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1.  Introduction

This manual describes field protocols for the establishment and 
remeasurement of permanent 20×20-m plots to measure vegetation as part 
of the Land Use and Carbon Analysis System (LUCAS) (Ministry for the 
Environment 2015) and DOC Tier 1 Inventory and Monitoring (I & M) system. 
This manual also includes the data quality limits required as part of the Tier 1 
programme (Table 6).

1.1. Changes since the previous version
See Appendix 25 for a summary of the main changes to the manual since the 
previous version.
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2.  Plot location and layout of DOC Tier 1 
I & M and LUCAS permanent plots

Plot locations are determined prior to undertaking fieldwork. Most plots have 
been previously established, but a subset of new plots will be established on 
the 8-km grid. In the field, precise plot locations must be determined in a truly 
objective (unbiased) way to ensure data collected provide a representative 
sample of the study area. This is usually facilitated through the use of a 
Global Positioning System (GPS) device to locate plot positions; however, 
GPS transceivers cannot always be used to determine location, particularly 
in mountainous terrain or beneath tall or dense forest canopies. On such 
occasions alternative procedures to locate the plot must be followed, such as 
the use of a hip-chain and compass to locate the plot from a nearby landscape 
feature that may be easily identified on a topographical map.

2.1. Locating new plots at systematic or random 
sample points
Where new plots are to be established at points determined prior to fieldwork, 
enter the grid reference for each plot into a GPS receiver prior to fieldwork. 
Check the coordinate system of the coordinates before entering. If they were 
collected in New Zealand Map Grid (NZMG) they will need to be converted 
to New Zealand Transverse Mercator (NZTM). When GPS reception can be 
obtained, use it to navigate to within c. 30 m of each plot location. Ensure 
the direction function of the GPS receiver is set to magnetic, and use the 
GPS waypoint function to obtain a bearing and distance to the plot. Follow 
the bearing and measure the distance to the plot using a hip-chain or tape. 
Establish corner P at this point (Figure 1). This procedure is recommended 
because the accuracy with which a GPS receiver can locate any specified point 
decreases as the point is reached (Burrows 2000). Use the GPS unit to re-fix 
the position at corner P. Averaged, 3D and 100% GPS are required to provide 
more accuracy. Waypoint and plot coordinates should be recorded on the 
RECCE Site Description Record Sheet in NZTM and retained electronically for 
subsequent downloading. 

When GPS reception cannot be obtained, follow a bearing and measured 
distance using a hip-chain to locate the plot from a significant nearby 
landscape feature that can be accurately identified on a topographical map 
(e.g. stream confluence, high point, bush edge, ridge). Similarly, if there is no 
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GPS reception at corner P, re-fix the position of an identifiable point (e.g. a 
prominent landscape feature). 

For all new forest plots, you must use permolat (i.e. painted aluminium 
strip) to mark a line to each plot position from a significant landscape feature 
(e.g. stream confluence, high point, bush edge, ridge) to ensure plots will be 
easily re-located by future field parties. Fix the line start and key landmarks 
on the way to each plot with the GPS receiver and record the coordinates on 
the RECCE Site Description Record Sheet. Mark the position of the plot on the 
appropriate topographic map (Topo50 map series) and aerial photo (where 
available). 

Where the field team is unable to establish a plot at the specified grid 
coordinate because it is either unsafe to do so (e.g. steep terrain prevents 
access to all or part of the area) or the surrounding terrain means that it is 
impossible to get to the exact location, they should proceed as follows.

2.1.1. Relocation of New Plots
It may not be possible to establish a plot for the following reasons: 

a) Access to the plot is constrained (e.g. bluffs on all sides making the plot 
impossible to access). 

b) It is possible to access the site but not possible to establish the entire plot 
(e.g. the bottom edge of the plots is a bluff). You must be able to establish 
the entire plot area. 

c) It is possible to access and establish the entire plot but there is a high risk 
of accident or injury for a team when working on the site. 

When it is not possible to establish a plot, the following protocols are to be 
followed.

2.1.1.1. Locating alternative plot locations
• Where it is not possible to establish a plot because there is a high risk 

of accident or injury for a team working on the plot, or it cannot be 
established due to barriers and safety (b and c above), you will be provided 
with 30 alternative locations to be tested. The priority-ordered list of 30 
alternative points consists of 10 random bearings originating from the 
original grid point for the plot. On each bearing a possible relocation point 
occurs at 200 m, 400 m, and 600 m.

• Working systematically through random bearing options in order of 1 to 
30, navigate towards the alternative sites on the Relocation Record Sheet 
(Appendix 1) and at the first possible location, establish the plot. 
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• Option 1. When terrain permits easy travel, start with the first random 
bearing supplied on the relocation table provided (these will be available 
to the field teams via their operations manager), and from the original 
corner P, walk along this bearing for 200 m to first site. At this point, if 
it is possible to establish a plot, then do so. If not, continue to 400 m. At 
exactly 400 m, if it is now possible to establish a plot, then do so. If that 
fails, walk to 600 m and repeat. If a plot cannot be established, return to the 
original corner P, choose the next random bearing on the list and repeat the 
process. Up to 10 random bearings are provided per plot. 

• Option 2. When terrain does not permit easy travel along the lines (e.g. 
unsafe terrain), the alternative method can be used. Starting with the 
first relocation point and testing these in the exact order as provided on 
the Relocation Record Sheet, use a GPS to navigate to within c. 30 m of 
each location. Ensure the direction function of the GPS receiver is set to 
magnetic, and use the GPS waypoint function to obtain a bearing and 
distance to the plot. Follow the bearing and measure the distance to the 
plot using a hip-chain or tape. Establish corner P at this point (Figure 1) 
if possible. If a 20×20-m plot cannot be established, move on to the next 
relocation point following the same method until a plot is established.

• If all 30 relocation points are tested and a 20×20-m plot was not able 
to be established, the plot is abandoned. In addition to completing 
the ‘Original Plot Information’ on the Relocation Record Sheet, if time 
permits also record as many of the fields as possible on the RECCE 
Site Description Record Sheet and the RECCE Vegetation Description 
Record Sheet (presence, dominance and abundance where possible of any 
woody vegetation). This original plot location will be classed for carbon 
accounting purposes as either a nil value (no woody vegetation present) or 
a missing value (woody vegetation present but unable to be measured).

2.1.1.2. What to record for original and alternative plot locations
• Anytime a plot is relocated or abandoned, complete a Relocation Record 

Sheet. 

• For the original plot and any subsequent relocation points detailing why 
each point could not be established (Appendix 1). Record the following:

 – Could the plot relocation point be accessed? 

 – Can the plot relocation point be established? 

 – Was the plot relocation point safe to work on?

 – How the plot relocation point was assessed, either from helicopter, on 
the ground directly surrounding the plot (< 20 m), or on the ground 
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directly but from a greater distance (> 20 m—record the distance in 
metres). 

• Also record the hazards or impediments that prevented establishment of 
the plot relocation point and any other notes. These are defined as: 

 – Private land 

 – Open water 

 – Unsafe due to permanent snow and ice 

 – Unsafe as too steep and the Slope (estimated if this cannot be 
measured)

• Complete the ‘Original Plot Information’ on the Relocation Record Sheet. 
This information is used to ground truth the original plot location, for 
mapping layers, and to update the sample universe and design metadata 
that is essential for analysis. 

• Record the actual land cover class and land use class of the original plot 
location. This can be ascertained from a distance, including by helicopter. 
Using maps or metadata provided, record the catchment and sub-
catchment. 

• If you are able to get within 50 m of the plot, also assess and record the 
following site description characteristics: altitude, physiography, aspect, 
slope. Record notes on the plot vegetation and any additional observations 
such as evidence of erosion, disturbance, pest impacts or notable features 
of topography. If possible, take photos of the original plot location that give 
an understanding of the vegetation and physical characteristics. 

• If you are unable to get within 50 m of the plot (or close enough) to assess 
the altitude, physiography, aspect and slope, leave these fields blank and 
record ‘Not measured’ in the notes and the reason. If you were unable to 
take photos, record as ‘None’.

2.2. Locating an existing plot
Use the RECCE site description, GPS coordinates from the previous plot 
measurement, map, and aerial photograph (where available) to re-locate 
each plot. 

Re-mark access routes to plots (e.g. line start, permolat line, or transect origin 
and transect markers if the plot is part of a National Vegetation Survey (NVS) 
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transect) with permolat where they are difficult to follow or re-locate. Re-fix the 
position of existing waypoints, and where required add new ones. 

Locating existing LUCAS and NVS plots: NVS plots are typically located at 
fixed intervals along permanently marked transects. Transects run from valley 
bottom to tree line. 

Teams may find a plot via another route to the previous measurement team. If 
this is the case:

• If the alternative route taken is judged a better route, mark this route 
with key GPS waypoints and complete a RECCE site description (noting 
they used an alternative route) with a detailed map and approach notes. 
Permolat significant points on the alternative route to assist future 
remeasurement.

• If the GPS coordinates of the better, alternative route cannot be 
recorded well (e.g. GPS is lost, 3D reception is not possible), you must 
permolat this route and complete a RECCE site description (noting they 
used an alternative route and permolated the line, and the colour used) 
with maps and approach notes to describe this.

• If the new alternative route is not a better route to travel (e.g. bluffs out, 
cost much more time than previous route) you must:

 – Re-establish the original permolated line. Replace any permolat 
markers where necessary and record key GPS waypoints on this line 
(e.g. line start).

 – Complete a RECCE site description (noting any new colours of 
permolat used on the line) with maps and approach notes to describe 
this.

 – On the Metadata Record Sheet, record what the alternative route was 
and why you reverted to the original line. This will ensure other teams 
avoid making this mistake in the future. 

 – When the plot is relocated, re-mark the position of the corner P, as 
described above. Re-fixing plot and waypoint locations using a more 
modern GPS receiver increases the accuracy of the coordinates, 
particularly under tall, dense forest.

• Update the plot location information, including the approach notes and 
location diagram, on the RECCE Site Description Record Sheet. Identify 
any changes from previous measurements that might be a source of 
confusion to future field teams. 
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2.2.1. Protocol to follow when a permanent plot cannot be found
Occasionally plots are not easily relocated, even after extensive searches. 
When plots cannot be relocated it is usually because of incorrect location 
information (plot marked incorrectly on a map or aerial photograph) and 
inadequate line and plot marking. 

Plots should never be ‘abandoned’ unless a very extensive search of 
approximately 8 hours of a single team’s time has been made. Do not establish 
a new plot. Record the time spent searching, the area searched and any other 
relevant information. You must contact the Manager as soon as possible in this 
situation. Sometimes teams will be sent back to try and re-locate a plot at a 
future date. 

It is useful to use previous RECCE information to refine the search for a plot 
when in the field, including:

• Physiological characteristics: Slope, aspect and altitude indicate the 
terrain that a plot is located on, both on the ground and also to identify 
potential search areas on the map.

• Vegetation characteristics: Large emergent trees, uncommon tree 
species, understorey species and density, description of a particular habitat 
(e.g. stream beds may also help). 

When following a permolat line:

• Compare the recorded bearing on previous record sheets with the permolat 
bearing noted at line start to be sure the bearing to follow is ‘true’ or 
magnetic.

• Determine if anyone in your team is colour-blind, as they may have 
difficulty seeing permolat and should not lead the search.

• When following a line, be methodical. Leave one person at the last piece of 
permolat found while the next is being located. If a new permolat marker is 
not found, you won’t have to backtrack to find this.

Refine the search area if teams are required to repeat the search for a plot:

• Obtain any further information from DOC staff or helicopter operators 
who established and measured the plot, such as information on permolat 
marking (blaze lines versus permolat or colour permolat used), and key 
features on the line or at the plot (bluffs, slips).

• Some NVS plots have been measured multiple times. Access and read 
all previous approach notes as these can provide new clues on the plot 
location.

• Field staff with previous experience and expert skills for re-locating old 
permanent plots should be consulted and if possible taken in the field. 
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• Teams sent back for a second time to find plots should be highly skilled 
monitoring staff. 

2.3. Procedure for laying out plot tapes 

2.3.1. General guidelines for new and remeasured plots
In order to estimate carbon stocks in natural forests, field data are collected 
from 0.04-ha (20×20-m) plots (Figure 1). A larger unmarked circular plot of 
approximately 0.13-ha (EXT plot) is centred on the 20×20-m plot. In this EXT 
plot, stems with a diameter at breast height (DBH) ≥ 60 cm are measured 
(Figure 1). 

The layout of a 20×20-m permanent plot is shown in Figure 1. Plot tapes define 
the plot area. 

Laying out tapes: All boundary and internal tapes should lie close to 
the ground to clearly define the plot area and reduce errors during plot 
measurement. They should also be as straight as possible. Tapes should be 
pulled tight when laying out a plot on flat, even ground. When the plot is not 
on flat even ground, tapes should generally follow the ground surface. For 
example, when the plot is in a gully or over a ridge, tapes follow the ground 
surface and in some cases may need to be held down to follow the terrain. 
Ignore small bumps or depressions, but where possible take the tape under 
logs and windfalls, or if that is not possible pull the tape above them. 

Trees on plot boundaries: Include trees on the plot boundary when their 
trunk is predominantly (> 50%) rooted within the plot. Take care when laying 
out the external (boundary) tapes; if you find tagged trees on or outside your 
plot boundary, check subplot data, re-check tape positions and re-align, as it is 
essential that the plot is laid out as per the previous measure.

Subdivide the plot into 16 5×5-m subplots by laying out six internal tapes at 
5-m intervals (Figure 1). When remeasuring a plot, it is essential to find and use 
the understorey subplot pegs to guide the layout of the internal tapes. Subplots 
are ordered from A to P starting in the top left-hand corner (Figure 1) and 
labelled as such on all record sheets during vegetation measurements. 

Minimise disturbance to the plot area and immediate surroundings to reduce 
the possibility that changes measured over time will result from measurement 
activities. If the team is going into a sensitive area (e.g. a Sphagnum wetland), 
it is recommended that the local DOC office is contacted to seek local advice 
on methods of minimising disturbance.
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Record the dimensions of the plot: Record the boundary tape plot dimension 
(i.e. tape distances), and internal tape distances on the Plot Layout Record 
Sheet diagram. This is done because plot boundary and internal tape 
information will provide useful information at plot remeasurement, particularly 
where plot corners cannot be easily re-established due to damaged or missing 
plot markers. 

DOCCM-2 5 8 4 6 0 6  Fie ld prot ocols f or DOC T ier 1  Invent ory & Monit oring and LUCAS 
plot s v1 1  1 5  
 

Invent ory and monit oring t oolbox 

Record t he dimensions of  t he plot : Record t he boundary t ape plot  dimension ( i.e. 
t ape dist ances) , and int ernal t ape dist ances on t he Plot  Layout  Record Sheet  diagram. This 
is done because plot  boundary and int ernal t ape informat ion will provide useful informat ion 
at  plot  remeasurement , part icularly where plot  corners cannot  be easily re-est ablished due 
t o damaged or missing plot  markers.  

 
Figure 1. Layout of 20×20-m permanent plot (redrawn from Allen 1993) showing location of tapes, corner 
pegs (A, D, M, P), centre peg C (○) and understorey subplots (×; 1–24), and the 0.13-ha external (EXT) 
subplot for measuring large trees and coarse woody debris (≥ 60 cm diameter). Note that the EXT subplot is 
defined by a circle, with a horizontal radius of 20 m. 

Figure 1: Layout of 20×20-m permanent plot (redrawn from Allen 1993) showing location 
of tapes, corner pegs (A, D, M, P), centre peg C (○) and understorey subplots (×; 1–24), 
and the 0.13-ha external (EXT) subplot for measuring large trees and coarse woody debris 
(≥ 60 cm diameter). Note that the EXT subplot is defined by a circle, with a horizontal 
radius of 20 m.

2.3.2. Laying out tapes when establishing new plots
When newly established plots are located, and once corner P has been 
established, identify the bearing that runs along the predominant contour of 
the slope. Stand on corner P of the plot and determine the bearing by using 
a sighting compass to sight on somebody standing 10–15 m away along the 
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contour of the slope. Establish the P–M boundary along this contour by laying 
a 20-m tape along this bearing to form the lower boundary of the plot (P–M in 
Figure 1). Take 90° off the compass bearing of the P–M boundary to determine 
the compass bearing of the P–A and M–D boundaries and lay out two boundary 
tapes at right angles to the first. Join the open end along the A–D boundary 
with a fourth boundary tape to form a square plot.

When a newly established plot is located on flat terrain, establish the plot so 
that the M–P boundary lies in a north–south direction (i.e. corner M is north of 
corner P).

Use a sighting compass to lay out plot boundary tapes to the correct magnetic 
bearings.

Check that boundary tapes meet at right angles at each plot corner. Do this 
by: 

• Checking that compass bearings of plot boundary tapes are correct using a 
sighting compass.

• Using a 3–4–5 triangle. Measure 3 m along one tape from a corner and 4 m 
along the adjacent tape, and mark these points. The distance between the 
two points should be 5 m.

• Where practical (i.e. on very open plots with even ground), checking that 
the length of a tape placed between diagonally opposite corners (i.e. A–M 
and D–P) is 28.3 m.

• Checking that each boundary tape is 20 m. Note that due to topographic 
variation across the plot area, it will not always be possible to make each 
boundary tape exactly 20 m, even when the corners are at right angles. This 
is acceptable as long as the bearings of the tape lines differ by 90°.

2.3.3. Guidelines when remeasuring permanent plots
Existing plots will have corner pegs, corner permolat, centre marker, and 
seedlings pegs established. It is essential that these markers are re-found and 
the plot is laid out as per the previous measure. 

On arrival at the plot: Split labour amongst the team so that corner pegs are 
relocated efficiently. For example, if the team arrives at corner P, one method 
is for two team members to each search for corners A and M, while others 
prepare boundary tapes for laying out. An equipment list for plot measurement 
is provided in Appendix 20.

Use flagging tape to temporarily mark each corner as soon as it is found to 
ensure the corners can be easily seen. Do the same for any understorey subplot 
pegs that are seen when laying out plot boundaries. This will assist with laying 
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out the internal tapes. While laying out the boundary tapes, mark the 5-m 
points along these tapes with flagging tape. This will also aid in laying out 
internal tapes—note that these may not always be the correct end points but 
can be used as general guides. 

Re-establish plot corners and boundary tapes: Re-establish the plot as 
accurately as possible using corner permolat, corner pegs, tagged trees and 
understorey subplot pegs. When understorey subplot pegs are missing, 
use existing tagged trees and known subplot locations to guide the re-
establishment of the internal subplot lines. 

Replace corner and understorey subplot pegs that are damaged or cannot 
be located visually or with a metal detector, and refresh or replace their 
permolat labels. Also replace any damaged or unclear/incorrectly labelled 
corner permolat. If the original corner peg is not found, record on the Plot 
Layout Record Sheet which corner locations were re-established. Ensure that 
replacement plot markers are labelled correctly. Note that the search effort 
should be approximately 15 minutes for each corner peg and permolat, and 
approximately 5 minutes for understorey subplot pegs. You ideally want to find 
them all, and on many plots this is possible.

Plots that have changed in size or shape: Previous experience suggests that 
plots will frequently change in size and shape (e.g. due to tectonic activity 
and/or landslides). Do not realign the axes of plots, as this will invalidate 
comparisons with earlier remeasurements. Use the Notes section on the 
RECCE Site Description Record Sheet and the Plot Layout Record Sheet to 
describe any major deviation in plot size and orientation.

Bowed boundary tapes can occur on plots. Some existing plots may have 
plot axes that are not straight. If a plot axis on an existing plot is bowed, do 
not straighten the side and thereby change the original plot layout. Note: 
For carbon accounting purposes the plot lines will be measured as straight 
(a linear line from each corner using a Vertex) when completing plot axes 
measures (see Section 3.5.1). 

More extensive damage to a plot may occasionally occur and the majority of 
original plot markers or vegetation may have been disturbed or destroyed. You 
must re-establish the plot in the original location, using map and altitude data 
to guide your decision. Record detailed information in the Notes section on 
the RECCE Site Description Record Sheet to provide data-users with an idea 
of the nature and magnitude of the disturbance to the plot and surrounding 
vegetation, including what plot markers were re-located. Do not re-establish 
the plot where none of the original plot markers or tagged trees could be 
found, unless you are certain where the plot should be located. 
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Historical permanent plot layout: When remeasuring historical permanent 
plots it is important to note that permanent plot protocols have changed 
slightly over the years and at times have been subject to differences in 
interpretation. Note that differences may occur in:

• The size of the plot. Some permanent plots are not 20×20 m in size, but 
instead may be 10×10 m or some other non-standard size.

• The labelling of corners. Corners may have been marked ‘A’, ‘B’, ‘C’, and 
‘D’, rather than ‘A’, ‘D’, ‘M’, and ‘P’. Retain the original labelling of corners, 
and use the Plot Layout Record Sheet to describe the corner labelling 
system.

• The labelling of 5×5-m subplots. Retain the original labelling of 5×5-m 
subplots and use the Notes section of the Plot Layout Record Sheet to 
describe the subplot labelling system. Ensure that the understorey subplot 
numbering system in use on the plot has been identified before replacing 
missing pegs or beginning understorey subplot measurement.

• The orientation of plots with respect to transect or slope contours. 
Retain the original plot layout and use the Notes section of the RECCE Site 
Description Record Sheet to describe the plot orientation.

Record new approach notes and location diagrams (see Section 3.5).

2.4. Permanently marking the plot
Adequate plot marking is absolutely essential to ensure that plot boundaries 
can be accurately re-established during future plot measurements.

Corner pegs: Mark the centre (C) and the corners (A, D, M, P) of the plot with 
strips of permolat attached to large aluminium pegs (e.g. 7 mm diameter, 45 
cm long) pushed into the ground. In some vegetation types taller markers can 
be used to permanently mark the plot to assist future teams to locate the plot. 
Ensure you scratch or stamp onto the permolat strips the appropriate letter 
(see Figure 1). Do not use permanent marker pens. The aluminium pegs should 
be bent at the top to reduce the likelihood of the permolat falling off. Where 
plot or understorey subplot pegs could pose a hazard to stock (e.g. where the 
plot includes pasture) drive them in to just below ground level. 

Corner permolat: Near each corner peg, select a tree outside the plot on 
which to nail a strip of permolat and provide corner location information. In 
non-forested habitats, cable ties or wire can be used to attach the permolat 
to shrubs. Label each permolat strip with the measured distance along the 
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ground, the magnetic bearing FROM the base of the tree nearest TO the corner 
peg, and the appropriate corner letter (e.g. ‘Corner A 1.6 m @ 205°’) and use 
an arrow to indicate the direction of the peg. Nails should remain protruding 
by at least 2 cm to allow for tree growth. Adequate permolat marking near 
corners is invaluable when plots are to be remeasured, as corner pegs can be 
lost over time. Record this information on the Plot Layout Record Sheet. Where 
permolat labelling is incorrect or no longer visible, correct or replace the 
permolat to ensure proper maintenance of the plot. Occasionally the plot may 
include plantation trees intended for harvest. Do not tag or permanently mark 
plantation trees. Use non-crop trees only for permanent markings. 
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3. Field measurement of 
DOC Tier 1 I & M and LUCAS plots

3.1. Order of data collection and division of labour
The speed and efficiency with which a team can establish and measure each 
permanent plot is determined to some extent by the allocation of people to 
tasks. The following division of labour works well on the majority of plots, but 
can be adapted as necessary depending on the nature of the vegetation and 
skills of the field staff. 

• On arrival at the plot: All field-party members locate plot corners and 
lay out boundary tapes, working in pairs when necessary to ensure that all 
tapes are correctly laid out. 

• Stem diameter and sapling data: A team of at least two people is needed 
to measure and record stem diameter and sapling data. On plots with a 
very dense overstorey it can sometimes be efficient to work in groups of 
three, with two people taking measurements (e.g. splitting the tree-tagging, 
measuring, or sapling counts, into separate tasks).

• Coarse woody debris (CWD): This task is dependent on the forest type 
and terrain. When there is very little CWD this can be completed by two 
people while measuring stem diameters. If CWD is complex or abundant, 
it is recommended that the task be completed separately by a team of two 
people, after the stem diameter and sapling measurements are completed. 

• Understorey subplot data: This task should be completed early in the 
plot measurement sequence so that the understorey is as little disturbed 
as possible. A team of two people is required to measure and record 
understorey subplot data. The recorder should also label any collected 
plant specimens and transcribe species onto the RECCE Vegetation 
Description Record Sheet as they are encountered. Teams should be careful 
not tread inside seedling plots, and efforts should be made to minimise 
damage to other understorey vegetation.

• RECCE site description: This is completed by a team of two. Discussion 
and agreement on the ground cover percentage, canopy cover and average 
top height is expected.
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• RECCE vegetation description: The botanist is required to complete a 
full vegetation description. Correct species identification and detection of 
cryptic vascular species can only be achieved with a high level of botanical 
knowledge. A team of two is recommended with the botanist leading 
measurement and one person recording and labelling any collected plant 
specimens. Data collection for the vegetation description is a whole team 
effort with communication from all field-party members essential to ensure 
that all species present on the plot are recorded. It is best to measure 
the stems, saplings and seedlings first so the team is familiar with the 
vegetation on the plot. Once these tasks have been completed the team 
can then start on the vegetation description. It may be possible to start 
earlier and record as you go; however, this depends on the skill level within 
the team and the nature of the vegetation on the plot. Note that ‘nested’ 
RECCE vegetation descriptions are additionally made when measuring 
plots in the first rollout of the DOC Tier 1 I & M system.

