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The RAINFOR-GEM Intensive Carbon Monitoring plots

RAINFOR (http://www.rainfor.org/): Espafiol ‘Red Amazoénica de INventarios FORestales’; Portugués ‘Rede Amazdnica de Inventarios Florestais’; English
‘Amazon Forest Inventory Network’. GEM (http://gem.tropicalforests.ox.ac.uk/): ‘Global Ecosystems Monitoring’ Network.

Global tropical rainforests play a critical role in regulating atmospheric levels of the greenhouse gas carbon
dioxide (CO,), and hence the rate of global climate changes (Malhi & Phillips 2005). Tropical rainforests also
display considerable spatial variation in forest structure and function from the slow-growing, long-lived forests
of the lowland Amazon to the highly dynamic ecosystems along the fertile Andes (Ghazoul & Sheil 2010).
Networks of forest census plots in the tropics such as ForestGEO-CTFS (Condit 1998) and RAINFOR (Malhi et
al. 2002, 2006, Phillips et al. 2004) have provided key insights into the underlying processes controlling forest
spatial heterogeneity and powerful evidence for concerted changes in forest processes across regions over the
last few decades, likely driven by increases in atmospheric CO, levels. However, it is revealing to take into
account all key components of the ecosystem carbon (C) budget both above- and below-ground in order to
assess correctly what changes in stem growth mean for overall ecosystem C storage and release. For this reason
a global network of ‘intensive’ monitoring plots (‘GEM’ plots) has been established consisting of permanent
sample plots across the tropics where all key ecosystem C stocks and fluxes are regularly monitored.

Version 1.0 of this manual established a set of standardised protocols to carry out plot installation and
subsequent monitoring (Metcalfe et al. 2009) and versions 2.0-2.2 revised and extended these methods,
incorporating modifications from experience in existing intensive plots (from many field workers across South
America, notably all the authors of Girardin et al. 2010) as well as experiences in the new Asian (Terhi Riutta,
Toby Marthews, Walter Huaraca Huasco) and African (Sam Moore, Maricarmen Ruiz Jaén) plots initiated in
2011. With version 3.0 we consolidate these methods, adding recent developments that have become necessary
since 2012 and some clarifications of existing methods that have come out of our experience giving protocols
workshops in Peru, Ghana and Gabon (2012) and Brazil and India (2014).

The data collected from this network - the Global Ecosystem Monitoring (GEM) Network

http://gem.tropicalforests.ox.ac.uk/ - provides essential baseline estimates of current forest C storage, and
allows us to track ongoing changes in forest C cycling. This research contributes both to local scientific
capacity by training a large number of South American, African and Southeast Asian students in specialist
ecological measurement and analysis techniques and to the development of the next generation of coupled
atmosphere-biosphere models that will play a key role in shaping international climate policy.




Left: Dan Metcalfe (lead author of version 1.0 of this manual, Metcalfe et al.29; photo N. Butt); Right: Tby Marthews lea
author of versions 2.0 through to this version).
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The RAINFOR network was set up in tropical South America in 2000-02 as described in Malhi ef al.
(2002) and Phillips et al. (2004), although it includes many plots that were being censused since the 1980s.
RAINFOR is a joint effort between Oliver Phillips’s group at Leeds, U.K. (the Ecology and Global Change
Research Cluster http://www.geography.leeds.ac.uk/research/ecology-and-global-change/), Yadvinder Malhi’s
group at Oxford, U.K. (the Ecosystems Lab of the Environmental Change Institute, School of Geography and
the Environment, University of Oxford, UK., http://www.eci.ox.ac.uk/research/ecodynamics/) and a
kaleidoscope of partner institutions in countries across all three main tropical zones (see
http://www.rainfor.org/en/partners for a complete list).

A similar plot network was initiated in tropical Africa called the African Tropical Rainforest
Observation Network (AfriTRON, Lewis et al. 2009, http://www.geog.leeds.ac.uk/projects/afritron/) and there
are now many sites there following the same protocols. RAINFOR protocols have been applied to a number of
plots in tropical Asia and Australia since 2002 and, finally, the Tropical Biomes in Transition project (TROBIT,
http://www.geog.leeds.ac.uk/groups/trobit/) initiated several forest/savanna ecotone plots on three continents
that have now been incoporated into these monitoring networks.

