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1. Project Background

The Amazon rainforest plays a critical role in reging atmospheric levels of the greenhouse gas
carbon dioxide (Cg@, and hence the rate of global climate changes Tdygion also displays
considerable spatial variation in forest structanel function from the slow-growing, long-lived fste

of the lowland Amazon across to the highly dynasgosystems along the fertile Andes. An existing
network focusing solely on measuring above-groummaadvproduction across the region (RAINFOR)
has provided key insights into the underlying psses controlling forest spatial heterogeneity and
powerful evidence for concerted changes in forestgsses across the region over the last few decade
likely driven by increases in atmospheric £l@vels. However, without taking into account adlyk
components of the ecosystem carbon (C) budgetdimikie- and below-ground it remains unclear what
any observed changes in stem growth mean for d\aasystem C storage and release. For this reasg
the current project aims to dramatically enhancd artend the RAINFOR network by installing
permanent sample lots across the Amazon wherewlkkkosystem C stocks and fluxes will be regularly
monitored. This manual establishes a set of stamkat methodologies to carry out this plot instatia
and subsequent monitoring. These protocols williroplemented across the Amazon by promising
young South American scientists to provide basedisgémates of current forest C storage, and track
ongoing changes in forest C cycling. This reseavdhcontribute to(1) local scientific capacity by
training a large number of South American stud@mtspecialist ecological measurement and analysis
techniques, an(R) the development of the next generation of coupkeabsphere-biosphere models that
will play a key role in shaping international clitagolicy.

2. Plot Selection & Establishment

The pan-Amazon strategy within RAINFOR is to maimtsample forest plots across the edaphic range
within each climatic zone and regional plot clustéew plots should be randomly located within Ipcal
geomorphological strata that satisfy certain logadtcriteria. New plots shoul@ll) be on reasonably
homogenous soil parent material and soil ty{@¢ have adequate acce$3) have sufficient long term
security from human disturbance, af#) have sufficient long term institutional supportowever, in
most Amazonian research sites, accurate habitas megplacking, which prohibits complete stratified
sampling at large scales. Similarly at local scaldentifying geomorphological strata is difficult
because no accurate soil maps exist. Satelliteamaglp in identifying the range of vegetation g/pe
that might be found in any one area, but problernik #he scale of resolution and lack of ground-
truthing limit the ability to accurately predictalexact distribution. Information from local resite and
botanists who know the area can be very useful.istiogl constraints are also important: it is
impractical to locate a plot greater than 1 hoomirthe field base, and it can be difficult to fitla
hectare plot into a forest that is dissected bgksa

Within strata, plots should be randomly locatedavoid ‘majestic forest’ bias. If maps are avaigbl
plot location should be randomly assigned priogaong to the field. If not, in the field, there mbhg a
tendency to establish the plot in particularly ‘dbtorest. If maps are available, the positionlod plot
starting point can be randomized by locating iairandom direction at a random distance >20mdue.
of sight), of the original, potentially ‘biased’asting point. N/S and E/W directions for the prali
axes of the plot are the most convenient but tleergdcities of the local strata may prevent tfike
bearings of the main axis, and the latitude, lardgtand elevation of the centre of the plot shddd
recorded. It is important to maintain homogeneitthim the plot, so the shape of the geomorpholdgica
strata is an important consideration. Square plat® a lower edge : area ratio than rectangulas,do
have fewer problems with decisions concerning tiesgnce of trees in or outside the plot at the £dge
The coefficient of variation of basal area onlyliseancreases as sample plot size falls below ~Ha4




Therefore, a plot size of 1 hectare is commonlyselndoecause it is greater than the scale of typieal
fall events, but sufficiently small to sample inidival soil types.

3. Above-Ground Carbon Stocks & Fluxes

3.1. Foliage Density
3.1.1. Leaf Area Index
3.1.1.1. Equipment

Nikon 980/990/995 digital camera, Nikon fc-e8/fcfeth-eye lens, robust tripod, camera memory card
reader. These cameras and lenses are out of pi@uiett can be sourced relatively easily at online
stores (e.g.: www.amazon.com, www.ebay.com).

3.1.1.2. Sampling Strategy

LAI will be estimated by collecting color imagestbe canopy every month with a digital cameraset t
automatic connected to a hemispherical lens ofpadrat 20 points per hectare plot (20m separatio
distance between measurement points. When takiagoktotographs it is important thét) direct
radiation is low, so either when the sky is overagish clouds or at sunrise or suns@) the lens is
pointing directly upwards (a building level may bsed modify the tripod to ensure that the camera ig
level, alternatively leveled posts may be permdgeimistalled at each measurement point, so that
repeated tripod adjustment is not required), @)all photographs are taken in the same directian:(e
directly north). Image files should be given an rappiate name (date, time, site, plot, point number
These images may then be processed with imagesaabftware to estimate LAl (s&ection 3.1.1.4
Image Processiny

3.1.1.3. Camera Settings & Downloading Images

To select the correct lens for the camera: switehtop dial toM-REC (M = manual, A = automatic),
then pressMENU, selectLENSand therFISHEYE To select the correct image size and qualitytcwi
the top dial toA-REG pressQUAL until the resolution visible in the lower left-hdof the screen is
FINE. Now presQUAL and at the same time turn the dial until the imsige (also visible in the lower
portion of the screen) changes3i2. With this combination of image resolution andesiz should be
possible for the memory card to store 69 imagestame.

To download the images, take out the memory carskrt into a card reader and connect to a
computer. Place images from different samplingpéotd sampling dates in separate files. Note ttee da
and plot linked with each image name.

3.1.1.4. Image Processing

For image processing it is best to use the fastestputer you can get access to. Images may b
processed with CAN-EYE free software (http://14D.88.194/can_eye/page3.htm). Download the
software from the web-page, and install HW€R installerfirst. At this stage the installation may request
an update for a Microsoft Windows component. Nataga the official Windows webpage to find and
download this component.

CAN-EYE analyzes 20 images at a time, so placéhallimages collected each month and plot in
separate files, so that the images collected asdhee place and time will be analyzed together. @le
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the images from one plot taken in one month). Thigreefile address must not have any spaces (e.g
C:\\1)Leafareaindex\Images\PlotA\December2009).

Click on theCAN-EYEicon in the downloaded file, then select BAN-EYE Henoption in the
opening screen. Select the file which containsirtieeges which you wish to analyze, then pr@gson
the parameterization page. The software now upltiaelselected images, if they appear correct the
pressOK (otherwise you may select images to discard). @mtxt screen you may vary image contrast
to optimum levels with th&ammaoption and usdlaskto exclude parts of the image which should not
be analyzed. When finished, prd3sne You now have to select how to distinguish vegetatrom
sky, select the optio8elect pixels corresponding to vegetatiom continue.

The software now reduces the image colour rangestd@56 colours, all of which are represented as
individual pixels in the box on the right side aetclassification screen. To start, click the eird the
left of the Green vegbox in the lower right of the screen. Clidlesfor an automatic pre-selection of
colours in the images which represent vegetatidhth® colour pixels which have been classified as
vegetation will fall to the bottom of the right lthbox. To continue the classification process;déék
in the circle to the left of th&reen vedoox in the lower right of the screen, and leftklon any of the
colours in the box which you think represent vetjeta(rather than sky). To help you, colours which
occur commonly and very commonly in the imageshégalighted in the right-hand box with white and
red dots respectively. When you have selected ghosen colours, right-click outside of the box to
reclassify the images based upon your new selecRepeat this classification process until you are
satisfied that all vegetation has been successtldigsified in the images, then cli€lone After some
time you will be given the option to exit the sodins.