• EXT plot: The extent of this task is very dependent on the forest type and 
terrain. A team of two is adequate when conditions are favourable; however, 
in dense tall forest it may be more appropriate for three people to assist. 
The EXT plot is normally measured after the stem diameter and sapling 
measurements and the RECCE site description have been completed. The 
EXT plot is not measured on non-forest DOC Tier 1 plots.

• Measuring tree heights: The extent of this task is very dependent on the 
forest type and terrain. A team of two is adequate when conditions are 
favourable; however, in dense, tall forest it may be more appropriate for 
three people to assist. Tree heights are normally measured after the stem 
diameter and sapling measurements have been completed but before 
the RECCE vegetation description has been completed, to allow this 
information to improve the accuracy of the RECCE vegetation description. 

• Non-vascular species: Two people are required to complete the non-
vascular plant sampling on the plot. One person, the botanical lead, is 
required to collect samples and the other to assist with labelling collections 
and to monitor sampling to ensure all areas of the plot are searched.

• Collecting soil sample: One person is to complete the soils collection, 
processing and labelling. It is expected to take one person up to 30 
minutes. This should be one of the last jobs completed on the plot, and all 
effort should be made to keep the sample cold and out of the sun. 

• Before pulling in boundary and internal tapes, the field party should 
check all record sheets using the Quality Control Checklist for Permanent 
Plots (Appendix 14). Teams should also check that all equipment has been 
accounted for (Appendix 20).
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3.2. Plant species nomenclature and coding system
Plant species are recorded using a strict species-coding system to guarantee 
long-term data quality and integrity. Each taxon is recorded using a unique 
code that applies only to that taxon. Before beginning fieldwork, all survey 
participants should be familiar with the species-coding system, be aware of 
potential non-intuitive species codes, and know how to check that species 
codes used are correct. 

• The nomenclature authority for the programme is Ngā Tipu o Aotearoa—
New Zealand Plant Names Database, New Zealand’s nationally significant 
plant collections database: http://nzflora.landcareresearch.co.nz/

• Before starting fieldwork, each vegetation field team must ensure they 
have an up-to-date list of all species codes currently used in the NVS 
Databank, from the website: https://nvs.landcareresearch.co.nz/Resources/
NVSNames

The list is frequently updated. Keep a copy of this list at your base and with 
the vegetation field gear for use during fieldwork to check that each six-
letter code used is correct. Teams are required to download a new updated 
list at least every 2 months.

• Each vascular plant species is represented using a unique NVS six-
letter code on record sheets. The species code usually, but not always, 
consists of the first three letters of the plant genus (upper case) followed 
by the first three letters of the species, subspecies or variety (lower case). 
For example, Pseudopanax crassifolius is recorded as PSEcra on all record 
sheets. 

• The NVS six-letter code list displays six-letter codes fully capitalised. 
However, when recording in the field, the latter three letters should be 
lower case except in the circumstance described below. 

• Taxonomic name changes: Taxonomic names for some species may have 
changed since the last plot measurement. It is important to use current 
nomenclature to avoid miscoding species. Ngā Tipu o Aotearoa—The 
New Zealand Plant Names Database, which states the preferred names of 
species in New Zealand, should be consulted to determine species names 
where there is any uncertainty. 

• Where only the genus is able to be determined due to a lack of 
identifying features (e.g. Parsonsia), the first six letters of the generic name 
are used (written in upper case on record sheets, e.g. PARSON). Section 4 
of this manual provides instructions to follow if plants cannot be identified 
in the field.
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• Non-intuitive codes are used for some species to ensure that every 
species receives a unique code (e.g. the code for Pseudopanax colensoi is 
NEOcol to avoid confusion with Pseudowintera colorata). A list of the most 
commonly used non-intuitive codes for vascular plants in the New Zealand 
flora is given in Appendix 15, but others will become possible as a result of 
ongoing taxonomic revisions. 

• DO NOT use ad hoc non-standard plant species codes, as at a future 
date these are likely to be misinterpreted by persons unfamiliar with the 
dataset. Where there is any possibility of ambiguity, if there is doubt about 
correctness, or if a species as yet has no six-letter species code, write out 
the plant name in full. 

3.3. Plot metadata
Plot metadata provide essential information for each plot that will assist 
with future planning and plot remeasurement. This includes, for example, 
details on land tenure and access, the time taken by the team to complete 
the plot, and any hazards which future teams should be aware of. Record as 
much information as necessary to assist any future field team. Metadata are 
described and captured on the Metadata Record Sheet (Appendix 2). 

Record the following:

• Survey: The name and season of the survey, e.g. DOC Tier 1 I & M 2015/16 
or LUCAS 2015/16.

• Plot identifier: Record the unique plot identifier. This is the unique letter/
number code (e.g. R149) that identifies the position of the plot on the 8-km2 
sampling grid. 

• NVS plot identifier: Record the unique NVS plot identifier where 
applicable. This will include the survey name, transect line and plot 
number.

• Region: Record the region (e.g. Northern North Island). This will 
determine how the data will be archived in the NVS Databank. To check 
administrative boundaries, refer to: http://doc.govt.nz/Documents/about-
doc/structure/doc-operations-regions-and-districts-map.pdf 

• Catchment: Record the name of the catchment or nearest body of water in 
which the plot is located (e.g. Whitcombe River, Port Pegasus).

• Sub-catchment: If the plot is located in a named river or creek running 
into the main catchment, record as a sub-catchment (e.g. Vincent Creek).
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• Topomap: Record which topographical map was used (use Topo50 map 
series, e.g. D42-Livingston). 

• GPS reference: This is taken at corner P of the plot. Record the GPS make 
and model (e.g. Garmin 62S). Easting and Northing are recorded using 
the seven-figure NZTM coordinates (e.g. (Easting) 1498070, (Northing) 
5299433). 

• Record the GPS fix type:

 – For Garmin GPS units that are the 60 series and older, average a 
waypoint, allowing 30 measurements. Record that it was averaged, 2D 
or 3D, and the accuracy in metres (e.g. ± 9 m).

 – For Garmin 62 units or newer, use the multi-sampling averaging 
function. The unit will display 100% once the averaging process is 
complete; wait at least 90 minutes and then average the point again. 
Then scroll through to the satellite page where there is accuracy 
displayed in metres and record this. Record that it was 100% and 
averaged, 3D, and the accuracy in metres (e.g. ± 8 m).

• Date: Record day/month/year in full, with month recorded in non-numeric 
form (e.g. 10 February 2010). For multiday plots ensure the date on the 
Metadata Record Sheet is the first day of plot measurement.

• Team information: Record the name of the team leader and the names of 
the team members in full. 

• Hazards: Record any potential hazards on the plot for the benefit of the 
next team. 

• Land tenure of plot: Record the ownership of the land the plot is located 
on, e.g. ‘public conservation land’ or ‘private land’.

• Permission contacts: For access to the plot, or for access across land to the 
plot, record the name of the appropriate DOC staff member and/or private 
landowner/manager (when private land is crossed), including contact 
details (e.g. address, phone number, mobile number, fax number, email). 
Record the preferred method of contact by the monitoring team, and the 
name of the monitoring team contact person. Record the planned access 
date and yes or no to ‘gate keys necessary’. Provide yes or no responses 
to the questions: ‘Owner restricts use of data outside of the current 
programme?’, and ‘Owner requested a copy of the data?’

• Record any additional notes relating to plot access, including any 
difficulties with access to plot location. 
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• Time allocation: There are three components to the time allocation 
section: access; vegetation plot; samples or collection. For access, record: 

 – Town/area the field team used as a base for the plot. (If members are 
travelling from different points, record the location where the whole 
team assembled and began travel to the plot.) 

 – Time taken to drive to the plot/line start.

 – Time taken to drive to the aircraft loading site. 

 – Fly time to the plot.

 – Boat time to the plot.

 – Walk time to the plot. 

 – Search time taken to relocate the plot (do not record for new plots) and 
whether or not an alternative route was used. Record as ‘N/A’ for newly 
established plots.

For vegetation plot and samples or collections, record the time taken 
to complete each measurement and the number of people involved in the 
measurement. 

• Operational information: Tick whether or not mobile phone coverage 
is available at camp or on plot, and specify the service provider. Tick 
whether or not VHF coverage is available at camp or on plot, and specify 
the channel. Tick whether or not satellite phone coverage is available at 
camp or on plot, and specify the quality of reception. Record the name and 
contact details of the helicopter/boat contractor used. 

• Record the weather by circling the appropriate option or adding a 
description in OTHER. 

• Record if water is available at the camp or plot by circling the appropriate 
option or adding a note. 

• Record any and all deviations from standard protocols. 

• Record any other notes or information that will assist future teams 
visiting the plot.

• In the non-vascular collection table, record the number of bags of 
specimens collected for each combination of cover class (1, 2, 3, etc.) and 
substrate (Litter, Soil, CWD, Rocky outcrop). Record the number of bags of 
epiphytic non-vascular specimens collected, and record the total number 
of bags collected in the box sum of bags. In the notes, record if the non-
vascular collection was less than 1 hour and state the reason.
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3.4. Plot layout
On the Plot Layout Record Sheet, record the following:

• Page number: Page numbers for the Plot Layout Record Sheet are not 
counted with the Quality Control Checklist for Permanent Plots. 

• The start time and finish time for completing the Plot Layout Record 
Sheet. 

• The unique plot identifier: This is the unique letter/number code (e.g. 
R149) that identifies the position of the plot on the 8-km2 sampling grid. 

• Date: Record day/month/year in full, with month in non-numeric form (e.g. 
10 February 2010).

• Measured by: Record the full name of the person who measured the plot 
layout. 

• Recorded by: Record the full name of the person who recorded the plot 
layout.

• Plot corner information: For each plot corner (A, D, M, P, and the centre, 
C) record the corner tree species on which the strip of permolat for that 
corner has been nailed. Record the distance to the nearest 0.1 m (e.g. 1.9 m) 
and bearing to the nearest degree (e.g. 156°) from the base of the marker 
tree to the corner peg. Record the peg status in the Peg Status column as 
‘REP’ (replaced), ‘REE’ (re-established), ‘REF’ (re-found), or ‘NEW’ (when 
establishing a plot). 

• If measuring an NVS plot with non-standard corner labelling (e.g. ‘A’, ‘B’, 
‘C’, ‘D’) retain original plot layout marking and note this on the Plot Layout 
Record Sheet. 

• The position of any replaced seedling subplot markers on the Plot 
Layout Record Sheet. Where existing NVS plots use a different numbering 
system, retain the existing system and record this system on the Plot 
Layout Record Sheet. 

• The tape distances as they lay on the ground (as opposed to tight tape 
distance for plot axes measurements) for the outside and internal tapes. 
When recording internal tape lengths, record ‘0’ (zero) at the start of 
the tape and the total length of the tape to the external boundary (see 
Appendix 5 for an example).

• The locations and tag numbers of all EXT stems and CWD drawn on the 
Plot Layout Record Sheet (see Appendix 5 for an example). 
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3.5. RECCE site description
A RECCE site description must be completed on every permanent plot. The 
RECCE site description provides essential covariate data for many analyses, 
while the RECCE vegetation description provides the most complete record of 
the species composition of the plot, including uncommon or epiphytic species 
that may not be captured in the stem diameter, sapling, or understorey data. 
In addition, it provides an indication of the dominance of lianas in subcanopy 
and canopy tiers. 

Plot identification information and descriptive data are recorded on the 
RECCE Site Description Record Sheet. An example of a completed RECCE Site 
Description Record Sheet is provided in Appendix 3. 

• Record all RECCE site description and vegetation parameters, including 
topographical data (e.g. aspect, slope). It is possible for some parameters to 
change from the previous measurement. Note any points of difference from 
the previous description in the Notes section. 

• Limit data to constrained categories (where these are supplied). For 
example, do not record drainage as ‘okay’; always record it as ‘good’, 
‘moderate’, or ‘poor’. Use the ‘Vegetation Description and Notes’ section 
where justification or further detail is required.

• Confer with other field-party members if at all unsure of the value for 
a data field. This applies especially where subjective assessments are 
required.

• Ensure that data are legible. Neatly record data to minimise any 
possibility they will be misread or unable to be interpreted.

• Do not leave any field on the record sheet blank. Where data are 
intentionally not recorded in a data field (e.g. the sub-catchment in which 
the plot is located is unnamed), record a dash (‘–’) or ‘None’ to ensure that 
the data are not interpreted as missing. Record ‘not measured’ where data 
were not measured for whatever reason.

3.5.1. Plot identification information 
• Record the page number. Page numbers for the RECCE site description 

are counted with the RECCE vegetation description. 

• Record the start time and finish time for completing the RECCE site 
description. 

• Record the unique plot identifier. This is the unique letter/number code 
(e.g. R149) that identifies the position of the plot on the 8-km2 sampling 
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grid. Record the NVS plot identifier if applicable (survey name, transect 
line and plot number). 

• Survey: The name and season of the survey, e.g. DOC Tier 1 I & M 2015/16 
or LUCAS 2015/16.

• Region: Record the region (e.g. Northern North Island). This will 
determine how the data will be archived in the NVS Databank. To check 
administrative boundaries, refer to: http://doc.govt.nz/Documents/about-
doc/structure/doc-operations-regions-and-districts-map.pdf 

• Catchment: Record the name of the catchment or nearest body of water in 
which the plot is located (e.g. Whitcombe River, Port Pegasus).

• Sub-catchment: If the plot is located in a named river or creek running 
into the main catchment, record as a sub-catchment (e.g. Vincent Creek).

• Measured by: Record the full name of the person(s) completing the site 
description of the plot (e.g. Larry Burrows). 

• Recorded by: Record the full name of the person(s) recording the site 
description data (e.g. Meredith McKay). 

• Date: Record day/month/year in full, with month in non-numeric form (e.g. 
10 February 2010).

• Topomap no. & name: Record the number and name of the topographical 
map used (use Topo50 map series, e.g. D42-Livingston). 

• GPS reference: This is taken at corner P of the plot. Record the GPS make 
and model (e.g. Garmin 62S). Easting and Northing are recorded using 
the seven-figure NZTM coordinates (e.g. (Easting) 1498070, (Northing) 
5299433). 

• Record the GPS fix type:

 – For Garmin GPS units that are the 60 series and older, average a 
waypoint, allowing 30 measurements. Record that it was averaged, 2D 
or 3D, and the accuracy in metres (e.g. ± 9 m).

 – For Garmin 62 units or newer, use the multi-sampling averaging 
function. The unit will display 100% once the averaging process is 
complete; wait at least 90 minutes and then average the point again. 
Then scroll through to the satellite page where there is accuracy 
displayed in metres and record this. Record that it was 100% and 
averaged, 3D, and the accuracy in metres (e.g. ± 8 m).

• Land cover class: Record the land cover class that most closely describes 
the vegetation cover on the plot from the list provided in Appendix 18.
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• Land use class: Record the land use class that most closely describes the 
land use at the plot site from the descriptions provided in Appendix 19.

• Plot axes: Measure and record (see Appendix 3) the bearing (°) on all 
plots and, where required, the tight tape distance (m), tight tape slope (°) 
and horizontal distance (m) as measured by the Vertex of the four plot 
axes (A–D, D–M, M–P, P–A). If there is no line of sight from corner peg 
to corner peg, e.g. if the tape traverses a ridge or gully, an axis may need 
to be measured in segments, each with a tight tape distance, tape slope, 
and the horizontal distance as measured by the Vertex. Note: The plot 
axes measurement is a straight line between the two corners. In some 
circumstances, this may differ to the actual (bowed) plot boundary that 
encompasses all tagged stems.

• Plot axes—bearing (magnetic): Use a sighting compass to measure and 
record the magnetic bearing of the boundary tapes to the nearest 1°. Best 
practice requires a team of two to move around the plot clockwise. A–D is 
the bearing from A to D, not D to A. If you do have to measure a plot side in 
the opposite direction, e.g. D to A, you must remember to reverse the back 
bearing. It is essential that plot axes measurements are directional.

• Plot axes—multi sections: Where a plot axis is measured in more than 
one segment, due to obstructions/lack of visibility, each section must have 
the same bearing to ensure a straight line between the corner pegs. Best 
practice requires a third team member to stand in a position visible to both 
team members standing above the corner peg. 

• Plot axes—tight tape distance: Using an additional tape, pull the tape 
tight along the line that the slope will be measured. Ensure that the tape 
ends are vertically over the two corner pegs. It is good practice to use 
plumb lines for this. Record the tight tape distance to the nearest 0.1 m. 
Where the boundary tight tape line is measured in more than one segment, 
record the distance for each segment.

• Plot axes—tight tape slope: Using a clinometer or Vertex (hypsometer), 
measure the slope of each tight tape. Where the tight tape line is measured 
in more than one segment, record the slope for each segment. Slope angle 
measured with a Vertex is that of the tightly pulled tape between the 
Vertex at one end and the transponder at the other end. Ensure ends are 
held vertically above the corner pegs. A Vertex does not work on slope 
angles below −55°. In such instances, position the Vertex downslope of 
the transponder (up to a maximum of 85°) or use a clinometer. Plot axes 
measurements are directional. Best practice is to move around the plot 
clockwise. A–D is the slope from A to D, not D to A. Record the + or − for the 
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slope. If you do have to measure a plot side in the opposite direction, e.g. D 
to A, you must remember to change the (+/−) sign on the slope. 

• Plot axes—horizontal distance: Measure and record (Appendix 3) the 
horizontal distance of the four plot axes (A–D, D–M, M–P, P–A) measured 
using a Vertex. Measurements are taken with the transponder and Vertex 
both positioned vertically above the two corner pegs—it is good practice to 
use plumb lines to ensure this. Aim the Vertex directly at the transponder. 
Visibility of the transponder may be improved by attaching a flashing light 
(e.g. rear cycle light) and raising it on a pole if necessary. 

• Plot axes—horizontal distance: Check the accuracy of the Vertex 
measure by calculating horizontal distance using the measurements of 
tape slope and tight tape distance made from the same position, and the 
slope table in Appendix 22. [Find the tape slope on the left-hand side of the 
slope table (e.g. 36°), read along the top row of the table until you find the 
whole metre part of your tight tape distance (e.g. 17 m for a 17.9 m tight tape 
measure), record the value from the matrix where these two measurements 
intersect in your notebook (13.75 for this example). Repeat this process, 
but this time use the cm value of your tight tape distance, but treat it as a 
whole number (treat the 0.9 of 17.9 in this example as 9 m). Using the same 
tape slope, record the value from the matrix where these two measurements 
intersect in your notebook (8.90 for this example). Divide the second value 
by 10 to convert m to cm, and then add this to the larger value to return 
your calculated horizontal distance (0.89 + 13.75 = 14.64 m).] Measurements 
should be double checked (i) if calculated horizontal distance is ≥ 20 cm 
different from the Vertex measure or (ii) if the Vertex measure is ≥ 50 cm 
different from the previous measure (i.e. when the plot was measured c. 5 
years earlier). In these instances, the Vertex measure should be retaken. If 
the disparity remains, recalibrate the Vertex and repeat the measurement. 
If the repeated measurements are consistent, record as ‘double checked’ 
and then recheck the tight tape distance, the tape slope, and calculated 
horizontal distance.

• Plot axes—horizontal distance: The Vertex should be calibrated before 
every period of use. Calibration should occur only after the instrument has 
equilibrated to the outside temperature. Recalibration is also necessary 
after a marked change in air pressure or humidity (e.g. when it rains 
following a dry spell of weather).

• Plot axes—horizontal distance: If convex terrain obstructs the line of 
sight, place the hypsometer transponder at a temporarily marked spot 
on the obstructing highpoint and measure the horizontal distance of the 
axis in two or more stages. Where a plot axis is measured in more than 
one segment, ensure that each segment has the same bearing, and that 
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the transponder is at the marked spot. Note any issues encountered with 
the measurements. For example, conditions on the plot (e.g. heavy rain, 
cicadas) can prevent accurate use of the Vertex. Also check the current 
horizontal distance measurement with the previous team’s measurement.

• Plot axes—horizontal distance: When measuring slope angles with the 
Vertex, check that slope limits built into Vertex III and IV, which range 
from −55° to +85°, were not exceeded. The transponder should not be 
downhill of the Vertex if the slope angle is steeper than 55°. Steep slopes 
(up to 85°) should be measured with the transponder uphill of the Vertex, or 
alternatively, measured using a clinometer. 

• Plot axes—horizontal distance: If the Vertex malfunctions, complete the 
method by measuring the tight tape distance and tight tape slope and 
recording these on the RECCE Site Description Record Sheet.  Check 
the measurements of the line are acceptable using the same method as 
when double checking the vertex measurements; calculate the Horizontal 
Distance using the slope table in Appendix 22. Do not record the 
Horizontal Distance as this will be calculated at data entry. Record a note 
about why the vertex measures were not completed. 

• Photos of the site: Photographs of the plot are to be taken from each 
corner (A, D, M, and P) looking inward towards the centre of the plot. 
Photos need to be checked to make sure they are in focus and that there 
are no obstructions in the way. If images are not clear and in focus, take 
them again, take them at another time of the day with better light, or move 
slightly to remove any obstruction from a photo. The file should be c. 700 
KB per image. The date and time the photos were taken should be recorded 
on the RECCE site description in the fields (‘Photo in’).

3.5.2. Physical characteristics
Site data collected provide important information on abiotic factors that may 
influence vegetation structure and composition. As a minimum, a set of basic, 
readily obtainable measures is required, as outlined below.

• Altitude: Measure altitude to the nearest 10 m and record on the RECCE 
Site Description Record Sheet. Altitude should be determined in one of two 
ways: 

 – Recommended: Using the GPS coordinates, determine the plot 
position on a topographical map (or the map loaded onto the GPS) and 
then use the map contour lines to determine the altitude. Record the 
altitude reading against ‘Map’ and cross out ‘GPS’. 
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 – Alternatively: Reading the altitude directly from the GPS is likely 
to have higher error and is not recommended. If this method is used, 
record the altitude against ‘GPS’ and cross out ‘Map’ to indicate the 
method used.

• Physiography: Circle the applicable option from ‘ridge’ (including spurs), 
‘face’, ‘gully’, or ‘terrace’. When more than one category could apply, 
circle the predominant physiography and record any major change in 
physiography within a plot in the Notes section.

• Aspect: Determine the physiography of the plot before measuring 
the aspect. Use a compass to measure the aspect at right angles to the 
general lie of the plot to the nearest 5° (magnetic). Where there is a major 
change in aspect across the plot (e.g. a plot lies across a ridge), record the 
predominant aspect. Aspect cannot be determined on flat or almost flat 
plots (slope < 5°) and should be recorded as ‘X’. Do not use zero to record 
aspect on flat plots, as this will be misinterpreted as a northerly aspect. 

• Slope: Use a clinometer (or equivalent instrument) to measure the 
average slope of the plot along the predominant aspect, to the nearest 
degree. From the middle of the plot, sight the clinometer on an object 
at eye level near the upslope and downslope boundaries of the plot, and 
average the two readings. Select a single applicable slope type option from 
‘convex’, ‘concave’, or ‘linear’ to describe the shape of the slope along the 
predominant aspect.

• Parent material: Parent material can often be determined prior to 
fieldwork from geological survey maps; copies are available in libraries 
and can be obtained from GNS Science (http://www.gns.cri.nz/). Where 
available, the QMAP geological map series at 1:250 000 scale should be 
used. DOC Tier 1 survey Parent Material layer polygon type is ‘Main Rock’. 
Where the field party contains staff with expertise in the identification of 
rock types, any observed differences with the map classifications can be 
noted in the field, particularly when there are extrusive/intrusive rocks. 
Circle the relevant option to record whether parent material was derived 
from the mapped classification or was observed in the field. If unaware of 
the parent material while in the field, record ‘Unknown’.

• Drainage: Select the applicable option from good (fast runoff and 
little accumulation of water after rain), moderate (slow runoff, water 
accumulation in hollows for several days following rain), or poor (water 
stands for extended periods).

• Cultural: Record direct evidence of human interference within the plot 
boundary using the categories provided (e.g. logged, burnt, tracked, 
cleared, mined, grazed (by domestic stock), none). Use the Notes section 
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to justify your choice(s) where necessary, or to record indirect evidence of 
human activity (e.g. plant species characteristic of post-fire communities as 
evidence of a past fire). 

• Mesoscale topographic index: Use a clinometer (or equivalent 
instrument) to measure the angle from the centre of the plot to the horizon 
at eight equidistant (45°) magnetic compass bearings. Record whether 
each angle is above (+) or below (−) the horizontal. When the horizon angle 
is obscured (e.g. by low cloud or dense vegetation), estimate the location 
of the horizon as accurately as possible, measure this angle, and make a 
note that the recorded value is an estimate (e.g. −8° (est.)). When all eight 
values are averaged, the resulting value provides an indication of the 
relative protection (e.g. high values) or exposure (e.g. low values) of the site 
(McNab 1993). 

• Soil depth: Measure the depth of the soil with a probe. Take a single 
measurement at five locations, one at the centre of the plot (C) and one 
halfway between the centre and each of the four plot corners (A, D, M, and 
P). For example, soil depth position ‘A’ is at the intersection of subplots 
A, B, H, and g (see Figure 1). Insert the probe at right angles to the slope. 
If the probe hits tree roots, move its position slightly. Record soil depth 
measurements to the nearest 5 cm, and any measurement over 50 cm as 
50+. 

