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1 DESCRIPTION
1.1 Purpose

This document outlines thREON Standard OperatingoBedure(SOPjor acquiring structural
measurementsrom members othe familyCactaceaécacti).Structural data collected from cactus
individuals may then be used to estimate volume, and in some csisegling biomassThisSOP
complements standardized structural measurements for woody pldeseribedn the Vegetation
Structure Protoco{RDpP4]),and providedechniquesspecific tocacusgrowth forms.This SOP is only
required at sites whergualifyingcacti are presenin samplingplots, and should be implemented
concurrently with vegetation structurmeasurements

1.2 Scope

This document provides a changentrolled version on Observatoryprocedure Documentation of
content changes (i.e. changes in particular tasks or safety practices) will occur via thisobaingked
document, not through field mnuals o training materials.

1.3 Applies To

The procedure described in this document is used inMleasurement of Vegetation Structure (RD[04])
protocoland relies orthe SOP B: Mapping and Tagging datasheetlam@iomass and Productivity
Measurements Cther datasheet{RD[05]).

1.4 Acknowledgments
2 RELATEDOCUMENTS ANBCRONYMS
2.1 Applicable Documents

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

AD[01] | NEON.DOC.00430( EHS Safety Policy and Program Manual
AD[02] | NEON.DOC.00431€¢ Operations Field Safety and Security Plan
AD[@B] | NEON.DOC.05000% Field Operations Job Instruction Training Plan

0 2016 NEON Inc. All rights reserved
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2.2 Reference Documents

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

RD[01] | NEON.DOC.00000§ NEON Acronym List

RD[02] | NEON.DOC.000243 NEON Glossary derms

RD[03] | NEON.DOC.005003 NEON Scientific Data Products Catalog

RD[04] | NEON.DOG00987 | TOSProtocol and Proceduréleasurement olVegetation Structure

RD[05] | NEON.DO®@O1573 | Datasheets folfOS Protocol and Procedure: Measurement of
VegetationStructure

RD[06] | NEON.DOC.001025 TOS Protocol and Procedure: Plot Establishment

RD[07] | NEON.DOC.00127] TOS Protocol and Procedure: Manual Data Transcription

RD[08] | NEON.DOC.001717% TOS Standard Operating Procedure: TruPREggefinder Use and
Calibration

RD[09] | NEON.DOC.001792 NEON Herbarium Specimen Label and Annotation Generation

RD[10] | NEON.DOQG14042 | TOS Protocol and Procedure: Plant Diversity Sampling

2.3 Acronyms

All acronyms used ithis document are defined in RIL].

2.4 Definitions

Allometry: The study of the relationship between the relative size of plant structures and biomass.
Areole: An areola, especially a small area bearing spines or hairs on a cactus.

CladodeA flattened organ of a planin Opuntiaspeciesthese are generally referceto as pads.
Glochid:Abarbed bristle on the areole of cacti. Generally small andfadr

Pad:See cladode definition.

0 2016 NEON Inc. All rights reserved
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3 SAFETY

This document identifies procedwspecific safety hazards and associated safety requirements. It does
not describegeneral safety practices or sigpecific safety practices.

Personnel working at a NEON site must be compliant with safe field work practices as outlined in the
Operations Field Safety and Security Plan (AD[02]) and EHS Safety Policy and Program Mampal (AD
Additional safety issues associated with this field procedure are outlined below. The Field Operations
Manager and the Lead Field Technician have primary authority to stop work activities based on unsafe
field conditions; however, all employeesvwathe responsibility and right to stop their work in unsafe
conditions.

3.1 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. Safetysiderations for this instrument include:

9 Avoid staring directly at the laser beam for prolonged periods. The rangefinder is classified as
eyesafe to Class 1 limits, which means that virtually no hazard is associated with directly
viewing the laser outpt under normal conditions. As with any laser device, however,
reasonable precautions should be taken in its operation. It is recommended that you avoid
staring into the transmit aperture while firing the laser.