To check results of the analysis, open the ouifrisved in the same file as the analyzed images
Open the webpage entitledEResults_whatever the filename This summarizes key values and
graphics from the analysis. The output presentetliypes of LAI estimate: effective LAI for thi&)
entirety of the image (effective LAI) ar{@) only from the 57.5 view angle in the hemispheriozges
(effective LAI (57.5)), and3) True LAI Types 1 and 2 do not incorporate an estérof the degree of
canopy clumping and therefore underestimate thiequesntity of LAI. Though LAI estimated at a 57.5
view angle should be relatively insensitive to theent of clumping within the images. Type 3 uses &
clumping estimate for each image to derive a meorii@te estimate of LAl. None of these estimates
however, distinguish the amount of area occupiettiénimages by non-photosynthetic material (trunks,
branches), so some researchers chose to referde #stimates instead as Plant Area Index (PAI).

3.1.2. Specific Leaf Area
3.1.2.1. Equipment

Digital camera and tripod or scanner, clear glaf3evspex sheets, measuring ruler, drying overgmpap
bags, weighing balance (0.01g resolution).

3.1.2.2. Sampling Strategy

Leaves collected from the 11 evenly numbered Ifaéirtraps (there are 25 litter fall traps in tiopeer
plot, see section on litter fall, below) shoulddm#iected, and stored in plastic bags to avoidadasion,

to calculate SLA. Images of the leaves need toaker, either with a digital camera or scanner. The
digital camera approach is more versatile in fisithations while images captured with a scanne
require much less time for image processing (semwWeBoth methods will be described.

Separate leaves from the rest of the organic matmllected in the litter traps. If using a scann
scan the leaves (color Jpeg, 200 dpi). If usingraara system, first place all the leaf materianfreach
plastic bag onto a clear white paper sheet togetitara label (site, plot, date, point) and a meiasu
ruler as a scale. Position the camera above tivedeaith a tripod, then take a color, high resoluti
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picture of the leaves (from not more than 0.5magise), making sure that you include the label ang
ruler, and save the image in Jpeg. file format.eSne scanned or photographed images with suitabl
names (site_plot_date point) in a designated|filgeveral scans/photographs are required to catlr
the leaves from a single point, these differentgesamay be distinguished with letters after the
measurement point number. Leaf area for each imagebe calculated with image analysis software
(see Section 3.1.2.3 belgw

All the leaf samples from each point should nowtraesferred to a paper bag (one per point), dried
at around 50C to constant mass and weighed (along with allother litter samples). Once dried, the
dry mass of the leaf material collected at eacthef25 measurement points per plot should be aehtere
into a datasheet. After weighing, all the driedf leeterial should be placed back into their respect
paper bags. Bags from a single sample period aont ghlould be placed into two plastic bags,
compressed to remove excess air and sealed. Teemastic bag should be marked with measuremen
type (e.g.: specific leaf area) sample date ant pliter this the samples may be placed in a sadel,
dry place for long term storage (in the case oérlatata loss, possibility of chemical analysis of
samples). SLA is calculated as total one-sideddesd divided by total dry mass per point.

3.1.2.3. Image processing

Leaf area will be calculated with ImageJ freewdatep(//rsb.info.nih.gov/ij/). The images are storedh
more versatile color Jpeg image format, but Imagely accepts grayscale images. So IrfanView
freeware (http://www.irfanview.com/) is requireddeate grayscale copies of the original color iesag
First, open the Ifanview software and click leile -> Batch Conversion/Renam&elect the file which
contains the color images to be analyzed (topakethe Batch Conversion window), and cliékld all
Then select the output file (left of the Batch Cersion window) in which to place the grayscale
images. To specify the desired conversion typescséheUse advanced options (for bulk resize...)
window then clickAdvancedo open the advanced conversion window and s€lenvert to grayscale
andOK.

To begin image analysis with the grayscale imagpen ImageJ and seldetie -> Opento select
the desired image. To highlighted the desired portf the selected image (the leaves), click ongena
-> Adjust -> Threshold. Vary the two bars to acteiyaseparate the leaves from the background, the
pressSetand OK. Now the scale of the image has to be set, tavadlocurate area calculation. In the
case of scanned images, the scale may be calculmeadly from the dpi selected when scanning (dots
or pixels per inch). For example, 200 dpi means tihere are 200 pixels per inch in the image, o748
pixels per centimeter (since 1 inch = 2.54 centarg)t The relation between image pixels and rea
length is set iMnalyze-> Set ScaleFor a 200 dpi scanned image put 200Dstancein Pixelsand
2.54 forKnown DistanceFor photographs the scale has to be re-set fmyemage (unless the camera
is held static with a tripod, in which case thele@ly has to be set the first time). To do tlakest the
straight line drawing tool and trace a line alongnawn length of the measurement ruler in the image
Then navigate to thBet Scalevindow, theDistance in Pixelsvill already be set by the line, so you only
have to enter thEnown Distancen centimeters measured from the ruler in the inddnis establishes
a relation between the number of image pixels &ed¢al length which enables accurate estimation o
area in the image. To proceed with area measuremsatone of the selection tools (eRectangular
selection to surround the objects of interest (the leavb®)) selecAnalyze-> Analyze particles> OK.
Several output windows will be generated, the irtgoarone is th&ummarywindow from which you
can note th@otal Areaof the objects of interest. Ti@ountmay often be greater than the number of
leaves in the image, this is usually because thasanf very small objects in the image are alslud®sd,
but these should make very little difference to tiverall area estimate. You can confirm this in the
detailedResultsvindow which presents area for every object idiettiin the selected region.




Repeat this process for all of the images. It isnezessary to set the scale for subsequent asafyse
using a scanner, or if the camera was kept stagoiiatal leaf area for each measurement pointlishou
be entered directly into a datasheet (where drysrfashe same points has already been entered).
3.1.3. Canopy foliar mass
CLM (t ha') can be calculated by multiplying mean plot LA(m?) by LMA (g m?), then dividing
the sum by 100. Errors around the plot means ofad LMA may be propagated through to estimate
errors around CLM values by quadrature of relaginrers.

3.2. Ground litter mass & litter production

3.2.1. Ground fine litter mass

3.2.1.1. Equipment

Large paper bags, weighing balance (0.01g resalytdrying oven, 0.5 x 0.5 m wire square, knife.
3.2.1.2. Sampling strategy

Randomly place a 0.5 x 0.5 m square at 25 locatpmrsplot (20 m separation distance between
measurement points). Cut around the margins ofstiware, collect all the fine organic litter (not
including branches > 2 cm diameter) within eachasguand place within an appropriately named pape

bag (site, plot, date, measurement point number)n@ include litter which is so decomposed thad it
not readily identifiable as material derived froeaves, fruit, flowers, seeds or wood (i.e.: matehat

would be defined as humus). All the samples shb@diried at around 5%C to constant mass and
weighed. Dry mass should be noted in a datasheéer&Va single piece of litter constitutes a
disproportionately large proportion of the totaligie (e.g.: a large seed, fruit), also note thevididial
weight of the piece in the observations columrhnmdatasheet.

3.2.2. Ground coarse litter mass
3.2.2.1. Equipment

Strong plastic string (800 m), diameter tape, matkge, machetes, large canvas bags, large plastic
bags, a hanging balance, graduated water flask.