• Surface characteristics: Record the following for the plot:

 – Bedrock %, broken rock %: Estimate the percentage of the plot ground 
surface composed of bedrock and broken rock (> 2 mm) to the nearest 
5%. Include all rock that is evident, even if covered by vegetation, moss, 
or a thin layer of litter. 

 – Size of broken rock (> 2 mm): Record whether rocks are < 30 cm and/
or > 30 cm by circling the relevant option. If there is no broken rock, 
cross out both options. 

 – Mode of transport of broken rock: Classify (if possible) whether 
broken rock was mostly deposited as a result of alluvial (river deposits), 
colluvial (erosion debris), moraine (glacial deposits), or volcanic 
activity.

• Approach: When remeasuring plots, record new location notes. Provide 
detailed instructions on how to get to the plot. Include information on 
the location of the plot in relation to prominent features of the landscape 
or vegetation. Record any significant GPS waypoints along the approach 
route. Where plots are located on existing NVS lines, take a GPS reading 
and record the line start, the compass bearing, and distance to the plot 
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from this point. Also record if you found the line start, how this was 
permolated, if you followed a permolated line to the plot, and what colour 
this permolat was. Accurate and detailed approach notes are essential for 
future re-location of plots. DO NOT ASSUME that GPS references will 
be completely adequate for re-location purposes. The description should 
be sufficiently detailed to enable people who have not previously been 
to the plot to locate it without extensive searching. Do not copy previous 
approach notes, but ensure that any points of confusion or misleading 
notes from the previous measurement are clearly explained. 

• Location diagram: Sketch the route to the plot emphasising prominent 
landscape or vegetation features (e.g. ridges, gullies, streams, slips, 
bluffs, roads, large tree-fall gaps). Indicate all features for which GPS grid 
references are provided in the Approach notes.

 – Centre the sketch on the plot location. Use arrows to indicate North 
(magnetic), and the flow direction of any streams or rivers. Include 
transects and distinguishing vegetation features. Wherever possible, 
supplement the location diagram with a photographic record to 
assist future teams to locate the plot. When remeasuring plots, draw 
a new location diagram and identify any changes from previous 
measurements that might be a source of confusion for future field 
teams. Provide clear and accurate information about the best route to 
drive to a plot and the best vehicle type to use (e.g. 4WD, ATV). 

• Vegetation description and notes: Provide a short description of the 
vegetation on the plot and any additional observations or impressions 
such as evidence of erosion, disturbance, pest impacts or notable features 
of the topography. Information recorded here should provide a general 
impression of what the plot looks like, e.g. open tree fern/broadleaf forest; 
canopy made up of MELram, HEDarb, CARser and CYAsmi; sparse 
understorey of COProt and PENcor; ground cover of BLEcha, CARunc, 
CARmeg, METdif and HYMfle; rock overhang at top of plot.

3.5.3. Vegetation parameters
Note that the following vegetation parameters are estimated visually, and as 
such they are relatively subjective. They are included because of their use in 
demonstrating marked differences between plots or through time, and provide 
a data-user with a better impression of what the plot looks like. These variables 
have been used in studies of vegetation dynamics (e.g. Harcombe et al. 1998; 
Wiser et al. 1998).

• Ground cover %: Estimate the percentage of the plot area (to the nearest 
5%), below 1.35 m, that is covered by:
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 – Vegetation: Live vascular vegetation including foliage, tree trunks and 
exposed roots. Note that tree trunks and exposed roots normally make 
up only a very small portion (usually < 1%) of vegetative cover.

 – Non-vascular: All non-vascular vegetation: mosses, liverworts, 
hornworts, lichens (including crustose species) growing on soil, litter, 
CWD, and rock, and include non-vascular plants growing as epiphytes 
on other living plants, stems and roots, and dead-standing stems.

 – Litter: Exposed litter that is in contact with the ground, including 
leaves, dead logs, and branches (and inclusive of litter among low-
growing vegetation).

 – Bare ground: Exposed soil not covered by litter, vegetation, moss, or 
rocks.

 – Rock: Exposed rock, either broken rock (> 2 mm) or bedrock, not 
covered by vegetation, moss or litter.

The above five values must sum to at least 100%, but because of multiple 
layers of overlapping cover, they will normally sum to more than 100%. 
As plots are not flat—there are hollows, cliffs, and general topographic 
features—it is best to imagine flattening these features and estimating 
ground cover as a proportion of this total flattened surface.

• Average top height (m): Estimate the average top height (ATH) of the 
dominant vegetation on the RECCE, to the nearest metre. For low-statured 
communities, where ATH is < 1 m, these are recorded to the nearest 0.1 
metre. Here, the dominant vegetation is defined as all vegetation in the 
tallest tier (as recorded on the RECCE Vegetation Description Record 
Sheet) with an overall cover of > 25% (i.e. overall cover class of ≥ 4). Where 
none of the tiers have cover > 25%, ATH should be averaged across the 
entire plot. Height estimates should be calibrated regularly with heights 
measured using a tape (e.g. 8 m builders tape), height pole, Vertex or 
equivalent instrument. 

• Canopy cover (%): Visually estimate the total canopy cover of the plot 
above 1.35 m, to the nearest 10%. Canopy cover is based upon the vertical 
projection of all vascular and non-vascular live or dead material (leaves, 
trunks and branches) over the plot area. This is a measure of the cover of 
the canopy and reflects how much light is being blocked. Use the canopy 
cover scale (Appendix 16) to help arrive at the estimate. Only include 
vegetation > 1.35 m above the ground. In plots with a dense sub-canopy, 
several estimates may need to be made from different positions around the 
plot (e.g. the centre and four other points, halfway between the centre and 
each of the plot corners) and then averaged.
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3.5.4. Additional biological information
• Browse: Record conspicuous browsing damage in all height tiers to plant 

species on the plot using the following categories:

 – Light (L): Browse on 1 or 2 shoots only, on only a few of the plants of 
the species present. 

 – Medium (M): Browse on more than 1 or 2 shoots, but most plants of the 
species not browsed. 

 – Heavy (H): Browse on most accessible shoots on most plants of the 
species. 

• Record the animal responsible where this can be reliably determined (e.g. 
ungulate, goat, deer, thar, chamois, possum, insect, rabbit, hare) or record 
‘unknown’. If necessary, use binoculars to closely observe canopy foliage. 
Possum-browsed leaves often have torn edges and jagged leaf stubs, while 
insect damage typically consists of holes and wavy, clean-edged browse 
or straight, finely milled edges (Payton et al. 1999). Refer to Payton et al. 
(1999) for examples of typical insect and possum browse on some common 
tree species. General observations on animal impacts should be recorded 
in the ‘Vegetation Description and Notes’ section (e.g. bark stripping and 
the height of browsing). 

3.6. RECCE vegetation description
On the RECCE Vegetation Description Record Sheet, vegetation structure and 
composition is described in height tiers (strata) using cover classes (Appendix 
4). On a subset of plots a ‘bounded’ RECCE vegetation description will be 
undertaken at each of the nested plots (2×2 m, 5×5 m, 10×10 m) (Section 3.6.5). 
In bounded RECCE plots all vegetation within the three-dimensional plot is 
included in the vegetation description, including any foliage overhanging the 
plot from plants rooted outside the plot boundary tapes.

• Record the page number. Page numbers for the RECCE vegetation 
description continue sequentially from the RECCE site description. The 
first page of the RECCE vegetation description will be page 2 of combined 
total of both RECCE methods. 

• Record the start time and finish time for completing the RECCE 
vegetation description. 
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• Record the unique plot identifier. This is the unique letter/number code 
(e.g. R149) that identifies the position of the plot on the 8-km2 sampling 
grid. 

• Date: Record day/month/year in full, with month in non-numeric form (e.g. 
10 February 2010).

• Measured by: Record the full name of the person(s) completing the 
vegetation description of the plot (e.g. Larry Burrows). 

• Recorded by: Record the full name of the person(s) recording the 
vegetation description data (e.g. Meredith McKay). 

• Fauna: Record the presence of any mammalian, bird, reptile, or invertebrate 
species that can be positively identified by sight or sound. Where no 
species were observed, record ‘None’.

Observe the following guidelines when completing the RECCE vegetation 
description:

• High taxonomic standards must be applied. Reporting changes in plant 
biodiversity over time and between areas requires consistent, accurate 
taxonomic standards. Follow the rules for assigning standard six-letter 
species codes when recording data or record species names in full (refer 
to Section 3.2). When a plant species cannot be determined in the field, 
collect a specimen for later identification at the field base or office (refer to 
Section 4).

• Make a thorough attempt to record ALL vascular species present on 
the plot. 

• A cover class is assigned to each species in each height tier. 

The next three subsections cover: 

• Cover classes—guide to using cover classes

• Height tiers—description of each tier

• Practical guidelines for completing the RECCE vegetable description

3.6.1. Cover classes
Use the standard cover-abundance scale (Table 1) to assign a cover class to 
each species in each tier (tiers 1–7, see 3.6.2 ‘Height tiers’ below). The standard 
cover-abundance scale is modified from the Braun-Blanquet cover-abundance 
scale (Mueller-Dombois & Ellenberg 1974). Do not include tree trunks in 
cover class estimates. The cover class assigned to each species in each tier 
represents the percentage of canopy cover, which is the ‘percentage of the plot 
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area covered by a vertical projection downwards of the outermost perimeter 
of the natural spread of the crown of each plant’ (Daubenmire 1968; Jennings 
et al. 1999). Unlike the Foliar Browse Index methodology, the density of the 
foliage does not matter. Small openings within the crown of each plant are 
included in canopy-cover estimates, so canopy cover differs distinctly from 
foliar cover; care should be taken not to bias the estimate because of high or 
low foliage density. For instance, the tree in Figure 2 would have a cover score 
that encompasses the perimeter, regardless that within this the foliage is dense 
in patches. 

Figure 2: Canopy cover method for the RECCE vegetation description. The out margin 
of a tree is marked and represents the outermost perimeter of the natural spread of the 
crown. The cover within is considered continuous. 
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To estimate a cover class for each species in each tier: 

• In each tier, visualise and move plants of each species to a corner of the 
plot, and then estimate what proportion of the plot they cover. Equate cover 
classes with the equivalent areas of the plot (e.g. see Table 1 for a 20×20 
m plot-area and Section 3.6.5 for other sized plots). Use the 5×5-m subplot 
tapes to help arrive at accurate cover estimates.

• When the cover of a species within a tier is very high, it may be easier to 
estimate the proportion of the plot area not covered by the species.

• For species with very few individuals present on the plot, estimate the 
proportion of the plot covered by each individual in each tier, add these 
together within each tier, and assign a cover class.

• Visualise the canopy of each species squashed into a flat plane, and then 
estimate the proportion of the plot area covered by the species (i.e. avoid 
biasing cover estimates because of high or low foliage density).

• Plant species are deemed to be present in a height tier only when they 
have living foliage within that tier. For example, if the canopy of Rubus 
cissoides all occurred c. 10 m above the ground, it would be recorded in tier 
3 (5–12 m); and if a Weinmannia racemosa had foliage in each of tiers 1 to 6, 
then it would be recorded in all of these tiers.

• An exception to the living foliage rule is if a species is rooted in the 
20×20-m bounded area but all the foliage is outside the plot (leaning 
out). To capture this biodiversity, record this species as present in tier 6 
(regardless of the height of the foliage), do not record a cover score, and 
add a note ‘leaning out of plot’ to the left of the species code.

• Lianas are recorded in all tiers in which their foliage occurs.

• Assign an OVERALL cover class to each tier (tiers 1–6). For each height 
tier, these represent the total canopy cover of all species collectively in the 
tier (NOT the sum of the cover classes for each individual species). The 
overall canopy cover of each tier must always be equal to or greater than 
the highest of the cover classes recorded for any individual species in the 
tier. For each tier, record the overall cover class in the row labelled ‘Overall 
Cover’ (see Appendix 4).
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Table 1: Cover classes applied to the species present in each height tier in the RECCE 
vegetation description for a 20×20-m plot area. Cover classes are modified from the 
Braun-Blanquet cover-abundance scale (see Mueller-Dombois & Ellenberg 1974). 
Equivalent areas of a permanent plot are given.

Cover class
% canopy 

cover Equivalent area of a 20×20-m plot

1 < 1 < 2×2 m (i.e. < 4 m2)

2 1–5 > 2×2 m and < 4×5 m (i.e. 5–20 m2)

3 6–25 c. 1–4 (5×5-m) subplots (i.e. 21–100 m2)

4 26–50 4–8 (5×5-m) subplots (i.e. 100–200 m2)

5 51–75 8–12 (5×5-m) subplots (i.e. 200–300 m2)

6 76–100 12–16 (5×5-m) subplots (i.e. 300–400 m2)

3.6.2. Height tiers
Use the following standard fixed-height tiers (Figure 3). Fixed-height tiers 
provide standardised and repeatable data that are readily comparable between 
plots on a survey and among surveys.

• Tier 1: Record all canopy trees taller than 25 m in this tier. Estimate and 
record the total foliage cover in the horizontal plane for all species in the 
tier using the Braun-Blanquet cover-abundance scale outlined in Table 1. 
Also assign a cover class to each species listed in the tier. 

• Tier 2: Record all vascular plant species 12–25 m tall. Estimate the total 
cover of all species in the tier, and assign a cover class to each species 
listed in the tier. 

• Tier 3: Record all vascular plant species 5–12 m tall. Estimate the total 
cover of all species in the tier, and assign a cover class to each species 
listed in the tier. 

• Tier 4: Record all vascular plant species 2–5 m tall. Estimate the total cover 
of all species in the tier, and assign a cover class to each species listed in 
the tier. 

• Tier 5: Record all vascular plant species between 30 cm and 2 m tall. 
Estimate the total cover of all species in the tier, and assign a cover class 
to each species listed in the tier. Where possible and identifiable, note 
presence of dead plants of annual or seasonal plants but not dead plants 
of perennials. Clearly note these as dead by recording ‘dead’ next to the 
species code. This will allow species to be included or excluded from 
analysis as required. 
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• Tier 6 Vascular: Record all vascular plant species up to 30 cm tall in the 
Vascular column. Estimate the total cover of all species in the tier, and 
assign a cover class to each species listed in the tier. Where possible and 
identifiable, note presence of dead plants of annual or seasonal plants but 
not dead plants of perennials. Clearly note these as dead by recording 
‘dead’ next to the species code. This will allow species to be included or 
excluded from analysis as required.

• Tier 7 Vascular: Record all species of vascular epiphytes within the plot 
and assign a cover class. This includes plants growing on other living 
plants, including parasitic plants such as mistletoe and rhizomatous 
ferns such as the hound’s tongue fern. Also include vascular epiphytes 
growing on dead standing stems/branches that are suspended off the 
ground surface (fallen logs are considered substrate as they are touching 
the ground surface and any plants growing on these should be recorded 
in the appropriate tiers 1–6). Plants growing on live roots of other plants 
should also be listed as epiphytes if they are growing on the root itself, not 
in soil or litter that has accumulated around it. The cover class of vascular 
epiphytes is estimated as for the other tiers. 
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Figure 3: Height tiers used for RECCE vegetation descriptions on permanent plots. A seventh ‘tier’ includes 
all epiphytes (not shown). In this example, Quintinia acutifolia (QUIacu) would be recorded in tiers 2 (12–
25 m), 3 (5–12 m) and 4 (2–5 m) as it has canopy cover in all of these tiers. By contrast, miro (Prumnopitys 
ferruginea, PRUfer) would be recorded only in tier 3 (5–12 m), and rimu (Dacrydium cupressinum, DACcup) 
only in tier 2 (12–25 m). Crown fern (Blechnum discolor, BLEdis) would be recorded in both tiers 5 (0.3–2 m) 
and 6 (< 0.3 m). 

3.6.3. Practical guidelines for completing the RECCE vegetation description  

Recording dat a: Each species occurring should be allocat ed one row on t he RECCE 
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Figure 3: Height tiers used for RECCE vegetation descriptions on permanent plots. A 
seventh ‘tier’ includes all epiphytes (not shown). In this example, Quintinia acutifolia 
(QUIacu) would be recorded in tiers 2 (12–25 m), 3 (5–12 m) and 4 (2–5 m) as it has canopy 
cover in all of these tiers. By contrast, miro (Prumnopitys ferruginea, PRUfer) would be 
recorded only in tier 3 (5–12 m), and rimu (Dacrydium cupressinum, DACcup) only in tier 
2 (12–25 m). Crown fern (Blechnum discolor, BLEdis) would be recorded in both tiers 5 
(0.3–2 m) and 6 (< 0.3 m).

3.6.3. Practical guidelines for completing the RECCE 
vegetation description 
Recording data: Each species occurring should be allocated one row on the 
RECCE Vegetation Description Record Sheet, so that if the species occurs in 
more than one height tier it can be ticked on the same row (see Appendix 4). 
Add a dash (‘–’) where a species does not occur in a shorter tier (see Appendix 
4) to allow the record sheet to be readily checked for completeness before 
finishing the plot. Where the number of plant species present exceeds the 
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number of rows on the RECCE Vegetation Description Record Sheet, use a 
second sheet, and ensure that both sheets contain the same header information 
(e.g. unique plot identifier, date) and that they are cross-referenced (e.g. Page 1 
of 2). 

If a species has been collected for identification (Standard Collection), enter 
a collected symbol (©) in the empty cell to the immediate left of the species 
name. If the species occurs in tier 1 or tier 7, and there is no empty cell to the 
immediate left, record the collected symbol (©) in the same cell as the species 
name, in the upper right corner of the cell (see Appendix 4). 

Work in pairs where possible, particularly when field staff may be new to the 
method.

Adopt systematic procedures to ensure that species present are not missed. For 
example:

• Start by listing species present in the uppermost (tallest) height tier and 
work your way down through to the lowermost (shortest) tiers. If there are 
other team members working on the trees and saplings, ask them about 
what species they have seen on the plot.

• Once all obvious species are recorded, traverse the plot, subplot-by-
subplot, recording additional species in each tier as you see them. It is 
usually necessary to move around to gain better vantage points of the 
canopy, particularly in dense or complex vegetation.

• For small or cryptic canopy foliage, gain a good vantage point and use 
binoculars if necessary to help ensure each species is correctly identified.

• Ensure that all species recorded in the tree, sapling, and understorey 
subplots are also recorded on the RECCE vegetation description. To 
enable this, the recorder of the understorey subplot data can transcribe 
species onto the RECCE Vegetation Description Record Sheet as they 
are encountered in the understorey subplots. When transferring species 
from the understorey subplots to the RECCE vegetation description, 
be aware of the risk of generating false biodiversity. Each entry in the 
RECCE vegetation description should represent a unique species. For 
example, a plot has both mature FUSfus and FUStru stems, but Fuscospora 
seedlings in the understorey subplots do not have diagnostic features that 
permit the identification to species level and the seedlings are recorded 
as FUSCOS in the Understorey method. In this case, do  not transfer 
FUSCOS 6 letter genus code from the Understorey method to the RECCE 
vegetation description, as it does not represent a third  unique species. 
However, these seedlings do need to be assigned to FUSfus or FUStru on 
the RECCE vegetation description, because this genus has been indicated 
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to be present in tier 6 from the understorey data. It is assumed that once 
the botanist has completed all understorey subplots and has become more 
familiar with the vegetation on plot, they will have the ability to make this 
call. 

• Small and rare species are important to record. Be aware that in the 
understorey tiers uncommon and small species can be easily overlooked. 
At the conclusion of the RECCE vegetation description, before winding in 
any tapes, conduct a systematic search of the entire plot area to ensure that 
all species present have been recorded. 

Ensure that species are assigned to the correct height tiers. Observers 
should calibrate height estimates frequently against heights measured, using a 
tape, height pole, hypsometer, or equivalent instrument.

Observers should regularly compare their cover-class estimates with one 
another. As a balance between the repeatability and accuracy required for 
cover estimations, trained field staff should generally be able to estimate cover 
classes consistently and repeatedly to within one class of one another.

Note that viewing cover of trees obliquely, rather than vertically, can result 
in overestimation of cover. Move around as necessary when making cover 
estimates.

3.6.4. Guidelines for completing the non-vascular collection and 
inventory
Botanists are often unable to easily identify non-vascular species accurately 
in the field. Therefore the primary non-vascular task for field teams on the 
20×20-m plot is to collect a comprehensive set of non-vascular plant samples, 
ensuring that those samples are attributed to a tier, a substrate and a cover 
class. This collection will enable the creation of a list of non-vascular species in 
tiers 6 and 7 and permits monitoring of changes in non-vascular communities. 
Non-vascular collections are to include all non-crustose lichens, liverworts, 
hornworts and mosses. Crustose lichens are NOT collected. Field teams should 
collect non-vascular species from:

• Tier 6 Non-vascular: Collect all observable moss, liverwort, hornwort and 
non-crustose lichen species on the 20×20-m plot from ground level. These 
need to be attributed to a prescribed substrate and each substrate needs to 
be divided by cover class (1–6). There are four prescribed substrates for tier 
6: litter (growing on humus, fine woody debris, leaf litter); soil (growing on 
mineral soil); CWD (growing on CWD—logs and stumps with a diameter > 
10 cm); rocky outcrops. 
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• Tier 7 Non-vascular: Collect all observable epiphytic moss, liverwort, 
hornwort and non-crustose lichen species on the 20×20 m plot from the 
ground level and up to a height of 2 m. Include non-vascular species found 
growing on other living plants, stems and roots, and dead-standing stems. 
These do not need to be divided by cover classes. 

3.6.4.1. Non-vascular species collection search technique
Use systematic search techniques to ensure all potential habitats have been 
searched for non-vascular species. Best practice is for the lead botanical person 
to spend 1 hour searching the entire plot area. This 1 hour is search time only, 
not time spent labelling bags. Work through the plot subplot-by-subplot, 
starting in subplot A and continuing through to subplot P. 

Each substrate should be examined separately, with the exception of soil and 
litter, which can be examined concurrently. Soil and litter should be examined 
first to avoid further trampling from subsequent searching. After examining 
soil and litter, continue onto CWD, rocky outcrops and finally epiphytes. 

When collecting epiphytes, search from ‘high to low’, examining all live 
plants, including stems and roots, as well as dead-standing stems. If time 
permits, collect epiphytes per host species. Check both sides of stems while 
searching. 

For each substrate ensure that all different micro habitats are sampled, e.g. any 
overhanging surfaces, wet areas.

3.6.4.2. Managing the collection, labelling and metadata
A straightforward way of managing the non-vascular collection is to 
temporarily store samples by tier and substrate in a plastic bag together with a 
waterproof nursery label containing the following information:

• Plot identifier

• Collection date 

• Tier, substrate and cover class (e.g. Tier 6; soil; cover class 1)

• Collector name 

Samples cannot be stored in plastic bags overnight and must be transferred 
each evening into breathable paper bags. If the samples are wet, dry them by 
carefully spreading the material on sheets of newspaper or paper towels and 
transfer them to paper bags when they are dry to touch. 

It is very important that samples are very clearly linked to their collection 
information while they are drying and there is no risk of material being mixed 
up or lost. Non-vascular samples that are small and light can be easily blown 
out of place. If this is a risk, transfer wet samples straight to paper bags.
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Paper bags must be labelled on the outside with the same details included on 
the waterproof nursery label (plot identifier; collection date; tier; substrate; 
cover class and collector’s name). 

If time permits, the epiphyte collection should be separated by host species 
but separation per tagged stem is not required. Include a waterproof nursery 
label with plot identifier; collection date; tier; substrate; cover class; collector 
name and host species name recorded. 

Before departing a site it is best practice to transfer the paper bags into 
cardboard boxes (teams should carry small flat-pack boxes into the field with 
them) to ensure the specimens are not crushed in transit. 

Record collections by substrate type and cover class, and record the number 
of bags, including total number of bags, on the back of the Metadata Record 
Sheet. 

3.6.4.3. Non-vascular species sample quality
Each sample collected should ideally include at least three full stems of each 
morphospecies (entity that appears to be a separate species) and some of the 
substrate. If stems cannot clearly be identified, collect a clump of material that 
is the smaller of either a) 3 cm2 or b) one third of the surface area occupied by 
the morphospecies. Many non-vascular species are cryptic, and what appears 
to be one species may in fact be many. In addition, it is vitally important to 
attempt to include fruiting material with the sample wherever possible as this 
is essential for identification. It may be necessary to use a knife to lever or 
scrape a sample off rocky or woody substrates. 

3.6.5. Guidelines for completing the RECCE vegetation description in 
‘nested’ plots
As well as the RECCE vegetation description for the 20×20-m bounded plot-
area, on a subset of plots a series of smaller ‘nested’ plots, of sizes 2×2 m, 5×5 
m, and 10×10 m (Figure 4) are completed. The nested plot applies to vascular 
plants only—do not collect or assign cover classes to non-vasculars at these 
other scales (this is only done for the 20×20 m plot). These plots are also 
‘bounded’ by tapes, but overhanging vegetation is included. The following 
procedure is suggested to record the RECCE vegetation description for each of 
the nested plot areas.

• Start with the smallest plot-area (e.g. 2×2 m). Define the plot boundaries 
using the internal plot tapes (e.g. those marking the 5×5-m subplot) and 
additional tape(s) (e.g. 8-m builders tapes or a 20-m tape).

• Follow the guidelines above (Sections 3.6.1, 3.6.2 and 3.6.3) to complete the 
RECCE vegetation description for this plot size, ensuring species are not 
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missed and that species are recorded in the correct height tiers. See Table 2 
as a guide to estimating cover classes for plots of 2×2 m, 5×5 m and 10×10 m.

