the biomass distribution from the full set of plots.

T ¢KS tI NESAG GNBSE I NB ol yR S percanyle bioRadytiede? v I

trees are identified by Science every 5 years

1 Trees with DBH < 5 cm are never banded, and the minimum banding diameter cutoff varies by

site. Sitespecific banding guidance is provided via the SSL.

1 When remeasuring banded trees at a site, follow the steps in this SOP to band and collect initial

band data from new recruits that now meet the minimum banding diameter.

Fulcrum applications used to collect data for this SOP:

1 VST: Mapping and Tagging [PROd&pplication.Collect dendrometer band installation data, as

well as mapping, tagging, and taxonID data for individuals in the plot.

1 TheVegetation Structure Fulcrum Manuah the SSL contains detailed data entry instructions.
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SOP F.2: Dendrometer Band Fabrication and Installation :
|
A |
Locate tree Fit band to ) Set window in drnedars:n:itlgtl_:a!p !
to band tree and cut final location o times i
|
Locate standard Install the TN P !
DEH measurement » band and e 3~ No o . I
height inspect tension PEH Gl cme - Measure-"._ I
. ments >—NMNo !
¢ gl ~.identical? -~ I
v Y Yes \‘\ /,/ !
T T T |
Find and prepare - . ¢ Yes '
dendror?'letir <._Wrinkles? >—No " + i
install location Tl Install i
~ stabilizing I
Yas nail(s) Ridcg?dm:'e' I
ata
¥ L 4 i
Create Mapping and| | Swap spring gauge i i
Tagging record — or punch new |
spring tension hole Save the }
record !
|
|
1

Figure26. SOP F.@&orkflow diagram for dendrometer band installation in the field, and initial measurements.
Diagram supports and does not replace protocol text; most common workflow is outlined.

Procedure Steps:

1. Locate a tree to be bandetf.the individual is a muHbole tree, all boles that meet the
minimum banding diameter for the site will be banded.
2. Prepare the tree for dendrometer band installation.

a. Locate the standard DBH measurement location on the fake., the
measurementHeight This location is often marked with orange lumber crayon.

b. (Optional) Tie flagging around the standard measurement location.

c. Locate the dendrometer band installation height. The goal is to situate the band high
enough above the standard DBH measurement location that bark removed during
smoothing does not affect the standard DBH measurement.

i. For smoothbarked trees that require minimal surface preparation: Situate band
approximately 10 cm above the standard DBH measurement location.

ii. For trees with roughdeeply fissuredor loosely attached bark: Situate band
approximately 2eB0 cm above the standard DBH measurement location.

iii. Assess the desired band location for branches, burls, knobs, etc. that may
interfere with band placement. Move up the bole if necessary. It is possible to
move below the standard DBH measurement location, but this is not desired.
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d. Prepare dendrometer band location on the bole. The goal is to create as much smooth
surface as possible on which the band will be flush and appressed to the bole.

i. Use a knife to clear moss and smooth-A06cm width swath around the
circumference of the tree.

ii. Inspect the bark and remove any loose pieces using either your hand and/or the
knife. Smoothing the bark is an iterative process that typically requires several
trips around the circumference of the tree.

iii. For deeply fissured bark, gaps between band and bark are common and should
be minimized where possibl&igure27).

Figure27. Preparation of the bole surface for dendrometer band installation on a deeply
fissured Douglas FiPéeudotsuga menziesit the D16 WREF site.

3. Make initial diameter measurements and record in 8 T: Mapping and Tagging [PROD]
application. Create a new entry and record:

a. Dendrometer Installation DateYYYYMMDErmat.

b. Initial Band Stem Diameterthe diameter of the bole at the exact, smoothed location
where the band will be installed, nearest 0.1 centimeté&isThis measurement is not
the same as DBH.

c. Dendrometer Heightthe height above ground at which the dendrometer band is
installed, nearest 1 centimeter. For decurved stems, this is the distance along the stem
rather than the height above ground.
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4. Cutthe band to fit the tree.

a.

b.

Select the labeled, preut band that was sized for the current tree.

In your left hand, hold the tipunched end with the window pointing down and the-tip
punch pointing to the right.

Take the other end of the band and wrap it clockwise around the tree so it is taut
around the prepared surface. It should overlap theginched end and all of the
window.

Mark the overlying band approximately 1 cm left of the window. Draw a dash/dot/star
just to the right of the mark to indicate the outer face of the band.

Remove band.

Clip the band to length at the marked location and responsibly discard the clipped waste
metal.

5. Fabricate the buckle={gure28).

a.

Hold the collar perpendicular to the tree side of the band (i.e. the unmarked side)
approximately 1 cm from the cut end and centered on the bakd (

Fold each wing of the collar around the band. They should not overlap. Pinch tightly
with fingers B, Q.

Fold the cut end of the band over the collar wings so that the cut end does not extend
beyond the lower edge of the collar. Make sure the fold is square with the band and
tight. Use fingers to pinch tighthpy.

Fold the cut end again, in the same direction. Make sure the fold is square and tight. Use
fingers to pinch tightlyg, B.

i. (Optiona) Gloves may be wotto protect against cuts. Thin, gedfyle gloves or
equivalent are recommended in order to retain finger dexterity.

The tippunch end of the band should slide freely through the budkleH.

Smooth any burrs that may prevent the qqunch end of the band from passing through
the buckle.
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Figure28. Fabricating the dendrometer band buckle with the collar after fitting the band to the tree and cutting to
the desired length. The asteriskAdenotes the outwarefacing side of the band marked in the previous step.

6. Install the bandKigure29).

a. Select a measurement location on the prepared surface of the bole where the window,
buckle, and the extended spring can be fully appressed to the bark surface.

b. Hold the leading tigpunched end with the window pointing down in your left hand,
with the tip-punch end pointing to the right as you face the tree.

Take the other end of the band and wrap it clockwise around the tree.
d. Slide the tippunched end through the buckle.

e. Hook a spring of the required size and gauge through the tip punch from the tree side of
the band (seé\ppendix Gor spring requirements).

f. Rotate the band to place the window, buckle, and the extended spring in the desired
measurement location.

g. Pull the band taut and stretch the spring to an appropriate tension.

i. The spring should be tight enough that it is snug all the way around the tree, but
not so tight that the band crumples or wrinkles from the tension.

ii. Mark the band at the location where the free end of the spring will be attached.
h. Release the band tension.

i. Punch the hole. This may be done with the band still on the tree. Be sure to collect the
chad and discard responsibly.

j. Pull the band taut and hook the spring through the newly punched hole.
k. Situate the band in its final location:

i. Rotate so window, buckle, and spring are fully appressed against the bole.
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ii. Check that the entire band is perpendicular to the pith of the lasid centered
within the prepared surface all the way around the tré&églre27).

iii. Make sure the spring is resting on the band, not the bark.

I.  Check thdnitial Dendrometer Gap The gap between the buckle and the rigimgled
end of the window should be approximately2icm.

m. Add stabilizing nail(s) if needed.

i. Boles with DBH > 60 cm require at least one nail on the side opposite the
window and underneath the band.

ii. Tapering boles require at least one nail above the band to prevent the band
from slipping upward.

iii. ! Nails may be omitted for deciduous species that are known to swell around
the nail.

Figure29. Installed dendrometer band with 2 centimeterinitial gap in the measurement window. The band is
rotated such that the entirety of the measurement window and the spring are fully appressed to a smoothed
section of the bole.
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7. Measure and record thinitial Dendrometer Gapthe initial width of the dendrometer band
window, nearest 0.1 mm.

I This measurement is ideally made after a settling period of 4 wadkager Record on the
day of installation and return and update after the settling period

a. Use the inside jaws of metal calipers to measure the §agcific calipers are required,
seeTable22.

b. Hold calipers level with the band and perpendicular to the bole.
Place left jaw point in the upper left window corner (deéigure29).
d. I;xpand trle calip'er jaw to the upper buckle edge, stopping before the caliper dial begins
uz2z aOfAOleD
i. Stopping before the dial clicks ensures that the caliper does not deform the
window, resulting in inaccurate measurement of the growth increment.
e. Remove caliper, read value.
f. Reset to calipers to zero and repeat the measurement.
i. If the two values are the same, record thétial DendrometerGap
ii. If values differ, repeat measurement until obtaining two equal measurements.

8. Recordnitial Gap Measurement DateYYYYMMDbrmat.

IIl' Record the current date on the day of installation astirn and updateafter the settling
period.

9. Save the record.

10. Record standardtemDiameterand measurementHeightata for the banded individual as
described irSOP E
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F.3 Annual Measurements aSlow-Growth Increment Sites with Dendrometer Bands
Overview

1 Aspatially balanceg@roductivity subset of 5 Tower Plots is selected for sampbagddthe Plot
Prioritization list available on the SShme as at faggrowth increment sites).

1 All qualifying woody and newoody vegetation is measured annually within the productivity
subset,except forferns and fern allies

9 Additionally,dendrometer band gap datare collectedrom trees within the productivity subset
that are fitted with a dendrometer banfbr annual measurement

ollect dendrometer band gap data froml NEHS (G NB S & Bo%tifekhatard antedi a x  dp
in other Tower Plots; only banded trees are measured annually in these additional plots.

1 Replace existing bands that trees have outgroWme maximundendrometerGapthat can be
entered is 110 mm (11 cm).

1 The list ofinitially banded trees is provided via the SSL. VST data are analyzed by Science every 5
yearsto identify any changes to per site minimum banding diametelnanges to the 95%tile
biomass thresholdandany new trees to be bandetiat meet the95" %¢tile biomasshreshold

o Outside of this 5/ear assessment cycle, banded trees that die and/or fall down are not
replacedwith new banded trees (except for new recruits).