3.2.2.2. Sampling strategy

Coarse litter is defined as all woody material o2em diameterStanding dead wood material should
not be countedthis is separately quantified iBection 3.3: Stem biomass, growth & mortality).
Establish 4 x 100 meter long transects within tleg (20 m separation distance between transects
Each transect should be 1 meter wide, with eacle etgrked with plastic string secured to the ground
surface every 20 meters. Cut all the dead woodepiéover 2 cm diameter) which intersect with the
plastic strings, except for particularly large meof dead wood (which cannot be easily lifted} tha
should only be marked with marker tape. Record diamand length (within the transect) of all wood
pieces > 2cm diameter encountered, note separatelgsurements from the following diameter
categories: 2-5 cm, 5-10cm, >10cm. Retrieve allvibed pieces which are small enough to easily lift,
and place them in canvas bags. Use a separateschagdor each of 5 decomposition categories (se¢
table below). When each bag becomes too heavysity earry along the transect, weigh the lagitu
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with the hanging balance. Note the weight of eaaf, bhen empty the bags and spread out the woo
material evenly within the plothut outside of the transect€ontinue this process of collection,
weighing and bag emptying until all small wood gie¢which can be easily lifted) have been removed
from the transects and weighed. There are thusnpallg 15 categories which should be weighed
separately (3 diameter categories x 5 decompositad@gories = 15 categories). Save 30 wood piece
from each decomposition category and place in wedlled plastic bags (1 bag for each category)
Finally, record length (within the transect), didereand decomposition category of all of the large,
marked wood pieces which remain on the transea. VEtlues of both the mass of the small pieces i
bags, and diameter of the individual large pietesikl be stored in a datasheet.

Decomposition| Leaves | Fine twigs | Intact | Firm | Soft | Very soft
Level present| present bark | wood| wood wood
1 yes yes yes yes
yes yes
yes

2
3
4
5

3.2.2.3. Sampleprocessing

To derive estimates of coarse woody debris dry eithe additional unwanted weight of the canvas
bags and the water within the wood (for the smalba/pieces) and wood density (for the larger pieces
needs to be calculated. Therefore, weibhthe canvas bags, arf@) each individual wood piece saved
(5 decomposition categories, 30 per category, B x 350 total) before and after drying at aroundGO0
to constant mass. Then place each wood piece imp@acduated water flask half full with water and
record(3) the volume of water displaced (remember 1 miilit 1 cn). Pieces from decomposition
categories 4 and 5 may need to be wrapped in @hmdiefore immersion to avoid saturation of
airspaces within the wood (which would then leadato underestimation of wood volume). These
measurements should also be noted in the samehdatagas wood mass and diameter. Wood densit
may be calculated as wood dry mass divided by velufine volume of the larger wood pieces which
could not be removed from the transects may benattd from the equation for a cylind&142 x
(diameter / 2F x length Mean wood density for the appropriate decompmsitiategory, multiplied by
the piece volume, gives an estimate of dry massaoh large wood piece. Total coarse litter mass pe
unit ground area may be calculated as the sum tialveighed bags (minus the weight of water & th
wood and the bags themselves) and the larger wamxep which could not be removed from the
transects.

Diameter and length measurements of each wood piegebe used to calculate surface area with;
(2 x 3.142 x ((diameter / 2)) + (2 x 3.142 x (diameter / 2) x length)rhe sum of the surface areas of
the pieces encountered gives an estimate of ctitesesurface area per unit ground area. This e/alu
together with coarse litter respiration estimateseSection 4.2.4Coarse litter respiration), allows
estimation of stand scale G@fflux from coarse litter on the ground.

3.2.3. Fine litter fall
3.2.3.1. Equipment
One meter tall metal or plastic frames, plastiovoe 0.5 x 0.5 m squares which fit onto the tophe

frames, fine mesh which can be secured arounddgharss, paper bags, tweezers, brushes, weighin
balance (0.01g resolution).




3.2.3.2. Sampling strategy

Fine litter is defined as all organic litter, buiciuding only woody material less than 2 cm diamete
Litter traps, consisting of a frame that support3.% x 0.5 m square mesh net 1m above the groun
surface, will be used to catch fine litter fall bef it reaches the ground. Woody material over 2 ¢
diameter which enters the traps should be remowedsaread around the plot. Twenty-five of these
traps should be installed in each hectare plotni26eparation distance between traps). Litter well b
collected every 15 days and placed into sensildntiled paper bags (site, plot, date, trap numfmar)
further processing.

3.2.3.3. Sampleprocessing

Once collected, leaves from evenly numbered litt@ps should be immediately separated whilst still
wet to determine SLA (se®ection 3.1.2Specific Leaf Areg. The rest of the litter should be dried at
around 50°C to constant mass (should take around 24 hourspas as possible (within 48 hours) to
prevent decomposition. Once dried, litter shouldsbparated int¢l) leaves,(2) woody material(3)
fruits, (4) flowers, (5) seeds and6) unidentified material, weighed and afterwards @thanto
appropriately named (site, plot, date, site, tramber, type of litter) paper bags for storage. Weyght

of the litter should be noted in an appropriateagléet. A critical consideration with litter sepema is

to calculate the amount of time available to sefgaadl litter before even more is collected, anddifyo
the separation rate accordingly. Otherwise, the @t litter separation may lag far behind litter
collection, leading to massive accumulation of wepssed samples and increased risks of sample logs
and/or degradation.

3.2.4. Coarse litter fall

3.2.4.1. Equipment

Diameter tape, marker tape, machetes, large cdragss large plastic bags, a hanging balance.
3.2.4.2. Sampling strategy

Coarse litter is defined as all woody material oeam diameter, and should collected every 2 months
from within the 4 x 100 m long transects initialiged for sampling ground coarse litter ma3sly
material fallen from live trees should be colleci@ata on fallen trees or material falling from dea
trees will be included iBection 3.3 Stem biomass, growth & mortalitfy Cut all the dead wood pieces
(over 2 cm diameter) which intersect with the ptastrings, except for particularly large pieceslefid
wood (which cannot be easily lifted) that shouldlydre marked with marker tape. There should be ver
few wood pieces which fall from live trees that sahbe easily lifted. Ignore large dead wood pieces
that were marked in the initial survey. RetrieVetla@ wood pieces which are small enough to edii)y
and place them in canvas bags. You do not nee@garate the pieces by decomposition category
When each bag becomes too heavy to easily carngalwe transect, weigh the bagsitu with the
hanging balance. Note the weight of each bag, #mpty the bags and spread out the wood materi
evenly within the plotput outside of the transect€ontinue this process of collection, weighing and
bag emptying until all small wood pieces (which daa easily lifted) have been removed from the
transects and weighed. Finally, record diameterdembmposition category of all of the large, relyent
marked wood pieces which remain on the transea. VEtlues of both the mass of the small pieces i
bags, and diameter of the individual large pietesikl be stored in a datasheet.

3.2.4.3. Sampling processing



To derive estimates of coarse litter fall dry wejghe additional unwanted weight of the canvassbag
and the water within the wood needs to be calcdladood density estimates are already availabla fro
activities described irSection 3.2.2Ground coarse litter mass while monthly mean wood water
content will be calculated from activities detailedSection 4.2.4Coarse litter respiration. Therefore,
only note the weight of the canvas bags in a dattsh

3.3. Stem biomass, growth & mortality
3.3.1. Stems over 10 cm diameter
3.3.1.1. Equipment

Diameter tape, 1.3m long pole, ladder, calipersagk®p surveyor, dendrometer material (plasti@stri
metal fasteners, and dendrometer pliers)

3.3.1.2. Initial tree marking

All trees and lianas (live and dead) over 10 cmmdiger at 1.3 m height above the ground should bé
marked with aluminum plaques. The plaques shoulengeaved with numbers to uniquely identify each
stem. To mark each stem secure the plaque witHuaniraum nail inserted just far enough so that it
penetrates the bark and is secure but leaving ab space as possible between the bark surfacéhand t
plaque. Place all plagques at 1.60m, and consigtentthe same side of the trees throughout the lpiot
square, 100 x 100 m plots it is useful to tag esatcessive row of 10 x 10 m subplots on a different
side of the tree, as this helps identify whereittternal lines of the plot are on subsequent oocasi
Iron nails are required for the trees with the lkatdvood. Be aware thét) Newly broken or deciduous
trees can be completely leafless so check cargfedty: cut the tree bark to see if the cambiuadiie);

(2) Multiple-stemmed trees are tagged only on theelsirgtem that is >10cm diameter at 1.30m height
If two stems of the same species are very closetheg, check the roots carefully to see if the stgym
below-ground;(3) Fallen trees should be checked carefully to séeely are still alive. They should be
tagged 1.60m from the tree ba$é) Tag each liana stem that is >10cm diameter atpamyt within
2.5m of the ground even if < 10cm at 1.30m. Chexkefully as they can be easy to miss. Each climbing
liana stem that meets this criteriand is separately rooted counts as one individualtplaat check
carefully to see that the point where the stem st ground is actually rooted and not simply cege
by leaf litter).