• Record the data on the correct sheet (e.g. ‘2×2-m RECCE vegetation 
description’).

• Complete each RECCE vegetation description, ensuring that if a species is 
recorded in the smallest plot (2×2 m), then it is also in all other plots. It may 
be appropriate to transcribe all species recorded in the smaller plot areas 
across to the next sized RECCE plot. However, this may not be an effective 
method, as it is likely that the species will be recorded in a greater range of 
height tiers as the plot size increases. Whatever technique is employed it is 
essential to crosscheck RECCEs to ensure no species are missed. 

Table 2: Cover classes applied to the species present in each height tier on the RECCE 
vegetation description, for plots of 2×2 m, 5×5 m and 10×10 m (see also Table 1 for 
equivalent sizes of a 20×20-m plot-area). 

Cover class 
% Canopy 

cover
2×2-m plot 
area

5×5-m plot 
area

10×10-m plot 
area

1 < 1 Less than 
20×20 cm

Less than 
50×50 cm 

Less than 
1×1 m

2 1–5 20×20 cm to 
40×50 cm

50×50 cm to 
1.25 m2 (note 
1×1 m = 4% of 
area)

1×1 m to 1×5 m

3 6–25 40×50 cm to 
1×1 m

1.25 m2 to 
2.5×2.5 m

1×5 m to 5×5 m

4 26–50 1×1 m to 1×2 m More than 
2.5×2.5 m but 
less than ½ of 
area

More than one 
5×5 m subplot

5 51–75 1×2 m to 1×3 m More than ½ 
but less than ¾ 
of area

More than 
two 5×5 m 
subplots

6 76–100 More than ¾ of 
area (i.e. more 
than 1×3 m)

More than ¾ of 
area (i.e. more 
than 2.5×7.5 m)

More than 
three 5×5 m 
subplots
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Figure 4: Layout of nested RECCE vegetation description plots. 
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Figure 4: Layout of nested RECCE vegetation description plots.

3.7. Stem diameter and height measurements
The Tier 1 programme bases its data collection protocols on Hurst & Allen 
(2007) and does not distinguish between forest and shrubland communities. 

Stem diameter data are used in a number of ways. The stem diameter and 
height data collected on each plot provide information on the amount of 
carbon stored in vegetation. The stem diameter data collected on each plot 
provide information on the size structure of tree populations. Over time, 
tagged tree stems on remeasured permanent plots allow recruitment, growth, 
and mortality rates of tree populations to be calculated. 

Very high quality data are required to accurately estimate these parameters, 
so field staff must take a conscientious approach to re-locating ALL previously 
tagged trees and tagging ALL new tree stems that have reached the minimum 
size threshold. 
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Stem diameter measurements consist of the measurement of all previously 
tagged stems, and tagging of all new stems that have reached the minimum 
tagging threshold of 2.5 cm DBH at 1.35 m along the stem from the base of the 
tree.

To allow stem diameter data to be used, it is important to follow some general 
principles for data collection:

• A tree or tree fern is defined as being within the plot if at least 50% of its 
trunk is rooted within the bounded plot area. 

• Stem diameter data must be collected in a repeatable manner. If 
collection of stem diameter data is less than fully repeatable, small changes 
in plot measurement can lead to large differences in results.

• The fate of each tagged stem and stem state (Table 3) must be followed 
accurately through time. This means that at each plot, each stem must be 
uniquely identified using a tree-tag, and this tag number should remain 
the same indefinitely. The data records recruitment into the tree size-
classes, growth, and death of each stem. Because annual mortality rates 
are generally low for many tree species (e.g. typically c. 1% per year), even 
small errors in tracking individual tree stems through time can cause large 
inaccuracies in analyses.

• Accurate diameter measurements are required. Because diameter 
measurements record each stem’s size and hence growth, measurements 
must be made accurately and at the same place on the stem at each plot 
remeasurement (by convention each diameter measurement is made 1 cm 
above the tree-tag, which is placed 1.35 m along the tree stem). 

• High taxonomic standards must be applied. Reporting changes in plant 
biodiversity over time and between areas requires consistent, accurate 
taxonomic standards. 

Table 3: Stem status codes.

Stem status code Description

A Use for living trees, including ‘living logs’ 

X Dead standing trees (all sizes)

N Not found

 

Section 3.7.1 outlines which stems are tagged and measured on standard 
permanent plots. Key best-practice procedures regarding measuring tree stems 
and recording the data should be observed as outlined in Sections 3.7.2 and 
3.7.3.
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3.7.1. Stem diameter measurement protocol
3.7.1.1. Which stems to tag and measure

• Tag and measure the diameter at breast height (DBH; 1.35 m) of all live 
trees (≥ 2.5 cm DBH over bark) and tree ferns (with stems ≥1.35 m long) 
rooted within the permanent plot (Figure 5a).

• A tree or tree fern is defined as being within the plot if at least 50% of its 
trunk is rooted within the bounded plot area.

• When plots are being remeasured, new stems (recruits) or any stems that 
were missed previously that are ≥ 2.5 cm DBH need to be tagged with a 
new tag.

• Occasionally a plot will include plantation trees intended for harvest. 
When you have been told this from the landowner or you are sure these 
are harvest trees, seek permission to tag trees below cutting height, this 
provides a more accurate way of identifying trees. If permission is denied 
or you cannot contact the landowner, do not tag these trees. Instead, assign 
each tree a number (1, 2, 3 etc) and draw the approximate location of the 
tree and its number (to link tree to record sheet) onto the Plot Layout 
Record Sheet. If the trees have been tagged previously and you have 
spoken to the landowner or you are sure these are harvest trees, then move 
tags to below cutting height (permission to keep tagged has been granted) 
or remove the tags (when permission to keep tagged is not granted) and 
draw the approximate location of the tree and its original tag number (to 
link tree to record sheet) onto the Plot Layout Record Sheet. 

3.7.1.2. Which stems to NOT measure
• Lianas (woody, climbing plants) and descending aerial roots of hemi 

epiphytes or stranglers (e.g. Griselinia lucida, some Metrosideros robusta) 
do not need to be tagged or measured, but are recorded on the RECCE 
vegetation description. The only exception is when a clearly defined 
Metrosideros robusta stem can be tagged and measured in a repeatable 
manner (as a guide: when it has nearly encompassed the whole tree, has 
tree form and no longer has descending root or vine form).

• Previously tagged lianas. Where a liana or descending aerial roots of 
hemi epiphytes or stranglers were tagged and measured previously, you 
must attempt to re-find these and confirm species identification. Do not 
remeasure the diameter but do record the stem status (Alive or Dead) and 
record ‘Liana’ in the notes. If you cannot relocate tagged lianas, record the 
stem status as ‘N’ (Not found).
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3.7.1.3. How to treat multi-stemmed trees and epicormic shoots
• Multi-leader stems. For multiple stems, treat each stem as an individual 

(Figure 5a) and record as attached to other stems belonging to the same 
tree. Use square bracket(s) in the Attached (Att) Stems column to denote 
this. All previously tagged stems should be measured 1 cm above their 
tag. Any additional tagging (i.e. recruitment) should be at 1.35 m along the 
stem. 

• Epicormic shoots (also known as coppice shoots or water sprouts) are 
straight, unbranched stems originating from dormant buds under the 
bark, rather than from terminal or axillary buds on twigs. Epicormic shoots 
originating below breast height (1.35 m) are treated as stems (i.e. tagged 
and measured) when their DBH is ≥ 2.5 cm. Epicormic shoots originating 
below breast height (1.35 m) with a DBH < 2.5 cm are not counted, tagged or 
measured. Epicormic shoots originating above breast height are treated as 
branches and are not counted, tagged or measured.

• Forking below breast height. Tag each stem individually (Figure 5a). On 
the record sheet, bracket stems belonging to the same tree (Appendix 6 
and Appendix 8). 

• Stem division. If division of a stem occurs at breast height, tag and 
measure the stem/s at the closest practical point either above or below 
breast height where the stem becomes more regular (Figure 5b). Measure 
1 cm above the tag as normal, record an explanation and the height of the 
tag in the notes (e.g. tag @ 1.2 m due to branching). 

3.7.1.4. How to treat leaning, prostrate and fallen live stems
• Only tag and measure leaning, prostrate and fallen live stems that are 

rooted inside the plot. Be careful not to miss stems rooted inside, but 
leaning out of the plot. 

• Leaning, prostrate and fallen live stems should be tagged and measured 
1.35 m along the stem from the base of the stem (Figure 5a, c). Note that 
this may be above the ground level for stems that have perched root bases 
(Figure 5c).

• Vertical living branches or epicormic shoots that originate < 1.35 m along 
the live fallen stem are measured the same as vertical stems. They should 
be tagged where they are ≥ 2.5 cm in diameter 1.35 m along from the base of 
the stem (Figure 5c). 

• Where a live tree has fallen and re-sprouted, and is rooted inside the 
plot and it was previously measured as CWD and given a decay class of 
zero, do not measure as CWD. Tag and measure 1.35 m along the stem from 
the base (Figure 5c) and note that it was previously recorded as an item 
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of CWD in error. Using a Dymo tape-writer, make a new tag with its CWD 
number and place the tag at 1.35 m along the stem. Measure and record the 
DBH on the Stem Diameter/Height/Sapling Record Sheet. Record a note 
of action taken against the record on the pre-printed Coarse Woody Debris 
Record Sheet. 

• Where a live tree has fallen and re-sprouted, and is rooted inside the 
plot and only the epicormic shoots were tagged and measured but the 
main stem was not, tag and measure the main stem at 1.35 m from the 
base (Figure 5c). Measure and record the DBH on the new Stem Diameter/
Height/Sapling Record Sheet. Record as attached to the epicormic shoots 
and the tag height for all these. 

3.7.1.5. What to do with stems with irregular diameters at breast height
• Diameter irregularities: Diameter irregularities at breast height can result 

from bulges, large wounds, splits and stem enlargement due to buttressing 
(Figure 5b). For remeasurement purposes the DBH is measured 1 cm above 
the tag.

• New stems: As with multi-stemmed trees, stems with diameter 
irregularities at breast height should be tagged at the nearest practical 
point above or below breast height where the diameter becomes more 
regular (Figure 5b). Measure 1 cm above the tag as normal, record 
explanation in the notes and record the height of the tag (e.g. tag @ 1.2 m 
due to bulge). 

• Previously tagged stems: Bulges or malformation at the tag location can 
be common. This can be a historical inappropriate placement of the tag or 
a growth response from the tree. Do not move these tags. The objective is 
remeasurement of the stems and DBH should be measured 1 cm above the 
tag even if this is over any irregularities, but record this in the notes. On 
very malformed large trees, guide nails (marker nails that sit underneath 
the diameter tape) can be installed to aid repeated measures. 

• Shattered stem at tag or branching precludes DBH 1 cm above the tag: 
In cases where it is impossible to measure using a diameter tape (not 
able to put a DBH tape around each stem), estimate the diameter using 
orthogonals (refer to Section 3.7.1.7). Record “ORTHO” in the DBH column 
and the orthogonals in the Notes column with an explanation why this 
happened, e.g. ‘Shattered at 1.35m’.

• Newly tagged trees with fused stems: Where stems are fused at breast 
height and are impossible to measure using a diameter tape (not able 
to put a DBH tape around each stem), tag each individual fused stem 
and record the best possible estimate of the diameter for each using the 
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orthogonal technique (Figure 6). Record “ORTHO” in the DBH column 
and the orthogonals in the Notes column with an explanation why this 
happened, e.g. ‘Fused with LU1976’ (see Appendix 6).

• Previously tagged fused stems and each individual is tagged and 
measured as separate stems at the previous measure. Measure the stem 
exactly as it was measured previously. Measure the best possible estimate 
of the diameter for each fused stem using the orthogonal technique (Figure 
6). Record “ORTHO” in the DBH column and the orthogonals in the Notes 
column with an explanation, e.g. ‘Fused with LU1976’ (see Appendix 9). 

• Previously tagged fused stems and each individual is tagged but these 
were measured as a single stem at previous measure. Do not measure 
the stem the same as the previous measure. To account for each of the 
tagged fused stems first measure the best possible estimate of the diameter 
for each fused stem using the orthogonal technique (Figure 6). Record 
“ORTHO” in the DBH column and the orthogonals in the Notes column 
with an explanation why this happened, e.g. ‘Fused with LU1976’ (see 
Appendix 9). In addition, measure the diameter for the fused group of 
stems as it was measured previously and record this in the notes for the 
largest of these. 

• Previously tagged fused stem and only one individual is tagged. Measure 
the stem exactly as it was measured previously and record this in the DBH 
column. In addition, measure the orthogonals of each stem (Figure 6) and 
record this in the notes with an explanation why this happened.
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(b)  St ems wit h irregular diamet ers at  breast  height , due t o malformat ion, st em division 
or but t ressing—t ag each st em at  t he closest  possible point (s)  eit her above or below 
breast  height  where t he diamet er becomes more regular. 

 

(c)  Epiphyt es, fallen live st ems, and t rees on st ilt s—t ag each st em if  ≥  2 .5  cm in 
diamet er 1 .35  m along t he st em. 

 

Figure 5: Tag and measurement position for tree stems. Trees are tagged and measured 1.35 m along the 
stem, unless stem division, stem malformation or buttressing occurs at this position. 

3.7.1.6. How to treat epiphytic trees and saplings 

Epiphyt es are plant s growing on ot her living plant s and dead st anding st ems. Plant s 
growing on fallen logs are not  epiphyt es as t his is considered ‘subst rat e’.  

Epicormic and 
fallen live stems

Epiphytes

Figure 5: Tag and measurement position for tree stems. Trees are tagged and measured 
1.35 m along the stem, unless stem division, stem malformation or buttressing occurs at 
this position.

3.7.1.6. How to treat epiphytic trees and saplings
Epiphytes are plants growing on other living plants and dead standing stems. 
Plants growing on fallen logs are not epiphytes as this is considered ‘substrate’. 

• Epiphytic stems originating below breast height are treated as trees 
(i.e. tagged and measured) if their diameter at 1.35 m along their stem is ≥ 
2.5 cm. These stems should be tagged 1.35 m along their stem (Figure 5c). 
Where this is not possible, the stem should be tagged within reach, and the 
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distance along the stem to the tag recorded in the Notes column with the 
reason. (e.g. ‘tag @ 0.9 m - unable to reach’).

• Epiphytic stems originating below breast height are treated as saplings 
(i.e. counted) when they are > 1.35 m in height and their diameter 1.35 m 
along their stem from where they originate is < 2.5 cm.

• Epiphytic stems often send aerial roots down into the soil. Where the 
plant originated (on the host stem) is defined as the base of an epiphytic 
stem.

• Epiphytes originating above breast height are not tagged or measured, but 
are included in the RECCE vegetation description.

• For all tagged epiphyte stems, record ‘epiphyte’ in the Notes column, along 
with the species and tag number of the host tree (e.g. ‘Epiphytic on DICsqu 
AB1234’).

3.7.1.7. Situations where stem diameter must be estimated rather 
than measured
It is always preferable that diameters are measured using a DBH tape, but this 
is not always possible. 

Where stem diameter cannot be accurately measured with a diameter tape (e.g. 
fallen stems lying on the ground, individual stems that have become fused 
together or large trees with lianas fused to the trunk), tag each individual stem 
(e.g. fused stems) and record the best possible estimate of the diameter. To 
estimate a DBH use a normal centimetre scale (e.g. as found on the reverse 
side of some diameter tapes) and make two measurements perpendicular to 
one another. These are called orthogonal measurements (Figure 6) and are 
recorded in the Notes column (Appendix 7).
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Figure 6: Estimating a diameter. Two orthogonal measurements perpendicular to one 
another are measured. This value is an estimated diameter and can be used for stem 
diameters, usually fused, and CWD measurements.

3.7.1.8. What to do with dead trees previously alive and tagged
Only record a tree as dead when there is positive evidence of tree death (i.e. not 
if the stem was not found). If in doubt over whether a tree stem is dead, check 
the inner bark (cambium) for any sign of living tissue. Do not remove tags on 
dead trees or fold them in half. 

Dead < 10 cm DBH: 

• Dead and standing < 10 cm DBH. Do not measure the DBH but do record 
stem status as dead ‘X’, put a dash in the DBH column to indicate clearly it 
was not measured, and record ‘< 10 DBH’ in the Notes section.

• Dead and fallen < 10 cm DBH. Do not measure the DBH but do record the 
stem status as dead ‘X’, put a dash in the DBH column to indicate clearly it 
was not measured, and record ‘< 10 DBH’ in the Notes section.

• Dead and standing < 10 cm DBH within a multi-stemmed tree. For multi-
stemmed trees treat each stem separately according to whether it is dead 
or alive at or above 1.35 m. Do not measure the DBH, but do record stem 
status as dead (‘X’). Put a dash in the DBH column to indicate clearly it was 
not measured, and record ‘< 10 DBH’ in the Notes section. 

Dead ≥ 10 cm DBH:

• Dead and standing ≥ 10 cm DBH. When a previously tagged tree is now 
dead but still standing, the tag is still attached and DBH can be remeasured 
or estimated. If ≥ 10 cm DBH, see Section 3.8.2.3 for instructions. 

• Dead and fallen ≥ 10 cm DBH. When these stems are ≥ 10 cm DBH the 
carbon measures for the stem are recorded on the Coarse Woody Debris 
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Record Sheet. Record the stem status ‘X’, put a dash in the DBH column, 
and write ‘CWD’ in the CWD column. Then measure and record this tree 
as CWD on the Coarse Woody Debris Record Sheet—see Section 3.8.2.5 for 
instructions.

• Dead and standing ≥ 10 cm DBH within a multi-stemmed tree. For multi-
stemmed trees treat each stem separately according to whether it is dead 
or alive at or above 1.35 m. If ≥ 10 cm, record the DBH and the height of the 
dead stem (from the base of the tree, not where it branches).

Other scenarios:

• Almost dead trunk with a small amount of live foliage: When any stem 
has live foliage above the tag it is considered a live stem and measured as 
such. When the main stem is dead and only has live foliage below the tag 
(e.g. small epicormic shoots) it is considered dead.

• Epicormic shoots that have grown from a dead stem are measured as 
sapling if > 1.35 m and < 2.5 cm DBH, and a stem if > 1.35 m and ≥ 2.5 cm 
DBH. If attached to dead standing stem or stump, record this in the notes 
(e.g. ‘Att to dead standing AC5678).

• Dead and fallen outside of plot. A tree has died since the plot was last 
measured and it has fallen completely out of the plot boundary area. Do 
not measure the diameter, record stem status ‘X’ and record as ‘Fallen out 
of plot’ in the notes. If this stem is ≥ 60 cm DBH and within the EXT plot it 
will need to be measured (see Section 3.9). 

• Dead and not previously tagged. See Section 3.8.2.3 for instructions.

3.7.2. Procedure for tagging and measuring
• Adopt a procedure to ensure that stems are not missed. Where 

necessary, use extra tapes, string or flagging tape to divide subplots into 
smaller areas. 

• When tagging and measuring trees on sloping ground, breast height 
is determined from the uphill side of the tree from the base of the stem 
(Figure 5a). Note that this may differ from the ground level when dealing 
with perched root bases (Figure 5).

• 1.35 m diameter height. The stem diameter measurer should be aware of 
the 1.35 m height on their body. This allows the correct tag positions of 
vertically growing stems to be quickly identified. Where trees are leaning 
or it is difficult to use the 1.35 m height on your body, a tape should be used 
to measure to this distance.
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• Relocate all previously tagged stems. Work through the plot in order 
(A–P) and in each subplot, find every stem on the pre-printed Stem 
Diameter/Height Record Sheet. Where a previously recorded tree is not 
found, conduct a very thorough search of the plot and outside of the plot 
on sloping ground. Tip: it is possible to use the metal detector to search for 
swallowed or concealed tags on trees. This is useful where there are vines, 
moss or rapid growth on plots.

• If a previously tagged stem cannot be found after a very thorough 
search, record ‘N’ (Not found) in the Status column next to the tag number 
on the pre-printed Stem Diameter/Height Record Sheet. These data will 
be entered into the database, providing an indication to data-users that a 
stem was specifically searched for (and is probably dead), rather than being 
simply missed.

• Tagging new recruits. Work through the plot in order (A–P) and 
in each subplot, find and tag any new stems and tag in a logical order 
through the plot using tree-tags sequentially numbered in ascending 
order. Sequentially numbered tags placed on neighbouring trees assists 
with re-location of all trees during subsequent plot remeasurements. 
Finish tagging all trees in each 5×5-m subplot before moving on to the next 
subplot.

• Tagging new recruits. Consider the location of the tag that is being added 
into the plot and the ability of the next person to remeasure at the exact 
same location. Do not place tree-tags in positions where they are likely to 
become overgrown (e.g. between two stems that might fuse as they grow).

• New tag sequences. Ensure that any newly added tag numbers used do 
not overlap with any tag series previously used on the plot. It is particularly 
important not to have the numerical series overlapping with the historical 
tags as this could lead to duplicate tags.

• Use a galvanised flat head nail (e.g. commonly 50 mm, with 40-mm nails 
used for the 2.5–3-cm stems) to attach the aluminium tree-tag to each 
tree stem. Ensure that the nail protrudes at least 2 cm and leans slightly 
upwards. This will allow for stem growth and allow the tag to sit flush 
against the stem; this ensures that the tag will remain intact for long time 
periods. 

• For tree ferns, use a longer nail (e.g. 75 mm) to attach the aluminium tree-
tag, and ensure that the nail penetrates into the hard core of the tree fern.

• Guide nails. To increase repeatability of diameter measurements of 
very large trees (e.g. > 100 cm diameter), or irregular or buttressed 
stems, additional nails can be placed around the diameter measurement 

60

Section 3: Field measurement of DOC Tier 1 I & M and LUCAS plots



circumference. Before nails are installed, place and hold the diameter 
tape in the correct measurement position to ensure accurate placement 
of the guide nails. Then place nails at the bottom of the tape in multiple 
positions around the tree that best allow accurate repeated measurements.  
Whenever such additional nails are used, note this in the Notes column of 
the record sheet.

• Clear moss and other debris.  Before measuring the diameter, remove 
any moss or other debris from the stem where it is to be measured. This 
should be done around the full circumference of the stem. Lianas growing 
up the stem should be carefully loosened and excluded from the diameter 
measurement. Take care not to damage the bark.

• Measure the diameter 1 cm above the tree-tag with a diameter tape, 
pulling the tape firmly when taking the measurement. This 1 cm allows 
for the tape width as the reading is taken where the lower tape 0-cm mark 
meets the top tape measurement scale (Figure 7). Measure and record 
diameter to the nearest millimetre. Ensure that the diameter tape is 
positioned at right angles to the axis of the tree stem. 
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Figure 7. Correct position of tape for measuring DBH, 1 cm above the tag and at right angles to the axis of the 
stem. 
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Clear away dead f ronds and loose mat erial f rom t he st em before t aking a 
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replacement  t ags must  be t agged wit h EXACTLY t he same t ag number 
as used previously . This ensures t hat  each individual st em can be accurat ely 
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because of  a lost  or broken Dymo t ape-writ er) , t hen it  is essent ial t o record bot h 
t he new and old t ag number and t o back-correct  old t ags in elect ronic dat a of  all 

  

Figure 7: Correct position of tape for measuring DBH, 1 cm above the tag and at right 
angles to the axis of the stem.

• Measuring tree ferns (which have ‘squeezable’ stems). The diameter tape 
should be pulled moderately tight without crushing frond bases that make 
up the stem. Clear away dead fronds and loose material from the stem 
before taking a measurement. Don’t measure over the dead fronds.

• Check the identity of every new and previously tagged stem. Where the 
species of a tagged stem was misidentified at a previous plot measurement, 
you must collect a sample from this tree/shrub for verification (see Section 
4 for details). 

• Replace damaged or overgrown tree-tags to make sure that the tag 
number will remain intact and visible until the next plot measurement. 
Stems that need replacement tags must be tagged with EXACTLY the 
same tag number as used previously. This ensures that each individual 
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stem can be accurately followed through time. Use a Dymo tape-writer 
(or equivalent instrument) to create replacement tree-tags. Nail the 
replacement tag at the same position along the stem as the existing tag. 
Identify in the Notes column of the Stem Diameter/Height/Sapling Record 
Sheet which stems have had their tags replaced; ‘Retagged with Dymo’. 
If new tag numbers MUST be used to replace tags (e.g. because of a lost 
or broken Dymo tape-writer), then it is essential to record both the new 
and old tag number and to back-correct old tags in electronic data of all 
previous measurements.

• NEVER reuse a tag from a dead stem to identify another stem. This 
makes it very difficult to track the fate (i.e. recruitment, growth, and death) 
of individual trees on the plot through time.

• NEVER remove tags. Do not remove or move original tags even on double-
tagged stems.

3.7.3. Recording stem diameter data
3.7.3.1. General principles of recording stem diameter data

• The role of the recorder. While recording data, the recording team 
member has an active role in checking all data against previous 
records. They are responsible for making sure no trees are missed and 
all are accounted for in every subplot, including EXT. They are also 
responsible for checking that the DBH tape is correctly aligned around the 
circumference of the stem (particularly of large trees). Set phrases have 
been developed to assist both recorder and data entry staff (Appendix 23).