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

3.2 Cactus Safety

The potential for injury exists when working with calitie to the prevalence of spines. As a simple
precautionary measure, avoid making contact with cacti. Always peesonal protective equipment
such as leather boots, long pants, long sleeves, and gloves, and remain cognizant of where you walk.

Most cactusinflicted wounds should be treated like any other scratch or puncture, that is, cleaned then
bandaged if necesary.Use a comptweezers or adhesiveo pick outspines that break off in the skin
prior to treating the affected area.

Gochids thatpenetratethe skinmay bedifficult to extract becausef their barbedshafts To remove
glochids use tweezers or adlsives Treatanyremaining glochids as a woupkkep the area clean and
coveredto preventdermatitis.

Segments o€ylindopuntiaspeciedreak offeasily and mapecome attachedo footwear, clothing, or
skin. D removesegmentsuse a comb orother solid object (i.e. Leatherman, rocks, etc.dislodge the
segment Symbiotic bacteria limg on cactus spinesiay cause inflammationywhichtypicallysubsides
without treatmentwithin a few days.

0 2016 NEON Inc. All rights reserved
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4 PERSONNRND EQUIPMENT
4.1 Equipment

The following equipment is needed to implement the procedures in this document. Equipment lists are organized by taskndhechlide
standard field and laboratory supptisuch as charging stations, first aid kits, drying ovens,-ldtverefrigerators, etc.

Tablel. Equipment list, Preparing for sampling

Item No. R/S Description Purpose Quantity HS;;;?:?;
Durable Items
MX100r03 S | GPSeceiver, recreational accuracy gllillir?]aatﬁ(;?ssampling location at sites wi 1 N
S | USB Cable Transfer data to GPS unit 1 N
Consumable Items
S | Rite in the Rain paper Printing field datasheets 1 N

R/S=Required/Suggested

0 2016 NEON Inc. All rights reserved
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Table2. Equipment list; Structuremeasurements at one plot

Item No. R/S Description Purpose Quantity Hsaaeij(lziiﬁlg
Durable Items
MX102540 S )(.25% (;(e)(é?l;/;;, decimeter accuracy (e.g. GE Vl\\llﬂ\enrgea;? ;ri zftsmaelelngblsé:::mns sites 1 N
MX100r03 S | GPS receiver, recreational accuracy w;ziglagfr;oaffé?s”ng location at sites 1 N
S | Regional flora reference guide and/or key | ldentify unknown species 1 N
MX100322 S | Laser Rangefindet, 30cmaccuracy Measure height 1 N
MX105823 R | Measuring stick, 2 m folding Measure heights and widths of cacti 1 N
MX104369 R | Measuring tape, minimum 50 m Delineate plot and subplot boundary 3 N
MX104361 R | Chaining pins or other suitable anchor Anchormeasuring tapes to delineate plo 9 N
and subplot boundey
MX100320 R g(;)jrlrsr?[;sjn\{mh mirror and declination Determine plot boundary 1 N
Consumable Items
RDI[05] R | Datasheets Recording Data 1 N
R | AA battery Spare battery for GPS receiver 4 N

0 2016 NEON Inc. All rights reserved
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. : Special
Item No. R/S Description Purpose Quantity Handling
R | CR123A battery Spare battey for laser rangefinder 2 N
S | Survey marking flag, PVC or fiberglass sta Delineate sampling area and temporarily 50 N
mark stems before/after measurement
MX103478
MX103477
MX103479
MX108192 R Round numbered aluminum tag, silver; Tag new qualifying stems As N
MX108193 0001-6000 and 8000999 gnewq 9 needed
MX108194
MX108197
MX108198
MX106345 R | Pigtail stake Mark each specimen As N
needed

R/S=Required/Suggested

0 2016 NEON Inc. All rights reserved
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4.2 Training Requirements

All technicians must complete required safety traingmgl procedurespecific training for safety and
implementation of thigorocedureas required irField Operations Job Instruction Training Ri&D[G4]).