9 Survey trees in the Tower plot annual productivity subset for new recruits that meet the site
specific minimum banding diameter and fit with new dendrometer bamelsord initial
dendrometer band data ithe VST: Mapping and Taggiagp (SOF.2.

1 SeeAppendix Gor a list of fastergrowth and slowgrowth increment sites.
Fulcrum applications used to collect data for this SOP:

1 VST: Mapping and TaggiflgROD] applicatiorCollect initial dendrometer installation data.

1 VST: Apparent Individuals [PR@pplication.Collect dendrometer band gap data, as well as
other required structure data for individuals in the plot.

1 TheVegetation Structure Fulcrum Manuah the SSL contains detailed data entry instructions.
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SOP F.3: Annual Measurements at Slow-Growth Increment Sites with Dendrometer Bands
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Figure30. SOP F.@orkflow diagram for annual measurements in Tower Plots at gjowth increment sites with
dendrometer bands. Diagram supports and does not replace protocol text; most common workflow is outlined.
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Procedure steps:

1. Navigate to one of the selected plots and delineate accordirgQ® C

a. Classify individuals to growth form according@P Bvhen determining nested subplot
size.

2. Create a record in thg#ST: Plot Met®ata [PRODdpplication. Enter required information as
described in SO.3 Specific to this SOPnsure the following fields entered correctly:

a. Enter the type oflataCollected

i. allGrowthForms select when all woody growth forms are measured within the
plot. This option applies when the plot is part of thenual®’ LINE RdzO G A @A G &
adzoasSiQo

i. dendrometerOnlyselectwher2 yf & f I NASSX ol YyR3RtleAyRADAR
biomassidentified by Sciencaresampledinthe plot.¢ KS Wi 2 G+ f { I YL} SR
NULL for the plot when this value is selected because biomass data cannot be

scaled to the plot level since ortlye banded subgeof trees in the plot are
sampledfor the bout.

3.LFT GKS L 203 Aa LI NIwngykhe plét Br ndhlyNiaiRyiz@wioddp and & & dzo 4 S
non-woody individuals.

a. Tag and map if require¢6OP P

b. Ifthe individual is a treepstalla dendrometer band if the DBkbw meesor exceeds
the sitespecific minimum banding diameter, and collect initial dendrometer band data
(SOR-.2.

c. Do NOT consider ferns and fern allies for annual measurement in Tower Plots.

4, LT (GKS LX 23 Aa LI NIoletfandirekdd radLisddpédahion/stdidiiied & dzo & S
data forqualifyingwoodyand norwoodyindividuals according t8OP E

a. Do NOT measure ferns and fern allies annually in Tower Plots.
5. For qualifying trees fitted with a dendrometer band in a previous bout:

a. DetermineA ¥ (G KS (GNBS KI a AdefddaneeNIhmytd 110 En 6 | Y R
may be recordegdgaps larger than this are not recorded because bole curvéddads to
increasingly inaccurate data.

i. If the gap idetween 90¢ 110 mm ¢ 11 cm) and past datdicatethe gap
will be > 110 mm by the next bout, proceed to the next step and collect
dendrometer gap data. Replace the band when finished and cotéiztl
Dendrometer Gapdata (SOR-.2.

SOFF
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ii. Ifthe gapis>110.0 mm (11 crd® not collectdendrometerGapdata, replace
with a new band and collect Initial Dendrometer Gap data (5EQP

b. Inspect the dendrometer band for damage:

i. If the window is damaged or the band is damaged such that it is no longer
appressed flat to the bole at the set location, replace with a new band and
collectInitial Dendrometer Gaplata (SOF-.2).

ii. If the band is damage@measurement is possibland the data quality is
guestionableproceed to the next step and acquire dendrometer gap data.
Replace the band when finished and collmitial Dendrometer Gaplata (SOP

F.2.

c. Inspect the dendrometer band for movement. If the band is no longer at the original set
location¢ i.e., theDendrometer Heighhas changed from the initial installation height:

i. Carefully slide the band back and forth and move the band to the bole location
at which it was originally set.

ii. If helpful, nstall additional nails to prevent future band movement.

IIl Be aware that nails may cause some deciduous species to swell around the
nail, so adding nails is not universally useful.

d. Measure and record thBendrometer Gapthe width of the dendrometer band
GAYR26% ySINBad noem YYD W5SYRNBYSGHGSNI DI LIQ
growth increment and woody productivity.

i. Use the inside jaws of metal calipers to measure the §apcific calipers are
required, seelable23.

ii. Hold calipers level with the band and perpendicular to the bole. In this position
you will not be able to read the calipers, thus removing any visual bias from the
measurement.

ii. Place left jaw point in the upper left window corner (deigure29).
iv. Expand the caliper jaw to the edge of the buckle, stopping before the caliper
RAFEf 0S3Aya G2 aOftA0|¢®
1. Stopping before the dial clicks ensures that the caliper does not deform

the window, resulting in inaccurate measurement of the growth
increment.

v. Remove caliper, read value.
vi. Reset to calipers to zero and repeat the measurement.
1. If the two values are the same, record tbendrometerGap

2. If values differ, repeat until two equal measurements are obtained.

SOFF
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e. Record theBand Condition

I. ok; select ifa regular, highguality measurement was made. That is, the b&nd
not damaged and has not moved relative to the initial installation location.

ii. measuredAndReplacedelect if the band was damaged but a lovgeality
measurement could be made and the band was replaced afterward.

iii. replaced select if the band was damaged, a measurement could not be made,
and a newband was installed. For example, the window itself was damaged
falling debrisand could not be measured.

iv. reset select when a band has moved from the inie@ndrometer Heightand
was undamaged; the band was moved back to the original location and a lower
guality measurement was made.

6. Record standardtemDiameterand measurementHeightlata as described i8OP E
7. Reviewall VST: Apparent Individuaiscordfields for completeness and accuracy.
a. ltis valuable to spend a minute to identify missing data or errors while still in the field.

b. Collecting missing data at a later date and / or correcting errors without access to the
measured individual can be tirmnsuming and costly.

8. Save the record and repeat steps for additional qualifying individuals in the plot.

SOFF
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SOP G PostField Sampling Tasks

Gl Document Incomplete Sampling/ithin a Site

Measurement oVegetation Structursamplings scheduled t@ccurat all prescribed sampling

locations according to the frequency and timigscribedn Sectiod and Appendix CThe protocol

should be implemented at up to 20 selected Distributed Plots, and up to the total number of Tower

Plots per siteldeally, sampling will occur #tese sampling locatiorfer the lifetime of theObservatory

(core sites) or the durationdhed A 6 SQa F FFAL Al A rydiedisitas)KHoweke®, b 9 h b  LINJ
samplingmay be shifted from onéocationto anotherwhen sampling is compromiseth generala

samplingocationis compromised when sampling becomes so limited that data quality is significantly

reduced

There are two main pathways by which sampling can be compronfiget, sampling locatiorsan
become inappropriately suited tanswer meaningful biological questioqg.g., a terrestrial sampling
plot is compromised after roabuilding activitiesSecond sampling locations may be located in areas
that are logistically impossible to sample on a schethég¢ is biologically meaningfgle.g., the plot is
extremely far from a road and requires an extended hike to access

For measurement of Vegetation Structure, criteria for considering a plot compromised depend on plot
type:
9 Distributed Plots: If sampling cannot be completed for 2 consecutive bouts then the plot should
be considered compromised.

1 Tower Plots: If sampling cannot be completed for any 2 out of 3 scheduled bouts then the plot
should be considered compromised.

1 Not samplindower-priority plotsdue to staffingconstraints does not count towamgualifying as
compromised.

If sampling at a given pldg not possible during a given botihe Sampling Impracticalield must be
populated inVST: Plot Metdata [PRODISORC.3 anda problem ticket should be submitted by Field
Sciencestaff.

To documentocations not sampled during the current bout

1. Review the completed sampling effort and cre&@mpling Impracticatecords as described in
Sectiord.5for plots at which sampling was scheduled but not completed.

2. To document whether a location is compromised according to the criteria above:

a. ReviewSampling Impracticatecords from the/ST: Plot Metdata [PRODdpplication and
Portal data to identify locations where sampling was scheduled but was not completed due
to environmental or site management factors.

3. Create an Incident with the following naming convention to document the missed samgtidg:
compromised locatio¥ ¢ h { { Lo¥dtidin Cofpromised/STcow22 0 / F dzaS 553 ONR

SORG
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a. ExampleW¢ h{ { I YLX Ay3 [ 2 Ol dCbhuidyiot AcBeSslalitPt¥oh & SRY =+
consecutive boutR dzS G2 LISNXI ySyGfte Of2adSR NRBIRQ

Staff scientists review incident tickeasnuallyto determine whether a sampling location is
compromised.

G.2

Sample Preservation

1 Place plastic bags with leaf samples from unknown species in a refrigerator until they are

identified and/or placed in a plant press and dried for identification at a later date.
Specimens should not be left in the refrigerator for more than two days.
Identification often requires a variety of dichotomous keys, a dissecting microscope, a dissecting

kit, and a herbarium with voucher specimens for verification.

Refreshing the Sample Kit

Recharge batteries on the GPS unit.

Make sure there are either 1) adequate supplies of fresh replacement batteries for the TruPulse
360R (type CR123A); or 2) rechargedidatteriesneeded for the TruPulse 36&ie re
charged.