3.3.1.3. Diameter measurements & dendrometer installation

All live trees and lianas over 10cm diameter at h.deight (but see unusual trees & lianas, below
above the ground should have dendrometers instdlld@meter increment should be recorded from
these dendrometers every 3 months. Every year aph@vwensus should be conducted to incorporate
new recruits into the survey. Measure initial dis@n@nd install dendrometers at 1.3 m height wherev
possible. If 1.3 m is not used as the point of meament (POM), record the alternative height of the
POM. To define the POM, use a pole with 1.3 m mar&ed pushed firmly into the leaf litter to the
mineral soil next to the tree. Note the followimgarmation for each individual tagged (in the datset

2) Stem dynamics / 2a) Stems > 10cm DBH1) initial diameter at POM(2) subsequent incremental
diameter expansion measured by the dendrometers.

3.3.1.3.1. Normal trees




Before dendrometer installation clean loose baxk @gbris from the POM. The diameter measuremen
tape, and later the dendrometer, should be passgtneath vines and roots. Note that the ideal PO
of 1.3 isnotthe vertical height above the ground, but is th&ght line distance between the ground and
the POM (these are the same distance on level drduut will differ if the trees are leaning or the
ground is sloped).

3.3.1.3.2. Buttressed trees
50 cm I

If the tree has a buttress which extends highen th8 m,
record initial diameter and install the dendromé&@icm above
the top of the buttress (Condit 1998). Record P@hgit. I

1.3 m

3.3.1.3.3. Deformed trees

If the tree has a major stem deformity at 1.3 nghigithen record initial diameter and install the
dendrometer 2 cm below the deformity (Condit 198&)cord POM height.

3.3.1.3.4. Fluted trees

If trees are fluted for their entire length (i.at:no point does the diameter remain constant steim
height), then record initial diameter and insta#t dendrometer at 1.3 m.

3.3.1.3.5. Trees on slopes, leaning/bent trees

Record initial diameter and install the dendromatet.3 m
from the downhill side of the tree. Trees that beat or
leaning should always be measured along the sidéeof
stem closest to the ground. This procedure avq
confusion when trees are both on slopes and leaning

3.3.1.3.6. Stilt-rooted trees

Individuals should have their initial diameter red®d, and the dendrometer installed, 50 cm abowe th
highest stilt root. Record POM height.

3.3.1.3.7. Re-sprouting trees

Re-sprouting trees are only included if the spr@euesmore that 1.3 m from the stem base. On stgndin
but broken trees, or fallen individuals, recordialidiameter and install the dendrometer on bbth t

main stem and the re-sprouts >10 cm diameter anlrdm the base of the stem.

3.3.1.3.8. Multiple stemmed trees

Record initial diameter and install dendrometersibstems >10cm at 1.3 m.

3.3.1.3.9. Large trees

Typically, large trees have buttresses which extandh higher than 1.3 m. In this case, use a latider

record initial diameter and install the dendromé&@rcm above the top of the buttress. Record PO
height.
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3.3.1.3.10Normal lianas

Any liana or hemi-epiphyte >10 cm diameter at aoynpalong the stem between 0 and 2.5m above th¢
ground should be included in the diameter surveachHiana stem should have dendrometers installet
and have initial diameter recorded at 3 differenins: (1) 130 cm along the stem from the root$, (2
130 cm vertically above the ground, (3) at the wideoint on the stem within 2.5m of the ground.
Check carefully for the maximum diameter pointliamas it is often close to the ground or a branghi
node where anomalous growth can be most markedcribesthe maximum diameter measurement
point precisely in notes (e.g., ‘by ground’, ‘10afmove tag’ etc.).

3.3.1.3.11Cabled lianas

Some lianas are composed of separate cables wittatiles progressively splitting as the liana ages
each cable thickens; in these cases it is diffitmltneasure the liana in a way to permit long-term
estimation of radial growth increments. For thesads, diameter is estimated by tightening the
diameter tape, and subsequently a dendrometerndralli adjacent cables originating from the same
root base.

3.3.1.3.12Non-circular cross-section lianas

Other lianas are clearly not circular in cross4isegtthese stems should be measured in two ways
conventionally (i.e. wrap the tape round the wigikam) and by twice measuring the linear distance o
both the maximum and minimum dimension and takiveggeometric mean.

3.3.1.3.13Branching lianas

It can be difficult to decide where one liana eadd another starts. Lianas are sometimes connexted
one another below ground but this can be hardtabksh. Therefore, for ease of application we gppl
the criterion that any climbing stem that fully erst the mineral soil counts as an independent damt
“apparent genet”). If unsure, then tag the stema@mdment that it may be the same as another stem. |
cases where the liana plant branches, each stenbrdraches within 2.5 m vertical distance from the
ground and attains >10 cm maximum diameter is miedsun practice it is extremely rare for a
branching liana to have two or more branches >1@@meter (on average in Amazonia this occurs at g
frequency of <0.1 per ha).

3.3.1.4. Other measurements
3.3.1.4.1. Trees

In addition to diameter, for each tree marked, motgeparate columns in a datasheet the followihg:
tag number(2) POM height if not 1.3m(3) genus, family and speciegl) approximate height5)
approximate canopy diameté6,) subplot number7) estimated X and Y co-ordinates from bottom left-
hand corner of plo{8) bole form for live trees, using the following cad@ormal (a), stem broken and
resprouting, note height of break (b), stem leatipg 10 degrees (c), stem lying on ground (d), stem
fluted and/or fenestrated (e), hollow stem (f)tentstem (g), multiple stems, each stem > 99mm agets
number (h), no or few leaves (i), burnt stem ¢gns snapped < 1.3m (k), has liana > 10cm diameter o
stem or canopy (l), >50% canopy covered by liamas tew stem (n), lightning damage (0), stem cut
(p), has strangler (s), is a strangler (t), evigeatdeclining productivity/disease ({B) type of dead
tree, using the following codes for mechanism oftalidy: standing (a), snapped stem (b), uprootad (
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standing/broken but probably standing (d), stanthiredcen but probably broken (e), standing/broken (f
broken/uprooted but probably uprooted (g), brokerdated but probably broken (h), anthropogenic (j),
vanished, found location but not tree (k), presumiead, location not found (1), burnt (n), lightni(m;
(10) number of trees in mortality event, using thedwling codes: died solo (p), one of multiple deaths
(q), not known;(11) killer tree or victim (killed by another tree),ing the following codes: unknown
(s), killer (t), killed, with no more informatioruj, killed by a tree that died broken (v), killegt bBn
uprooted tree (w), killed by branches from a deadding tree (x), killed by branches from a liviimge
(y), killed by strangler (z), killed by liana (2killed by strangler/liana weight (tree died broken
fallen), use in combination with z and/or 2 (3)ldd by strangler/liana competition (tree died siiag),
use in combination with z and/or &2) cause of solo death, if known, using the followicmdes:
diseased with insect infection (eD), by liana (girgvious physical damage (eP), by strangler (@S),
decomposition status, using the following codesadn (b1l) where over 75% of the wood is still
intact/hard often with fine branches/twigs attachetlightly damaged (b1.5) where bark may be
damaged and the fine branches are usually absetitdhbeartwood is still present, damaged (b2) eher
fine branches are always absent and the wood heessieRced some decomposition, quite rotten (b2.5
with little intact bark or branches and substandietomposition of the wood, and rotten (b3) wittidi
intact bark or branches and over 75% of wood madblé by decomposition.