Technicians must be trained in the proper carehaf laser rangefinder. Although this tool is resistant to
dust and water, it is important to seal open ports and use lens caps when applicable. Care must also be
taken to avoid scratching lenses. Finally, technicians should be trained to carefully mibashiegghts

of cactiusing the laser rangefinder

4.3 Specialized Skills

At least one of the technicians executing this protocol must be able to identify regispaibjfic cacti to
species \dvisual inspection and use of a dichotomous key.

4.4 Estimated Time

The amount of time required to implement this protocol will vary depending on a number of factors,
such as cacisdensity, skill level, species diversity, environmental conditions, and distance between
plots. For a skilled tweperson team it shouldrequire no more thard hoursto complete a single plot. If
a task is taking significantly longer than the estimated time, a problem ticket should be submitted.

5 CONTINGENCIASDNOTES

NA

0 2016 NEON Inc. All rights reserved
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6

SOP A

STANDARD OPERATINGDEEDURES

Preparing for the field

Measuremats to estimate caais biomassvill be made oranindividual plant basisand the techniques
usedare consistent with those described in the Vegetation Structure protocol [RDP(0

Al

Configure GPS

Transfer all required files containing plot locations to the GP&vec

A2

A3

Check thdaser rangefinder

Make sure the lenses on the laser rangefinder free of dirt and debris.|€an with a lens cloth
or lens tissue if necessary.

Declinationis different at each site, and alshanges with timeDue to these factors declination
should be set when moving between sites, and per site valbesld be looked up annually at
http://www.ngdc.noaa.gov/geomaaveb/

Declination OffsetCheck the current declination against what is entered inlédser rangefinder
unit. See RD[08] for details.

Tilt-sensor Calibratiorin the rare instance that thiaser rangefindehas suffered a severe drop
shock, the tiltsensor requires realibration prior to continued field work. See RD[08] for details.
To accurately perform tdsensor calibration, a surface known to be perfectly flat is required.

Compass Calibratioithe compass should be calibrated after the batteries are changed. Be
aware that nterference from local magnetic fields may prevent accurate calibration, and can
cause the calibration routine to fail.

Print field datasheets

Print Datasheets for T8 otocol and Procedure: Measurement of Vegetation StrucRD¢05].

0 2016 NEON Inc. All rights reserved

Pagel0of 27


http://www.ngdc.noaa.gov/geomag-web/

n e ;.) n Title: SOP Cactus Biomass and Handling Date 08/04/2016

NEON Doc.:#NEON.DOC.00171| Author. S. Hiebert Revision:A

National Ecological Observatory Network

SOP B  Biomass/Productvity Measurements
B.1 Introduction

This SOBimplementedat all Tower Bts and a subset of Distributddots, and in a manneconsistent
with the temporal andspatialsampling strategy outlined in AD[04].

6.1.2 Temporal Strategy

Cactus will typically be sampledncurrently with all other vegetation structure measurements, that is,
during the dormant season after annual growth is compldtewer plots are réneasured each year,
Distributed plots are raneasured once every three years. Annual sampling beginseeRswof the
sampling start date the preceding ye@Appendix Gummarizeshe sampling window for sites where
cactus are expected.

6.1.3 Spatial Strategy

For 20 m x 20n TowerPots, the entire 20 m x 20 m argasampled. At sites with 40 m x 40 m Tower
Plots, only two randomly selected 2@ x 20m subplots aresampled(seeFigurel). Lists of randomly
selected subplots are provided by Science OperatimnBistributedPlots, Cactaceae are sampled only
in the inner 20m x 20 ¥ CoR thelpIBt. To standardize samplirgffort across plots, use nested
subplots to constrain the measurement area, following the guidelines outlined in the Vegetation
Structure protoco(see RD[04] for details). Briefly:

1 In 20 m x 20 m plotdf nested subplots are employed minimum of 20 idividuals tallied
across all nested subplotsiust bemeasured in the entire 40607 plot.

1 In 40 m x 40 m plots: If nested subplots are employed, a minimum of 20 individuals must be
measured irat least oneof the assigned 20 m x 20 m subplots.