The first RAINFOR-GEM intensive plots in Southeast Asia were installed in 2011 and, additionally,
there are now temperate sites in the UK and Chile as well. For all the latest news, see the Global Ecosystem
Monitoring (GEM) Network webpage at http://gem.tropicalforests.ox.ac.uk/ and the latest RAINFOR-
AMAZONICA newsletter at http://www.rainfor.org/en/news/newsletters.




What are the RAINFOR-GEM protocols?

The RAINFOR-GEM protocols for carbon monitoring of forest ecosystems - including this manual - are all
available in several languages online, freely downloadable from http://gem.tropicalforests.ox.ac.uk and
http://www.rainfor.org/en/manuals:
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T[rainfor

Amazon Forest Inventory Network

HOME PROJECT PARTNERS MAP PUBLICATIONS NEWS MANUALS CONTACT US ENGLISH ~

RAINFOR ETHICAL, DATA AND PUBLICATION POLICY

Ethical code, data sharing and publication policy

FIELDWORK MANUALS

Intensive soil sampling protocol

RAINFOR Protocol for soil sampling - ES version only

Soil and Foliar sampling

Plot establishment and remeasurement ‘ Referred to here as Phillips et al. (2009)

Field code sheets

Field code sheets French

Field code sheets Malay

Coarse woody debris protocol- version 2011

Leaves

Treeneiont 4@ | Referred to here as Chave (2005)

Mode of death

MONITORING CARBON PROCESSES IN PERMANENT
FRlLIINTRIE

Carbon monitoring manual (available only in Spanish) ‘ Referred to here as Honorio Coronado & Baker (2010)

Measuring tropical forest carbon allocation and cycling: RAINFOR-GEM Field Manual for Intensive Census Plots:- updated version ‘ The RAINFOR-GEM manual

2012

May 20

Respiration equations exercises

Rhizotron equations exercises




The carbon balance approach to ecosystems dates back to the late 1960s (see e.g. Odum 1968, Lieth 1975,
Whittaker & Marks 1975, Thornley 1976:ch.6, Kira 1978) but it really ‘came of age’ with the papers of Clark et
al. (2001a, b) and Chambers et al. (2001, 2004). Forest monitoring programmes following this approach are
ongoing now in a huge range of ecosystems worldwide (Malhi et al. 2009, Honorio Coronado & Baker 2010
and see Landsberg & Sands 2011:ch.5 for a general review) and are ‘Tier 3’ methods, meaning an approach
conforming to the highest available standards for transparency, completeness, consistency, comparability and
accuracy (GOFC-GOLD 2010). These protocols involve quantifying primary productivity, autotrophic and
heterotrophic respiration component by component at all sites (see Malhi et al. 2009, 2014), with the emphasis
on simplicity and robustness, enabling these measurements to be carried out by local field technicians over full
annual cycles.

In addition to the RAINFOR-GEM protocols (Phillips et al. 2009, Metcalfe et al. 2009, Honorio
Coronado & Baker 2010 and the other manuals above), there are various alternative protocols that are followed
for carbon monitoring in tropical ecosystems including the ForestGEO-CTFES protocols (Condit 1998, Muller-
Landau 2008) and the methods followed by Winrock International (Pearson er al. 2005a, b, Walker et al.
2012), the Alternatives to Slash-and-Burn (ASB) Partnership for the Tropical Forest Margins (Hairiah et
al. 2001, 2011), Hoover (2008), Ravindranath & Ostwald (2008), the Global Terrestrial Observing System
(GTOS) Programme (Law et al. 2008), the Tropical Ecology, Assessment and Monitoring (TEAM) Network
(TEAM 2010, 2011) and the Woods Hole Research Center (Walker ef al. 2011). There is also some overlap
with the protocols for plant trait measurement recommended by TRY (Cornelissen et al. 2003, Pérez-
Harguindeguy et al. 2013). The RAINFOR-GEM protocols presented here below differ from these alternatives
in some essential respects, but bear much in common because they have been formulated in response to similar
needs in the conservation and research communities.
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Projects

Andes to Amazon transect
Asian Forests

East African Forests
ECOFOR

European Foresis Wytham
Global investigations
Lowland Amazon Forest
Southern Temperate Forests
Terrestrial LIDAR

West African Forests

Resources

Protocol documents

Where are we working?