• Care required when recording. When recording ensure the clear 
distinction of letters and numbers, e.g. ‘I’ from ‘1’ and ‘O’ from ‘0’.

• Amend tag-numbers on pre-printed Stem Diameter/Height Record 
Sheets. Tag numbers listed on the pre-printed stem diameter sheets 
may only be four digits long due to historical data-entry constraints or 
recording errors. Amend the pre-printed data with the full tag number of 
each stem to provide a better record of each tag number used. Accurate 
records of the full tag numbers used become increasingly important 
over time as more different tag series are used during successive plot 
remeasurements (see Appendix 8 and Appendix 9). 

• Problem Sheets. Errors or inconsistencies that were detected in existing 
plot data are recorded on a ‘problem sheet’ for checking when the plot is 
next measured. Problem sheets are a printout of these problems to check at 
a plot. Where a problem identified is solved, the data must be recorded on 
the record sheets first and then details of the correction or solutions noted 

62

Section 3: Field measurement of DOC Tier 1 I & M and LUCAS plots



on the problem sheet, including any remedial work required following 
resolution (e.g. if a back correction to previous measurement data is 
required). The problem sheet is archived with the record sheets. 

• When establishing new plots, for subplots where no tagged stems are 
present, record the subplot and ‘none’.

• When remeasuring plots, for subplots where no tagged stems are present, 
record the subplot and ‘no new stems’.

• Record ‘double checked’ in the notes, or tick Double Checked fields if any 
measure is double checked.

• Notes. Where necessary, record additional information for each tree 
in the Notes column of the record sheet. Clear notes (both legible and 
concise) will ensure that the data can be correctly interpreted by data-
users, and during future plot remeasurements (see Appendix 23). DO 
NOT use symbols or non-standard abbreviations as these can be difficult 
to interpret. Notes recorded can be entered during data entry and printed 
onto pre-printed Stem Diameter/Height Record Sheets for use at the next 
plot measurement.

3.7.3.2. Existing stems on pre-printed Stem Diameter/Height Record Sheets
• For EVERY stem, check the subplot (A–P), species code and tag number. 

Measure the stem status (Table 3), diameter, height (see Section 3.7.6) and 
decay class (if dead, see Section 3.8.1.2). Assign large trees that are outside 
the 20×20-m plot but within the EXT to the EXT subplot.

• Record remeasured stem diameter data on pre-printed Stem Diameter/
Height Record Sheets. These sheets allow any obvious errors in previous 
data to be identified, and assist with the re-location of all previously tagged 
trees. Use new Stem Diameter/Height/Sapling Record Sheets for newly 
tagged stems. 

• Check all previous stem diameter measurements for obvious errors. 
When the remeasured diameter of a stem varies considerably from the 
previous measurement, double check your measurement and note that 
the current measurement has been checked and is correct. This will vary 
because trees grow at different rates depending on factors such as the 
species (Podocarps generally grow slower than the broadleaf species), 
climate (Northland versus Fiordland) and the specific micro habitat (e.g. 
light levels). To record a stem has been double checked, make a tick mark 
in the Double Checked column (see Appendix 8 and Appendix 9).

• Stems that have shrunk in DBH. If a stem has a smaller DBH than 
previous measure due to rot, decay or damage of the stem then record a 
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note: ‘Stem rotting’. If a stem has a smaller DBH than previous measure 
due to the previous team’s measurement error (this may be a recording 
error, data entry error or a measurement error) record a note: ‘Previous 
meas. error’. Where teams record ‘Previous meas. error’, the data can be 
back corrected. 

• Work as a team. The recorder has a vital role in collecting the data to a 
high standard and only by helping each other can this happen.

• At each plot, resolve any problems identified in stem diameter data. 
When a problem is able to be resolved, record all data on the Stem 
Diameter/Height/Sapling Record Sheet including any action taken 
and detailing any back data to be corrected (e.g. ‘Tag = AG175’). Actions 
required may include (but are not limited to): 

 – Checking the Tag number of stems

 – Checking species identification of tagged stems

 – Checking diameters of stems that grew or shrunk substantially 
between previous plot measurements (e.g. check for incorrectly placed 
decimal points)

• Change in subplot. Where a tagged stem is listed on the pre-printed 
Stem Diameter/Height Record Sheet under a different subplot than it is 
currently located, amend the Stem Diameter/Height Record Sheet and 
write a short note highlighting the change. Where a subplot change is 
a marginal call that could result from internal tapes being laid out only 
slightly differently, leave the subplot as listed. 

• Recording attached stems. Use square bracket(s) in the Attached (Att) 
Stems column to denote attached stems (Appendix 8 and Appendix 9). 
When attached stems span over more than one page, record these as 
attached in the Notes section (e.g. ‘Att to W3756’) or where these are in 
a continuing sequence from one page to the next, draw an arrow at the 
bottom of the page indicating that there are more attachments on the next 
page (Appendix 8 and Appendix 9). When one attached stem is on the 
pre-printed Stem Diameter/Height Record Sheet and the other on the new 
Stem Diameter/Height/Sapling Record Sheet, record these attachments in 
the notes for each stem.

3.7.3.3. New tagged stems on new Stem Diameter/Height/Sapling Record 
Sheets
Stem diameter data for newly tagged trees are recorded on a new Stem 
Diameter/Height/Sapling Record Sheet (Appendix 6 and Appendix 7).
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• On each Stem Diameter/Height/Sapling Record Sheet, record the unique 
plot identifier as recorded on the RECCE Site Description Record Sheet. 
Record the names of the people measuring and recording the data in FULL 
(e.g. Elaine Wright) and the date in FULL (e.g. 27 February 2013). Ensure 
that this information is recorded on both sides of every record sheet, as 
double-sided record sheets may later be photocopied onto separate sheets. 
Also ensure that each page is cross-referenced (e.g. ‘Page 1 of 5’).

• For each stem, record the subplot (A–P), six-letter species code, FULL 
tag number (including any alpha-numerical prefix) and diameter (to the 
nearest 0.1 cm).

• Leave a blank line between each subplot to ease the job of the data-entry 
operator and minimise the possibility of data being ascribed to the wrong 
subplot.

• Ensure that all stems of multi-stemmed trees are bracketed (see Appendix 8).

• Whenever a new stem is tagged at a position other than 1.35 m +/− 5 cm 
along the stem, record the tag position and reason for the departure in the 
Notes column of the Stem Diameter/Height/Sapling Record Sheet.

3.7.4. Resolving common stem diameter problems 
• Problem sheets are generated at data entry and will be part of the record 

sheet package. These highlight any issue(s) that were detected at data 
entry, and as well as resolving the issue on the record sheets, the solution is 
written out on the problem sheets (Appendix 21).

• Existing tree with no tree-tag: Where a stem is likely to have been large 
enough to tag at the last plot measurement but has no tree-tag, check that 
the stem would have been definitely rooted within the 20×20-m plot-area 
and double check your plot layout. A tree or tree fern is defined as being 
within the plot if at least 50% of its trunk is within the bounded plot area. 
Attempt to identify the stem on the pre-printed Stem Diameter/Height 
Record Sheet using species, subplot, diameter, and neighbouring tagged 
stems to highlight potential matches. Where the correct tag number can 
be ascertained with confidence, retag the stem with EXACTLY the same 
number using a Dymo tape-writer (or equivalent instrument). If the stem 
cannot be matched against any previously tagged stem with certainty, 
assign the stem with a new tag and note that the tree was assigned a new 
tag number because the old number could not be determined. Where it is 
suspected that a stem was missed during the previous measurement (i.e. 
because it was likely to be large enough but has no tree-tag, and cannot be 
matched against old tags as above), write a note in the Notes column of 
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the Stem Diameter/Height/Sapling Record Sheet (e.g. ‘No existing tag—
possibly missed in 1994’).

• Existing stem not on pre-printed sheet: When remeasuring a plot you 
may find tagged trees are not recorded on the pre-printed Stem Diameter/
Height Record Sheet. This may be due to data entry error or database 
migration. It is best practice for teams to carry a copy of the previous 
measure record sheets for this reason. Also, if time permits, it is advised 
that teams complete a check of pre-printed record sheets with the last 
measurement to identify these issues before going in the field. Measure 
and record these stems on a new Stem Diameter/Height/Sapling Record 
Sheet and record a note: ‘Not on pre-printed’. 

• Not measured 1 cm above the tag at last measure: When the remeasured 
diameter of a stem varies considerably from the previous measurement 
and this is because the previous team did not measure at 1 cm above the 
tag (e.g. ‘Measured 5 cm above the tag’ is recorded in notes), measure 1 cm 
above the tag, and record this as the DBH. Record this as double checked.

• Tagged living trees outside plot boundaries: Previous experience shows 
that where plots change in size and shape in tectonically active regions, 
trees can migrate downslope as a result of landslides or earthquakes. 
Tagged stems that migrate out of the plot, but are still alive, should 
continue to be remeasured (i.e. stem status and diameter). Use the Notes 
column of the Stem Diameter/Height/Sapling Record Sheet to indicate 
which tagged stems are outside the 20×20-m plot boundaries (‘Migrated 
out’).

• Tagged living trees outside plot boundaries that are due to previous 
plot layout error: Some plots have trees well outside the expected 
plot boundary and cannot be explained by natural disturbance or soil 
movement and are clearly mistakes made at previous measure. Check if 
previous measure re-established any corners to determine if the current 
layout is correct. If after careful checking you are confident the stem(s) 
should not be within the plot area, you will need to account for this. 
Remeasure these trees (i.e. stem status and diameter) and record their 
distance from the plot boundary. Use the Notes column of the Stem 
Diameter/Height/Sapling Record Sheet to clearly indicate which tagged 
stems are outside the 20×20-m plot-boundaries (‘Out—prev meas error’). It 
is also important to record these trees on the Plot Layout Record Sheet for 
accurate remeasurement.

• Tagged trees that are found to be causing the boundary tapes to bow 
slightly should continue to be remeasured (i.e. stem status and diameter). 
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• Any trees migrating into plots should be tagged and measured following 
standard protocols, and the situation should be described in the Notes 
column of the Stem Diameter/Height/Sapling Record Sheet.

• Incorrect tag height: Where a stem is found to have a tree tag at a height 
other than 1.35 m (e.g. 0.8m) and this variance in tag height is greater than 
the range 1.35 cm +/– 5 cm, measure the diameter at tag height (1 cm above 
the tag) and record the height of tag in the Notes column. Where this was 
measured and recorded previously, do not repeat this. 

• Stems with two tree-tags: Occasionally a stem is found to have two 
or three tree tags, i.e. it has been ‘double tagged’ or ‘triple tagged’. The 
measurement history of each tag can often be seen on the pre-printed Stem 
Diameter/Height Record Sheets. In this case, measure both diameters and 
the height of each tag. Make a note in the Notes column that the stem is 
double tagged and the tag number of the other tag and its height, e.g. ‘DT = 
AD4758, Tag @ 1.35 m’. 

3.7.5. Resolving tagged stem species name problems 
• Check the identity of every previously tagged stem. Where the species 

of a tagged stem was misidentified at a previous plot measurement, you 
must collect a sample (see Section 4). 

3.7.6. Live tree height measurements 
The heights of specific live stems are measured on the 20×20-m plot for carbon 
purposes. The data collected for live stems are compiled to create a height/
diameter relationship so that the height of all stems can be calculated and 
consequently the biomass for each plot. 

Note: ‘EXT’ and ‘Dead standing’ are covered in their respective sections 
(Section 3.9 ‘EXT plot’; Section 3.8.2.3 ‘Dead standing trees and spars’).

3.7.6.1. What stems to measure
On each plot where they are present, measure the height (and diameter) of 15 
live individuals from each of the following groups: 

• Broadleaved trees (e.g. Metrosideros sp., Melicytus sp., Pseudopanax sp., 
Nothofagus sp., Beilschmiedia sp.)

• Conifers (e.g. Dacrycarpus sp., Dacrydium sp., Podocarpus sp., Phyllocladus 
sp., Libocedrus sp., Manoao sp., Pinus sp., Agathis australis)

• Tree ferns (Cyathea sp. and Dicksonia sp.)

• Palms (e.g. Rhopalostylis sapida) 
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• Cabbage trees (Cordyline spp.)

On all plots (new and existing), selection of stems rules are: 

• The sample should include the full diameter range for each group. 

• The sample must include all trees ≥ 60 cm DBH or, where trees of this size 
are absent or unmeasurable, the largest five trees on the plot (see Section 
3.7.6.2). If one of the largest trees is not suitable then the next largest is 
chosen.

• The sample should include malformed stems. This means trees with a 
damaged crown (e.g. trees with large limbs blown out by a storm or with 
dead limbs), but not trees which are bowed (refer to 3.7.6.6 for how to deal 
with bowed trees). 

• It is sufficient to measure 15 tree heights per group, e.g. if there are more 
than 15 nīkau palms on a plot, do not measure more than 15. Where plots 
have previously had more than 15 tree heights measured for a single group 
(e.g. sometimes up to 40 broadleafs were measured on a plot), remeasure 
only 15 per group. This should include all trees ≥ 60 cm DBH or, where 
trees of this size are absent, the largest five trees on the plot. Select 
commonly occurring species with straight stems and lean angles ≥ 80–90° 
(from horizontal). 

On newly established plots: 

• Start by selecting one individual from each group from each of the 16 
subplots in the plot, and then choose further individuals to fill the gaps in 
the diameter range.

On existing plots: 

• The previous measurement is a starting point. 

• Wherever possible, height measurements should be taken from the same 
trees sampled on previous occasions.

• Ideally one individual of each group from each of the 16 subplots 
would have been measured. If there is a shortage of heights, then other 
individuals will need to be measured to fill the gaps in the diameter range. 
Check the problem sheet to see if any stems are flagged to be checked.

• In some cases, previously measured height trees are unsuitable for height 
measurement due to excessive bow or lean (refer to Section 3.7.6.6). If 
rejecting a previously measured tree for height measurement, requirements 
for selecting a replacement tree are described in Section 3.7.6.2 and 
requirements for data recording are described in 3.7.6.11.
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• In some cases, previously measured height trees have died, requirements 
for selecting a replacement tree are described in Section 3.7.6.12.

3.7.6.2. Method for the selection of replacement trees
Some live trees may not be measurable (see Section 3.7.6.6), and where 
possible, another tree should be selected to make up the numbers. 

Choose replacement trees as follows:

• Broadleafs and conifers: Choose a replacement of the same species and 
similar diameter.

• Tree ferns (including nīkau palms): Choose a replacement of the same 
species and similar height.

Where the same species does not exist: 

• For broadleafs and conifers choose a different species with a different 
diameter. For tree ferns (including nīkau palms) choose a different species 
with a different height.

• Where a previously measured height tree is not being remeasured for 
height, you must record the reason why (refer to Section 3.7.6.11 and the 
standard phrases in Appendix 23).

3.7.6.3. Practical guidelines for selection of 15 trees in a group
Determine how many of the species are present on the plot. Select 
the number of stems to measure for each species (where more than one) 
approximately in proportion to their total number on the plot. 

Examples:

• Only Coprosma rigida present—measure 15 of these

• Pseudopanax linearis (PSELIN) and Coprosma rigida (COPRIG) are 
present. PSELIN = 20 stems present and COPRIG = 10 stems present. 
Proportions would be 10 × PSELIN and 5 × COPRIG.

Once the proportions are selected, select a sample of stems for each of the 
species which represent the full diameter range for that species, including 
malformed stems (but excluding some stems, see Section 3.7.6.6), and 
including all stems ≥ 60 cm DBH or, where trees of this size are absent, the five 
largest that are measurable (refer to Section 3.7.6.1).

3.7.6.4. When to measure with height pole/tape (such as 8-m builders tape) or 
a Vertex
The aim when measuring all tree heights is to obtain an accurate measure 
of the length of the stem. Tree height can be measured either using a height 
pole/tape (such as 8-m builders tape), or a Vertex. The use of a height pole 
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or tape is the preferred option where it is able to be used, because it is easier. 
When deciding which instrument to use, first determine if you can measure 
the length of the stem using a pole/tape. This decision will depend mainly on 
the height of the stem. Shorter stems will be able to be measured using a pole/
tape. However, where a larger stem is lying horizontally it may also be able 
to be measured with a tape. For pole or tape measures, follow the instructions 
below.

For taller trees that cannot be accurately measured with a tape or height pole, 
the Vertex is the recommended instrument for height measurements.

3.7.6.5. What stems are measurable
For all groups sampled and for each stem targeted for height measurement, 
assess if the stem is measurable with either an 8-m builders tape or Vertex as 
follows.

When measuring with an 8-m builders tape:

• To accurately measure the height of a tree it is necessary to be able to see 
the highest point of the tree crown. This is especially true for trees with 
irregular or large, rounded crowns. 

• Stems < 8 m tall: An 8-m builders tape can be used on stems < 8 m tall. 

• Leaning: When measuring with an 8-m builders tape, the lean of the 
tree does not matter. Any leaning tree is measurable as long as you can 
accurately measure the length of the stem. Do not record the angle of lean 
when measuring with an 8-m builders tape.

• Bowed: If a stem is bowed slightly (i.e. confined to only part of the stem, 
and when straightened the stem does not increase in height > 10%), then it 
is a measurable height tree. 

• Bowed: If the stem is bowed more than 10% (i.e. straightening the stem 
would increase its length by more than 10%), and you can follow the 
contour of this bow to get an accurate measure of the length of the stem, 
then it is a measurable height tree. This would be possible in situations 
where you can reach along the whole stem with a tape, because the stem is 
horizontal or very short. 

Hypsometer (e.g. Vertex)

• For taller trees Vertex or Suunto hypsometers are the recommended 
instruments for height measurements 

• To accurately measure the height of a tree it is necessary to be able to 
see the highest point of the tree crown. This is especially true for trees 
with irregular or large, rounded crowns. 
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• Straight: 81° to 90° (vertical). If the tree is straight-stemmed, then it is 
measurable if the top can be clearly seen from a position that is level or 
uphill of the tree. 

• Leaning: 30° to 80°. Trees growing at this angle are considered to be 
measurable, but the angle must be recorded, and the measurer needs to 
apply the leaning tree method described in Section 3.7.6.9 (Figure 11). 

• Bowed. If a stem is bowed slightly, i.e. confined to only part of the stem, 
and when straightened the stem does not increase in height > 10%, then it is 
a measurable height tree. 

3.7.6.6. Which stems not to measure
When measuring with an 8-m builders tape

• Cannot see the top. If, after moving around the plot, the measurer cannot 
find a location where the top of the tree is clearly visible, then the height is 
abandoned.

• Bowed > 10% and cannot follow the contour of the stem to get 
accurate measure of the length: If the stem is bowed more than 10% (i.e. 
straightening the stem would increase its length by more than 10%), and 
you cannot follow the contour of this bow to get an accurate measure of the 
length of the stem, do not measure this stem. 

• Too tall for an 8-m builders tape: When measuring with an 8-m builders 
tape, do not measure a stem that is longer than you can reach.

Hypsometer (e.g. Vertex)

• Cannot see the top. If, after moving around the plot, the measurer cannot 
find a location where the top of the tree is clearly visible, then the height is 
abandoned.

• Leaning: 0° (horizontal) to 29°. Trees that are growing at this angle are 
considered to be unmeasurable as the measurement incurs too much error. 
If measured previously, record lean angle but DO NOT measure the height.

• Bowed. When using a Vertex, reject trees that are bowed along the majority 
of the length, as it is not possible to accurately calculate the biomass of 
trees with strongly curved stems. Trees may be acceptable if the bow is 
confined to only part of the stem, e.g. the base. As a general rule, do not 
measure the height of a stem with a hypsometer where the bow is more 
than 10% (i.e. where straightening the bow out of the stem would increase 
the length of the stem by more than 10%). 
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3.7.6.7. How to measure non-leaning stems
Measurements should be made to the nearest decimetre (i.e. 0.1 m).

• Small trees. For stems < 8 m tall, use an 8-m builders tape. Measure the 
height from the uphill side of the base of the tree to the topmost branches, 
including any dead branches. Measuring along the length of a stem, follow 
the contour of the main stem.  In the notes, record ‘HT = Tape’ and do not 
record the angle of lean.

• Tall trees. For taller trees measure height using a Vertex. Measure the 
height to the top of the crown, including any dead branches (Figure 10). 
Refer to Section 3.7.6.8 for how to measure non-leaning trees or Section 
3.7.6.9 for how to measure leaning trees. 

• Tree ferns and palms. Measure height from the base of the tree to the 
bottom of the live fronds for tree ferns and to the bottom of the bulbous 
sheath for palms (Figure 8). 

 

Figure 8: The height of tree ferns, palms, and other similar growth forms is measured from 
the ground on the uphill side to the base of the living fronds.

• Trees with leaves concentrated in clumps at the end of the branches 
(Cordyline sp., Dracophyllum sp.). Measure height to the top of the 
foliage (Figure 9).
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3.7.6.8. Measuring non-leaning trees with a Vertex 
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Figure 9: The height of cabbage trees and other similar growth forms is measured from 
the ground to the top of the foliage.

3.7.6.8. Measuring non-leaning trees with a Vertex
• Clear sight of the top is essential for determining where the true high 

point of the tree is (Figure 10). Move around the plot to determine the best 
location to stand where you can see both the tree trunk and the top. This is 
especially important for trees with irregular or large rounded crowns. If the 
highest point of the tree is not visible, it is not suitable as a height tree—do 
not guess or estimate the height. 
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Figure 10: Height measurements: why it is important to be able to see the top of the tree. 
From positions ‘a’ and ‘b’, height will be over-estimated. At position ‘c’ the top of the tree 
is visible, hence the height is not over-estimated.

• The optimal angle when measuring tree heights is < 45° from you to the 
top of the tree. Greater angles can cause measurement error (Figure 10). 
An angle with a maximum of 55° and a minimum of 0° is acceptable, but 
shooting down to the top (negative values) is not. 

• Sloping ground. Tree height should not be taken downslope of a tree 
unless absolutely necessary and where the slope is not excessive. 

3.7.6.9. Measuring leaning trees
Small trees. Use an 8-m tape if you can accurately measure the length of 
the stem. Measure along the length of a stem, follow the contour of the main 
stem. Measurements should be made to the nearest decimetre (i.e. 0.1 m). In 
this case do not record the lean angle, as the tape technique measures the 
actual length of the tree. Record a note: ‘Ht = tape’. 

Tall trees. For taller trees, Vertex or Suunto hypsometers are the recommended 
instruments for height measurements. If possible, avoid measuring the 
height of leaning trees as their measurement can incur large errors. When 
using a Vertex, ‘straight’ stems are preferred over those that are leaning 
regardless of whether there was a previous height measurement. 
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When measuring a leaning tree with a Vertex, an additional variable is 
recorded: the angle of lean. This is measured from the horizontal (0°) line (‘A’ 
in Figure 11). When measuring a leaning tree, measure the angle of lean and 
the height from the same location.

For species where the majority of woody material is contained in multiple 
forked branches comprising the crown (e.g. Griselinia lucida, Weinmannia 
racemosa) and no clearly defined main stem is evident, the concept of lean 
angle illustrated in Figure 11 still applies, although it refers to crown material.

3.7.6.10. How to measure leaning trees (30° to 80°) using a Vertex
Measuring and recording the angle of lean. The measurer must be at right 
angles to the lean and positioned midway between the top and the base of 
the tree (‘X’ in Figure 11). This position should be far enough away to be able 
to see the whole tree. Using a Vertex or clinometer, line up the instrument 
along the lean and read the angle that it provides. It is best practice to take 
three measurements and record the average. The lean angle is recorded to the 
nearest degree (e.g. 75°). 

To be at a right angle to the lean means that there are only TWO possible 
positions: at the ‘X’ either side of the leaning tree. If you are having difficulty 
seeing the top of the tree from either position, then this tree is unmeasurable. 

Be aware of instrument limitations. If the lean angle exceeds the limits built 
into Vertex units III and IV (−55° to +85°) then ensure that the lean angle is 
measured using a clinometer.

Measuring to the top of a leaning tree. On a leaning tree it is not the highest 
foliage that is measured as the highest point of the tree; rather, it is the 
longest point of the tree. To determine the top of a leaning tree imagine the 
tree is stood upright. The top of the upmost branches of this hypothetical 
straightened tree is what is considered to be the top. Conversely, another way 
of determining the highest point can be by lining up a straight-edge (e.g. ruler) 
with the top of the crown perpendicular to the predominant lean angle of the 
stem. Follow this line of the stem to the point where it intersects the top of the 
crown to determine the top (location marked ‘Top’ in Figure 11). 

To measure the height, place the transponder at the selected datum height 
of 1.3 m. To check this in the settings menu of the Vertex, it should read ‘T. 
Height 1.3’. This is measured vertically from the ground on the uphill side (‘T’ 
in Figure 11). 

The measurer stands at the same location as the lean angle is measured: at 
a right angle to the lean, mid-way between the base of the tree and the tree 
top and where the highest point of the leaning tree crown can be viewed. The 
highest point can be identified by holding a straight edge (e.g. ruler) at the 
top of the crown perpendicular to the predominant lean angle of the stem, and 
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then shooting height where the line with the straight edge intersects and line 
of the stem (i.e. measure Vertex height by shooting at ‘Top’ in Figure 11).

Leaning trees have an uncorrected height recorded. In the case of leaning 
trees, the height returned by the Vertex will be the uncorrected height. In fact, 
it will be the measure of ‘V’ in Figure 11. This uncorrected height is recorded 
along with the lean angle and the true height is calculated during data 
analysis.