Check that supplies of lens tissue are adequate.

Check that supplies of consumable materials are adequate, particularly data sheets.

Equipment Maintenance, Cleaning, and Storage

If necessary, clean the lenses on the laser rangefinder with a lens cloth or lens tissue.

Remove plot location information that is no longer needed from mobile devices.

SORG
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Mobile applications are the preferred mechanism for data entry. Data should be entered into the
protocolspecificapplication as they are being collected, whenever possible, to minimize data
transcription and improve data quality. Mobile devices should be synced at the end of each field day,
where possible; alternatively, devices should be synced immediately upomrietthe Domain Support
Facility.

However, given the potential for mobile devices to fail under field conditions, it is imperative that paper
datasheets are always available to record data. Paper datasheets should be carried along with the
mobile devices to sampling locations at all timeata collected on paper data sheets must be

transcribed within 14 days of collection or the end of a sampling bout (where applicable). See RD[04] for
complete instructions regarding manual data transcription.

Quiality Assurance

Data Quality Assurance (QA) is an important part of data collection and ensures that all data are
accurate and complete. Certain QA checks can be conducted in the field (i.e., before a field team leaves
a plot or site), while others can be conducted aateit date in the office (typically within a week of
collection). Field QA procedures are designed to prevent the occurrence of invalid data values that
cannot be corrected at a later time, and to ensure that data and/or sample sets are complete before the
sampling window closes. Invalid metadata (ecgllection dates, plotiDs) are difficult to correct when

field crews are no longer at a sampling location.

Office QA procedures are meant to ensure that sampling activitiesarsistentacross bouts, that
sampling has been carried out tompletion and that activities are occurring irtimmely manner. The
Office QA will also assess inadvertently duplicated data and transcription errors to maintairalidits
andintegrity. See theData Management Protocol (RB3]) for more discussion of QA measures

Before digital records load to the NEON database, the data must undergo thorough quality checks
The steps needed to accomplish this are outlined inMBdQC Checklist, which is availabtetbe
NEON SSL

H.1 QA/QC andDigital Data Workflow
¢CKS Wal ydzZlf F2NJ Cdzf ONHzY ! LILX A O fifA 2{y vt £ & { LINBAKSHK S &1 Al
description and illustration of the workflow (RD[14]). A summary is provided here.

1. VST: Plot MeteData

a. Records created here inform which plots are subsequently available in all downstream
apps for selection iplotID fields for the current bout.

b. All growth forms measured in downstream applications must be documented here first.

SO
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2. VST: Mapping and Tagging

a. Records created here inform whitdglDs are available for measurementWsT:

Apparent Individuals

b. AlltaglDsthat will be measured must be entered here first.

c. Published taxonID values for Apparent Individuals on the Data Portal are derived from

this application.

d. Verify mapping and tagging efforts immediately after field work is complete using the
+{¢ v!v/ pBdidINAY SQ

3. VST: Apparent Individuals

a. Records created here rely on previously cregtémtiD andtaglDrecords in upstream
applicationsg VST: Plot Met®ataand VST: Mapping and Taggingspectively.

4. VST: Shrub Groups

a. Records created here rely on previously cregimtiD records in the upstrearw/ST:

Plot MetaDataapplication.

b. ThegrouplDdoes NOT need to be created firstMST: Mapping and Tagging

H.2 Field Data Sheets

Paper data sheets for Vegetation Structure data collection may be used if the mobile application ingest

platform is unavailable or compromised.

1. ¢ NI YAONR OGS RIGIS5FNRY RIKSI YETK RS NMesbi [lPRODAPK. S

2. ¢ NI yaONR
[PROD&pp.

(@]

S RIFEGFE FTNRBRY (GKS Wal US[IMgpginglaytRagginga I A y 3 Q

—

3. ¢NI yaONRoO6S RIEGE FNRY (KS-OWIOdraNRy U yIRy RW @ AORIdizaf O
into the VST: Apparent Individuals [PR@Pyp.
4, ¢NF yaONAROGS RIGF FTNRY (KS VST BMitizGroupNBPRERIZ Q RI G &

SO
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SOP | Sample Shipment

Not applicable to the Measurement of Vegetation Structure protocol.
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APPENDIX A QUICK REFERENCES

Making Quality Measurements of Vegetation Structure

Step 1¢ Calibrate laser rangefinder compa&heck/set current declination for site.

Step 2¢ Carefully @lineate measurement areand ensure all tagged individuals fall within plot
boundaries

Step 3¢ Survey vegetation for presence/absence of growth forms and assess need for nested subplots
(typically for new plots only).

Step 4¢ Record Plot Metdata and save.

Step5 ¢ Tag and identify each newly qualifying individual (new plots and as needed in existing plots),
and map individuals as reigad.

Step6 ¢ Record Mapping and Tagging data.

Step 6¢ Take and record Apparent Individual and Shrub Group measurepmgttsnal:usetemporary
flagging as you go to mark progress.

Step 7¢ Remove temporary flaggin@ applicable)

For directions on using the laser rangefinder, see TOS Standard Operating Procedure: TruPulse
Rangefinder Use and Calibration (RD[09]).
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APPENDIX B REMINDERS

Making Quality Measurements of Vegetation Structure

Measurement Are¥ al 1S adza2NB (G2 (y26X

X

Size of plot and subplots.
Number of subplots in the plot.
Size of nested subplots (if any) for plots previously measured.

How to determine whether nested subplots are needed for new plots, and how to determine whether a
new nested subplot size is warranted.

Taking Measurementé wSYSYo SNJ &2 X

X

X

X

Include stem in tally if > 50% of the individual (or > 50% of stems for-steiftimed plants) are rooted in
the measurement area.

(Optiona) Use temporary flaggingr clothes pingo distinguishbetweenmeasured and unmeasured
stems.

Carefully record all metadata, measurements, and observaiiodgital applicatioror data sheet.
Mark, map, and tag new individuals that meet minimum size cutoff.
Identify previously tagged stems that have died since last measurement.

Remove temporary flagging when measurements are completed

7

Using the laser rangefindat t @ Of 2aS FGdSyidiAz2y G2X

X

X

X

Declinationg Is it set for your current location?

Calibrationg for optimum performancecomplete compass calibration each time you chasayapling
locatiors (i.e., plots)after changing batterieAfter a severe drop shock, both the compass and the
inclinometer require calibration

Selection choices in dregiown menug in what measurement mode has the instrument been set?
Battery charge; Replace when loweharge indicated.

Transcription of measuremenisto digital application odata sheet.

Metal objectsg Keep them at least 2 feet away from instrument when ushgcompass.

Directions for the laser rangefinder are in TOS Standard Operating Procedure: TruPulse Rangefinder Use
and Calibration (RD[09]).
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APPENDIX C SITESPECIFIC SCHEDULING INFORMATION

The dates in the table beloare estimated from satellite MODEVI phenology data averaged from
20122021 (Didan 2023)with the exception that dates for DO4 and D&@ derived from precipitation
data, as these sites are relatively invariant with respect to greenibedss presented here are only a
guide andare derived according to the logic presented in SeclioBecause individual years may vary
widely from the average dates provided belowisiessential that domain staff monitor retne
conditions to determine when to start (and stop) sampling, as described in Sdaticthis protocol.

G{GFNI 5F0S8t REFAGATAREYYAY (GKS a{ G NI 5 GS¢
at which greenness begins to decrease. Use these dates as a guide for when to begin monitoring for
senescence. The goal is to begin vegetation structure sampling when apprebyis@¥% of

FASE

deciduous woody plants and/or herbaceous plants have begun to senesce.

G{GFrNI 5FGS¢ FTYyR a9yR 5S¢ FAStRa I NBE NBfSGIyi
Distributed and Toweplots andrepresent theperiodduring which vegetation photosynthetic activity is
YAYAYIE F2tt26Ay3a I INRgAYyI aStrazyed ¢KS at NPG202¢

is present based on satellite imagery andtba-ground feedback, and therefore the Vegetation

Strudure protocol should be implemented. If you feel this assessment is inaccurate for your site, please
sulmit a problem ticket to Science Operations. It will not necessarily be possible to record vegetation
structure data throughout the entire measurement window, due to snow, site access issues, etc. If

provided measurement windows are not logistically fesSibl
consultation with Sciencé. y f S & &

OKIy3Sa
AYRAOFGSR 20KSNBA&S:

G2 afdr NI

Tablel9. Sitespecificscheduling informatiotior vegetation structure measurements.