All cactiin the designated measurement araee identified and measuredis few established

allometries are available to relate natestructive, field measurements to biomass of an individual, most
cactusmeasurements will be used to calculate volume and will baterd in a similar fashion to shrub
volume céculations described in RD[04fh addition, structural measurements from cacti that NEON
staff collecs will provide a platform fopotential community development of allometric biomass
equations.

0 2016 NEON Inc. All rights reserved
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N 20 meters , 40 meters

‘@’Tlls TE T ? Lf

GPS and markers 4 4
1 m? nested subplot

10 m* nested subplot ) 3

wO0e

25 m’ nested subplot r] l_;‘

100 m? nested subplot ®

Figurel. lllustration of a 20 m x 20 meke plot (left; larger destructive sampling portion of et not shown), a 40 m x 40 m
base plot (right), and associated nested subplots used for measuring woody stem vegetation.nT ke2P plot size may be
used foreither Distributed or TowePlots and the 40m x 40m plot size is only for Towétots(at specific sites)Numbers in
plain grey text indicate subplotlDs and numbers in italic black text indicate nested subplotIDs.

Al QualifyingIndividuals
In order to qualify for measurement using this protocol, each specimen must be:

1 Inthe Cactaceae family
9 Aliveor have aprimary stem that is
0 Woodyandupright fvith an angle that is greater than 45 degrees from the grouod)
0 Woody and witha naturally decumbent growth form
1 Greater than or equal t®.1m stem length
o0 Stem length minimunmeasurement applies to bothpright and prostrate growth
habits.
o A minimum size is specified to constrain level of effort (LOE) for sampling activities. Cacti
< 0.1 mstem lengthwill be accounted for in plant diversity sampling.

A2 Procedure

1. Navigate to the selected plot.

2. Delineate the plot. Use existing plot markerse th0 m tapes, and chaining pins to carefully
delineate the plot and subplots.

9 Itis not necessary to pay attention to whether the plot is sloped or flat; the tape is used
only to help determine the plot edges and orientni plot frames.

0 2016 NEON Inc. All rights reserved
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1 Refer tothe Pla Establishment Protocol (RD[06]) for a review of tape wrapping
techniques that can be used to delineate subplatsl nested subplots

3. Plotmetadata Determinenested subplot size. Group &irms / species ofactitogetherfor
determining nested subpldizes Consult the Vegetation Structure protocol (RD[04]) for a
thorough explanation of requirements for nested subplot u&acord value on plot metadata
datasheet(perplotperyear table in mobile app)

1 If executing this protocol in a 20 m x 20 m pkosum of,at minimum, 20 cacti are
requiredwithin eachnested subplotdor the nested subplot size chosen.

1 If executing this protocol in a 40 m x 40 m plot, then a minimum of 20 cacti are required
in each ofthe nested subplots of at least one of the tmandomly selected subplots

4. For each plot, record:
1 plotiD: SITE_###
1 date:YYYYMMDD
1 nestedSubplotAre®ther: This is the nested subplot area defined in SOP CRD[04]
HHHM
1 totalAreaSampledOtherThis is the subplot or nestedSubplotAraaltiplied by the
number of subplots surveyed.
0 Ex.If plotSize = 40m x 40and no nestedSubplotArea is used, all of the two
randomly selected subplot are surveyed, totalAreaSampled = 800
1 measuredByName of the technician making measurememsail addres
9 recordedBy:Name of the technician recording damail address
1
5. Taggingew individualsTagall qualifyingcacti encounteredvithin the selected measurement
areaexcept specimens in thpads shapecategory(seeTable3).
i Tag with a unigue aluminum ID tag for repeat measurements

9 Attach tag to a pigtail stake

91 Place the pigtail stake in the ground within 5 cnaafactus stemFor the ease of finding
the tagat a later time, place pigtailsn the same side of the caifor every specimen

1 Be consistent with tag placemefur cacti It may be useful to tag consistent with
6‘. 9 vegetation structure methods of tagging for your site

Example D14staff place thepigtail stake on the South side of cacti to avoid staring into
the sun when locating a tag. Also be consistent in the spatial method you use for
tagging for examplepeginin the Southwest corner of the plot aratldtagsas you
moveNorthward within the pot.