 

Figure 11: Best practice guideline for recording the height of leaning trees and how to 
measure the heights of leaning trees.

V = uncorrected height of tree, measured from ground to top of tree 
T =  transponder at 1.3 m; height measured vertically from the uphill side of the 

tree (h)
A = lean angle of the tree
D = breast height tag at 1.35 m (measured along the stem)
H = horizontal
X = measuring position
Top = top of leaning tree

3.7.6.11. Recording tree heights
Tree heights are recorded to the nearest decimetre, i.e. 0.1 m. If, for some 
reason, the Vertex isn’t able to be used, then the Manual Tree Height 
Recording Table (Appendix 24) is completed.
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• Make a note of any canopy damage to trees from which height 
measurements are taken. 

• Where a previously measured height tree is not being remeasured for 
height, you must record the reason why (e.g. Ht = bowed, Ht = Lean, or Ht = 
Lean (top obscured)). Refer to the standard phrases in Appendix 23.

3.7.6.12. Issues that may arise
A selected height tree was alive at last measure and is now dead and < 10 
cm. When remeasuring tree heights, do not remeasure trees that have died and 
are < 10 cm DBH.  If you now have less than 15 live height trees in that group, 
select and measure the height of a new recruit (i.e. has been tagged for the first 
time at the current measure) replacement tree of the same class (broadleaf, 
conifer or tree fern) and diameter. If a new recruit is not available, choose a tree 
in the same class which was a new recruit last measure. 

A selected height tree was alive at last measure and is now dead and ≥ 10 
cm. When remeasuring tree heights, do not remeasure trees that have died 
and are ≥ 10 cm DBH unless this is required to meet the selection of 15 dead 
standing trees (Section 3.8.2.3). If you now have less than 15 live height trees 
in that group, select and measure the height of a new recruit (i.e. has been 
tagged for the first time at the current measure) replacement tree of the same 
class (broadleaf, conifer or tree fern) and diameter. If a new recruit is not 
available, choose a tree in the same class which was a new recruit last measure.

Multi-stemmed trees. When measuring or remeasuring the height of a stem 
of a multi-stemmed tree, select only one stem to measure the height and 
measure to the top of that particular stem (i.e. so that the height corresponds to 
one stem and one DBH). If at the previous measurement more than one stem 
was measured on a multi-stemmed tree, remeasure only one stem and select 
another tree to make up the numbers. 

Difficult trees. To aid future remeasurement of difficult trees, record the 
bearing and distance from the height position to the tree in the Notes 
column (e.g. ‘Ht from 15.3 m and 150°’). Measure the bearing using a compass, 
to the nearest degree. Measure the slope distance (SD) between the height 
position to the tree using the vertex. 

Assessment of whether a tree height is difficult to measure requires a 
judgement call. Use the following guidelines to help identify difficult height 
trees: “Difficult” means: the tree height was measurable (refer to Section  
3.7.6.5) but field staff found the tree height particularly difficult to complete. For 
example:

• Where it was particularly time consuming to find a place where the top of 
the tree could be seen,
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• Where it was particularly difficult to identify the top of the tree,

• The terrain travelled to find the measurement position was exceptionally 
difficult.

• A significant distance was travelled to find the measurement position.

Discrepancies with the previous measure. For all trees, recheck any 
height measurements that are inconsistent with values from the previous 
measurement. Best practice is to double check when height varies ≥ 1 m from 
previous measurement.

Leaning trees ≤ 30 previously measured. When remeasuring leaning trees 
and the lean is found to be ≤ 30° from horizontal you MUST record the angle of 
lean, but do NOT remeasure the height (Figure 11). 

3.8. Coarse woody debris—standing and fallen 
Coarse woody debris (CWD) is measured to estimate the dead wood carbon 
pool on the plot. These data are collected from all plots, irrespective of whether 
or not they contain other woody vegetation. CWD is measured on the 20×20-m 
plot and the EXT plot.

CWD includes all dead:

• Standing trees and spars ≥ 1.35 m high and ≥ 10 cm DBH

• Tree stumps < 1.35 m high and ≥ 10 cm DBH 

• Snapped fallen logs/branches ≥ 10 cm diameter and a length ≥ 30 cm (the 
minimum length of 0.3 m does not apply in the EXT)

• Uprooted trees with a DBH ≥ 10 cm

Measurements for snapped fallen logs/branches and uprooted trees are 
bounded within the 20×20 m plot (measurements stop at the 20×20-m tape 
boundary) and the EXT plot (measurements from the 20×20-m tape boundary 
to the horizontal distance of 20-m). 

Measurements for CWD dead standing trees and stumps are not bounded 
within the 20×20-m plot (i.e. measurements of height do not stop at the 20×20-
m tape boundary) and the EXT plot (i.e. measurements from the 20×20-m tape 
boundary to the horizontal distance of 20-m). 

Methods for dead standing trees are described in Section 3.8.2.3 and are 
recorded on the Stem Diameter/Height/Sapling Record Sheet and Stem 
Diameter/Height Record Sheet (Appendix 7 and Appendix 8).
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Methods for uprooted trees, snapped fallen logs and/or branches and stumps 
are described in Sections 3.8.2.6, 3.8.2.5 and 3.8.2.4 respectively and are 
recorded on the Coarse Woody Debris Record Sheet (Appendix 12). 

Stumps include stems shattered below DBH height that have shards extending 
above DBH height—such stems are not suitable for DBH measurement (refer 
to Section 3.8.4) 

3.8.1. CWD volume and decay class
Two measures are used to calculate the amount of carbon in dead wood. The 
volume of the dead wood and the level of decay. 

3.8.1.1. CWD volume
Volume of CWD is measured in three ways depending on the form of CWD. 

Volume can be measured as: 

• The diameter at either end of a log and the total length (Figure 12a) 

• The DBH of a stem and the total height (Figure 12b)

• The diameter at the top end of a stump and the total length (Figure 12c)

When to apply these varying volume measures is described in Sections 3.8.2.3 
to 3.8.2.6.

 

Figure 12: Volume measurements used for logs, dead standing stems and stumps.

3.8.1.2. CWD decay classes
Decay classes help to determine the amount of carbon that is stored in dead 
wood at varying levels of decay. 

A decay class defines the degree of decay for the majority that remains of a 
log or stump. Use a probe to determine the presence/absence of a solid core. 
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However, DO NOT destroy the piece of CWD, as these substrates can be 
important seedling recruitment sites. 

Allocate each item of CWD to one of the decay classes in Table 4 and Table 5 
for tree ferns. In all classes, bark is not a defining character of any class.

Table 4: Decay classes for CWD.

Decay class Description Test*

0 Very freshly fallen and broken 
stem. 

Any green foliage remaining.

1 Solid heartwood† and/or 
sapwood‡. No green foliage 
remaining.

When hit with a hammer, the log 
is resoundingly solid, and the 
hammer leaves no indent other 
than minor surface damage.

2 Sapwood decayed§ or can be 
absent||; all/some heartwood of 
the log remains solid#. A tree/log 
can sound solid but when tested 
the sapwood is decayed.

Sapwood can be clawed away 
easily with a hammer, and decay 
is then evident.

3 Advanced wood decay with 
some loss of original form, 
sapwood completely decayed 
and heartwood** predominately 
decayed or inaccessible. Note: 
some species can look intact and 
have original form but require 
testing.

Where accessible, the heartwood 
can be clawed away easily with 
a hammer, and decay is then 
evident.

4 Characters of decay class 3, but 
completely hollow or may contain 
remnant pieces of heartwood 
that are too small (< 10 cm) to 
be measured. Loss of shape 
precludes volume measurement. 
Do not measure logs of decay 
class 4.

Such logs or stumps will largely 
disintegrate when kicked and 
completely disintegrate in hand.

* Testing refers to the use of a probe or hammer claw for examination. 

†  Heartwood: The older, non-living central wood of a tree, usually darker and 
harder than the sapwood. It usually persists longer and is what we know as 
the ‘core’.

‡  Sapwood/outerwood: The newly formed outerwood located just inside bark 
tree trunk, usually lighter in colour, not as dense, but more susceptible to 
decay 

§  Decayed: Used in this context as a generic term for friable, soft wood.
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 Friable: When a piece of wood is extracted with a hammer, it can then be 
broken apart by hand with some effort (versus crumbling and complete 
disintegration which would indicate decay class 4). 

 Soft: Wood is very damp, wet and spongy and compresses with hand, boot 
or hammer. 

|| When only the solid inner core is left (all sapwood gone) and the residual 
heartwood volume is all that remains, assign a decay class of 2 if this 
remaining heartwood remains solid. If it is starting to decay, assign as 
decay class 3.

#  Where trees were hollow†† and then died, the inner core area may be 
visible. If you can see the solid heartwood present you need to test this 
wood. Where it is still solid and, as above, the sapwood is decayed, this is 
recorded as decay class 2. When no longer solid and decayed, record this as 
decay class 3. 

**  Relative proportions of heartwood to sapwood can vary by species and also 
within individuals logs depending on where along the stem, i.e. there is 
more heartwood at the base of a tree than the top. 

††  Hollow: Refers to when a tree’s heartwood has completely decayed before 
death. A tree hollow or tree hole is a semi-enclosed cavity which has 
naturally formed in the trunk or branch of a tree. Hollows may form as the 
result of physiological stress from natural forces causing the excavation 
and exposure of the heartwood. Nearly all CWD that is hollow will have 
been hollow before death; therefore it cannot be used 

Decay class for tree ferns: Use the descriptions in Table 5 for classifying tree 
ferns. 

Table 5: Decay classes for tree ferns.

Decay class Description

1 Tree fern is recently dead (evidence includes fern stems with dead 
fronds still attached; live at last measurement would be sufficient to 
indicate that tree fern died in last 5 years).

2 Tree fern is long dead but core of dead tree fern stem remains solid 
(dead fronds no longer attached).

3 Tree fern stem has no solid core left.

4 Characters of decay class 3, but loss of shape precludes volume 
measurement and is unmeasurable. Do not measure logs of decay 
class 4.

81

Section 3: Field measurement of DOC Tier 1 I & M and LUCAS plots



3.8.2. Procedure for tagging and measuring CWD
3.8.2.1. What to tag and measure

Tag all decay class 1 and 2. Tag all trees, stumps and logs in decay classes 1 
and 2. Decay classes 3 or 4 should not be tagged. 

Measure all decay class 1, 2 and 3. Do not measure decay class 4.

Wherever possible, identify each log to species level. Where this is not 
possible, use the genus name.  Identification as ‘Unknown’, TREEFE (tree fern) 
, NOTHOF (Nothofagaceae) or PODOCA (Podocarpaceae) are also acceptable 
when species or genus identification cannot be determined. 

The decay class for a log is the one that pertains to the majority of that log 
and to the wood that is present. Use a metal probe to determine the presence/
absence of a solid core. 

Where a tree or log dramatically changes shape or decay class along its 
length, measure appropriate segment diameters and lengths to ensure the 
subsequent volume calculations are accurate. Tag each measured segment of 
logs in decay classes 1 and 2. Bracket or number segments belonging to the 
same item of CWD.

3.8.2.2. Establishing or remeasuring a plot
The 20×20-m plot. Within each subplot (A–P) of the 0.4-ha plot, locate all 
previously measured and any new dead standing trees, stumps, snapped fallen 
logs/branches and uprooted trees ≥ 10 cm in diameter.

The EXT plot. Within the EXT plot, locate all previously measured and any 
new dead standing trees, stumps, snapped fallen logs/branches and uprooted 
trees ≥ 60 cm in diameter within the 20-m radius EXT plot. Note that the 
minimum length of 0.3 m does not apply in the EXT plot.

New tag sequences. Tag all new CWD with a different sequence to the live 
stems. Ensure that any newly added tag numbers do not overlap with any 
tag series previously used on the plot. It is particularly important not to have 
the numerical series overlapping with the historical tags as this could lead to 
duplicate tags. 

Tagged CWD. Tagged CWD is followed for as long as possible. Do not remove 
tags when decay class 3 is assigned. If necessary use a Dymo tape-writer to re-
print a damaged or missing tag.

Finding tagged CWD. An extensive search must be made to relocate all 
tagged CWD in decay classes 1 and 2 at the last measurement. Items of CWD 
that were previously recorded as decay class 3 do not need to be relocated 
except if they were ≥ 60 cm (within the 20×20-m or the EXT plot).
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Unallocated CWD. When a tagged CWD log or tree-tag cannot be relocated, 
complete a search of all dead wood within the relevant subplot (and those 
below if on sloping ground) using the metal detector, as this will very often 
reveal tags covered by soil or moss. If, even after the use of a metal detector, 
you cannot find the tagged CWD log, it is often possible to determine the 
original tag number using species and orthogonal data from the previous 
measurement. If decay class is 1 or 2, retag the log using the original number 
and make a note to this effect in the Notes column. If now decay class 3, note 
the tag is missing, measure, but do not retag. 

When you cannot re-find the piece of CWD: Record as ‘N’ (Not found) and 
put a dash (–) in the Decay Class column.

Tagged CWD not on the pre-printed Coarse Woody Debris Record Sheets. 
When this occurs and the CWD piece is measurable, record this on the new 
Coarse Woody Debris Record Sheet and record ‘Not on pre-printed’. 

Measurements are bounded by the plot for fallen logs. Only measure those 
parts of logs that fall within the plot (i.e. logs that are ≥ 10 cm in diameter 
within the 20×20-m plot, and ≥ 60 cm in diameter within the EXT plot).

Measurements are not bounded by the plot for dead standing trees and 
stumps. If a stump or dead standing tree is within the plot, measure these 
entirely as per methods described (see Sections 3.8.2.3 and 3.8.2.4). Do not 
exclude the sections that lean out of the plot. 

Keeping track of the CWD. On plots with a large number of logs/fallen 
branches, use chalk or some other non-permanent marker to minimise the 
possibility that CWD items may be missed or double counted.

New interpretation of decay classes since previous measure: When 
remeasuring CWD, apply the ‘new’ interpretation of decay classes and visual 
reconstruction (see Section 3.8.4), rather than trying to remeasure every piece 
that was tagged or measured separately last time. 

When visual reconstruction encompasses more than one previously 
tagged/untagged piece: Record the dimensions for each piece against the 
main basal section of the reconstructed stem (if able to determine this) or the 
largest piece, and for the associated tags write in the notes: ‘VR with (Tag #)’. 

When visual reconstruction encompasses new untagged pieces: Record in 
the notes that measurements were visually reconstructed (‘VR’).

Loose tags. Sometimes you will find a loose CWD tag on the ground. Try to 
find the associated piece of CWD and re-attach the tag to it. Where this is not 
possible, record ‘N’ (Not found) in the Status column. If these tags are for CWD 
that is not on the pre-printed Coarse Woody Debris Record Sheets and you 
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cannot find the associated piece of CWD, record the tag on the new Coarse 
Woody Debris Record Sheet with status as ‘N’ (Not found) and a note ‘Tag 
found on ground, not on pre-printed’. Where you can find the associated piece 
of CWD, measure and record this on the new Coarse Woody Debris Record 
Sheets as normal and record a note: ‘Not on pre-printed’.

Tag sequences. Plots will have previously measured dead standing recorded 
on the pre-printed Stem Diameter/Height Record Sheet, often using a different 
tag sequence to live trees. As many plots have had two or more measurements, 
it is possible to have more than one tag sequence for dead standing trees on 
the pre-printed Stem Diameter/Height Record Sheet.

3.8.2.3. Dead standing trees and spars
Dead standing trees or spars ≥ 10 cm DBH and > 1.35 m height are measured 
as Standing CWD and recorded on the Stem Diameter/Height/Sapling Record 
Sheet. 

How to measure a dead tree or spar: Measure and record the DBH, height (15 
only - refer to  Section 3.8.2.3 Selection of dead standing tree heights) and 
decay class for dead standing trees or spars over 10 cm DBH. 

• DBH: Measure the DBH the same as for stems (Section 3.7.2). 

• Height: Measure the height of 15 dead standing trees. Measure to the 
very highest point of a dead tree or spar. This would be a break point in the 
case of spars (Figure 13). By measuring to the highest point, the amount of 
carbon still remaining in a spar can be calculated.

• Where possible, measure height of dead standing stems with an 8-m tape 
and measure this along the contour of the stem. In the notes, record ‘HT = 
Tape’ and do not record the angle of lean. 

• Decay class: Test and assign decay class as per Section 3.8.1.2.

• Status (X): Record status as a dead standing tree by recording ‘X’ in the 
Status column.
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Figure 13: Where to measure the height of dead trees and spars (snapped stems) ≥ 10 cm 
DBH and ≥ 1.35 m height.

Selection of dead standing tree heights: 

• Measure the height of 15 dead standing trees. 

• The sample should include all dead trees ≥ 60 cm DBH or, where trees of 
this size are absent, the largest five dead trees on the plot, provided they 
are suitable as height trees. For the remaining trees, randomly select trees 
covering the full diameter range of dead trees. 

• When re-measuring a plot, remeasure the height on all previously 
measured dead trees and spars ≥ 10 cm DBH up to a maximum of 15. If 
more than 15 dead trees were previously measured for height, use the same 
principles above to select the 15 to remeasure. 
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Previous dead standing stems no longer measurable and the selection of 
replacement trees: 

• To determine if a dead standing stem height is measurable, refer to 
Section 3.7.6.5 and follow the same methods as for live stems. 

• If a previously measured dead standing tree with a height measured is 
no longer measurable (e.g. fallen), use the following method to select a 
replacement tree:

 – If there are already 15 dead standing trees with heights measured, do 
not replace this tree. 

 – If there are less than 15 dead standing trees with height measured, 
replace with another dead standing tree (if one present on the plot). 

 – Follow the method for selection in Section 3.8.2.3. Record why a dead 
standing tree height is no longer being measured.

Scenarios:

• Unable to measure height with 8-m tape: When the height of dead 
standing stem cannot be measured with an 8-m tape, use the Vertex to 
measure to the highest point. If this is leaning, measure and record the 
angle of lean (refer to Section 3.7.6.9). 

• Dead standing stems bowed or leaning: When a dead standing stem 
is bowed or leaning, the same principles as for live trees apply when 
determining if height can be measured (refer to Section 3.7.6.6 and 3.7.6.6). 

• Previously recorded as alive < 10 cm DBH. When a previously recorded 
live tree is now dead, still standing and < 10 cm DBH, do not remeasure. 
Assign stem status ‘X’, put a dash in the DBH column and write ‘< 10 DBH’ 
in the notes. 

• Previously recorded as alive ≥ 10 cm DBH. When a previously recorded 
live tree is now dead, still standing and ≥ 10 cm DBH, assign stem status 
‘X’. Measure and record the DBH and decay class on the pre-printed Stem 
Diameter/Height Record Sheet. Measure height if applicable (refer to 
‘Selection of dead standing tree heights’ section above).

• Previously dead and now fallen. A previously tagged dead standing tree is 
dead and ≥ 10 cm DBH, but fallen to the ground. On the pre-printed Stem 
Diameter/Height Record Sheet, record a dash in the DBH column, stem 
status ‘X’, and record ‘CWD’ in the CWD column. On the Coarse Woody 
Debris Record Sheet, measure and record subplot, species, tag number 
(retain the original tag #), decay class, fallen (‘F’), length, diameter at both 
ends, and record a note ‘From stems’. 
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• Dead standing not previously tagged. On some plots it may be possible 
that standing CWD was missed in the first survey. If the stem has a DBH ≥ 
10 cm at 1.35 m, this is defined as standing CWD and must be measured—
this will go on the new Stem Diameter/Height/Sapling Record Sheet. If it 
has a DBH < 10 cm at 1.35 m, it is not measured. To measure, first check all 
trees around the subplot to make sure it is not a tree that has lost its tag. If 
you are confident this is not the case you need to measure as new standing 
CWD.

3.8.2.4. Dead tree stumps
A coarse woody stump is a dead standing stem ≥ 10 cm in diameter and < 1.35 
m high and > 30 cm (0.3 m) high.

How to measure stump: For all stumps ≥ 10 cm in diameter and < 1.35 m high 
(Figure 14a), measure and record the diameter at the uppermost end of the 
stump, total height and decay class. Measure from ground level, on the uphill 
side of the stump.

If a stump is < 10 cm DBH at the uppermost end of the stump, move down 
to where the diameter becomes 10 cm and measure the DBH and height at 
this point. If the DBH is < 10 cm above 30 cm of the stump, do not measure it 
(Figure 14b).

 

Figure 14: Stump diameter measurements: (a) when ≥ 10 cm diameter at uppermost end, 
and (b) when < 10 cm diameter at uppermost end.

Diameter: Measure the diameter at the uppermost end of the stump that 
is intact and representative of the stump cylinder using a DBH tape. When 
all that remains of a stump are shards below breast height, the diameter is 
measured at a point that gives the best estimate (see Section 3.8.4.4).
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Height: For all tree stumps, measure the height of the tallest point (or the 
height where DBH is ≥ 10 cm) with an 8-m builders tape. Measure from ground 
level on the uphill side of the stump. Some adjustments may be needed (see 
Section 3.8.4.4).

Decay class: Test and assign decay class as per Section 3.8.1.2.

Status (P): Record status as a stump by recording ‘P’ in the Status column.

Scenarios:

• For tree stumps that are shattered and have shards that extend higher 
than the main part of the stump, the height is adjusted down to where 
the shards infill the diameter. Ensure that the shards are not included in 
measurements elsewhere. See Section 3.8.4.2 for more guidance.

• Logged stumps. For any logged stumps found, note these as ‘CUT’ in the 
Status column in the Coarse Woody Debris Record Sheet. If a cut stump 
has a step (back cut/scarf cut), avoid the scarf when estimating the SED 
(small-end diameter), and estimate the average stump height.

• Harvested trees. When the tree has been felled below 1.35 m and the log 
was extracted, measure as a stump. Record the stem status as ‘X’ and record 
‘CUT’ in the Status column in the Coarse Woody Debris Record Sheet. 

• Harvested trees. When the tree has been felled below 1.35 m and the log 
was NOT extracted, apply visual reconstruction methods to measure this as 
an uprooted tree (Section 3.8.2.6). 

3.8.2.5. Snapped fallen logs/branches 
Coarse woody logs are dead and fallen branches or stems that have a diameter 
of ≥ 10 cm and length > 30 cm (0.3 m). Note the minimum length of 0.3 m does 
not apply in the EXT.

How to measure logs: Measure and record the end diameters, total length and 
decay class of all logs ≥ 10 cm diameter and longer than 30 cm.

• Diameters: Measure the large-end diameter (LED) and the small-end 
diameter (SED) of the log to the nearest centimetre (Figure 16), but exclude 
any large-end flare caused by root buttresses. 

• Length: Measure the total length (m) along the contour of the log from the 
small end to the large end (Figure 16), and in this case include the length 
to the end of any root buttresses. Some adjustments may be needed (see 
Section 3.8.4.3).

• Decay class: Test and assign decay class as per Section 3.8.1.2.
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• Status (F): Record status as a fallen log by recording ‘F’ in the Status 
column.

Rules:

• Measure only those parts of the log that meet the minimum diameter 
requirements (Figure 15). 

• Only measure those parts of logs that fall within the plot (i.e. logs that are ≥ 
10 cm in diameter within the 20×20-m plot, and ≥ 60 cm in diameter within 
the EXT plot).

• Visualise the log as a cylinder. Record the length and diameter at both ends 
(LED and SED) using a diameter tape to the nearest centimetre (Figure 
16a).

• Where a stem branches, tag and measure each branch separately (Figure 
15) and record the connection by bracketing. 

• If it is not possible to take diameter measurements because the diameter 
tape cannot be passed around the log, record the orthogonal widths for 
both ends of the log. Orthogonal measurements are taken perpendicular 
to each other (Figure 16b) with an 8-m builders tape and to the nearest 
centimetre. 

• If it is not possible to measure the diameter at one end (e.g. SED) as the log 
is partially buried, measure the orthogonal width of the exposed side only 
and record this value in the Width 1 column (e.g. SED Width 1). Assume  
Width 2 is the same,  record this in the Width 2 column (e.g. SED Width 2) 
and record ‘Est.’ to indicate that this Width is estimated (Appendix 12).

• Dramatic change in shape. Where a dead log or fallen tree dramatically 
changes shape or decay class along its length, measure appropriate 
segment diameters and lengths to ensure the subsequent volume 
calculations are accurate. Tag each measured segment of logs that match 
decay classes 1 and 2 as described in Section 3.8.1.2. Bracket segments 
belonging to the same item of CWD.
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Figure 15: A fallen log is measured in two segments (‘a’ and ‘b’) in this scenario. Length 
measurements for each segment are to be taken along the full length of the black arrow. 
Diameter measurements are taken at either end of each segment as indicated by the red 
lines. The very ends of each piece are excluded because they are < 10 cm in diameter.

 

Figure 16: Locations for diameter (A) or orthogonal (B) and length measurements on a log. 
These represent a cylinder from which the volume of the log can be calculated.

Scenarios:

• A log extends through more than one subplot. Tag, measure as one piece 
and record all components of the log (including branched pieces attached 
in other subplots) in the subplot containing the large end, and make a 
note of the other subplots it extends into. This helps with relocation of 
previously measured logs that may have broken into several pieces. 

• Previously recorded as a live stem. When a log was previously recorded 
as a live stem, and the tag is still attached, record and measure as a piece of 
CWD and maintain the same tag number.

• Branching CWD. Where a stem branches, tag and measure as a separate 
record but identify the connection by bracketing. For each segment, 
measure the LED, SED, and the length.