- ‘;’.',:lr;ux;;»'flﬁ%;“ |
M I

Map | Satellite I

r

South
Pacific

Ocean

Google

¥ GEM

Global E‘éosystems Monitoring Network

ONATURAL
ENVIRONMENT

What is GEM?

The Global Ecosystem Monitoring network
(GEM) is an international effort to measure and
understand forest ecosystem functions and traits,
and how these will respond to climate change.

An innovative approach to science

Our team is now spread over three continents. We are
using this site as a tool to coordinate our efforts and
experiment with networking science, a more efficient
way of working as an international team. This site also
allows you get closer to our scientists: from the
corridors of Oxford University to the remote terrains of
the rainforest, get our latest scoops, communicate
directly with the team, and delve into our photo diaries.

Ocean

Login

OXFORD

RESEARCH COUNCIL MARTIN
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SCHOOL

Latest News

Erika Berenguer
14 days ago
Dendrometer bands

Hi all,

Is there any reason for the preference of plastic
dendrometer bands instead of metallic ones?

' Imma Oliveras
4 months ago

Dear all, greetings from Nova Xavantina. We are
trying to analyze LAl images with Can Eye, but we
can't make it work. Any tips on how to specify the
parameters... More

More news

Ocean

1000 km L———1 | Terms of Use

@® -site @ -Plot

- Field station

What are Intensive Carbon Monitoring Plots?

To be part of the RAINFOR, AfriTRON or GEM networks, a census should be taken of all trees and lianas above
10 cm diameter on a regular basis and the data uploaded to ForestPlots.net in Leeds (Lopez-Gonzalez et al.
2011). What we call Intensive Carbon Monitoring Plots are census plots where all components of the carbon
cycle are measured on a regular basis (e.g. stem CO, efflux, litterfall, root growth: see Malhi et al. 2009, 2014,
Girardin et al. 2014 and Huaraca Huasco et al. 2014 for discussions of carbon cycle components). Intensive
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plots were first installed within the RAINFOR network in 2007 and have now been installed at locations across
all three main tropical zones.

Map of the GEM network of intensive carbon monitoring plots (see above):
http://gem.tropicalforests.ox.ac.uk/

Map of the RAINFOR network in tropical South America:
http://www.rainfor.org/en/map

Map of the AfriTRON network in tropical Africa:
http://www.afritron.net/en/map




FORESTPLOTS.NET

About ForestPlots.net
User Guidelines
Ethical Code

Request Ac

Data Packages
Database Lljlgirl

GORDON AND BETTY

RE

FOUNDATION

MATURAL
ENVIRONMENT
RESEARCH COUNCIL

ForestPlots net was designed to provide a permanent repository for forest inventory data

The objectives of the database are:

+ To enable network participants to access and manage their data online in a secure environment.
+ To integrate and standardize forest plot data.

¢ To promote data sharing among the scientific community.

¢ To help support forest managers and policy-makers.

News

May 2014
Professor Oliver Phillips (University of
Leeds) stresses the critical state of
the world's tropical forests, and why
constant, effective...

October 2013

A new publication released in Science
(Hans ter Steege et al) describes
16,000 tree species in Amazonia. Of
these, 227 hyperdominant species
are...

August 2013

ForestPlots.net was used to derive
the most comprehensive
ground-based assessment yet of

Database Users Information

s What is ForestPlots net?
e User Guidelines

* How to Cite

s Reguest Access

s Apout Us

Partners

i infor
AfriTRON
T-FORCES

AMAZONICA

forest structure and carbon density for
closed-canopy...

THE

ROYAL
SOCIETY

UMIVERSITY OF LEEDS

| Contact | Copyright | Privacy Statement

Copyright - School of Geography. University of Leeds. University of Leeds

Where can | get data from existing plots?

All census data for the RAINFOR and AfriTRON networks are held on an online application called
http://www.ForestPlots.net/ ' (Lopez-Gonzalez et al. 2011; shown above). This contains all up-to-date census
information from more than 800 plots across the tropics®, of which 500 have at least one measurement interval

! Census data were initially held in a database (Peacock et al. 2007), which was replaced by ForestPlots.net in 2008 (Lopez-Gonzalez
et al. 2011). This is a member database of GIVD (http://www.givd.info).