. . Protocol
Domain Site ID Site Start End Scheduling Dendro Remarks
Number Type Date Date bands
by Plot Type
07/01
ferns ist = i i
BART | Faster ( ) 0a/p1 | Dist=Yes N Access problems may exist duril
growth 08/16 Tower = Yes proposed measurement window!
(woody)
01 07/01
ferns ist = i i
HARV Faster ( ) 04/22 Dist \ies N Access problems may exist duri
growth 08/13 Tower = Yes proposed measurement window
(woody)
Faster Dist = Yes Start date visually estimated
BLAN growth 08/19 03/23 Tower = Yes N from MODIS timecourse data.
02 scBl | S ggi04 | o402 | DiSt=YeS N
growth Tower = Yes
SERC| FaSF | gg1q | a7 |DiSt=Yes N
growth Tower = Yes
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Domain Site ID Site Start End Scheduling Dendro Remarks
Number Type Date Date bands
by Plot Type
05/01
ferns ist =
DsNy | Faster ( ) 03/07 | Dist tes N
growth 07/28 Tower =Yes
(woody)
06/01
ferns ist =
03 JERC | Faster (ferns) o405 | Dist \ies N
growth 08/18 Tower = Yes
(woody)
05/01
ferns ist = istri
OSBS Faster ( ) 03/12 Dist \ies N Not all D|§trlputed plots may
growth 07/25 Tower = Yes have qualifying stems.
(woody)
Dates correspond to the dry
season anére derived from
Faster Dist = Yes Ensenada precipitation data
GUAN growth 121 04/15 Tower = Yes N (20052021). Dry season months
are those averaging < 60 mm
04 precipitation.
Dates correspond to the dry
season anére derived from
Faster Dist = Yes Ensenada precipitation data
LAJA growth 11721 04/15 Tower = No NA (2005-2021). Dry season months
are those averaging < 60 mm
precipitation.
08/01
ferns ist =
STE Faster ( ) 04/26 Dist \ies N Not gII_Tower plots may have
growth 08/12 Tower = Yes qualifying stems.
(woody)
08/01
ferns ist =
05 Treg | Faster | (fems) |, o5 | Dist=VYes N
growth 08/12 Tower = Yes
(woody)
07/15
ferns ist =
UNDE | Faster ( ) 04/29 | Dist \ies N
growth 08/13 Tower = Yes
(woody)
Not Dist = No . e
KONA scheduled NA NA Tower = No NA Ag site, no qualifying individuals
06 Survey(D) Dist = No Dist: Survey indicates no
KONZ Faster 08/11 04/14 Tower = Yes N qualifying individuals; schedule
growth (T) - survey every 5.
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Domain Site Start End Fisleety Dendro
Site ID Scheduling Remarks
Number Type Date Date bands
by Plot Type
UKFS | FOSIeF | gg1y | o328 | DiSt=Yes N
growth Tower = Yes
GRSM| 'St | o809 | o4/03 | DISt=Yes N
growth Tower = Yes
Fast 07/01 Dist = Y
07 MLBS | ' 2S€F | (ferns) | o4/15 | 21T YES N
growth Tower = Yes
08/11
ORNL | FBSIF | 753 | q3p4 |DiSt=YeS N
growth Tower = Yes
ot = Sampling discontinued after the
DELA FaSt?; 07/22 03/14 _][? Ist tej N 2025 season due tplannedsite
grow OWer = Yes decommissioning.
08 LENO | FaSF | o705 | g3j1g | DISt=Yes N
growth Tower = Yes
TALL | TSt 0700 | o3j24 | DIStEYeS N
growth Tower = Yes
Dist = No Survey indicates no qualifying
DCFS | Survey 08/19 0504 T - N NA individuals; schedule survey
ower = No every 5y
Dist = No Survey indicates no qualifying
09 NOGP | Survey 08/14 04/20 NA individuals; schedule survey
Tower = No
every 5y
Dist = No Survey indicates no qualifying
WOOD | Survey 08/24 0512 _ NA individuals; schedule survey
Tower = No
every5y
Survey indicates no qualifying
individuals; schedule survey
Dist = No every 5 yOpuntiacover is critical
CPER Survey 07122 04/06 Tower = No NA for Tower Plot surveyStart date
visually estimated from MODIS
10 timecourse data.
Slow Dist = Yes Start date visually estimated
RMNP growth 08/06 05/01 Tower = Yes Y from MODIS timecourse data.
Not Dist = No . e
STER scheduled NA NA Tower = No NA Ag site, no qualifying individuals
03/15
ferns ist =
CLBJ Faster ( ) 0313 Dist \ies N Start date Igter thqn MODIS
growth 11/01 Tower = Yes based on Field Science feedbac
11 (woody)
Dist = No Survey indicates no qualifying
OAES | Survey NA NA NA individuals; schedule survey
Tower = No

every 5y
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Domain
Number

Site ID

Site
Type

Start
Date

Protocol
Scheduling
by Plot Type

End
Date

Dendro-
bands

Remarks

12

YELL

Slow
growth

07/23

Dist = Yes
Tower = Yes

See
Remarks

Dist PlotsComplete data
collection before snowfall and
road closure. MODIS end date
not meaningful due to winter
snow cover.

Tower Plots: Measurements

must be completed before Bear
Management closure.

13

MOAB

Sensitive

0911

Dist = Yes

04/30 Tower = Yes

Short shrubs, widely spaced;
many may not be qualifying
stems. Sensitive soil/veg site: N
annual Tower Plot measuremen
every 5year for all plots only.
Visual interpretation of MODIS
timecourse data.

NIWO

Slow
growth

08/17

Dist = Yes

05/04 Tower = Yes

Complete data collection before
snowfall and road closure. Towe
Plots meet Science Design
criteria for implementation.
MODIS end date not meaningful
due to winter snow cover.

14

JORN

Sensitive

09/07

Dist = Yes

03/22 Tower = Yes

Tower PlotsSensitive soil/lveg
site, noannual Tower Plot
measurement, every-year for
all plots only Start and ad dates
visually estimated from MODIS
timecourse data.

SRER

Sensitive

09/13

Dist = Yes

0401 Tower = Yes

Dist Plots: Schedule survey evel
5y in year before anticipated V<
effort.

Tower PlotsSensitive soil/veg
site, no annual Tower Plot
measurement, every-year for

all plots only End date visually
estimated from MODIS
timecourse data.

15

ONAQ

Sensitive

06/10

Dist = Yes

03/31 Tower = Yes

Tower PlotsSensitive soil/veg
site, no annual Tower Plot
measurement, every-year for
all plots only Start date visually
estimated from MODIS
timecourse data.

16

ABBY

Faster
growth

07/01
(ferns)

07/29
(woody)

Dist = Yes

0328 Tower = Yes

Not all plots may have qualifying
stems due to logging
management.
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. . Protocol
Domain Site ID Site Start End Scheduling Dendro Remarks
Number Type Date Date bands
by Plot Type
07/01 S Not technically a slovwgrowth
WREF gSr(I)c\),:l/\:h (ferns) | 0321 'I?cl)svt/(;rteses Y site but large trees lead to small
0801 - growth increment.
c Tree senescence does not align
SJER SrIOV\:h 07/01 04/30 .I? ISt _rY_e$ Y with Mediterranean rainy
grow ower = Yes season.
07/01
ferns ist =
SOAP Slow ( ) 03/26 Dist \ies Y Ferns may not persist after fire.
growth | 07/11 Tower = Yes
17 (woody)
Start date earlier than standard
06/27 MODISEVI window to mitigate
TEAK Slow (woody) 04/17 Dist = Yes v smoke exposure and access
growth 07127 Tower = Yes problems MODISderived end
(ferns) date may not be meaningful due
to winter snow cover.
Dist = No Survey indicates no qualifying
BARR | Survey 08/13 0521 Tower = No NA individuals; schedule survey
B every 5y
18 Dist = No Survey indicates no qualifying
TOOL Survey 08/07 0507 Tower = No NA individuals; schedule survey
B every 5y
Slow Dist = Yes Complete data collection before
BONA growth 08/03 05/03 Tower = Yes v snowfall and road closure.
19 DEJU Slow 0805 05/01 Dist = \ies v Complete data collection before
growth Tower = Yes snowfall and road closure.
HEAL Slow 0807 04/25 Dist = \ies v Complete data collection before
growth Tower = Yes snowfall and road closure.
20 PUUM Faster 06/15 10/15 Dist = \ies N Start Date should be consistent
growth Tower = Yes from year to year (+ 2 weeks).
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APPENDIX D SITESPECIFISAMPLINGNFORMATION

D.1 D03¢ DSNY; Disney Wilderness Preserve
Mod_ll_?/c;z:uon Modification StandardRule Rationale for Change
Tagging Root (re)sprouts from ¢l 3 |l dzl f 7\ T e | 1 Implementation of standard
requirements | some species arenly YavyaQ oA0K guidance does not result in
taggedonce they F'YR RRK X M longitudinal data per taglD.

graduateto Wa Y i Q
DSNY species are:

91 Quercus spp.

1 Lyonia spp.

1 llexspp.

1 Vaccinium spp.

1 Crataegus spp.

1 Gaylussacia spp.

9 Persea spp.

9 Aronia arbutifolia

9 Asimina reticulata

1 Diospyros virginiana

9 Gordonia lasianthus

9 Morella cerifera

9 Rhus copallinum

9 Sassafras albidum

9 Hypericum

brachyphyllum
9 Bejaria racemosa
1 Callicarpa americang

CreateVST: Mapping anc
Taggingrecord with
recordType=

Wi SY L2 N NE Q

taxon data.

1 Fire management results in
repeat taggingf resprouts
with little data value.

9 Protocol clarification:
Apparent individuals drive
nested subplot size, not
number of resprouts from
same individual.

ANI RdzZl 6 S G2
JERC species are:

91 Acer spp.

9 Asiminia spp.

D.2 D03¢ JERC Jones Ecological Research Center
Mod_ll_f;/;aetlon Modification StandardRule Rationale for Change
Tagging Root (re)sprouts from ¢l 3 ljdzr £ A Fe| T Implementation of standard
requirements | some speciesareonly |WAYAQ 6 AGK guidance does not result in
tagged once they YR RRK X ™ longitudinal data per taglD.

1 Fire management results in
repeat tagging of resprouts
with little data value.
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Modification L :
Type Modification StandardRule Rationale for Change

9 Carya spp. 1 Protocol clarification:
1 Celtis spp. Apparent individuals drive
1 Quercus spp. nested subplot size, not
1 Sideroxylon spp. number of resprouts from
9 Ulmus spp. same individual.