• Moved out of plot. Fallen logs may move downslope on steep plots, and 
out of the plot. If a log is no longer within the bounds of the plot, do not 
measure the log and record ‘Out of plot’ in the Notes section. If the log has 
moved partially out of the plot, remeasure the log but only to the edge of 
the plot. Record ‘Measured to edge of plot’ in the Notes section.
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• Harvested trees. When the tree has been felled below 1.35 m and the log 
was extracted, measure as a stump. Record the stem status as ‘X’ and record 
‘CUT’ in the Status column in the Coarse Woody Debris Record Sheet. 

• Harvested trees. When the tree has been felled below 1.35 m and the log 
was NOT extracted, apply visual reconstruction methods to measure this as 
an uprooted tree (Section 3.8.2.6). 

3.8.2.6. Uprooted trees
Uprooted trees are treated as logs and the diameter measurements do 
not include root buttresses or butt flare but are included in the length 
measurements (Figure 17). Estimate the original ground level at the base of 
the tree, and identify appropriate stem and branch segments for measurement 
purposes. 

How to measure an uprooted tree: Measure and record the end diameters, 
total length and decay class of all uprooted trees ≥ 10 cm and longer than 30 
cm. (Note: The minimum length of 0.3 m does not apply in the EXT.)

Measure and record the remaining branches above the buttress basal as per 
snapped fallen logs and branches (refer to Section 3.8.2.5).

• Diameter: Measure the LED and SED of the log to the nearest centimetre. 
Measure the LED above the butt flare to exclude any large-end flare caused 
by root buttresses. This will mean moving along the log to a point where 
the diameter is representative of the cylinder. 

• Length: Measure the total length (m) of the log from the small end to the 
end of the root buttresses. Some adjustments may be needed (Figure 17) to 
better represent the volume of the remaining log (refer to Section 3.8.4).

• Decay class: Test and assign decay class as per Section 3.8.1.2.

• Status (F): Record status as a fallen log by recording ‘F’ in the Status 
column.
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Figure 17: Uprooted trees are measured as logs and may require the ends to be adjusted 
(a). Diameter measurements are taken above the butt flare (b) but are included in length 
measure (c). 

3.8.2.7. What to NOT measure
• Fallen out of plot. Where a tree has died since the plot was last measured 

and it has fallen out of the plot boundary area, do not remeasure. Record 
stem status ‘X’ and record as ‘Fallen out of plot’ in the notes. 

• Shrunk to < 10 cm diameter. Where a log, stump or fallen stem is re-
located and now completely shrunk to < 10 cm diameter along its full 
length, record on the Coarse Woody Debris Record Sheet ‘< 10 dia’.

• Decayed to a decay class 4. If the log, stump or fallen stem is relocated but 
has decayed to the point that it can no longer be measured, record decay 
class 4. Do not measure. 

3.8.3. Recording CWD
Pre-printed Coarse Woody Debris Record Sheets. Where plots are being 
remeasured, use pre-printed Coarse Woody Debris Record Sheets (Appendix 
13). This provides a check that all logs measured on the previous occasion 
have been accounted for, and is helpful for picking up and correcting errors 
(including species identifications) from the previous measurement.

New CWD. For all new fallen logs/branches and stumps, use the blank Coarse 
Woody Debris Record Sheet (Appendix 12). 

On the Coarse Woody Debris Record Sheets (new and pre-printed), record 
the following:

• Identify each log to species level. Where this is not possible, use the 
genus name.  Identification as ‘Unknown’, TREEFE (tree fern) , NOTHOF 
(Nothofagaceae) or PODOCA (Podocarpaceae) are also acceptable when 
species or genus identification cannot be determined. 

• Fallen (F) or Stump (P). 
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• Bracketing if deadwood is connected. 

• Record if Not Found. Record ‘N’ in the Status field on pre-printed and new 
Coarse Woody Debris Record Sheets, and a dash (–) in the Decay Class 
column on the Coarse Woody Debris Record Sheet if stems cannot be 
relocated. 

• When remeasuring plots, for subplots where no new CWD is present, 
record the subplot and ‘no new CWD’.

• When establishing new plots, for subplots where no CWD is present, 
record the subplot and ‘none’.

• If any measures are double checked, record ‘Double checked’ in the notes.

Scenarios:

• Log, stump or fallen stem decayed to a decay class 4. If the log, stump or 
fallen stem is re-found but has decayed to the point that it can no longer 
be measured, record a dash (–) in the Status field and ‘4’ in the Decay Class 
field. 

• Dead standing tree decayed to a decay class 4. If a dead standing tree is 
re-found but has decayed to the point that it can no longer be measured, 
record ‘X’ in the Status field, a dash (–) in the DBH field and ‘4’ in the Decay 
Class field.

• Too small to measure. If the log, stump or fallen stem is re-found but is 
now too small to be measured, record a dash (–) in the Status field and the 
appropriate standard phrase in the notes (e.g. ‘< 10 dia’, or ‘< 60 dia’ if in 
EXT).

• Decay class 3 but hard to accurately measure (e.g. advanced decay class 
3 but still not 4): Measure as well as possible or estimate the dimensions 
and record that this is estimated and why in the Notes column.

• Out of plot. When previously tagged CWD has moved completely outside 
the bounds of the plot, record the stature of this piece and record ‘Out of 
plot’ in the Notes section.

• Incorrect species identification. When remeasuring CWD and where you 
are confident that the species identification was incorrect in the previous 
measure, do not collect a sample, cross out the species on the Coarse 
Woody Debris Record Sheet and record the correct code above this in the 
same cell. Write a short note in the Notes column to confirm the change in 
identification (e.g. ‘SP = WEIrac Ⓥ’).
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3.8.4. Situations when estimates are made
3.8.4.1. Visual reconstruction—logs and small fragments

Logs that have shattered and broken into fragments (wood split off stems, 
or rotted and separated from stems): These are not individually measured. 
Visually reconstruct the log to its original form by including the fragments 
known to have originated from the log. Include these pieces in the overall 
length and diameter measurements. When making length assessments, 
consider how long the fallen log would be if it had not shattered; if possible, 
include consideration of the stump shards from which a log originated into 
your length estimates.

Some scenarios are straightforward, e.g. a log has split in half and can be 
visual reconstructed into a single piece again for ease of measurement. Other 
situations require more investigation, e.g. a remnant stump and a nearby fallen 
log. If the stump dimensions match that of the log and the shards projecting 
from the stump can be visually reconstructed back into the fallen log, then it 
is appropriate to measure these two pieces as one single piece. Ensure that the 
shards are not included in measurements elsewhere. 

When visual reconstruction encompasses more than one previously tagged/
untagged piece: Record the dimensions for each piece against the main basal 
section of the reconstructed stem (if able to determine this) or the largest 
piece, and for the associated tags write in the notes: ‘VR with (Tag #)’.

Record that the measurements were visually reconstructed (VR) in the notes 
(e.g. ‘Stump and log VR’).

3.8.4.2. Visual reconstruction—dead standing trees to stumps
For dead standing stems that are fractured, or have shards that extend over 1.35 
m in height and there is no fallen log that can be visually reconstructed back 
with the stump (or has fallen out of the plot) and the DBH is not representative 
of the amount of carbon remaining (Figure 18), measure the dead standing 
tree as a stump. Visually adjust the height of the stump to where the shards 
infill the diameter. Measure the SED at the position which best represents the 
volume remaining and record the height this was taken from (e.g. ‘SED meas. 
@1.2 m’). Hollowness is ignored.

Note that if all that remains of a stump are shards (as commonly occurs if the 
tree was hollow prior to snapping off at ground level), don’t measure these 
shards at all as stump (P). It is assumed that the shard volume is included as 
part of fallen log measurements.
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Figure 18: Example of a dead standing spar (‘a’) that is mainly shattered below breast 
height but has shards extending above 1.35 m (‘b’). It is measured as a stump. The 
diameter is measured where the best representative estimate can be achieved (marked as 
‘c’) and the height is adjusted to where the shards infill the diameter (‘d’). The hollowness 
is ignored.

3.8.4.3. End adjustments
Log dimensions (SED, LED and length) represent a cylinder (Figure 16a). It is 
acceptable to lengthen or shorten a length measurement to better represent 
the volume of the remaining log. This is referred to as end adjusting and used 
for length measurements only. 

3.8.4.4. Orthogonals
Where it is not possible to measure a diameter at the point you are required 
to measure it—for example, at 1.35 m on a stem that is snapped and frayed—
you can use orthogonal widths to measure the diameter at a point that is 
representative of the DBH (Figure 16b). It may be possible to measure only 
one representative orthogonal, and this is acceptable. Consider that taking 
an orthogonal may be able to give you a more representative DBH than 
measuring the diameter at another unbroken point on the stem.

95

Section 3: Field measurement of DOC Tier 1 I & M and LUCAS plots



3.8.4.5. Lengths < 0.3 cm attached to larger pieces
There is a minimum length for CWD of 0.3 m (refer Section 3.8). However, 
when you encounter lengths of CWD < 0.3 m long which are connected to 
longer pieces of CWD by a section that is < 10 cm in diameter (Figure 19), 
these should be visually reconstructed into the larger piece. This is particularly 
important for large (≥ 60 cm diameter) logs. If the < 0.3 m length is not 
connected, do not include it. 

 

Figure 19: Visual reconstruction of CWD when logs contain parts that do not meet 
minimum size requirements. In these cases, visually reconstruct the sections that meet the 
minimum diameter requirements into one piece. The minimum size requirements are ≥ 10 
cm diameter in the 20x20-m plot (subplots A – P) and ≥ 60 cm diameter in the EXT. 

3.8.4.6. Visual reconstruction—dead standing stem snapped at breast height
For a dead standing stem that is partially snapped and frayed at breast 
height and split to (or near to) the base of tree, if the stem is still attached to 
the remaining upright shard, this should be measured as a dead standing stem. 
This is the case even when the fallen part of this stem is now out of the plot. 

Check for the tag on the remaining upright shard. If the tree is intact at breast 
(tag) height, and you are able to measure DBH there, then do so. If the stem 
is not intact at breast height, and DBH measurement at this position will not 
be representative of the true DBH of the stem, estimate the diameter using 
orthogonal widths (refer to Section 3.7.1.7). In doing this, consider which part of 
the broken stem is most representative of DBH. This part may be the section 
that has tipped over, rather than the upright shard. Measure the orthogonal 
widths and record these in the Notes column (refer to Section 3.7.1.7). It may 
be possible to measure only one representative orthogonal (rather than two at 
right angles to each other, and this is acceptable. 
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In this situation, measure the height of the tree. This can be done using a tape 
to measure along the length of the main stem.

3.8.5. Other issues that may arise 
Moved out of plot: Logs may move downslope on steep plots, and out of the 
plot. If a previously measured log has moved completely outside the bounds of 
the plot, do not measure it. Record ‘Out of plot’ in the Notes section.

Partially out of plot: When a log has moved downslope and is partially outside 
the plot, remeasure it. In this case, however, you only remeasure the length of 
the log to the edge of the plot. Record decay class, length and orthogonals and 
add the note ‘Measured to edge of plot’.

Suspended CWD: Pieces of CWD suspended over the 20×20-m plot should 
not be measured if attached to material rooted outside the plot. If attached to 
material rooted inside the plot (and would normally have been measured, but is 
hard to reach), then estimate the length and LED/SED of sections that are out 
of reach. Indicate which CWD sections were estimates in the appropriate cell. 
If the CWD is completely suspended, i.e. no part is touching the ground, these 
pieces are not measured.

Dead standing tree measured as a stump previously: If a previously tagged 
CWD stump is > 1.35 m and was incorrectly recorded in CWD at last measure, 
move this to the new Stem Diameter/Height/Sapling Record Sheet. On the 
Coarse Woody Debris Record Sheet, record a dash (–) in the Status field and 
‘Moved to Stems’ in the notes. On the new Stem Diameter/Height/Sapling 
Record Sheet, transpose the subplot, tag number and species. Measure and 
record as a dead standing tree (see Section 3.8.2.3) and record ‘Moved from 
CWD’ in the notes. Do not move the tag. Measure the diameter 1 cm above the 
tag (record this in DBH column) and record the tag height if located +/− 5 cm 
from 1.35 m.

3.9. EXT plot
The EXT (External) plot is a 0.13-ha external subplot for measuring all large 
trees and CWD ≥ 60 cm in diameter. EXT is defined by a circular plot (20-m 
radius), centred on the 20×20-m plot (see Figure 1). The EXT plot is sampled 
because a 0.04-ha plot size does not adequately sample large trees and CWD. It 
includes the area outside the 20×20-m plot to the edges of the 0.04-ha EXT plot.
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To establish or remeasure a circular EXT plot:

• Use the Vertex to accurately measure the 20-m radius of the EXT plot from 
the centre of the 20×20-m plot. As the EXT plot is not permanently marked, 
the field team will need to work together to establish this plot.

• Steep slopes. The EXT horizontal boundary can be deceptive for steep 
plots as it may appear to be further away than it would on a flat plot. This 
is because the steeper a plot is, the further the boundary will be from the 
centre along the ground, even though the horizontal distance is the same. 
Steep plots require careful checking.

• Boundary trees. Trees are considered within the EXT plot if they are 
rooted more than 50% within the 20-m horizontal distance from the plot 
centre. In the case of trees on the margins they must have > 50% of their 
trunk rooted within the plot. For trees close to the plot margins, take care 
to re-check the horizontal distance from the plot centre. When a tree occurs 
on or close to the plot margin, record notes as to whether the tree is judged 
to be either inside or outside the plot.

Within the EXT:

• Measure and record DBH and height of all large trees ≥ 60 cm in 
diameter (refer Section 3.7). 

• Measure and record the volume of all CWD ≥ 60 cm in diameter (refer to 
Section 3.8).

• Measurements are bounded by the plot for fallen logs. Only measure 
those parts of logs that fall within the plot (i.e. logs that are ≥ 60 cm in 
diameter within the EXT plot).

• Measurements are not bounded by the plot for dead standing trees and 
stumps. If a stump or dead standing tree is within the EXT plot, measure 
these entirely as per methods described. Do not exclude the sections that 
lean out of the plot. 

• When remeasuring plots you MUST find and measure all trees from the 
previous survey and look carefully for any trees missed, including trees 
that may have grown larger than 60 cm since the last plot measurement. 
New trees are tagged and measured (Appendix 6).

• Obscured CWD. Carefully search for all previously measured and missed 
dead stumps and logs ≥ 60 cm in diameter. Take care to check areas where 
understorey vegetation may be obscuring large tree stumps.

• Boundary trees. Live and dead standing trees are considered within the 
EXT plot if they are rooted more than 50% within the 20-m horizontal 
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plot boundary. If the tree is on the boundary, take care with the Vertex 
measurements and record on the Plot Layout Record Sheet the distance, e.g. 
‘tree is @ 19.8 m’ or ‘not meas = 20.1 m’.

• Plot Layout Record Sheet. As the EXT plot boundary is not marked, it 
is important that the location of all trees and fallen CWD is recorded on 
the Plot Layout Record Sheet (Appendix 5). If the plot has been measured 
previously, then there will be a plot layout map with the old data. This 
needs to be completed again at the current measurement and, if possible, 
improved upon. This information is invaluable at remeasurement.

• Alive stems just below 60 cm DBH. When checking EXT, mark the 
location and DBH of trees just below the 60 cm diameter range for future 
relocation. This is recorded on the Plot Layout Record Sheet (Appendix 5).

Scenarios:

• Stem ≥ 60 cm DBH, previously measured. All live large trees ≥ 60 cm 
DBH have the species identification checked and the DBH and height 
measured. When remeasuring plots you MUST find and measure all trees 
from the previous survey. The data are recorded in the pre-printed Stem 
Diameter/Height Record Sheets (Appendix 8 and Appendix 9) and the 
location marked on the Plot Layout Record Sheet (Appendix 5).

• Stem ≥ 60 cm DBH, new to measure. Carefully check the EXT plot for 
missed stems or trees that were too small last time. Record new stems on 
the Stem Diameter/Height/Sapling Record Sheet (Appendix 6) and mark 
the location on the Plot Layout Record Sheet (Appendix 5).

• Dead and standing, ≥ 60 cm DBH, previously measured. Measure as 
described in Section 3.8.2.3. Use the pre-printed Stem Diameter/Height 
Record Sheets to record the data (Appendix 8 and Appendix 9) and record 
the location on the Plot Layout Record Sheet (Appendix 5).

• Dead and standing, ≥ 60 cm DBH, new to measure. Search for any missed 
standing stems. Record new stems on the Stem Diameter/Height/Sapling 
Record Sheet (Appendix 6) and mark the location on the Plot Layout 
Record Sheet (Appendix 5). 

• Stumps ≥ 60 cm DBH, previously measured. Relocate any previously 
measured stumps. Measure as described in Section 3.8.2.4 and record on 
the pre-printed Coarse Woody Debris Record Sheets (Appendix 13). Mark 
the location on the Plot Layout Record Sheet (Appendix 5). 

• Stumps ≥ 60 cm DBH, new to measure. Stumps can be obscured by the 
understorey vegetation. Carefully check the EXT plot for stumps. Measure 
as described in Section 3.8.2.4 and record on new Coarse Woody Debris 
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Record Sheets (Appendix 12). Mark the location on the Plot Layout Record 
Sheet. 

• Dead and fallen ≥ 60 cm DBH, previously measured. Find all previously 
measured CWD. As described in Section 3.8.2.5, record the diameters 
using a diameter tape. It is, however, common with these large pieces of 
carbon to use the orthogonal technique. It is important to remember the 
measurement stops where the log crosses the 20 m radius. 

• Dead and fallen ≥ 60 cm DBH, new to measure. Search the EXT plot 
for CWD that may have been missed last time. Measure as described in 
Section 3.8.2.5 and record on new Coarse Woody Debris Record Sheets 
(Appendix 12). Mark the location on the Plot Layout Record Sheet. 

• CWD in both the 20-m plot and the EXT. Where fallen trees or logs 
within the 20×20 m plot extend into the EXT plot, use separate tags for the 
portions of the log outside the 20×20 m plot area. 

• EXT live standing tree too small to measure. If the EXT live standing tree 
is now too small to be measured, record the species, the stem status and 
a dash (–) in the DBH field. In the notes, record the appropriate standard 
phrase (e.g. ‘< 60 DBH’).

• EXT CWD too small to measure. If the log, stump or fallen stem is re-
found but is now too small to be measured, record a dash (–) in the Status 
field and the appropriate standard phrase in the notes (e.g. ‘< 60 DBH’).

• EXT CWD decayed to a decay class 4. If the log, stump or fallen stem is 
re-found but has decayed to the point that it can no longer be measured, 
record a dash (–) in the Status field and ‘4’ in the Decay Class field.

3.10. Sapling counts
Sapling counts are used to provide data on regeneration of tree and shrub 
species. These data will be collected on all plots. It is most efficient to count 
saplings while collecting stem diameter data. 

The term sapling applies here to any woody plant (excluding lianas) or tree 
fern > 1.35 m tall but < 2.5 cm DBH. Saplings are counted by species but are not 
tagged.

In each 5×5-m subplot, count the number of saplings of each species. Adopt 
a procedure to ensure that saplings are not missed, subdividing each subplot 
into smaller areas with string or tapes where necessary, or using chalk to mark 
stems once they have been counted.
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• Multiple stems: Stems of the same plant that fork at or above ground level 
are counted as a single stem (stems that may be joined below ground level, 
but the connection is difficult to ascertain, are counted as separate stems). 
Where not clearly visible you may need to gently feel under loose litter at 
the base of stems to determine if they are joined above ground.

• Height measurements: For woody tree species, the measure of height is 
taken as the plant naturally stands— ‘natural height’ (rather than measuring 
the pulled up or extended height, and is measured on the true vertical axis, 
not perpendicular to the slope)—and includes living vegetation only. 

• Tree ferns: Tree ferns are counted as saplings when they have a natural 
frond height (i.e. not pulled up or extended) of > 1.35 m and a stem length < 
1.35 m.

• Epiphyte: Epiphytes originating below breast height (1.35 m) of the host 
plant (dead or alive) are counted as saplings when 1.35 m along the stem 
the diameter is < 2.5 cm and as a sapling when the foliage is ≥ 1.35 m 
vertical height. Tally epiphytic saplings separately from normal saplings 
of the same species (i.e. on a separate line of the Stem Diameter/Height/
Sapling Record Sheet), with a note indicating that the plants are epiphytes 
in the Notes column (Appendix 10).

• Epicormic stems: Epicormic stems or branches joined to tagged live tree 
stems are not included in sapling counts. On some LUCAS plots, epicormic 
saplings were counted. When remeasuring, teams need to be careful to 
identify what epicormics were counted last time and ensure they are 
excluded.

• Lianas, vines and climbers: These should not be included in sapling 
counts on standard permanent plots. On some LUCAS plots, lianas, vines 
and climber saplings were counted. When remeasuring, teams need to be 
careful to identify what lianas, vines and climbers were counted last time 
and ensure they are excluded.

• Saplings growing on dead logs and stumps: Saplings growing on dead 
logs and stumps are not epiphytes, as dead logs and stumps are considered 
as substrate—count and record as the ground surface. 

• Previously tagged saplings: Previously tagged trees less than 2.5cm DBH 
can occur. Do not include these in Sapling counts. These are measured and 
recorded as Stems (Section 3.7).

3.10.1. Recording sapling data
When remeasuring an existing plot, saplings are recorded on a pre-printed 
Sapling Record Sheet (Appendix 10). If a species that is listed is no longer 
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found, then record this species as ‘0’ (zero) count. Record newly found species 
below each subplot on the pre-printed Sapling Record Sheets. Where more 
species rows are required, record these on the Stem Diameter/Height/Sapling 
Record Sheet. 

When measuring a new plot, saplings are recorded on blank Stem Diameter/
Height/Sapling Record Sheets. To distinguish sapling records from stem 
diameter data, denote them with the symbols ‘< >’ for each subplot (e.g. ‘<A>’, 
see Appendix 7). For all subplots where no saplings are present, record the 
subplot label and ‘None’. Leave a blank line between each subplot to ease 
the job of the data-entry operator and minimise the possibility of data being 
ascribed to the wrong subplot. 

All epiphytic saplings within a subplot are in a separate row for that species. 

3.11. Understorey subplots
Understorey subplots are measured on every plot. These collect plant species 
frequency data (i.e. the number of times a species occurs within a given area) 
from 24 subplots, each 0.75 m2, located on a regular grid across the plot. The 
data are collected in height tiers, allowing assessments of structural changes 
in understorey vegetation.

The following protocol only samples understorey vegetation that grows on 
the ground surface. Each understorey subplot is marked with a numbered 
marker inserted into the ground (conventionally a numbered permolat marker 
attached to an aluminium peg). Permanently marked understorey subplots 
assist with future plot re-establishment, as these additional markers can help 
with accurate re-establishment of plot boundary tapes, and in particular the 
internal tapes dividing up the plot into 5×5-m subplots. Permanently marked 
understorey subplots also provide the opportunity to apply repeat-measure 
statistics to the data. Because some subplots are likely to be lost between plot 
remeasurements, accurate data must be recorded on which subplots were re-
located at each plot remeasurement. 

3.11.1. Understorey subplot measurement
On each permanent plot, understorey vegetation is recorded on 24 understorey 
(or seedling) subplots (each 0.75 m2). Understorey subplots are circular (radius 
of 49 cm) and are located midway between the intersection points of the tapes 
that divide the 20×20-m plot into the 16 5×5-m subplots (see Figure 1). Data are 
recorded on the Understorey Record Sheet.
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3.11.2. How to establish understorey subplots
• Each understorey subplot is permanently marked, e.g. with an 

aluminium peg (bent over at the top) and numbered with a permolat strip 
(i.e. 1–24; Figure 1). 

• Use a metal detector to search for understorey subplot pegs. These can 
become buried below the current ground surface, and on steep or unstable 
plots they frequently fall out, or move downslope. It can sometimes be 
efficient for one person to first systematically search for all understorey 
subplot markers using a metal detector, while another person or team 
works along behind them doing the measurements.

• Replace any pegs that are missing, and record on the Understorey Record 
Sheet in the Peg Status column as ‘REP’ (replaced). When original pegs 
are found loose on the plot you may re-establish this peg to its original 
position and record on the Understorey Record Sheet in the Peg Status 
column as ‘REE’ (re-established). When the original peg is found and in 
the right location, record this on the Understorey Record Sheet in the Peg 
Status column as ‘REF’ (re-found). Ensure that each subplot is established 
at the correct position and is in line with any existing subplot pegs and/
or the internal tape. If establishing a plot, record ‘NEW’ in the Peg Status 
column. 

• Where it is impossible to insert a peg into the ground at the specified 
location (e.g. because the subplot location falls on a tree root, solid log or 
rock slab), shift the subplot to the nearest point ± 1 m along the tape that 
the peg can be inserted. 

• Where it is impractical to insert or not possible to replace a subplot peg 
(e.g. in deep soft mud), record ‘unmarked’ on the Understorey Record Sheet 
and note the reason alongside. Measure the unmarked understorey subplot 
as per usual.

• When more than one overlapping substrate occurs at the specified 
location, insert the peg on the lowermost substrate (e.g. in the ground 
under any suspended logs). Record the chosen substrate (e.g. ‘under log’) 
on the Understorey Record Sheet. 