2 n.b. all RAINFOR and AfriTRON plots have a unique code consisting of 3 letters and 2 numbers (e.g. TAM-05, CAX-06 indicating
particular plots at Tambopata, Peru, and Caxiuand, Brazil). As with all large databases there have been occurrences of inconsistent use
of codes in the past, so all plot codes used in new research should be checked against ForestPlots.net to avoid confusion.
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(two censuses). Censuses from a selection of these plots are available to registered users for view and download
(229 plots as of April 2012; if you agree to the conditions on http://www.forestplots.net/UserAgreement.aspx
then you can register at http://www.forestplots.net/RequestAccess.aspx).

Since February 2012 the GEM http://gem.tropicalforests.ox.ac.uk/ online repository has also been
available to provide more information on the census plots where intensive carbon monitoring is underway.

How can I set up a new plot?

That is exactly what this manual is all about! Setting up an intensive carbon monitoring plot is a tough job and
much depends on having a well-motivated team of at least 4 people who are familiar with the location where
the plot is to be established. However, it is an advantage that the equipment required is almost entirely ‘low-
tech’ (apart from the IRGA, Appx. II), which means that these protocols may be followed in virtually any forest
- even if the host country has relatively basic infrastructure.

For specific information for the site(s) you will be visiting or working at (e.g. trail maps, rainfall data),
please browse the contacts listed on GEM http://gem.tropicalforests.ox.ac.uk/ (where you will also find this
manual and associated data sheets) and/or http://www.ForestPlots.net/. For how to start with the RAINFOR-
GEM protocols, read on below ...
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Two RAINFOR-GEM hectare plots in the Trocha Union, Cusco, Peru.

1. SETTING OUT THE PLOT and the TREE CENSUS:

1.1 Where to place a census plot?

The general strategy is to maintain sample forest plots across the edaphic range within each climatic zone and
regional plot cluster (Phillips et al. 2009, Metcalfe et al. 2009). New plots should ideally be randomly located
within local, geomorphological strata that satisfy certain logistical criteria. New plots should

(1) be on reasonably homogenous soil parent material and soil type,

(2) have adequate access,

(3) have sufficient long-term security from human disturbance and

(4) have sufficient long-term institutional support”.
However, in most tropical research sites accurate habitat maps are still unavailable, which prohibits completely
stratified sampling at large scales. Similarly, at local scales, identifying geomorphological strata is difficult if
accurate soil maps are lacking. Satellite images help in identifying the range of vegetation types that might be
found in any one area, but problems with the resolution and lack of ground-truthing limit the ability to
accurately predict the exact distribution. Information from local residents and botanists who know the area can
be very useful. Logistical constraints are also important: it is impractical to locate a plot more than 2-3 hours

3 These requirements are similar to those listed in Condit (1998).

10




from the closest vehicular access®, and it can be difficult to fit a 1 ha plot into a forest that is dissected by too
many tracks or a mosaic landscape of many land use types.

Effectively, the approach is to identify as wide an area as possible that fits both the logistical constraints
listed above and also the requirements of the intentions for these new plots (e.g. if the intention is to sample
swamp forest then identify the area of suitable swamp forest; if trying to sample degraded forest then map out
the area of degradation). Within this area, identify local geomorphological strata and for each stratum (if
possible) a plot should be initiated. Within each stratum, plots should be randomly located, to avoid ‘majestic
forest bias™ as much as possible (Malhi e al. 2002, Phillips e al. 2004), which can bias forest biomass
estimates (Brown 1997), and TEAM (2010) also suggest to separate individual plots by at least 2 km. If maps
are available, plot location should be randomly assigned prior to going to the field (e.g. Ravindranath &
Ostwald 2008) or the position of the first plot corner can be randomised sufficiently by simply going to the
middle of the identified stratum, choosing a random direction and going a random distance >20 m in that
direction from the starting point. If good enough maps are not available (e.g. in a heterogeneous matrix of
forest, open clearings and unmapped logging trails), the available area should be scouted out in the field and a
location chosen that is as representative as possible”.