1 Vaccinium spp.

9 Diospyros virginiana

9 Rhus spp.

1 Sassafras albidum

9 Liguidambar
styraciflua

1 Callicarpa americana

9 Aesculus pavia

1 Magnolia grandiflora

I llex vomitoria

1 Cratagus spp.

9 Prunus spp.

CreateVST: Mapping ang
Taggingrecord with

recordType=
Wi SY L2 NI NE Q
taxon data.
Tagging Tags from the 6004 Tags from the 600¢& 1 Tags in the 600& 8000 series
requirements | 8000 series are used for| 8000 series are reserved  were originally allocated to
Vegetation Structure. for Plant Phenology. Vegetation Structure ando

not overlap with the Plant
Phenology tag series.

D.3 D03¢ 0SB Ordway Swisher Biological Station

MOd.P;;Eglon Modification StandardRule Rationale for Change
Tagging Root (re)sprouts from I lj dzI £ A ¥ &| { Implementation of standard

E|
YaQ sAilK guidance does not result in
R

¢
requirements | some species are only | W
I RRK X ™ longitudinal data per tagID.

tagged once they
AN Rdz G S (2

OSBSpecies are: i Fire management results in

repeat tagging of resprouts

T Asiminia spp. with little data value.

1 Quercus spp.

1 Lyonia spp. 1 Protocol clarification:

1 llexspp. Apparent individuals drive
1 Magnolia spp. nested subplot size, not

1 Persea spp.
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Mod_ll_?/c;z:uon Modification StandardRule Rationale for Change
1 Vaccinium spp. number of resprouts from
1 Decodon verticillatus same individual.
1 Diospyros virginiana
1 Gordonia lasianthus
9 Morella cerifera
9 Rhus copallinum
i Sassafras albidum
9 Crateegus spp.
CreateVST: Mapping and
Taggingrecord with
recordType=
Wi SYLR2 NI NEQ
taxon data.
Tagging Tags from the 600¢ Tags from the 600¢ 1 Tags in the 600& 8000 series
requirements | 8000 series are used for| 8000 series are reserved  were originally allocated to
Vegetation Structure. for Plant Phenology. Vegetation Structure and do
not overlap with the Plant
Phenology tag series.

D.4 DO06¢ KONZ Konza Prairie
Mod_ll_?/;zuon Modification StandardRule Rationale for Change
Tagging Root (re)sprouts from ¢l 3 | dzl f )\ T &| 1 Implementation of standard
requirements | some speciesareonly |WavYaQ ¢6AUK guidance does not result in
tagged once they FYR RRK X ™ longitudinal data per taglD.

ANF RdzZ G S 2
KONZpecies are:

9 Cornus drummondii

CreateVST: Mapping and
Taggingrecord with
recordType=

Wi SYLR2 NI NEQ
taxonand mappinglata.

1 Fire management results in
repeat tagging of resprouts
with little data value.

1 Protocol clarification:
Apparent individuals drive
nested subplot size, not
number of resprouts from
same individual.
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D.5 D08¢ TALLg TalladegaNational Forest
Mod_ll_?/c;aetlon Modification StandardRule Rationale for Change
Growth form | At TALL, OXARdividuals| The growthForm for 1 OXAR growing in areas at TA

classification

(Oxydendrum arboreu)n
with DBH < 10 cm shoulc
be classified teshrub
GeLIS INRBGK
WAAAQULXE | YR
5.1 % wmn OY
classifiedo tree-type
ANR G GKC2N)a
WYolQu o

OXAR would typically be
assigned to either shrub
type OR tredype
growthFormswithin a
site.

1 OXAR growing in wetter area

that are frequently burned
FR2LJ0 wavyaQ |
growthForms are multt
stemmed, and do not
transition to trees.

at TALL that do not burn have
fewer stems, on average, ang
will transitionto a larger tree
ANRPGUKC2NY 2V
cm.

D.6 D10¢ RMNP¢ Rocky Mountain National Park
Mw_;.g;flon Modification StandardRule Rationale for Change

Measurement | Annual measurement of | DBH tape used for annugy 9 Annual measurement

method qualifyingstems in Tower measurement of frequencyin Tower Plot
t f 20 WLINE R dz diameter in Tower Plot WLINR RdzOG A @A G &
including banded trees. | subset. dendrometer band
Dendrometer band measurementgequired to
measurements in estimate annual abovegrounc
additional Tower Plots net primary productivity for
F2NJ £ F NBS slow-growth-increment site.
percentile biomass).

D.7 D12¢ YELI Yellowstone National Park
MOd.P;;Eglon Modification StandardRule Rationale for Change

Measurement | Annual measurement of | DBH tape used for annugy 9 Annual measurement

method qualifying stems in Towe| measurement of frequencyin Tower Plot
t £ 20 WLINE R dZ diameter in Tower Plot WLINR RdzOG A @A (&
including banded trees. | subset. dendrometer band
Dendrometer band measurementgequired to
measurements in estimate annual abovegrounc
additional Tower Plots net primary productivity for
F2NJ £ I NBS slow-growth-increment site.
percentile biomass).
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D.8 D13 ¢ NIWO¢ Niwot Ridge
MOd_II_]:/;Ztlon Modification StandardRule Rationale for Change
Measurement | Annual measurement of | DBH tape used for annuy  Annual measurement
method qualifying stems in Towe| measurement of frequencyin Tower Plot
t £ 23 WLINE R dz diameter in Tower Plot WLINE RdzOU A @A G @
including banded trees. | subset. dendrometer band
Dendrometer band measurementgequired to
measurements in estimate annual abovegrounc
additional Tower Plots net primary productivity for
F2NJ £ NBS slow-growth-increment site.
percentile biomass).
D.9 D13¢MOAB
Mod_ll_?/(;zztlon Modification StandardRule Rationale for Change
Measurement | All Tower Plots measure( Annual measurements irl § Dendrometer band installatior]
frequency on 5y interval; no annual a subset of Tower Plots. not applicable for vegetation.

measurements

9 Annual measurement with
calipers causes adverse site
impacts due to sensitive
vegetation, soils.

D.10 D14¢JORN;Jornada LTER

Modification

measurements

Type Modification StandardRule Rationale for Change
Measurement | All Tower Plots measure( Annual measurements in § Dendrometer band installatior|
frequency on 5y interval; no annua a subset of Tower Plots. not applicable for vegetation.

9 Annual measurement with
calipers causes adverse site
impacts due to sensitive
vegetation, soils.
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D.11 D14¢ SRER Santa Rita Experimental Range

MOd_II_]:/;Ztlon Modification StandardRule Rationale for Change
Mapping Map largestature cacti Cacti not mapped 1 Ensure data completeness.
guidelines 1 Speed locating individuals for,

repeat measurements.
Measurement | All Tower Plots measure( Annual measurements in § Dendrometer band installatior|
frequency on 5y interval; no annual a subset of Tower Plots. not applicable for vegetation.
measurements .

9 Annual measurement with
calipers causes adverse site
impacts due to sensitive
vegetation, soils.

Measurement | 2020 onwardProsopis 2019 and prior: These 9 Published biomass allometrie
guidelines velutinaand Parkinsonia | two species measured aj  for these two species require
floridaY ST adzNBR|WaouQ 2NJ WY| basaldiameteras input.

. 20K WYaKNYz Q
forms are consistent with
USDA Plants designation.

eventlD Same eventID for 9 Clarification of standard rule,

Opuntiameasured in
spring as for woody
vegetation measured in
autumn

given large temporal gap
betweenOpuntiaand woody
measurement events in same
calendar year.

D.12 D15¢ON

AQc Onaqui / Ault

Modification

Type Modification StandardRule Rationale for Change
Measurement | All Tower Plots measure( Annual measurements in § Dendrometer band installatior|
frequency on 5y interval; no annua a subset of Tower Plots. not applicable for vegetation.

measurements

9 Annual measurement with
calipers causes adverse site
impacts due to sensitive
vegetation, soils.
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D.13 D16¢WREF Wind River Experimental Forest

t 230 WLINE Rdz
including banded trees.
Dendrometer band
measurements in
additional Tower Plots
F2NJ £ NBS &

percentile biomass).

diameter in Tower Plot
subset.

Mod_ll_?/c;aetlon Modification StandardRule Rationale for Change
Measurement | Annual measurement of | DBH tape used for annuy  Annual measurement
method qualifying stems in Towe| measurement of frequencyin Tower Plot

WLINR RdzOG A @A G &
dendrometer band
measurementgequired to
estimate annual abovegrounc
net primary productivity for
slow-growth-increment site.

D.14 17¢ SJER San Joaquin Experimental Range

tf20 WLINE RdZ
including banded trees.
Dendrometer band
measurements in
additional Tower Plots
F2NJ £ NBS &
percentile biomass).

diameter in Tower Plot
subset.

M0d+g;z['°n Modification StandardRule Rationale for Change
Measurement | Annual measurement of | DBH tape used for annugy 9 Annual measurement
method qualifying stems in Towe| measurement of frequencyin Tower Plot

WLINE RdzOG A @A G &
dendrometer band
measurementgequired to
estimate annual abovegrounc
net primary productivity for
slow-growth-increment site.

D.15 D17¢ SOAR; Soaproot Saddle

method

qualifying stems in Towe|
tf230 WLINRRAz
including banded trees.
Dendrometer band
measurements in
additional Tower Plots
T2NJ £ F NBS @
percentile biomass).

measurement of
diameter in Tower Plot
subset.