Note that these codes can be combined to descHuilbgpl| characteristics for a single individual.
With multiple deaths the number of trees died sthaalbe recorded. In the database this gets entered
the “comments” field. With broken trees the heightvhich the breakage occurred should be recordec
If liana(s)/strangler(s) were involved in killingd killer tree, then any trees which are in turiedi by
the Killer tree should be linked to the ultimatei®a of death. For every tree which is killed thesywe
propose putting immediate risk of death first (elglled by uprooted tree) and the ultimate cause i
brackets (e.g.: uprooted killer tree in turn killegliana)

3.3.1.4.2. Lianas

In addition to diameter, for each liana markedeniot a datasheet the followinft) tag number(2)
POM height if not 1.3m(3) genus, family and specigg,) approximate heigh{p) approximate canopy
diameter,(6) subplot number(7) estimated X and Y co-ordinates from bottom lefttddh@orner of plot,
(8) number of the tree(s) which the liana is conneastétth, (9) tree number whose crown is most
heavily affected by the lian&]0) whether they are alive or dead, then for deachéhl) type of dead
liana, using the following codes: dead standing,(d&ad uprooted (a2), dead snapped (@2), mode

of death using the following codes: died solo, tsglf (S), died solo and killed other trees/lia(i®),
killed by other tree/liana (OK)13) cause of solo death, if known, using the followoagles: diseased
with insect infection (eD), by other liana (eL),eprous physical damage (eP), by strangler (€8))
decomposition status, using the following codesaadn (b1l) where over 75% of the wood is still
intact/hard often with fine branches/twigs attachstightly damaged (b1.5) where bark may be
damaged and the fine branches are usually absetdiheartwood is still present, damaged (b2) here
fine branches are always absent and the wood heesierced some decomposition, quite rotten (b2.5
with little intact bark or branches and substandetomposition of the wood, and rotten (b3) wittidi
intact bark or branches and over 75% of wood meedblé by decomposition.

3.3.2. Stems less than 10cm diameter

3.3.3. Equipment

1.3m long pole, calipers, water-proof red paintaswging tape.

3.3.4. Sampling strategy




Establish a 20 x 20 m subplot in the center of gdoh Mark all trees and lianas between 2 — 10cm
diameter at 1.3m with waterproof red paint and roteevery individual(1) diameter at the stem base
and top and2) height of every stem. Then, every 6 months, mdyuatord stem diameter at the red
mark with calipers. For unusually shaped lianasériollow the rules described above for tree above
10cm diameter. Every year a new plot census shimelldonducted to incorporate new recruits into the
survey. Record diameter at 1.3m and approximatghh&r all marked stems in a datasheet.

4. Below-ground carbon stocks & fluxes

4.1. Root biomass, growth & mortality
4.1.1. Depth profile
4.1.1.1. Equipment

Spades, pick axes, large sieves, large canvas $mgs, axes, wooden planks, nails, weighing balance
(resolution = 0.01g), hanging balance.

4.1.1.2. Sampling strategy

Randomly select a 1varea within each plot. Remove the soil from theadn the following layers: 0-
10, 10-20, 20-30, 30-40, 40-50, 50-100, 100-15@-260, 200-250, 250-300, 300-350, 350-400 cm.
For each layer, remove the roots with the sievelssaparate into the following diameter classes:5x 0
0.5-2, 2-5, 5-10, >10cnBe extremely wary of portions of the hole collagsivhilst people are inside it.
Construct wooden frames to reinforce the sideshefhiole, and make sure than at least one person
present outside of the hole whilst anyone is insitlace root samples from each diameter categtoy in
paper or canvas bags, dry at %D until constant mass and weigh. Use a fine baldocemall root
samples, and a hanging balance for particularlyyheaots. Discard soibutsideof the measurement
plot. Cover the hole with a wooden frame covereglastic and rope off the entire area with highly
visible marker tape. Note dry mass of root samptdiected in a datasheet.

4.1.2. Surface root mass & growth

4.1.2.1. Ingrowth cores

4.1.2.1.1. Equipment

Mesh (aperture diameter ~ 1cm), nylon fishing wis&ong scissors, post-hole digger, ruler, soll
moisture and temperature sensors, timer, weighathgnioe (0.01g resolution), large plastic sheefgepa
bags.

4.1.2.1.2. Sampling strategy

Remove 16 cores of soil (diameter ~ 14cm, depth m3Qeer plot (30m separation distance) with a
post-hole digger. Place each core on a plastict sheée field (or transport back to the field base
strong plastic bags) and manually remove the rfwots period of 40 minutes per samjlet split the
sampling period into 10 minute time-steps. Whilsigessing each sample, try to keep sampling effor
constant. For example, do not change the numbeexdonnel halfway through processing a sample
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Differences in sampling effort between samplesrargoroblem, differences within samples should be
minimised. The purpose of sampling by hand instdfaalsing sieves is to avoid excessive alteration of
soil texture. Splitting the sampling period intoné steps allows estimation of the amount of root
material remaining uncollected in the soil samgterad0 minutes. Place the roots collected fromheac
time step into separate labelled paper bags (sitg,date, sample number, time step), dry atGantil
constant mass and weigh. Sample dry mass from fhieseores represents standing crop surface roo
mass, and should be entered into a spreadsheet

Next, insert cylindrical mesh bags into the holesde by rolling a section of mesh around a tube
and securing with fishing line), and reinsert thetsfree soil back into the holes from which theyne.
Place leaf litter to ambient levels onto the swefatthe core once it has been reinstalled, to mirald
conditions. After an interval of approximately 3 mtlos, record soil moisture and temperature withiin a
of the cores, extract the mesh bags, and manuallgct roots from the soil following the procedure
described above to estimate root mass producti@n the 3 month interval. Note the root dry mass
collected from each time step in a datasheet. Réjpisgorocess every 3 months.

4.1.2.1.3. Sample processing

To estimate root mass that would have been cotletterocessing had continued beyond 40 minutes
use the following procedure. First, fit a curveyalsy a power curve provides the best fit) througbt
mass removed over time for each core. Use the iequitr the curve to estimate root mass collected
over time after 40 minutes. Estimated mass coleett! seldom reach absolute zero, in this case the
cut-off point is where mass collected in a singigetstep < 1% of the cumulative total root massaaly
collected.

4.1.2.2. Rhizotrons
4.1.2.2.1. Equipment

Metal or plastic rods, Perspex sheets (length am2Zeidth = 36cm), foam sheets, long nails, electric
drill with screwdriver attachments, large plastiest, flat edged spade, broad hoe/pick axe, hanier,
transparencies, permanent fine marker pens (blaicie, red, green), soil temperature and moisture
sensors,

4.1.2.2.2. Installation

Ideally, installation should take place in the dmyason otherwise high rainfall can soon erode thg
contact between the Perspex and soil. Excavatexad05 x 0.5m hole in the soil. Place all of thé en

a large plastic sheet. If there are distinct harizim the soil keep soil from each horizon sepavatéhe
sheet. Cut one side of the hole to make it asafigbossible, using a flat-edged spade. Place tspd&e
sheet on the flat side of the soil, secure to thielyy hammering the nails through the strengthgnin
metal/plastic supports along the side of the sces&hinto the soil. Make sure that the top edgthef
Perspex sheet remains level with the soil surfékseng the soil in the plastic bags, fill in the spa
between the Perspex and soil face. If there isisdohgs from different horizons, fill in soil teplicate
the level of horizons present in the undisturbal Ese a rod to compact the soil to replicate dgns
undisturbed soil. Place the foam insulation nextminside face of the rhizotron, and the plasticer
over the chamber. Minimize disturbance of the Baitspex interface: avoid compaction by roping off
1m? around the rhizotron, orientate the plastic rhimotcover in a way that does not divert water onto
the Perspex-soil interface, and ensure that tieefate has leaf litter spread over it.