Size: The coefficient of variation of basal area only really increases as sample plot size falls below ~0.4 ha
(Phillips et al. 2009). Therefore, a plot size of 1 ha (planimetric) is commonly chosen because it is greater than
the scale of typical tree fall events, but sufficiently small to sample individual soil types (although many
RAINFOR plots are <1 ha). The plot should in a/l cases be divided into 20 m x 20 m subplots to follow the

protocols below’.

n.b. Circular plots are in use at many locations around the world (Ravindranath & Ostwald 2008, Maniatis &
Mollicone 2010), e.g. by Winrock International (Pearson et al. 2005a, Walker ef al. 2012). However, all current
RAINFOR, AfriTRON and GEM plots are either square or rectangular or an irregular shape dictated by
particular local circumstances (e.g. Trocha Union plots TRU-07 (irregular) and TRU-08 (square) in Peru shown
above) and we currently strongly advise against using a circular design unless obliged to do so, because it
cannot be divided easily into square subplots, which is necessary for our protocols (see §1.2)°.

Orientation: N/S and E/W directions for the principal axes of the plot are the most convenient and square plots
have a lower edge:area ratio than rectangular plots but steep slopes and/or local geology/soils (to maintain plot
homogeneity) may mean that an irregular shape is necessary.

Timing: To minimise the errors caused by variation in stem water content between successive enumerations,
plots should be measured over whole year intervals and at the time of year when there is least interannual
variation in soil water availability. For plots in areas that experience severe interannual variation in rainfall (e.g.
from El Nifio events), the best time of year is during the wet season.

* For example, TEAM (2010) advised no less than 100 m, and no more than 500 m, from any “trail or access point” (presumably they
meant trails accessible by vehicle, not foot), although we would be happier being a bit further than 100 m away from vehicular access
and up to 2-3 hours on foot is just about manageable (going further is possible, but necessitates creating a temporary camp such as has
been done e.g. for the LF plot in Sabah, Malaysia).

> The primary purpose of an intensive carbon monitoring plot is to provide quantitative data on ecosystem carbon components. As is
well known, these ‘permanent field laboratories’ can also be a great stimulus for scientific research in the area (Condit 1998) and can
play a major role in biodiversity conservation. However, although extremely important, these considerations must remain secondary
and should not be allowed to greatly affect the choice of plot location.

% Temporarily marking out the corners of a full hectare (without cutting any vegetation) may be necessary during the search for an
appropriate area (as in the plot selection method of TEAM 2010).

7 Subplots are called “quadrats” by ForestGEO-CTFS (Condit 1998).

¥ A circular plot is often difficult to lay out: GPS devices are not (yet) accurate enough for this under thick forest cover and there are
usually too many lianas and other undergrowth to allow line of sight over more than ~10 m, which is required to lay out a consistent
curved path. Using ‘laser tape’ is one option, although laser dots are difficult to see in bright sunlight or against dark surfaces such as
wood or leaves at a distance of over 10 m even with the most powerful of these. Additionally, the grid-based measurement system
used throughout this section §1 cannot be applied in a circular plot.
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1.2 Setting out the plot

prlot corner markers and Rostin Jantan and Matiew Tarngak inSabah, Malaysia

Equipment (for 4 personnel): 2 measuring tapes (at least 30 m each, but preferably 50-100 m), 4 compasses, 2
clinometers, 2 machetes/pangas/parangs9 (preferably 4), enough PVC tubes to mark each corner of each 20 m x
20 m subplot (i.e. 36 with maybe 5 spares; 2.5 cm diameter, 30 cm long is fine, painted red at the top (or some
other vivid colour) for visibility), 2 rolls of rippable flagging tape, 2 permanent marker pens (plus a couple of
spares; as with all easily-losable items it’s advisable to tie flagging tape to each one)'’. If you do not have
permission to cut vegetation, ropes or straps may be required for pulling and tying vegetation temporarily out of
sighting lines. If you have to reopen or improve the trails leading into the area of the new plot, you’ll need extra
equipment for this (e.g. ropes for handrails in steep sections). In areas where elephants occur - and/or other
fauna who may remove corner markers such as these - an alternative corner marking approach will be essential,
e.g. metal stakes sunk into the ground and labelled with flagging tape.