1 Record new tagIDs in the SOP B: Mapping and Tagging datasheet

0 2016 NEON Inc. All rights reserved
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6. Biomass measurementBoreachqualifyingcactusencountered, record:
a. subplotiD: number of the subplot in which the plant is locatét;, (seeFigurel)

b. nestedSubplolD: unique identifier of the nested subpletassigned on a pesubplot basis,
#, (seeFigurel)

c. taglD: domain level unique identifie#### null for untagged individuals.

d. taxonlDandidentificationQualifer (Table5) code if needed USDA plant species codeg.,
OPPO (Opuntia polyacantha), CYFU10 (Cylindropuntia fulgida), etc.

1 ThetaxonIDshould be a code from the NEON master list of plant species codes (found
Ay GKS Wsupied y)ytNEON Kidn@e Operatjars qualified according to
technician confidencel@bleb).

1 Technicians arstronglyencouraged to use ONLY the NEON master code on all
datasheets. In the event that a code different from the NEON master code is used on a
datasheet, the fulkcientificNameassociated with that code must Ipgovided with each
datasheet on which the nGNEON code is used, either via annotation or by attaching a
key to the datasheet.

1 The NEON master taxon lists provide codes for instances when identification below a
given taxonomic rank (e.g., family or genacahnot be made. These are indicated by a
WA LIPQ 2N WaLIIPQ Ay (GKS aO0OASYUGAFTAO YIYSET K€
species is involved, and the latter when a shrub group may contain multiple species
from a given genus. When one of these gefexel codes is selected, an identification
qualifier is not needed, unless for example, the genus is uncertain.
o Example: If you recorxonIlDI' CYLINZ(Cylindropuntia sp, do NOT recor@lQ =
GOFTd aLISOASa¢T Al Aa I f SdedieRinseddnhe st G KI & @
that a Genudevel code was reported itaxonID.
1 Morphospecies:
0 The use of morphospecies IDs is expected during the course of this work. If the
domain staff are able to identify a morphospecies at a later time, the full scientific
name associated with that ID must be provided with the data sheet, either via
attaching a key, or via annotation (see RD[07]).

o If domainstaff isnot able to identify a given morphospecies prior to data entry, the
morphospecies ID must be recorded in ttentrolledmorphospecies ID list

1 Cryptic species:

0 Issues with cryptic species may arise if two morphologically similar species may co
occur at a given site. To account for this, members of cryptic pairs or groups should

0 2016 NEON Inc. All rights reserved
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be added to NEON master taxondisNew pairs / groups must be entered in the
WONE LI A Of LdSoleSspiedd@EheetJa Q

e. identificationReferenceslf a taxonomic key is used to identify the individual, record, last
name(s) of author(s)

9 if no references are used for identification, Veathis field blank

f. shape the form that the cactus takes that determines trequiredmeasurements.
1 To determinghe appropriate shape;onsultTable3, then matchselectedshapeand
required fieldsn Table4.

1 Make a @terminationof shape based on thindividual being measured; shape is not
necessarily consistent within a particular species.

Table3. Cactisshapedescriptions and datasheet codes

shape Code* Definition Example shapé's Example Genera
Nonsegmented acti Stenocereus sp.
that are slender in Lophocereus sp.
Columnar col shape and erect in Echinocereus sp.
growth habit, may have Echinocactus sp.
1 or more stems Mammillaria sp.
Columnar . e
Speciesspecific .
Carnegiea
_ col measurements for :
taxonID= Saguaro gigantea
CAGI10 guaro.

0 2016 NEON Inc. All rights reserved
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shape

Code*

Definition

Example shapé's

Example General

Oblate Half
Sphere

ohs

Single stemslepressed
globosein shape OR
cluster of segmented
stems that, as a group,
form an oblate half
sphere.