MOd.P;;Eglon Modification StandardRule Rationale for Change
Measurement | Annual measurement of | DBH tape used for annugy 9 Annual measurement

frequencyin Tower Plot
WLINE RdzOG A QA (&
dendrometer band
measurementsequired to
estimate annual abovegrounc
net primary productivity for
slowgrowth-increment site.
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D.16 D17¢ TEAK; Teakettle

MOd_II_]:/;Ztlon Modification StandardRule Rationale for Change
Measurement | Annual measurement of | DBH tape used for annuy  Annual measurement
method qualifying stems in Towe| measurement of frequencyin Tower Plot

t 230 WLINE Rdz
including banded trees.
Dendrometer band
measurements in
additional Tower Plots
F2NJ £ NBS &

percentile biomass).

diameter in Tower Plot
subset.

WLINR RdzOG A @A G &
dendrometer band
measurementgequired to
estimate annual abovegrounc
net primary productivity for
slow-growth-increment site.

D.17 D18¢BARR; Utgiagvik (Barrow)

Modification
Type

Modification

StandardRule

Rationale for Change

Diameter
cutoff

Reduce ddh cutoff from
cmto 0.7 cm.

For apparent individuals
with no DBH, measure
basal stem diameter for
Fff AYRAOAR
lcm.

9 The mean ddh of the
dominant small shrubs at the
site Betula nandis
approximately 1 cm, with a
significant number of
individuals having ddh smalle
than 1 cm.

1 Using a 1 cm ddh cutoff at thi
site therefore arbitrarily splits
the B. nanapopulation such
that roughly half is measured
via the VST protocol, and hali
is measured via the HBP
protocol.

1 Reducing the ddh cutoff from
1 cm to 0.7 cm ensures that >
hrE: 2F GKS W3
are measured with only the
VST protocol.

Mapping
requirements

52 y20 YI LJ
forms even if trees with
5.1 x wmn OY
present (mainly applies

to Betula nand.

al LJ waaraQ |
iNBESa gAGK
are present in the plot.

1 MappingB. nanais not
consistent with the goals of
the Plant Productivity Science
Design (NEON.DOC.000914)
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D.18 D18¢TOOLg Toolik LTER

Modification
Type

Modification

StandardRule

Rationale for Change

Diameter
cutoff

Reduce ddh cutoff from
cmto 0.7 cm.

For apparent individuals
with no DBH, measure
basal stem diameter for
Fff AYRAODGAR
1cm.

1 Mean ddh of the dominant
small shrubs at the sitdBgtula
nana) is approximately 1 cm,
with a significant number of
individuals having ddh smalle|
than 1 cm.

1 A1 cm ddh cutoff at this site
arbitrarily splits theB. nana
population such that roughly
half is measured via the VST
protocol, and half is measure
via the HBP protocol.

1 Reducing the ddh cutoff from
1 cm to 0.7 cm ensures that >
dhrE: 2F GKS W3
are measured with only the
VST protocol.

Mapping
requirements

52 y20 YI LI
forms even if trees with
5.1 % wmn OY
present (mainly applies
to Betula nand.

al LJ waraQ |
iNBESa gA0K
are present in the plot.

1 MappingB. nanais not
consistent with the goals of
the Plant Productivity Science
Design (NEON.DOC.000914)

measurement
Height

When thick bryophytes
form the ground layer,
the mean height of the
bryophyte layer
surrounding the base of
the stem is used as the
zero-point for
determining
measurement

Height

Mounded or heaped
organic material around
the base of a stem is
NEBY2@SRE |y
ground surface is
exposed before
determining
measurement

Height

1 Bryophytes grow in a
mounded, clustered manner
around the base of stems, an|
often grow up stems 10 cin

1 It is destructive and not
possible to remove bryophyte
yR dzy 02 @3S NJ i
of the ground because of the
mat-like bryophyte growth
form that slowly transitions to
peat with depth.

1 It is functionally consistent
with other sites to consider
the surface of the bryophyte
layer the ground, and the
zero-point for determining
measurementHeight
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present (mainly applies
to Betula nand.

Mod_ll_?/c;z:uon Modification StandardRule Rationale for Change
Mapping 52 y24 YFL [alkLl WaAAAQ || MappingB. nanas not
requirements | forms eveniftreeswith |G NS Sa g A (K consistent with the goals of

5.1 x w™Mn OY]are presentin the plot. the Plant Productivity Science

Design (NEON.DOC.000914)

Diameter
cutoff

Reduce ddh cutoff from
cmto 0.7 cm.

For apparent individuals
with no DBH, measure
basal stem diameter for
Fff AYRAODAR
1cm.

1 Mean ddh of the dominant
small shrubs at the sitdBgtula
nana) is approximately 1 cm,
with a significant number of
individuals having ddh smalle|
than 1 cm.

1 A 1 cm ddh cutoff at this site
arbitrarily splits theB. nana
population such that roughly
half is measured via the VST
protocol, and half is measurec
via the HBP protocol.

1 Reducing the ddh cutoff from
1 cm to 0.7 cm ensures that >
dhrE: 2F GKS W3
are measured with only the
VST protocol.

measurement
Height

When thick bryophytes
form the ground layer,
the mean height of the
bryophyte layer
surrounding the base of
the stem is used as the
zero-point for
determining
measurement

Height

Mounded or heaped
organic material around
the base of a stem is
NEBY2@SRE |y
ground surface is
exposed before
determining
measurement

Height

1 Bryophytes grow in a
mounded, clustered manner
around the base of stems, an|
often grow up stems 10 cm o]
more.

9 It is destructive and not
possible to remove bryophyte
FyR dzy 02 @S NI
of the ground because of the
mat-like bryophyte growth
form that slowly transitions to
peat with depth.

1 It is functionally consistent
with other sites to consider
the surface of the bryophyte
layer the ground, and the
zero-point for determining
measurementHeight
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t 230 WLINE Rdz
including banded trees.
Dendrometer band
measurements in
additional Tower Plots
F2NJ £ NBS &

percentile biomass).

MOd_II_]:/;Ztlon Modification StandardRule Rationale for Change
Measurement | Annual measurement of | DBH tape used for annuy  Annual measurement
method qualifying stems in Towe| measurement of frequencyin Tower Plot

diameter in Tower Plot
subset.

WLINR RdzOG A @A G &
dendrometer band
measurementgequired to
estimate annual abovegrounc
net primary productivity for
slow-growth-increment site.

D.20 D19¢ DEJY; Delta Junction

Modification

present (mainly applies
to Betula nand.

Type Modification StandardRule Rationale for Change
Mapping 52 y2G YIL |al L) WwaAxaQ ||| §MappingB. nanas not
requirements | forms eveniftreeswith |G NS Sa g A (K consistent with the goals of

5.1 x w™Mn OY]are presentin the plot. the Plant Productivity Science

Design (NEON.DOC.000914)

Diameter
cutoff

Reduce ddh cutoff from
cmto 0.7 cm.

For apparent individuals
with no DBH, measure
basal stem diameter for
Fff AYRAODAR
1cm.

9 Mean ddh of the dominant
small shrubs at the sitdBgtula
nana) is approximately 1 cm,
with a significant number of
individuals having ddh smalle|
than 1 cm.

1 A 1 cm ddh cutoff at this site
arbitrarily splits theB. nana
population such that roughly
half is measured via the VST
protocol, and half is measurec
via the HBP protocol.

1 Reducing the ddh cutoff from
1 cm to 0.7 cm ensures that >
prE: 2F KS Wi
are measured with only the
VST protocol.

measurement
Height

When thick bryophytes
form the ground layer,
the mean height of the
bryophyte layer
surrounding the base of
the stem is used as the
zero-point for

Mounded or heaped
organic material around
the base of a stem is
NEBY2OSRE |y
ground surface is
exposed before
determining

measurement

1 Bryophytes grow in a
mounded, clustered manner
around the base of stems, ani
often grow up stems 10 cm ot
more.

1 Itis destructive and not
possible to remove bryophyte
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MOd_II_]:/;Ztlon Modification StandardRule Rationale for Change
determining Height YR dzy O2 @S NJ i
measurement of the ground because of the
Height mat-like bryophyte growth

form that slowly transitions to
peat with depth.

1 Itis functionally consistent
with other sites to consider
the surface of the bryophyte
layer the ground, and the
zero-point for determining
measurementHeight

Measurement | Annual measurement of | DBH tape used for annuq  Annual measurement

method qualifying stems in Towe| measurement of frequencyin Tower Plot
t £ 20 WLINE R dz diameter in Tower Plot WLINR RdzOG A OA G &
including banded trees. | subset. dendrometer band
Dendrometer band measurementgequired to
measurements in estimate annual abovegrounc
additional Tower Plots net primary productivity for
F2NJ £ I NBS slow-growth-increment site.
percentile biomass).

D.21 D19¢ HEALC Healy

MOd_I'_];'/;a:mn Modification StandardRule Rationale for Change
Diameter Reduce ddh cutoff from ] For apparent individuals | § Mean ddh of the dominant
cutoff cmto 0.7 cm. with no DBH, measure

basal stem diameter for
[ £ f AY RAODAR
1cm.

small shrubs at the sitdBgtula
nana) is approximately 1 cm,
with a significant number of

individuals having ddh smalle|
than 1 cm.

1 A 1 cm ddh cutoff at this site
arbitrarily splits theB. nana
population such that roughly
half is measured via the VST
protocol, and half is measure(
via the HBP protocol.