4.1.2.2.3. Sample strategy




Rhizotron root length should be recorded monthl9 &tizotrons per plot (30 m separation distange) b
placing a transparent A4 sheet over the Perspexdathe rhizotron and tracing visible roots usang
fine permanent marker (see figure below). Eachsparency should be marked with an identity code
(site, plot, rhizotron number), and bars alongltrey edge to mark 10 and 20cm from the soil surface
Each root is divided into segments marked by crassblrhe segments correspond to the incrementg
increases in root length observed each recordisgia® Beside each traced root segment is noted t
number of the recording session that the segmep¢aapd, and the number of the session that th
segment disappeared. Root diameter is indicatedobyur (<1mm = black, 1-2mm = blue, 2-3mm =
red, >4mm = green). Note that the majority of tngcwill occur on session 1, after this only appeaea

of new roots, and growth and mortality of existingpts needs to be traced. Soil moisture and
temperature should be recorded every session aatine point within 0.5 m of the rhizotron, but not
near the Perspex-soil interface. If possible altovly one person to trace the roots, to avoid apypare
changes in root dynamics due to changes betwesnorpezl.

4.1.2.2.4. Sample processing

Transparencies of root tracings from the rhizotrg
should be scanned (colour scan, Jpeg file forma®,
dpi) and saved in a file. It is not essential tars¢he
transparencies every session since the historyaith
from all sessions is recorded in the transparencies
themselves. We will use a method to convert the rfaw
information recorded on the transparencies intot rpo
biomass per unit ground area (Bernier & Robitaille,
Metcalfe et al. 2008). This conversion is extremedgful
because it transforms root production and mortafitg
units which can easily be compared to other Kkey
ecosystem C fluxes, and it does not require any
proprietary software. The only information requirack
(1) the number of independent roots contacting the
rhizotron screen each measurement session(nihe
diameter of each root contactbo not include
roots/segments which branch after contacting the
rhizotron screenNote these data in a spreadsheet.

4.1.2.2.5. Data analysis

These data may be used to calculate the total -sexg®onal surface area of intersecting roxtSr(
mn7), using the following equation:

_ 3142 Sr?

2

XSr

Wherer is root radius (mm), estimated as half of the éisencategory (but 0.025mm for roots < 1mm,
2.25mm for roots > 4mm). Using the product of emumtl, root production (Pr, t Ha for each
rhizotron measurement session may be calculated as:




sina” cosg

Pr=2"10"" 0.0003 (1- Fc)" XSr

WhereFc is the soil coarse fraction, is the angle of the rhizotron observation scresative to the
ground, is the ground angle relative to the horizontal] & is the width of the rhizotron observation
screen (mm). The 0.0003 value represents root tyefgsimmi®) necessary to convert root volume to
mass. The T0value converts mfnground area into one hectare, and grams into fonftee additional
multiplication factor of 2 is used because roots oaly intersect with the rhizotron screen from the
front. Thus it is assumed that if there was noearpty space behind the rhizotron screen to allaw fo
measurement and observation then an equal amoumbtsfwould intersect from behind as well as from
the front.

4.2. Respiration
4.2.1. Using an infra-red gas analyzer

An infra red gas analyzer (IRGA) records the rateC®, accumulation within a sealed chamber, to
estimate CQefflux from whatever is enclosed within the chamfehether it is a live tree stem, dead
wood or soil). There are several commercially aldé systems but here we use the PP-Systems EG
4 and SRC-1 IRGA system because of its relativeplsity, portability and cheapness. To set up the
machine, connect the “in” and “out” rubber tubestba SRC-1 chamber to the corresponding ports o
the EGM-4, connect the SRC-1 serial cable to tepbrt on the EGM-4, then switch on (switch at
back). To make a measurement, pré$8EC -> 1:ALL -> 1:.LINEAR At the chamber volume menu
pressY/Rto accept the default chamber volume, but notevétee (an equation exists to correct £LO
efflux for changes in chamber volume, s&ection 4.2.2.3 Chamber volume correctionso you can
always apply this after measurements). At the Mesmsants setting menu pre¥4R to accept the
default value, then enter the measurement numitier clhamber will then mix chamber and atmosphere
gas for 15 seconds, during this period hold thent¥e&x upwind and away from the body (to prevent
contaminating the chamber gas with your exhalajiohen mixing has finished, place the SRC-1
chamber on tube which contains/is sealed onto biecbof interest, and pre38R If the measurement
appeared faulty during the measurement or aftearnt be cancelled and redone by preséingt any
time. This function can also be used to go bacnattime if the wrong button was pressed by acdiden
Otherwise, after measurement pr¥#Rto record the measurement, af¥éRagain to proceed to the next
measurement.
To transfer saved measurements to a computer, &®282 to USB converter to connect the RS232
port on the EGM-4 to the computer. Be sure to ihthh@ necessary drivers for the converter firsig a
the EGM-4 Transfer software. Then switch on the EGENhd open the Transfer software. On the EGM-
4 pressA:DMP -> 2:DATA DUMP In the Transfer software, preBde -> Preferences> Instrument
Type-> EGM-4 and choose the correct Com Port where the USB ctarvis connected, then press
Transfer -> Start The software now requests that you select aitotdb save the data, select an
appropriate file (specified in the sections beldign pressy/Ron the EGM-4 to commence the data
transfer. Open the saved file in Excel to verifgtthll the data has been transferred successftiliye
data transfer is not successful try again a fevesintheck the USB to Serial connection, try oth6BU
to Serial converter cables, and/or try other ComsPo

Under default settings the EGM-4 will record eaakasurement for 120 seconds (= 24 records) or :
change in chamber GCconcentration of 50 ppm, whichever comes firste TBGM can store a
maximum of 1000 records, therefore if flux ratee aot unusually high so that every measuremen
proceeds for the full period of 120 seconds, a maxn of 41 measurements may be stored. If
measurements proceed beyond this point the EGMibegin to overwrite the oldest stored data.
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4.2.2. Useful respiration equations

4.2.2.1. Gramto mol flux unit conversion

The EGM-4 automatically calculates €@ux in units of g C@ m? hr' (Unit 1), to convert to the more
widely used unit of mol m? s* (Unit 1) use the following simple relationship:

Unit 2=Unit 1x6.312
4.2.2.2. Soil/lstem flux per unit area calculation

However, while the automatically calculated valaes a useful guide and should be manually noted a
the time of measurements, they are calculated filaveed way. Therefore, it is preferable to directly
calculate fluxes from the raw data on the ratenofease in C@(ppm) per unit time (seconds). To do so
take only the last 10 records of any individual swwament, verify that there is a steady, linearcase

in CO, over time, and use the following equation:

R.=((C1o0- C1)/(T1o — To))*(P/1000)x(273/(T+273))x(44.01/22.41)x(WA)/1000%3600

Where R is respiration (g COmM? hr') assuming the default chamber volume setting ¢seenber
volume correction equation below);dand G are CQ concentrations (ppm) at records 10 and 1 chose
respectively, To and T, are the times (seconds) since that measuremeiinbafgrecords 10 and 1
chosen respectively, P is atmospheric pressurelilferd, usually ~ 1013 at sea level), T is air
temperature®C), Vy is chamber volume (frat the default setting and A is tube ared)(exposed to
the soil/tree stem.