Astrophytum sp.
Escobaria sp.

Vine

vin

Cacti with vindike,
non-self supporting
growth forms.

Peniocereus sp.
Hylocereus sp.

Sphereor
ellipsoid

eph

Single stems spherical
in shape OR cluster of
segmented stems
elevated on central
stalk

Cylindropuntia sp
Ferocactus sp.
Mammillaria sp.

Half Sphere

hsp

Groups of clustered
stems from a single
individual that, as a
group,approximately
form a half sphere.

Cylindropuntia sp

Inverted Cone

ich

Quster of segmented
stems that, as a group,
approximatelyform an
inverted cone shape.

Cylindropuntia sp

0 2016 NEON Inc. All rights reserved
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shape Code* Definition Example shapé's Example General

Quster of segmented
stems that, as a group,
approximatelyform a
cone shape.

Cone che Cylindropuntia sp

Cacti that grow in long
cylindrical segments
Cylinder cyl and approximate the
form of a cylinder
shape.

Cylindropuntia sp

Cacti thathave flat,
Pad pad round cladodes
(Opuntig).

Opuntia sp.

*Cylindropuntiaand other segmented cacti may occur in a variety of shapes, assess each cacti individually
consistent with shapes used to calculate volume of shrubs-ghalK SNB > 02y ST Oéf AyRSNXO

"image credits: col, eph, icn, pad, and vin modified fidimmitt 2009 ohsMolina-Freaner et al. 199&ne, hsp,
cyl modified fromEngelmann and Bigelow 1856
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Table4. StructureMeasurementsShape determines which measurements are required.

Columnar X X
Columnar « X «
Saguard
Oblate half
X X X X
sphere
Vine X
Sphere or
L X X X X X X X
ellipsoid
Half sphere X X X X
Inverted cone X X X X X X
Cone X X X X
Cylinder X X X X
Pad (Opuntig X X

5 C 2 NJ-sémizEolurhnar species, this is the average stength of the cluster

§ Required measurements are based(8teenbergh 1972, Niklas 2002)

O 2016 NEON Inc. All rights reserved
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Tableb. Identification qualifier codes (idQ) to designate unknown species or those species with uncertain identification in the
field or after identification in the lab.

idgCode| identificationQualifier Description
CS | cf. species w2dzZaAKf & Sljdzrfa o6dzi ay2dG adzN
AS | aff. species G{AYAEFNI 02> o6dzii A& y20¢ (K
CG | cf. genus w2dzZaAKf & Sljdzrfa o6dzi ay2dG adzN
AG | aff. genus G{AYAEFNI 02> o6dzii A& y2i0¢ (K
CB | cf. subspecies w2dzaKf e SljaztzNBEéobHz2dnl2 0 KS &
AB | aff. subspecies G{AYAEFNI 2% o6dzi A& y2ié¢ 0K
CF | cf. family w2dzaKf e Sljdz £f&a odzi day2a adzN
AF | aff. family G{AYAEFNI 2% o6dzi A& y2ié¢ 0K
CV | cf. variety w2dzaKf & Sljdz £t & o0 deariety 2 G a dzN.
AV | aff. variety G{AYAEFNI 2% o6dzii A& y2ié¢ 0K

7. After shapehas been assignedetermine which of theameasurementdisted inTable6 must be
recordedfor the current individual:

Table6. List of potential structural measurements made on cactus individuals; note that not all measurements are made on a
given cactus shape.

Variable Detailed description
Maximum heighbf single stem individuals, average height for multi
height stem individuals, measuragsing folding rulerlaser rangefinderor

measuring taped.1 m, (sed-igureb).