1 Reducing the ddh cutoff from
1 cm to 0.7 cm ensures that >
prE: 2F KS Wi
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present (mainly applies
to Betula nand.

Mod_ll_?/c;z:uon Modification StandardRule Rationale for Change
are measured with only the
VST protocol.
Mapping 52 y24 YFL [alkLl WaAAAQ || MappingB. nanas not
requirements | forms eveniftreeswith |G NS Sa g A (K consistent with the goals of
5.1 x wMn OY]are presentin the plot. the Plant Productivity Science

Design (NEON.DOC.000914)

tf 20 WLINE RdZ
including banded trees.
Dendrometer band
measurements in
additional Tower Plots
F2NJ £ I NBS

percentile biomass).

diameter in Tower Plot
subset.

measurement | When thick bryophytes | Mounded or heaped 1 Bryophytes grow in a
Height form the ground layer, | organic material around mounded, clustered manner
the mean height of the | the base of a stem is around the base of stems, ani
bryophyte layer NEY2@SRZ | y| oftengrow up stems 10 cm ol
surrounding the base of | ground surface is more.
the stem is used as the | exposed before o Itis destructive and not
zero-point for determining :
determining measurement possLbIe to remove b[yophy_'fe
measurement Height FYR dzy 02 @SNJ U
Height of thg ground because of the
mat-like bryophyte growth
form that slowly transitions to
peat with depth.

1 Itis functionally consistent
with other sites to consider
the surface of the bryophyte
layer the ground, and the
zero-point for determining
measurementHeight

Measurement | Annual measurement of | DBH tape used for annugy 9 Annual measurement
method qualifying stems in Towe| measurement of frequencyin Tower Plot

WLINE RdzOG A @A (&
dendrometer band
measurementgequired to
estimate annual aboveground
net primary productivity for
slowgrowth-increment site.
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D.22 D20¢PUUMct dzQdz al 1 F QI £ I

Modification
Type

Modification

StandardRule

Rationale for Change

Measurement
guidelines

Uluhe Qicranopteris
emarginatg and group
forming fern allies (e.qg.,
Lycopodiella sppare
measured as shrub
groups.

Ferns and fern allies are
measured as apparent
individuals.

1 Dense groups of Uluhe and
other fern allies are
impenetrable without
significant damage to the
vegatation.

1 Lack of physical access to
individuals of these species
makes Apparent Individual
measurements impractical.
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APPENDIX E EQUIPMENT

1 Equipment in the tables belois needed to implement the procedures in this document.

1 Equipment lists are organized by task. They do not include standard field and laboratory

suppliessuch as charging stations, first aid kits, drying ovens,-ldtwarefrigerators, etc.

i Item quantities are provided for a single team of two people collecting data.

f  Suppliersand item numbers may beuggested foequipmentg A G K 9 E I O
availability is not guaranteed.

N} YyR T

f {dzLJLJX ASNAR YR AGSY ydzyoSNER | NB
are accurate at the time of protocol release.
Table20. Equipment list; Preparing for SamplingOP A
Supplie/ | Exact . Quan
ltem No. | Brand Description Purpose tity
Amazon N GPS receiver, recreational accurac| Preload sampling locations 1
ga;epjitgs v TruPulse860iLaser Rangefinder, 4 Map and measure apparent individuals 1
92496 20 cm accuracy and shrub groups.
N Hammer Label blank tags 1
Forestry .
Suppliers N Hand stamp steel die s@R battery Label blank tags 1 set
poweredcordlessengraver
57522
N All weather co aper Print datasheets As
Py pap needed
National Round unnumbered aluminum tag, . )
Band and N SIVeNE MdHpé RALIYS Prelabel for tagging mulistemmed 50
. . individuals.
Tag thickness, or equivalent.

Table21. Equipment list, Field Sampling: Classification, Plot M&ata, Mapping and Taggin@@QP @nd SOP b

identification

Supplier/ | Exact o Quan
ltem No. | Brand Description Purpose tity
N MOb”e. data collection device (table Collect and record data in the field. 1
or equivalent), and spare battery
N Cardboard ventilator Press collected individuals for
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Supplier/ | Exact . Quan
Description Purpose .
Iltem No. | Brand P P tity
Forestry Chaining pins or other suitable
Suppliers N anchor gp Anchor measuring tapes 4
39167
N Cqmpass with mirror and declinatio Determine nested subplot boundary 1
adjustment
N Cooler Chill perishable samples in field 1
Forestry .
Suppliers N LufkinDiameter tape, 200 cm M.easgre stem diameter. Stems present 1
with diameter > 64 cm
59422
Forestry { LISYOSNJ YS{NRK O f| Measure stem diameter. Stems present
Suppliers N equivalent with 5 cm < diameter < 64 cm 1
39379 g
N F|§Id guide, regional flora reference Identify unknown species 1
guide and/or key
Forestry Allow laser rangefinder use in dense
Suppliers Y TruPulse-seriesfoliage filter vegetation 9 1
91079 9
N GPS receiver, recreational accurac] Navigate to sampling location 1
N Site map Navigate to sampling location 1
N Hammer Nail tags to trees, label blank tags 1
Forestry .
Suppliers N H(?vr\:grzzié?)rr) dTéii:Ii;\grR battery Label blank tags 1 set
57522 P 9
N Block of wood or equivalent hard Tag stamping 1
surface
Measure stem diameter < 5 cm; lianas
N Handheld caliper, 0.1 cm precision | prevent accurate diameter measuremer 1
with tape
Thermo . . i As
Fisher N Ice pack Chill perishable samples in field needed
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Supplier/ | Exact . Quan
Description Purpose .
Iltem No. | Brand P P tity
Determine nested subplot boundary;
ForesFry TruPulse860iLaser Rangefinder, + map ste.ms; measure _stem he!ght and
Suppliers Y 20 cm accurac crown diameter. Individuals with 1
92496 y relatively large canopies; plots with
slopes > 20%
Forestry Determine nested subplot, subplot
Suppliers N Measuring tape, minimum 50 m boundar piot P 4
39945 y
Herbarium Press collected individuals for As
Supply N Paper blotters . .
identification needed
223
Bioquip N Plant press Press collected individuals for As
3115 P identification needed
Forestry ) .
Suppliers N Tripod, noRmagnetic Iiglg((lj:ser rangefinder directly over plot 1
37250
Grainaer Reflective target for laser rangefinder;
5831? N White reflector or reflective tape aids in measuring distance to target 1
accurately
N Wire cutter Cut wire to desired length 1
Rod, dqwel, p.lfpe’ or equwa\l\ent; 1',4 Quickly find measurementHeight and ta
N Y fSYy3auKz YIE wmé . : 1
height for straight boles
at1.3m
Rod, dowel, pipe, or equivalent; 0.1 . ' .
N Y tSy3GKs YIE mé Quickly find measurementHeight for dd 1
N AA battery Spare battery for GPS receiver 4
Forestry R As
Suppliers N Aluminum nail 'FFAE GF3 G2 adsSvyy
needed
79121
Grainger N Aluminum wire, 20 gauge ' FFAE GI3 G2 adasvd S
16Y067 » €5 gaug ’ needed
Grainger N Stainless steel wire, 20 gauge (0.03 Affix tag to stems with DBH <5 cm at As
16Y049 in diameter) sites with fire management needed
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Supplier/ | Exact . Quan
Description Purpose .
Iltem No. | Brand P P tity
N | CR123A battergr 2X AA batteries | SP2/€ battery foffruPulse 360R and 2
TruPulse 360i, respectively
Forestry Temporarily mark stems after
Suppliers N Flagging taper orange clothes pins P y 2
measurement
57880
Grainger Mark DBH measurement location on
9TAO$ N Fluorescent lumber crayon stem. A black crayon may be used to 1
cover mistakes.
Grainger
8YATS5, N Resealable plastic bag, 1 gal Collect voucher specimens 20
5CNK5
'E\:Zggn;r:d N Round numbered aluminum tag, Tag qualifying stems As
Tag silver; 00036000 and 8005999 g4 9 needed
National :
Band and N gﬁ/uer;d unnumbered aluminum tag, Tag multistemmed individuals. 50
Tag
N Survey marking flag, PVC or Delineate sampling area 12
fiberglass stake
N Tabloid newspaper pades Press collected individuals for As
Paper pag identification needed
. As
N Field datasheet Record data
needed
Table22. Equipment list; Dendrometer band fabrication and installatioB@PA.4and SOFF.2).
Supplier/ | Exact o Quan
Description Pur .
Item No. | Brand escriptio urpose tity
McMaster oy¢ adGrAytSaa adas .
1598T62 Y length Band material per SSL
S_mallplastlc bucket with slit cut in Organize and dispense band material fg
Amazon N side at ground leve e.g., large S . 2
. ; initial cutting and prep
yogurt container or equivalent
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Supplier/ | Exact . Quan
Description Purpose .
Iltem No. | Brand P P tity
Lee Spring
LE026C05 Y mdpé adl Ayt Saa & Band510cm DBH trees per SSL
S
Lee Spring L ox # Ax x x4 oA
LEozec11 vy |°f& dUPAYISAaa AU g 41050 cm DBH trees per SSL
S diameter = 0.026 inch
Lee Spring L ox #L Ax x x4 &
LEosic1y vy |°f AdubAyisSaa als g ipeyss0cmitrees per SSL
S diameter = 0.031 inch
Roper v Heavy duty metal hole punch Punch spring attachment points in bang 5
Whitney material
Amazon N Tin snips Cut band material to length 2
Knife .
N Mora knife Prepare tree bole surface for band 8
Center
Forestry N Hatchet; use existing CDW Prepare tree bole surface for band if 5
Suppliers equipment if available knife is inadequate
Mitutovo Stainless steel Mitutoyo dital
y Y caliper, 0150 mm measuring range, Measureinitial dendrometer band gap 4
500-723-20 .
0.025 mm increment