4.2.2.3. Chamber volume correction

All raw flux estimates usually need to be corredt@ddifferences in chamber volume from the default
setting. In the case of stem and soil respiratloa is because of the additional volume of the tube
sealing the chamber to the soil/stem. In the cdseoarse litter respiration, the volume of the wood
piece inside the tube should be subtracted froniube volume. The volumes of both the tube and the
wood pieces may be calculated from the equationttfervolume of a cylinde(3.142 x radiug x
length) The equation to correct raw fluxes for changeshamber volume is:

R= RUCXA/VdX (Va+Vd)/A

Where R is the respiration flux corrected for change inumee from the default setting respectively,
and \4 is the additional volume (fp

4.2.2.4. Coarse litter flux per unit mass/surface area calclation

All of the respiration units presented thus farédn&een on a per unit ground/stem area basis, howeve
for coarse litter respiration measurements thbigously not appropriate. Thus to calculate redjpn

per unit litter dry mass (R g CQ kg litter* hr') and surface area (Rg CQ m? litter hr') use the
following equations:

Rm=Rc*(1/A)/Lnm
Ra=R*(1/A)/L4




Where Ly, and L, are litter dry mass (kg) and surface ared) (mspectively. Measurements described in
Section 4.2.4 Coarse litter respiratiorwill allow estimation of dry mass and surface avéaach wood
piece sampled.

4.2.3. Stemrespiration
4.2.3.1. Equipment

Infra-red gas analyzer (IRGA) linked to a soil reappon chamber (SRC), plastic tube (diameter ~,3c
length ~ 3cm) which fits closely to the respiratmramber, modeling putty.

4.2.3.2. Sampling strategy

Select the tree closest to each of the 25 totdlrsspiration collars (see below) in each plot (20m
separation distance). Each tree should have a tkamrm&0cm at 1.3m and have relatively clean, simoot
bark. Fix modeling putty along one edge of a ptagibe, and push this edge onto the stem surface i
1.4m height. Ensure that the modeling putty conafeseals the contact between the tube and ste
Now place the SRC firmly onto the tube, maintaiegsure on the chamber and commence IRGA
measurement using the procedure described al®eaign 4.2.1Using an infra-red gas analyze).
These measurements should be made every three snayhchronous with the dendrometer
measuremenidviake sure that you also note the identity of eaeh,tusing the stem markers installed
for dendrometer measurementSe€tion 3.3 Stem biomass, growth & mortality). Enter these
measurements intodatasheet and save the raw EGM-4 outpultfile.a

4.2.3.3. Sample processing

Respiration measurements should provide a mear Yatueach plot of C®flux per unit area of stem
surface. To derive a rough estimate of stand-sstal@ respiration, per unit ground area, first dakeu
stem surface area for each individual treg.An¥) with the following equation:

Astem= 3.142*(R,+Ry)*sqrt(Hs+((Ro-R)"2))

Where R and R are the estimated radii (m) at the base and tgpexgively of the individual stem, and
Hs is estimated individual stem height (m). Theseadate gathered for each stem as part of the ste
dynamics measurement protoc8le€tion 3.3Stem biomass, growth & mortality). Then sum(1) the
surface areas of every stem > 10cm DEddtion 3.3.1Stems over 10 cm diametgrand(2) 25 x the
sum of surface areas for stems < 10cm measurde i2a x 20m subploBgction 3.3.2 Stems less than
10cm diamete), gives estimated stem surface area per plotujpieiground area). This does not include
branch area, for which estimates of branch dry mass<imum and minimum branch diameter are
required. To calculate stand-scale stem respirasiomply multiply the value of mean plot stem
respiration per unit stem area by estimated tdtdlgtem area.

4.2.4. Coarse litter respiration
4.2.4.1. Equipment

IRGA and SRC, plastic tube (length ~ 5cm) which @losely to the respiration chamber, plastic sheet
strong adhesive tape, calipers, weighing balan€d ¢Oresolution), drying oven

4.2.4.2. Sampling strategy




Collect 5 representative wood pieces (~ 5cm lorfgdach decomposition category from each plot (5
pieces per category x 5 categories = 25 pieceplpBr and place in appropriately marked sealedtma
bags (site, plot, date, piece number). Seal one gida plastic tube with a plastic sheet securefl wi
tape. Then place each individual piece of wood th® tube, place the SRC firmly onto the tube and
commence IRGA measurement using the procedureideddn Section 4.2.1Using an infra-red gas
analyzer. Now measure for each wood pie€g) wet weight,(2) dry weight, after drying to constant
mass at 50C, (3) diameter and4) length. Ensure that the identity of each individpiace is noted, so
that these measurements can be matched to thesponging respiration value from the same piece.
These measurements should be repeated every twthsndinter measurements into a datasheet an
save the raw EGM-4 output to a file.

Decomposition| Leaves| Fine twigs | Intact | Firm | Soft | Very soft
Level present| present bark | wood| wood wood
1 yes yes yes yes
yes yes
yes

2
3
4
5

4.2.4.3. Sample processing

The mean difference between wet and dry weigheémh decomposition category will provide a wood
moisture correction necessary f8ection 3.2.4Coarse litter fall. Estimate the surface area of each
piece with the following equatio2 x 3.142 x ((diameter / 2)) + (2 x 3.142 x (diameter / 2) x
length) Dry weight and surface can then be used to caieukspiration per unit dry mass and surface
area using the approach describedsaction 4.2.2.4Coarse litter flux per unit mass/surface area
calculation. These values may be up-scaled to a stand sdateats of CQ flux per unit ground area
using estimates of ground coarse litter mass arfdcgiarea from activities describedSection 3.2.2
Ground coarse litter mass

4.2.5. Soll respiration
4.2.5.1. Total soil respiration
4.2.5.1.1. Equipment

IRGA and SRC, plastic tubes (diameter ~ 13cm, 4amgth) which fit closely to the respiration
chamber, measuring ruler, soil moisture and tentpe¥aensor.

4.2.5.1.2. Sampling strategy

Insert 25 plastic tubes per plot (20m separatistadice) into the soil such that ~ 1cm of each tale

the soil. This ensures a close seal between edweh (wuhich can be sealed to the SRC) and the soil
whilst minimizing soil and root disturbance. Recaegpiration with the IRGA and SRC system from
each tube every month using the procedure descilfgedction 4.2.1 Using an infra-red gas analyzer
During the first measurement, record for each tiheeheight of the portion extending out of the ¢l
calculate \{ seeSection 4.2.2.3Chamber volume correctior). After every respiration measurement,
record soil moisture and temperature inside evelg.t Enter these measurements into a datasheet afjd
save the raw EGM-4 output to a file.




4.2.5.2. Partitioning components of soil respiration

4.2.5.2.1. Equipment

IRGA and SRC, plastic tubes (diameter ~ 13cm, par f2 x 10 cm length, 24 x 40 cm length) which
fit closely to the respiration chamber, post-hatggdr, fine mesh, superglue

4.2.5.2.2. Installation

The partitioning experiment consists of 4 groups9o
tubes per plot (36 tubes in total per plot). Eachet
within a group should be located 50cm from eacleioth
Each group should be separated by 80m within ebth
Before tube installationinsert tubes (4cm length) t
~1cm depth at all of the locations where the tuldisbe
installed, remove surface organic litter from irsigiach
tube (place in a bag adjacent to each tube), |t&era for
a minimum of 5 hours to stabilize, then record mredjon
from all the tubes with the IRGA and SRC systemngs
the procedure described 8ection 4.2.1 Using an infra-
red gas analyzer Afterwards place the surface organic
litter back into their respective tubes. The pugotthis
measurement is to estimate pre-existing spatiahtvan
between tubes in a group. Enter these measurenmtot
a datasheet and save the raw EGM-4 output to.a file

Now prepare the mesh tubes (row 2, tubes 2a-2duliyng three 3 x 3cm windows along two
opposite sides of twelve 40cm long tubes (six m 8vindows on each tube). The upper rim of the firs
window should begin 5cm along the tube, each windbauld be separated by 5cm. Now cut the fine
mesh into 5 x 5cm squares, line the perimeter @wimdows in each plastic tube with superglue and
place a fine mesh square onto the glue whilstwét. Be careful that you do not accidentally glue other
objects!!