Largest diameter of canopy or stem, deming on which is larger,
measured using calipers or folding rulerl m, (sed-igure2)
Diameterat9¢ (2 YIFESALFYSGSNI YSI & dNB
ruler,0.1 m, (sed-igure2)

maxDiameter

ninetyDiameter

Use a rigid, collapsible meter stick to measure the average height af

baseCrownHeight the ground for the lowest portion of the crow®.1 m

Crosssectional stem diameter at soil surfagaeasured using calipecs

basalStemDiameter folding ruler,0.1m

measurementHeight The height at whiclthe diameter is measuredoil surface =0 cm, 1 cm

Maximum diameter of the base of individuals in the inverted cone sh
baseCrownMaximumDiameter | category,measuring tape, folding ruler ordar rangefinderl cm,(see
Figure2)

90 degrees measurement of the maxBasalDiameter for individuals i
inverted cone shape category, 1 cm, ($égure?)

baseCrownNinetyDiameter

Number of cladodesof any sizeproduced inthe current growing

newPadCount seasor(seeFigure4). Count vegetativenonflowering, pads only.

Number of cladodes producedd previous growing seasoliseeFigure

oldPadCount 2)

0 2016 NEON Inc. All rights reserved
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Variable Detailed description

stemCount Number of stems in a mulstem columnar clustefseeFigure3)
For cacti in the columnar or vine shape that also have branches.
account for biomass in the branches in columnar or vine cacti (i.e.
Carnegiea giganteaPeniocereus spic.) measure the length of each

averageBanchLength branch using a folding ruldgserrangdinder, or measuring tape

Measure along the length of branches, includoemnds if presentif
there is more than one branch length, calculate the average of all br
lengths, and report to the nearest 0.1 m; deigureb for examples of
how to measure complicated branch lengths

averageBasalDiameter

Use calipers taneasure thebasal diameter of each stem at ground
level.Calculate the average of altemsto the nearest0.1cm. For
densely clustered mulgtem columnar individuals where basal diame
of interior stems cannot be gasured directly, estimate basal diamete
based on diameter of visible portion of the stem, assume columnar
shape.

For cacti in the columnar or vine shape that also have branch(es), th

branchCount number of branches on individual cactus, nearest 0.1segigureb)
Health status of individual, if known, note the factors associated with
status death or damage in the notes section of the datasheenglwith the

corresponding tagID, #, (s@able?)

Figure2. Cylindropuntiadlgidain the eph shape categorillustrating where to takeneasuremens. Measure
basabtenDiameter (yellow line)at the ground levelmaxDiameter(black lineand ninetyDiameter across the cangpy
baseCrownHeight (green line) from the ground to the beginning of the cafRtmtoby Siema Hiebert.

0 2016 NEON Inc. All rights reserved

Page20of 27




neeon

National Ecological Observatory Network

Title: SOP Cactus Biomass and Handling

Date 08/04/2016

NEON Doc.:#NEON.DOC.00171

Author. S. Hiebert

Revision:A

Figure3. Echinocereus sjllustrating amulti-stem columnar cactn which one measures theeight (in this case, thaverage

height of all stems)yverageBasalDiameteand stenCount Photo by Sienna Hiebert.

Figure4. Opuntia spwith newvegetativepads growing off of an old pad. In this picture newadnt= 3 and oldPadount= 1.
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Table7. Satus value definitionsFa damaged individuals (codes?, if the source of the damage cannot be
determined, record as Damagedther, include remarks describimtamage.

Code

Description

1

Live cactt; any live cacti (new, reneasured or ingrowth).

2

Dead cactg either new or remeasured, regardless of factors associated with
death. The entire cacti must be dead.

Removed; a cactus that has been cut and removed by direct activity to harveg
or land clearing (reneasurement plots only).

Damagd ¢ insect.

Damaged; disease.

Damaged; abiotic (i.e. lightning strike, windthrow, fire, etc).

Damaged; other (i.e. coyote herbivory).

N0~

Failed to relocate previously tagged individual.
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Figure5. Branch length measuremefineasure along the steni) Carnegiea giganteaeasureeach branch then arage the
length of all branches. Enter that value in the averageBranchLength data field. For cacti that have bectatadilgisn this
LIA O G dzNBNSB ayi SiREmdiGfieldi Rhéto by Sienna Hiebert.
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