Remember to specify not only the size of the plot in hectares (ha) but also whether this is planimetric or along
the ground. For example, a 1 ha plot planimetric will be exactly 1 ha of an orthorectified aerial photo or
satellite image, but it may cover >1 ha of ground (with the excess being greater the steeper the topography). In
this manual we assume that a 1 ha plot planimetric is being laid out and topographic information will be
collected later to enable the on-the-ground area to be calculated (§9).

’ We advise to discuss the use of machetes thoroughly with reserve management personnel before any work begins. Even when
permission to cut is given, any cutting should be kept to the absolute minimum because any impacts can affect growth of trees in the
plot and the long term recruitment of new individuals (especially lianas).
' A handheld compass hypsometer is only slightly more accurate and, if cutting vegetation is not allowed, at least two extra
assistants will be required to move branches and vegetation aside along each subplot side to take a sighting from corner to corner. If a
theodolite with a stand is being used then the increase in accuracy can, however, be very great (Condit 1998). In the ForestGEO-
CTFS network, many use a Topcon Total Station theodolite (and do not cut any vegetation) which makes for a much more accurate
plot survey (to cm accuracy) but at the cost of more staff and time (e.g. surveying the Danum Valley 50 ha plot with a Topcon Total
Station GTS-239n and two prism reflectors in Sabah, Malaysia, in 2011 took more than 6 months).

A GPS device is helpful for larger-scale maps, but beneath a forest canopy these are (currently) not accurate enough to be used for
the actual marking out of a plot.

12




You will need to have with you a table of cosine numbers like the following:

To ensure the side of the subplot is 20 m long horizontally it should measure this length along the
If the slope rises/drops away at 20
this gradient: ground, as illustrated below (= ————— m, Condit 1998)
cos(slope)

0° 20.0 m
5° 20.1 m
10° 20.3m
15° 20.7 m
20° 213 m
25° 22.1m
30° 23.1m
35° 244 m
40° 26.1 m
45° 31.1m
50° 349 m
Above 50° slope a subplot becomes very difficult even if it can be marked out - either workers will damage the plot sliding around
during future censuses or ropes must be installed which would be a further disturbance: consider repositioning the plot to avoid these
areas or modifying the layout to be irregular (e.g. the Trocha Union 7 plot in Peru shown above)

orange mark

| measuring
i pole
|

uoneae ur afueyd

distance=20 m
Condit (1998:Fig. 2.1.1) illustrating the difference between horizontal and straight-line distance.
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An example surveying path (cf. Condit 1998:Fig.2.1.2). Starting at the southwest corner (0,0), one team heads north and the other
heads east (one person staying at 0,0 to hold the measuring tape and the other using a compass to head in the right direction and a
clinometer and the table above to go the correct distance). After corners (0,1) and (1,0) and the first two 10 m points have been
marked, both teams head for (1,1). If they do not meet within 20 cm of the same point, repeat the process. Thereafter, complete the
first row of five subplots by one team holding the baseline (2,0)—(3,0)—(4,0)—(5,0) and the other proceeding across and down
(2,1)—(2,0) then (3,1)—(3,0), etc. Subsequent rows are surveyed one row per team, with the team furthest from the first row always
ensuring that they go at a pace slow enough to remain behind the other team (thereby checking correctly against all that team’s points
as they survey them).

Each red cross is a permanent corner marker (e.g. in the Fragment E plot in Sabah, Malaysia, these are 30 cm grey PVC tubes
spray-painted red at the top with a stick cut from outside the plot inserted through it and flagging tape tied to the top of the stick''; the
corner number is written twice with permanent marker on either side of the PVC tube and also written on the flagging tape) and each
orange cross shows a 10 m marker (e.g. in the Fragment E plot in Sabah, Malaysia, these are sticks cut from outside the plot inserted
in the ground with flagging tape at the top saying “10 m”)'2. Finally, ForestGEO-CTFS also mark the corners of every 5 m x 5 m
square (Condit 1998), but RAINFOR does not require this.

20 m

0, q—.A,[]
20 m

Divide into 2 teams, each with one measuring tape. Go round the subplots one-by-one following a surveying
path such as that shown above. If allowed to cut vegetation, clear the sides of each subplot so that one can
easily walk along the line (without damaging anything more than herb layer vegetation), otherwise you should
carefully move plants aside to allow measurement along the side. Mark each corner and the 10 m points at the
side of each subplot. There is no need to permanently install strings around each subplot (animals will more
than likely move them in most forests anyway).