Commence installation by removing surface orgéitier at all locations along rows 2 (tubes 2a-2c)
and 3 (tubes 3a-3c), and removing soil cores (f3liameter, ~ 35 cm depth) with a post-hole digger,
then place the soil from each core on a separastiplsheet. If the soil has distinct horizons,pkseil
from each horizon separate. Manually remove theoritgjof roots from the soil cores, these roots do
not need to be weighed, the objective is simplgetaove the majority of live organic material frohet
soil within these cores, dead organic material regmain in the soil. Insert the 40cm long tubes thi®
holes (mesh tubes along row 2, unmodified tubesgatow 3), leaving ~5cm protruding out of the soll.
Place the soil back into the holes, both inside amdind the tubes, replicating the natural soilzwors
and compacting the soil to similar levels as unadistd soil. Be particularly careful with the mesbés
(row 2) to(1) ensure that soil is contacting the mesh windowbath sides, an{?) the mesh windows
are not broken (by, for example, protruding roat®wer-compacted soil). If there is not sufficiesail
to fill the tubes to the same level as the surrtnondoil (or the gap between the tube and margithef
hole), gather extra root-free soil from outsideha plot.

Now replace ambient levels of surface organic enaihto tubes along column a (1a, 2a, 3a), then Z
x ambient levels of organic litter on tubes alomdumn ¢ (1c, 2c, 3c). Tubes along column 2 remain
without litter, but place within these tubes a lewé gravel (~2cm depth) to maintain soil physical
conditions.
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4.2.5.2.3. Sampling strategy

Record respiration with the IRGA and SRC systenmfreach tube every month using the procedure
described irSection 4.2.1Using an infra-red gas analyze). During the first measurement, record for
each tube the height of the portion extending duthe soil (to calculate Y seeSection 4.2.2.3
Chamber volume correctior). After every respiration measurement, record subisture and
temperature inside every tube. Enter these measmteninto a datasheet and save the raw EGM-
output to a file.

4.2.5.2.4. Data analysis

The partitioning experiment should allow estimatairthe relative contributions of (1) surface organ
litter, (2) roots, (3) mycorrhizae and (4) soil anic matter to total soil respiration. Contribusoare
estimated from differences between tubes subjettedifferent treatmentan excess of pre-existing
spatial variation (NV) In addition, a separate experimeBe¢tion 4.2.5.3Control for partitioning
experiment) quantifies the separate, unwanted, differencesdsn tubes caused solely by the extra soil
disturbance involved with installation of the desgyil cores.

4.2.5.2.4.1. Litter respiration

First calculate NV (proportion of ambient) for tisbieom the two litter treatments (zero and doultter!
level) from the respiration measurements made oface cores installed at all locations before tube
installation:

NV for zero litter = (column a — column b) / column
NV for double litter = (column ¢ — column a) / colo a

After tube installation calculate litter respiratigproportion of ambient) in excess of NV from the
measurements after tube installation with:

Zero litter = NV value for zero litter — ((column-acolumn b) / column a)
Double litter = NV value for double litter — ((catun ¢ — column a) / column a)

Note that only matching tubes should be compared: (®V for zero litter on 1b = 1a— 1b/ 1a).
4.2.5.2.4.2. Root respiration

First calculate NV (proportion of ambient) for thelevant tubes (rows 1 & 2) from the respiration
measurements made on surface cores installedlatations before tube installation:

NV = (row 1 —row 2) /row 1

Then, to remove any additional influence of théedént levels of disturbance experienced by theisoi
row 2 compared to the surface tubes of row 1, taleunean respiration from disturbed @#@nd
undisturbed (DGy) deep cores (described Bection 4.2.5.3Control for partitioning experiment ).
Finally to calculate root respiration (Froportion of total ambient soil respiration)arcess of NV and
controlling for tube installation disturbance frothe measurements after tube installation use the
following equation:




R =NV — ((row 1 —row 2) / row 1) x (Dg/ DCy)
Note that only matching tubes should be compared: (®V for tube 2a = 1a — 2a / 1a).
4.2.5.2.4.3. Mycorrhizal respiration

First calculate NV (proportion of ambient) for thelevant tubes (rows 2 & 3) from the respiration
measurements made on surface cores installedlatations before tube installation:

NV = (row 2 —row 3) / row 1

Now, to calculate mycorrhizal respirationy{Roroportion of total ambient soil respiration)a@rcess of
NV from the measurements after tube installatiomthe following equation:

Rn= NV — ((row 2 —row 3) / row 1)
Note that only matching tubes should be comparag: (§V for tube 2a = 1a — 2a/ 1a).
4.2.5.2.4.4. Soil organic matter respiration

First calculate NV (proportion of ambient) for thelevant tubes (rows 1 & 3) from the respiration
measurements made on surface cores installedlatations before tube installation:

NV =row 3/row 1

Then, to remove any additional influence of théedént levels of disturbance experienced by thkisoi
row 2 compared to the surface tubes of row 1, taleunean respiration from disturbed @#@nd
undisturbed (DGy) deep cores (described Bection 4.2.5.3Control for partitioning experiment ).
Finally to calculate soil organic matter respirati®som proportion of total ambient soil respiration) in
excess of NV and controlling for tube installatidisturbance from the measurements after tub
installation use the following equation:

Rsom= NV — (row 3/ row 1) x (DGq/ DCy)
4.2.5.3. Control for partitioning experiment

The key advantage of the deep core insertion metifwben- extracting soil first and manually
removing roots- is that there is no subsequent fotaa decomposition of severed roots in the sal, a
there would have been if the tubes had simply lkesctly inserted into the soil (the more obvious,
common approach). However, the key problem withntteghod chosen here is that the soil disturbance
associated with soil removal and manual mixing raligr subsequent GGluxes. To quantify, and
correct for, this artifact the following experimastrequired.

4.2.5.3.1. Equipment

IRGA and SRC, plastic tubes (diameter ~ 13cm, 40length) which fit closely to the respiration
chamber, heavy metal hammer, post-hole diggere |plastic bags.

4.2.5.3.2. Installation




In the center of each plot insert five 40cm longspk tubes directly into the soil (leaving 5cm
protruding out of the soil), using a heavy metamh@er. You will need to spread the impact of the
hammer across the surface of the tube with a stpoege of flat wood. If you encounter a thick root,
withdraw the core and try installation nearby. Tiaées should be separated from each other b
approximately 2m. Now excavate soil cores (~13 ¢ameéter, ~ 35 cm depth) about 5cm from each
tube with a post-hole digger, place the extracttifsom each core on a separate plastic sheehelf
soil has distinct horizons, keep soil from eachizwr separate. Manually mix the sdiut do not
remove any rootsand place the soil back into the respective cér@s which they were remove
making sure that the soil density and horizonsaargimilar as possible to the ambient soil. If ¢hisr
not sufficient soil to fill the tubes to the sanewél as the surrounding soil (or the gap betweertube
and margin of the hole), gather extra root-freé¢ som outside of the plot. Finally, place withivery
tube a level of gravel (~2cm depth) to maintain pbysical conditions.

4.2.5.3.3. Sampling strategy

Record respiration with the IRGA and SRC systenmfreach tube every month using th®cedure
described in Section 4.2.1sing an infra-red gas analyzer During the first measurement, record for
each tube the height of the portion extending duthe soil (to calculate ¥ seeSection 4.2.2.3
Chamber volume correction). After every respiration measurement, record sabisture and
temperature inside every tube. Enter these measmteninto a datasheet and save the raw EGM-4
output to a file.

4.2.5.3.4. Data analysis

Calculate mean respiration from the disturbed {D@nd undisturbed (Df) deep cores. The

proportional change in respiration attributableegoto soil disturbance may be quantified 2€,q/ Cq.