Table23. Equipment list; Measuring Apparent IndividualSQP E

Supplier/ | Exact L Quan
ltem No. | Brand Description Purpose tity
N Mob||e_ data collection device (table Collect and record data in the field. 1
or equivalent), and spare battery
Bioquip . Press collected individuals for
3127 N Cardboard ventilator identification
Forestry Chaining pins or other suitable
Suppliers N anchor gp Anchor measuring tapes 4
39167
N Cooler Chill perishable samples in field 1
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Supplier/ | Exact . Quan
Description Purpose .
Iltem No. | Brand P P tity
Forestry .
Suppliers N LufkinDBH tape, 200 cm M.eaSL'Jre stem diameter. Stems present 1
with diameter > 64 cm
59422
Forestry { LISYOSNJ YSUGNRO f| Measure stem diameter. Stems present
Suppliers N equivalent with 5 cm < diameter < 64 cm !
39379 g
Forestry . Measure stem diameters up to 95 cm
Suppliers Y g':%lr?]f Mantax Blackee calipers, when lianas are attached and a DBH ta| 1
59763 will not work.
Forestry . Measure stem diameters up to 50 cm
Suppliers Y ';g?:l:]f Mantax Blackee calipers, when lianas are attached and a DBH ta| 1
59714 will not work.
N F|g|d guide, regional flora reference Identify unknown species 1
guide and/or key
. Stainless steel Mitutoyo digital
Mitutoyo . .
Y caliper, 0150 mm measuring range, Measure dendrometer band gap 4
500-723-20 .
0.025 mm increment
Forestry Allow laser rangefinder use in dense
Suppliers Y TruPulse-series bliage filter vegetation 9 1
91079 9
Amazon N GPS receiver, recreational accurac] Navigate to sampling location 1
N Site map and plot list Navigate to sampling location 1
N Hammer Nail tags to trees, label blank tags 1
Forestry .
Suppliers N Hand stamp steel die S@R battery Label blank tags for mulstem trees 1 set
powered cordless engraver
57522
N Verniercaliper, 0.1 cm precision Measure stem diameters <5 cm 1
Thermo . . o As
Fisher N Ice pack Chill perishable samples in field needed
Forestr Map stems recruited into the minimum
iy TruPulse360iLaser Rangefinder, + | size class; measure stem height, crown
Suppliers Y . ] . . 1
90496 20 cm accuracy diameter. Brushy; trees with relatively

f I NBS OFy2LR RAIYS
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Supplier/ | Exact . Quan
Description Purpose .
Iltem No. | Brand P P tity
Forestry .
Suppliers N Measuring stick, 2 m folding yeeaeizzi?):elghts of smagitature woody 1
71112 9
Aluminum or fiberglass measuring
Forestry .
. rod, 5 m telescopinge.g.,Bosch . .
Suppliers Measure heights of mediusstature
GR500, metal retractable 5 m tape .
39428 N woody vegetation, measure crown 1
(one (Kesor25 mm tape PGPROSMY dimensions for some shrubs
example) Milwaukee wideblade tape 48-22-
P 1226), or equivalent
Forestry Determine nested subplot, subplot
Suppliers N Measuring tape, minimum 50 m boundar plot, P 4
39945 y
Fores.try Press collected individuals for As
Suppliers N Paper blotters identification needed
53740
Bioquip Press collected individuals for
3115 N Plant press identification 1
Grainaer Reflective target for laser rangefinder;
5831? N White reflector or reflective tape aids in measuring distance to target 1
accurately
' Cut wire to desired length. Stems
N Wire cutter present with DBH <5 cm 1
Compass with mirror and declinatio| Delineate nested subplots if markers ar
N . . 1
adjustment removed or disturbed
Rod, dowel, pipe, or equivalent; 1.4 . ' .
N Y tSy3GKs YIE mé leckly find m_easurementHelght and tg 1
height for straight boles
at1.3m
Rod, dowel, pipe, or equivalent; 0.1 . . .
N Y tS8y3aKS YIE mé Quickly find measurementHeight for dd 1
Retractable metal measuring tape, : .
N 25 mm W x 10 m L, metric Quickly measure midtature shrub 1
. crown dimensions
demarcations
N AA battery Spare battery for GPS receiver

Pagel56




n e C‘) n Title: TOS Protocol and ProcedukéSTg Measurement of Vegetation Structure Date 03/19/2026
Operated by Battelle| NEQN Doc.:#NEON.DOC.00098| Author. C. Meier RevisionN
Supplier/ | Exact . Quan

Description Purpose .
Iltem No. | Brand P P tity
Forestry As
Suppliers N Aluminum nail 'FFAE GIF3 G2 adisSvyy
needed
79121
Grainger Aluminum wire, 20 gaug@®.032in ' . As
16Y067 N diametes) Affix tag to stems with DBH5 cm needed
Grainger N Stainless steel wir0 gauge (0.032| Affix tag to stems with DBH <5 cm at As
16Y049 in diameter) sites with fire management needed
N | CR123A battergr 2X AA batteries | SP2re battery foffruPulse 360R or 2
TruPulse 360i, respectively
Forestry Temporarily mark stems after
Suppliers N Flagging tape measuremgnt 2
57880
Grainger N Fluorescent lumber cravon Mark DBH measurement location on 1
9TA07 y stem
N Graph paper Estimate area of shrub groups As
ph pap group needed
National Round bered alumi A
ound numbered aluminum tag o S
Band and '
Tag N | siver; 00016000 and 800Bg99 | 129 New qualifying stems needed
National Round unnumbered aluminum ta
Band and N silver 9 Tag new multstemmed individuals 50
Tag
N Survey marking flag, PVC or Delineate sampling area 12
fiberglass stake
N Newspaner pades. tabloid size Press collected individuals for As
Paper pages, identification needed
Predrill nail holes into trees with dense
N Cordless Power drill, 18\tibin wood; prevent bending of aluminum 1
nails
N Field data sheets Record data in event of device failure As
needed

Pagel57




neen

Operated by Battelle

Title: TOS Protocol and ProcedukéSTg Measurement of Vegetation Structure

Date 03/19/2026

NEON Doc.:#NEON.DOC.00098

Author. C. Meier

RevisionN

Table24. Equipment list; Equipment and materials required for a team of two to minimize exposure to toxic oils
from Toxicodendron spp.

Supplier/ | Exact o Quan
Description Pur .
ltem No. | Brand | —<>C ptio urpose tity
Measure stem diameters up to 95 cm
Fores.try Haglof Mantax Blackee calipers, When Ilar\as are attachgd.; Igbel for use
Suppliers Y 95 cm with Toxicodendromo minimize spread 1
59763 of oils. Accurate enough to also measu
Toxicodendromiameter.
Measure supporting stem diameters up
Fores_try Haglof Mantax Blackee calipers, to 50 cm yvhen _Ilanas are attached; labe
Suppliers Y 50 cm for use withToxicodendromspp. to 1
59714 minimize spread of oils to other
equipment.
Label for use witfToxicodendromspp. to
minimize spread of oils to other
N Pruning shear equipment. Used to gain access to 1
woody stems surrounded by
Toxicodendron
Ben Cleanser, urushiedpecific, Tecnu or| Clean equipment after use with As
Meadows N equivalent Toxicodendrors needed
32577 q Pp-
N Nitrile or cotton gloves Prevent oil contact with skin As
needed
N PPE outevear Prev_ent oil contact with skin, normal As
clothing needed
N Trash bag DI_S[.)O_SG of u;ed_gloves and PPE to 5
minimize toxic oil transfer
N Cleanser, urushiedpecific, Tecnu or| Clean equipment after use with As
equivalent Toxicodendromspp. needed
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APPENDIX F PLOT MAP

Plot pointIDs are numbered according to the largest possible plot size, 80 m x 80 m, such that a plot of
any size will use a consistent numbering scheme. A pointID is defined for every point on a 10 m grid
within this framework; this design is used inialtplot establishment, but permanent, primary, and
secondary markers are placed at 20 meter intervals. Plot subplotIDs are determined by the pointID of
the SW corner of the subplot area. Plot center will always be pointlD 41.

9 During stem mapping, techniciansustonly use theapprovedpointsshown inFigure2 that are
associated with highesolution GPS data

73 74 75 76 77 78 79 80 81
64 65 66 67 68 69 70 71 72
55 56 57 58 59 60 61 62 63
QO Plot Centroid
46 47 48 49 50 51 52 53 54
D 10mx10m
41
37 38 39 40 42 43 44 45
O D 20m x 20 m plot
28 29 30 31 32 33 34 35 36 |:| 40 m x 40 m plot
D 60 m x 60 m plot
19 20 21 22 23 24 25 26 27 D
80 m x 80 m plot
10 11 12 13 14 15 16 17 18
1 2 3 4 5 6 7 8 9

Figure3ld t £ 24 YI L) AffdzAGNIGAYy3 K26 b9Ohb
¢KS {2 O2NYSNI 2F SIOK WY2RdzZ SQ NBOSA@Sa
physical markers.

ol&as LXz20a 2F O N
I LI2AYGL5 ydzYo!
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APPENDIX G DENDROMETER BAND CUTTING TEMPLATE
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