Timing: Marking out a plot like this in 1 ha of forest in a 4-person team takes 1-2 days with permission to cut
vegetation. Without permission to cut, surveying can take much longer, for example ForestGEO-CTF'S estimate
10-14 person-days in the field per ha (Condit 1998).

"' In areas where animals (e.g. elephants, warthogs) will search out and dislodge corner markers, something more robust will have to
be used, e.g. metal pins sunk into the ground.

' If the marker position is occupied by a stream or small pond then attach as closely as possible but in such a way that the marker will
not be washed away in the event of a flood. If a tree occupies exactly a spot that should be marked, either put the marker as close as
possible to its real position (if the tree is <40 cm diameter) or attach the marker to the wood with a nail and flag as usual (Condit
1998).
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1.3 Tagging large trees

*** Note that this job cannot be done during or after heavy rain because the paint will not stay on the tree ***

Walter Huaraca Huasco in the Fragment E plot, Sabah, Malaysia.

Equipment:. (for more details on equipment, including suggested models and suppliers, please see the
spreadsheet at http://gem.tropicalforests.ox.ac.uk/page/resources).

TEAM ONE (tagging team; preferably two people) 1 hammer, numbered aluminium tags
(estimating max. 1000 stems >10 cm diameter per ha), at least the same number of aluminium nails' (ensuring
they are of small enough gauge to fit through the holes of the tags, but with a head large enough that the tag
does not fall off), 1 diameter tape (ideally, though can make do with a piece of tape 10 cm long), rippable
flagging tape, extra write-your-own tags (to replace the small number of tags that will inevitably get lost during
plot set-up) and 1 machete. 1 straight pole 1.6 m long cut in the field (from outside the plot) with a clear notch
at 1.3 m.

TEAM TWO (measurement team) 1 diameter tape (and a spare; n.b. can make do with normal
measuring tape but will have to divide all measurements by 3.1416 afterwards to convert circumferences into
diameters), 1 set large tree callipers, 1 pad waterproof paper ¢, pencil+sharpener or biro pen, weather-writer, list
of codes in Appx. I (printed and laminated and in the language of all field-workers - which should be
downloadable from the RAINFOR website manual page http://www.rainfor.org/en/manuals), rippable flagging
tape, waterproof nontoxic red paint (or other vivid colour: either a spray timber paint, emulsion paint or

13 14

13 Pearson et al. (2005b) recommended to use an aluminium nail and a steel tag at sites where fire is prevalent.

' If there is a possibility that aluminium tags will be stolen, another suitable material should be used.

!> Aluminium nails are not as strong as steel ones and bend if you are not careful, however we advise to use them anyway because
there are no corrosion issues (even galvanised steel nails often rust after a year or two in the field: in humid environments sometimes
after much less time). In Wytham Woods, UK, and at the Maliau Basin Conservation Area, Malaysia, the managers of the reserve
supported the establishment of a plot but disallowed steel nails because they might damage sawmill machinery in the event of a small
number of censused trees being cut in the future.

' See §10 for an example spreadsheet typed up from a pad like this. However, if possible it is more ideal to use the standardised field
sheet templates used by ForestPlots.net, which are available to Principal Investigators and Field Leaders by emailing
admin@forestplots.net.
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highway paint (highway paint is good but expensive and difficult to source): we use spray paint and estimate
six 400 ml cans per ha), extra write-your-own tags and 1 machete.

Required for jobs that can be scheduled for a later date: an extendable ladder (as long as possible; preferably
aluminium or some other material that is not too heavy to carry) and longer diameter tape for large trees (see
below), a GPS to record positions of the corners of the plot and any prominent permanent features so that you
can make a map of the new plot (e.g. existing trails, water courses; however please note the accuracy of the
GPS points which may be only within ~10 m in forest). Best to do this affer the plot has been completely laid
out to avoid having to remeasure points.

1

20m

Team one starts and criss-crosses each subplot (e.g. doing the four 10 m x 10 m quarters of each 20 m % 20 m
subplot one after the other following the green path above'’) tagging all trees and lianas (all free-standing
woody stems alive'® and over 10 cm diameter at the Point of Measure - see Box 1). Ensure that the tag is
always at 1.6 m along the stem by using the marked pole pushed firmly into the leaf litter to the mineral soil
next to the tree (if using non-nail tag attachment methods such as a looped piece of twine, it may not be
possible to ensure this but try to get it as close to 1.6 m along the stem as possible; if using nails knock them
into the stem at an angle so that when the tag drops it slides towards the nail head rather than the stem). Tags
should be consistently on the same side of the trees throughout the plot (e.g. always on the south side). For
curved stems, measure that 1.6 m along the stem rather than vertically.

It’s very important not to miss any stems so check gaps and overgrown areas thoroughly for trees that
may be short, leaning or lying along the ground (newly broken or deciduous trees can be completely leafless so
check carefully - e.g. if not in a strict conservation reserve cut the tree bark to see if the cambium is alive - and

' Tt is important to follow a consistent route because it will make trees findable without a tree map (q.v. §9). In irregularly-shaped
plots, decide the route and then number the subplots along that route.

The illustrated search path is similar to TEAM (2010:Fig.12), but Condit (1998:Fig.2.2.2) used a different search path (with each

quarter of each 20 m x 20 m subplot being searched in clockwise order starting with the SW quarter; within that, each section of each
10 m x 10 m quarter being searched in clockwise order starting with the SW section and; within that, each 5 m % 5 m subsection being
searched clockwise).
' Standing dead stems (snags) should be excluded at this point and counted as part of the coarse woody debris survey in §4.2
(following Baker & Chao 2011). However, it is possible that in some censuses snags may have been tagged and included (following
Metcalfe et al. 2009) so if the CWD survey is being undertaken by another team, check with them that this biomass component is not
being either missed or double-counted.
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if in any doubt, tag the tree anyway'’). Palms, cycads, tree ferns and aloes should be censused along with all
other trees and lianas. Woody bamboos and large herbaceous-but-woody monocots (e.g. dracaenids, aloes,
Marantaceae, Araceae, Cyclanthaceae, Musaceae, Heliconiaceae and Strelitziaceaezo) should all be included
(they are excluded from the small herb survey in §7) and stranglers should always be included whether or not
they are free-standing >' *. Palms that have a diameter sufficient to be included but their main woody stem does

not reach 1.3 m height should be excluded®.

Woody bamboos often occur in large clumps (e.g. this Bambusa arundinacea clump in Mudumalai, India). If
access makes it impossible to census each stem, choose a representative stem, measure and paint that, and
record also the number of green, living poles greater than the minimum diameter at 1.3 m height in the notes **,
The height estimate should be to the top of the whole clump.

" Condit et al. (2014) suggested that in identifying a dead stem criteria “usually include 1. Leafless state in non-deciduous species, 2.
Trunk broken, 3. Rotten wood encircling trunk, 4. Trunk entirely fallen or vanished”. However, my advice is that, if there is any
doubt, just call the tree alive (it is often unclear, e.g. in Wytham Woods there are several examples of trees called alive in 2008 and
dead in 2010 that I found alive in 2012).

2% See definition of “herb” in §7.

2! This differs from the ForestGEO-CTFS protocols which exclude “species with pseudo-woody stems” and require stranglers to be
free-standing (Condit 1998).

2 In the case of a strangler encircling a host tree, the measured diameter will unavoidably include the host and thereby overestimate
the live biomass of the fig. This happens for a very small percentage of stems, however, so we simply accept the overestimate and
nevertheless do also measure the host in the tree survey if it is alive (or in the snag survey §4.2 if dead).

# Following Condit (1998): “The top of the stem is defined as the base of the lowest living leaf sheath. A difficulty arises when dead
leaf sheathes persist, hiding the base of the lowest living sheath, so the location of the top of the stem must be estimated. When
measuring the [diameter], dead sheathes are not removed, but are pressed as tightly as possible against the stem. Leaf petioles do not
count as part of a stem even when they resemble a stem. Thus palms are often excluded even though their leaves are much taller than
1.3 m, and likewise for tree ferns or certain monocots with long petioles.”.

* n.b. the RAINFOR protocols in Phillips ez al. (2009) advise to tag each individual bamboo stem as for a normal tree, but in many
cases this is impossible, which is why this modification has been suggested for v3.0 of this manual (July 2014) based on current
practice followed in Mudumalai, India (H. S. Suresh pers. comm.).
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