• When there is an alternative layout of the understorey subplots (see 
Appendix 17), retain the existing numbering system. Record this deviation 
from the standard numbering system (Figure 1) in the Metadata Record 
Sheet and record/draw on the Plot Layout Record Sheet. Ensure that 
the understorey subplot numbering system in use on the plot has been 
identified before replacing missing pegs or beginning understorey subplot 
measurement. Although uncommon, understorey subplots in existing NVS 
permanent-plot surveys may also vary in number and size.
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• When more than 24 understorey pegs are found (e.g. two pegs labelled 
number 5), retain and remeasure the one that conforms most closely to the 
plot layout. Remove the other peg from the plot and make a note on the 
Metadata Record Sheet that this was done.

• Understorey subplot pegs that have shifted: Previous experience 
suggests that, on occasion, understorey subplots may move around or out 
of a plot as a result of disturbance events (e.g. landslide). A peg that has 
moved (i.e. ‘migrated’) can be retained as long as it is within approx. 1 m 
of the correct position. Where it is more than approx. 1 m from the correct 
position, the peg is re-established (REE) to its original position on the 
internal line. 

3.11.3. How to measure understorey subplots
• Defining the subplot area: Use a piece of string to define the area of the 

subplot. Make a loop in one end of the string and tie a knot 49 cm along 
the string. For efficiency, ensure that the loop is large enough to pass freely 
over the understorey subplot peg. Check the length of the string before 
measuring each plot. Place the loop over the peg, and use the string (pulled 
tight but following the contour of the ground surface) to measure a 49-cm 
radius from the base of the peg. The subplot is used to sample the ground 
surface, and includes any dead standing stems, stumps and logs lying 
in contact with the ground surface. For this method, epiphytes (plants 
growing on other living plants or dead suspended plants) are not included. 
Plants growing on stems or dead logs suspended above the subplot are not 
included. 

• Height measurements: For each plant rooted within the subplot, the 
measure of height is taken vertically (not perpendicular to the slope) from 
the base of the plant to the uppermost foliage (not flower or seed heads), 
and as the plant naturally stands (rather than measuring the ‘pull-up’ or 
extended height). All species measured in understorey subplots must be 
rooted in the subplot area. 

Woody species

• Record woody species < 15 cm high by presence (tick in that height tier) 
only. 

• For woody species (not lianas) and tree ferns > 15 cm high, count and record 
the number of stems within each of the following height classes: 16–45 cm, 
46–75 cm, 76–105 cm and 106–135 cm. 

• The height of each individual is determined by its uppermost foliage, 
wherever it occurs (this may be beyond the vertical edge of the subplot). 
Individuals that are taller than 135 cm are not counted. 
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• Woody species stems that fork at or above ground level are recorded as a 
single stem. Those that fork below ground are counted as separate stems. 
As with sapling counts, the observer should feel under loose litter at the 
base of stems to determine if they are joined above or below ground, but 
should not dig up or disturb the ground. 

• As with sapling counts, some woody species are harder to count than 
others due to density. Where seedling plots have dense species, effort must 
be made to count species as accurately as possible. To aid counting, the 
seeding plot can be subdivided with an additional tape. After completing 
counts for species, if the confidence in count data is not high (challenging/
hard), then note these species as ‘hard to count’ on the record sheet.

Non-Woody species

• The presence of each fern (except treeferns), herbaceous, liana, and grass 
species (i.e. non-woody plants) is recorded with a tick in each height tier 
in which foliage occurs, but not as a count of individuals. For example, a 
subplot with Carex uncinata, which was a maximum of 37 cm tall, would 
receive ticks in the < 15-cm and 16–45-cm tiers. Non-woody species that 
are rooted in the seedling plot and that are taller than 135 cm but have live 
foliage in lower tiers are ticked as present in those tiers that contain the 
live foliage.

Dead species

• Where possible and identifiable, note presence of dead plants of annual or 
seasonal plants but not dead plants of perennials. Record the species, tick 
its presence in the < 16 cm tier and record ‘(dead)’ in the same row.

Do not record:

• Cotyledon seedlings that are not possible to identify to at least genus level 
(i.e. due to a lack of identifying features).

• Saplings or trees (including treeferns) that are present on understorey 
subplots. 

• Epiphytes (plants growing on other living or dead suspended plants). 

• Epicormic shoots as seedlings. 

• Plants growing on stems or dead logs suspended above the understorey 
subplots. 

• Dead perennials species in understorey subplots. 

• Non-vascular species in understorey subplots. 

Do not collect:

• Samples of unknown species from understorey subplots.
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3.11.4. Recording understorey data 
• Record the page number. Page numbers for understorey data continue 

sequentially from subplot 1 to 24 (Appendix 11). 

• Record the start time and finish time for completing the Understorey 
Record Sheet. 

• Record the unique plot identifier. This is the unique letter/number code 
(e.g. R149) that identifies the position of the plot on the 8-km2 sampling 
grid.

• Date: Record day/month/year in full, with month in non-numeric form (e.g. 
10 February 2010).

• Measured by: Record the full name of the person(s) completing the 
understorey measurements of the plot (e.g. Larry Burrows). 

• Recorded by: Record the full name of the person(s) recording the 
understorey data (e.g. Meredith McKay). 

• Record the subplot no. in the first column of the Understorey Record Sheet. 
For a single subplot the peg number should be recorded for every species 
in that subplot, not just the first.

• Record the peg status in the Peg Status column as ‘REP’ (replaced), ‘REE’ 
(re-established), ‘REF’ (re-found), or ‘NEW’ (when establishing a plot). It is 
best practice to record the peg status for the first row for each subplot, and 
leave the Species column clear for notes relating to the subplot, e.g. ‘Under 
log’. 

• If a peg is unable to be established—e.g. due to the physical characteristics 
of the substrate—record ‘NEW’ (if the plot is being measured for the first 
time) in the Peg Status column and ‘Unmarked’ alongside in the Species 
column. If the plot is a remeasure, record ‘REP’ in the Peg Status column 
and ‘Unmarked’ alongside in the Species column.

• Record the species in the Species column. If you are recording a species 
collected for identification, enter a collected symbol (©) to the left of the 
species code in the Peg Status column. When no vegetation is present in 
the subplot, record ‘None’ in the Species column. 

• Leave a blank line between each subplot to ease the job of the data-entry 
operator and minimise the possibility of data being ascribed to the wrong 
subplot (see Appendix 11).
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3.12. Field soil sample protocol 
The top 10 cm of the mineral soil are collected for analysis of Nitrogen, 
Phosphorous and Carbon. Soil subsamples are collected at nine points in the 
20×20-m vegetation plot and aggregated into a single 500-g sample as follows.

• The nine points are the intersections of the 5-m tapes inside the 20×20-m 
vegetation plot (Figure 20). 

• At each of the nine points, use the trowel to remove the litter layer 
if present—this is the material that is still botanically recognisable. 
Underneath the litter layer, there is typically an organic horizon (also 
known as the FH or O or OH horizon). This will be dark brown, probably 
fibrous and obviously organic, but the material will no longer be 
botanically recognisable. Do not sample this organic horizon—it can be 
very deep but continue digging to reach the mineral horizon, which starts 
underneath the organic horizon. 

• Mineral soil is defined as weathered parent material and is often 
characterised in the field by a distinct colour change and gritty feel when 
rolled between your fingers. The gritty texture is the most important guide: 
if there is any grittiness, the soil is mineral, even if it is dark brown and rich 
in organic acids.

• Use the trowel to scoop out and collect the top 10 cm of mineral soil. Use 
the trowel like a core to dig a hole that is c. 10 cm deep with a diameter of 
c. 10 cm. Take any non-soil objects > 2 cm (e.g. small rocks, roots, chunks of 
bark) out of the core but first, brush off any mineral soils from these into 
your sample with your fingers (Note: The sample will eventually be sieved 
in the laboratory so just concentrate on the larger objects).

• Put the mineral soil into the large plastic mixing bag and carry to the next 
point and repeat, adding each subsample to the same mixing bag.

• After all nine subsamples have been added to the same plastic bag, lay the 
bag horizontally and thoroughly mix the mineral soil sample with your 
hands and by shaking.

• Finally, remove c. 500 g of mineral soil from the composite sample and 
place in a plastic bag. 
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• Write the plot identifier, collection date and collector’s name on a 
waterproof label and place this inside your plastic bag. You must also write 
these details on the outside of the plastic bag. Place this collection bag 
inside another plastic bag for protection.

• Any remaining soil should be placed outside the vegetation plot.

 

Figure 20: Layout of 20×20-m plot showing the internal tape intersections where soils are 
sampled (black dots).

3.12.1. Difficult sites you may encounter and what to do
You may encounter some very bony, rocky or waterlogged soils which preclude 
collecting a sample from all nine tape intersections. In these instances, 
sample as many of the nine as you can, homogenise the sample but DO NOT 
subsample—package all collected material. If none of the nine can be sampled 
(e.g. on scree), find mineral fines anywhere on the plot and sample these. Note 
this departure from the method on the label. 

3.12.2. Management of soil sample
If you are not returning to the Field Office on the day the sample is collected, 
transfer the soil and waterproof label to a double layered paper bag with 
the top open to begin drying in the hut or tent. Label the outside of the bag 
with plot identifier, collection date and collector’s name. Refrigerate samples 
waiting to be sent. If refrigeration is not possible, drying should begin on the 
day of collection. Break up clumps of soil to allow access to the air. Samples 
should be sent for processing as soon as practicable.
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4. Collecting and recording unknown 
plants

Reporting changes in plant biodiversity over time or between areas requires 
consistent, accurate taxonomic standards. Whenever unsure of the identity 
of a plant species on a plot, a collection should be made so that the identity 
of the plant can be checked. Adopt a systematic approach to collecting and 
storing specimens and recording specimens on record sheets. Be aware of any 
provincially or nationally threatened species that may be encountered, and 
ensure that collecting activities do not contribute to the decline of populations 
at risk.

4.1. Collection of unknown vascular plant specimens—
general principles
• A specimen should be collected whenever the identity of a species on a 

plot is unknown or uncertain. Do not collect a specimen if doing so would 
eliminate the species from the plot and immediate surroundings. Do not 
collect plant specimens from understorey subplots.

• Aim to collect as much of the vegetative and floral parts as is practical. 
The specimen should include (where appropriate) root, stem, leaves, 
flowers, fruits or seeds; and should provide an adequate example of the 
overall habit of the plant. Refer to the Vascular Plant Collection Protocol 
(Gosden et al. 2014) for more details.

• Give each collected species a provisional ‘tag name’ that reflects a 
notable feature of the plant or a potential genus or species. Each tag name 
should be considered specific to the plot at which it was created. When you 
are confident of the genus of the specimen in hand, use the genus name in 
your tag name. If you have some confidence about the species, then use the 
six-letter NVS code for that species. If you are collecting multiple entities 
of a genus, combining a three-letter genus code with a notable feature of 
the plant can be a good way to generate clear and separate tag names, e.g. 
ASTgrey. 

• At each plot, check that Standard Collection (©) tag names are 
used consistently throughout all record sheets (e.g. between RECCE 
Vegetation Description Record Sheets and the Understorey Record Sheet). 
When the tag name is assigned to more than one individual plant, ensure 
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that the plants really are the same species. Where there is any doubt 
whatsoever, collect an additional specimen, and assign it another unique 
tag name.

• While AT THE PLOT, label the plant specimen using a waterproof 
label (e.g. a plant nursery label). Record the tag name (EXACTLY as it 
appears on the record sheets), survey name, plot number, collection date, 
and collector’s name, as well as any notable features of the plant’s habit, 
height or substrate. Other details will be required for some collection types 
(see Sections 4.2.2 and 4.2.3). It is also useful to write on the label which 
subplot(s) the species was recorded at and the tree-tag number (where 
applicable). Attach the label to the specimen and ensure that they cannot 
be separated during transportation back to the field base.

• Use a portable plant press (e.g. hard-covered book with absorbent 
pages, or a smaller version of a standard plant press) or plastic bags to 
temporarily store collected specimens until arrival at the field base.

• For guidance on how to collect, label and press specimens in the field and 
at base, use the Vascular Plant Collection Protocol (Gosden et al. 2014). 

• For guidance on how to process, store and send specimens at the field base 
see Information Management Protocols for Field Staff (doccm-1508274).

4.2. Types of collections
There are three types of collections developed and implemented for the DOC 
Tier 1 programme:

• Standard Collection

• Verification of individual tagged stem 

• Global Species Change

4.2.1. Standard Collection 
• These should be collected whenever the identity of a species on a plot is 

unknown or uncertain. The collected specimen represents all occurrences 
of that species throughout the data (RECCE Vegetation Description 
Record Sheets, new Stem Diameter/Height/Sapling Record Sheets and 
Understorey Record Sheet) and upon determination the tag name for this 
Standard Collection will be updated plot-wide and where the © symbol is 
recorded.
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• Give each collected species a provisional ‘tag name’ that reflects a 
notable feature of the plant or a potential genus or species. Each tag name 
should be considered specific to the plot at which it was created. When you 
are confident of the genus of the specimen in hand, use the genus name in 
your tag name. If you have some confidence about the species, then use the 
six-letter NVS code for that species. If you are collecting multiple entities 
of a genus, combining a three-letter genus code with a notable feature of 
the plant can be a good way to generate clear and separate tag names, e.g. 
ASTgrey. Each tag name should be considered specific to the plot at which 
it was created. 

• EVERY time a Standard Collection species occurs on the record sheets, 
annotate the tag name recorded with the symbol ‘©’ to indicate that 
a specimen was collected. Ensure that tag names are used consistently 
throughout all record sheets (e.g. between RECCE Vegetation Description 
Record Sheets and new Stem Diameter/Height/Sapling Record Sheets). 

• Label the plant specimen for each Standard Collection using a suitable 
label (e.g. a plant nursery label) and record the tag name (EXACTLY as it 
appears on the record sheets), survey name, plot number, collection date, 
and collector’s name, as well as any notable features of the plant’s habit, 
height or substrate. If using a pre-stamped label, cross out the Ⓥ symbol 
so that the © is present to indicate a Standard Collection. If not using 
a pre-stamped label, ensure the sample is clearly marked as a Standard 
Collection by recording a © symbol on the label. 

4.2.2. Verification of individual tagged stem(s)
• An individual tagged stem may have been misidentified at a previous 

measurement. Collections of these tagged stems, referred to as 
Verifications, should be made whenever the identity of a single tagged 
stem on a plot is unknown, misidentified at a previous measurement, only 
recorded as genus at previous measure or requires confirmation. The 
collected specimen represents the individual tagged stem only. Upon 
determination, the species name for the individual tagged stem will be 
updated. 

• Species names for tagged stems can revert back and forth between 
measures creating uncertainty of the correct species name. Collections 
may be requested on Problem Sheets or Pre Printed plotsheets to provide 
confirmation of the species name.

• Verification of individual tagged stems only occurs on pre-printed Stem 
Diameter/Height Record Sheets and the tag number is an important 
identifier.
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• On the pre-printed Stem Diameter/Height Record Sheet for the collected 
tagged stem, cross out the original species code, record the correct code 
above this in the same cell, and record the Ⓥ symbol to the left of the 
changed species code (see Appendix 9). Write a short note in the Notes 
column to confirm the change in identification (e.g. ‘SP = WEIrac Ⓥ’).

• For multi-leader stems, collect one Verification sample to represent all 
leaders, and on the pre-printed Stem Diameter/Height Record Sheets, all 
leaders should be corrected (as above) and the Ⓥ symbol added to the left 
of the changed species code.

• Label the plant specimen for each Verification using a waterproof 
label (e.g. a plant nursery label) and record the tag name, survey name, 
plot number, collection date, and collector’s name, as well as any notable 
features of the plant’s habit, height or substrate. Record the tree-tag 
number, the original species name (OLD name) and subplot the species 
was collected from. If using a pre stamped label, cross out the © symbol so 
that only the Ⓥ symbol is present to indicate a Verification of individual 
tagged stem(s).  If not using a pre-stamped label, ensure the sample is 
clearly marked as a Standard Collection by recording a © symbol on the 
label. 

4.2.3. Global Species Change 
• Many tagged stems of a species may have been misidentified at a 

previous measurement. The Global Species Change method should be 
applied whenever the identity of six or more tagged trees of a species on 
a plot is unknown, misidentified at a previous measurement or requires 
confirmation. Instead of collecting a sample for each individual tagged 
stem, a more rapid method is applied. There are three scenarios (see 
Sections 4.2.3.1, 4.2.3.2 and 4.2.3.3).

• If there are five or less tagged stems of a species that are unknown, 
misidentified at a previous measurement or require confirmation, the 
Global Species Change method is not used. Follow the Verification of 
individual stem(s) collection method (Section 4.2.2).

• Note that it is possible to have more than one Global Species Change per 
plot (Section 4.2.3.2).

4.2.3.1. Previous measurement team may have consistently misidentified ALL 
tagged stems of a single species as another species (e.g. MELram is 
recorded plot-wide at last measure, but at this measure it is re-identified 
as SCHdig).
• In this scenario, collect five Verification samples from a range of the 

misidentified tagged stems to represent all previously tagged stems of 
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that species on the plot. In addition, collect another Standard Collection 
specimen to represent the species present in the saplings, understorey, 
RECCE and new stems methods (if present). Combined, these six samples 
are referred to as a Global Species Change collection. 

• The five collected Verification samples are each linked to the unique stem 
tag number, and after determination the application of the final name is 
applied to these tagged stems and all other tagged stems of this species as 
indicated by field staff on the Stem Diameter/Height Record Sheet. Label 
each Verification sample as described in Section 4.2.2, ensuring the tag 
numbers recorded match the trees the samples were taken from.

• The Standard Collection represents all other occurrences (as above), and 
upon determination the tag name for this will be updated where it occurs. 
Label the Standard Collection as described in Section 4.2.1.

• See Section 4.2.3.4 for instructions on how to record Global Species Change 
collections.

4.2.3.2. Previous measurement team may have consistently misidentified ALL 
tagged stems as one species but these are believed to be two or more 
species (e.g. MELram is recorded plot-wide at last measure, but at this 
measure it is re-identified as mostly SCHdig and some HEDarb).
• In this scenario, determine the most abundant misidentified species 

and collect five Verification samples from a range of tagged stems (e.g. 
MELram at previous measure, SCHdig this measure) to represent the 
tagged stems of that species on the plot. In addition, collect another 
Standard Collection specimen to represent the saplings, understorey, 
RECCE and new stems (e.g. SCHdig). Combined, these six samples are 
referred to as one Global Species Change collection.

• For the other less abundant species:

 – If there are five or less previously tagged stems present on the plot, 
apply the Verification method (section 4.2.2). 

 – If there are six or more previously tagged stems present on the plot, 
apply the Global Species Change method. In this case there will be 
two Global Species Changes on this plot (e.g. MELram to SCHdig and 
MELram to HEDarb). 

• Upon determination, the tag names for the indicated Global Species 
Change(s) will be updated on the Stem Diameter/Height Record Sheet and 
for all other methods where the © symbol is recorded. For the Verification 
collections, the species name for only the individual tagged stems will be 
updated. 
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• Label each Verification sample as described in Section 4.2.2 and the 
Standard Collection as described in Section 4.2.1.

• See Section 4.2.3.4 for instructions on how to record Global Species Change 
collections.

4.2.3.3. Previous measurement team may have consistently misidentified 
SOME but not all tagged stems as a single species or as one or more 
species (e.g. 25 MELram stems are recorded plot-wide at last measure, 
but at this measure they are re-identified and while 15 are identified 
again as MELram, 10 of these are believed to be SCHdig).
In this scenario

• If there are five or less previously tagged stems affected, apply the 
Verification of individual stem(s) method (section 4.2.2). 

• If there are six or more previously tagged stems affected, apply the 
Global Species Change method (section 4.2.3.1). 

• See Section 4.2.3.4 for instructions on how to record Global Species Change 
collections.

4.2.3.4. Recording Global Species Change collections
• Every Global Species Change plot needs to have a Global Species Change 

Record Sheet completed (Appendix 26 and Appendix 27).

• For the Standard Collection – Annotate the tag name recorded with the 
symbol ‘©’ on RECCE Vegetation Description Record Sheets, new Stem 
Diameter/Height/Sapling Record Sheets and Understory Record Sheet. 
This indicates that a specimen was collected. Ensure the tag name is used 
consistently throughout all record sheets.

• For the five Verification collections – On the pre-printed Stem Diameter/
Height Record Sheet for each of the five collected tagged stems, cross out 
the original species code, record the correct code above this in the same 
field, and record the Ⓥ symbol to the left of the changed species code (see 
Appendix 9). Write a short note in the Notes column to confirm the change 
in identification (e.g. ‘SP = WEIrac Ⓥ’).

• For the remaining collections - On the pre-printed Stem Diameter/Height 
Record Sheet for the stems not collected but need to change ID, cross out 
the original species code and record the correct code above this in the 
same cell.
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4.2.4. Collection issue that may arise
• If the plot contains many plants of a recognised species, and one or 

two individuals of that species appear different or unusual, collect the 
different individual under a tag name, and record it separately wherever it 
occurs (i.e. on the RECCE Vegetation Description Record Sheet or on the 
Understorey Record Sheet). This process ensures that the plants for which 
identification is straightforward are not wrongly corrected in the event that 
the different individual does prove to be a different species. 

• If a sample for collection cannot be found after careful searching, a series 
of digital photographs may be used in lieu of a sample. These photographs 
must be of high resolution, and checked in the field to verify they are in 
focus, correctly exposed and show the critical features of the plant. At 
least one image should show the whole plant and include a scale reference 
(person, hammer, pencil). Also include notes as to key characteristics of the 
plant.

• If unidentified plants are thought to be a rare or threatened species, and 
fewer than 10 individuals can be found after careful searching; make 
a minimal collection consisting of 10% of the biomass of one plant. 
Accompany this collection with notes as to key characteristics of the plant. 
If this is not possible, e.g. in the case of some terrestrial orchids, then take a 
series of photographs (as above).

• When collecting Verification samples, if a specimen cannot be collected 
(e.g. foliage cannot be reached), check if there is dry leaf litter belonging 
to the stem in question around the base of the stem. A reliable ID can be 
attained for many species from leaf litter. In lieu of a fresh specimen or 
leaf litter, photos of the bark and canopy plus a detailed description are 
required.

4.3. Storage of unknown plant specimens
At the field base, transfer each collected specimen into a plant press as 
soon as possible. Field bases will be supplied with plant presses; see the 
Vascular Plant Collection Protocol (Gosden et al. 2014) for tips on how to best 
use your press. 

While transferring your specimens from your field presses (or plastic bags) 
to the plant press, systematically check that all collected specimens were 
recorded on the field record sheets, that the tag name recorded for the species 
was used consistently across all field record sheets, and was annotated with 
the correct collection symbol (see Sections 4.2.1, 4.2.2 and 4.2.3). You can track 
a plant as transferred from field press to plant press with a dot beside the ‘©’ 
symbol or in the right-hand margin beside the tag name. 
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Carefully press each specimen. Place each specimen within a folded piece 
of plain newsprint, and separate specimens using sheets of cardboard and 
additional paper. Ensure that the natural habit of each plant is retained and 
that features important for the specimen’s identification are not obscured. Fold 
large specimens neatly so that they fit inside the plant press. Place seeds or 
other loose material in a labelled envelope.

Change the paper in the plant press regularly to prevent specimens from 
going mouldy, particularly in damp climates or where specimens were wet 
when pressed. Specimens will dry most quickly when the plant press is stored 
in a well-ventilated and sunny location
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5. Quality control procedures for 
DOC Tier 1 I & M and LUCAS plots

Quality control procedures are an essential part of any vegetation inventory 
or monitoring programme. Before leaving each plot, use the Quality Control 
Checklist for Permanent Plots (Appendix 14) to ensure that the data are 
complete. 
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6. Data quality standards 

Table 6 displays the measurement quality objectives associated with the 
permanent plot and RECCE data. The table lists the bounds of accuracy that 
are considered acceptable with respect to data measurement or observation. 
Expected data measurement performance is indicated by the reporting unit 
and data quality range set out in the fourth and fifth columns. 

Within each field season, 10% of the total number of plots measured will be 
audited. The plots will be randomly selected. Field teams will be audited 
against the standards set out in Table 6. Audit teams will conduct a partial 
remeasure of the selected plots and expected data measurement performance 
will be assessed against the data quality range. For example, using the 2.5–10 
cm DBH variable, these data are to be measured to the nearest 1 mm. An 
acceptable accuracy is that the field teams will be within ± 1 mm of the true 
value (as measured by an audit team) on all of their measurements.

Table 6: DOC Tier 1 I & M natural forest plot measurement data quality objectives.

Objective Component Variable Reporting unit
Data quality 
range

1 RECCE site Slope Nearest 1 
degree 

± 5° 

2 RECCE site Aspect Nearest 5 
degree 

± 5° 

3 RECCE site Ground cover Nearest 5 
percent 

± 15% 

4 RECCE site Plot layout: 
bearing 

Nearest degree ± 5° 

5 RECCE site Plot layout: 
horizontal 
distance 

Nearest 0.1 m ± 0.5 m 

6 RECCE site Plot layout: 
tape distance 

Nearest 0.1 m ± 0.5 m 

7 RECCE site Horizon angles Nearest degree ± 5° 

8 Plot layout Corner pegs 4 visible and 
marked corner 
pegs 

100% 
agreement 

Continued …
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Objective Component Variable Reporting unit
Data quality 
range

9 Plot layout Understorey 
subplot pegs 

24 visible 
and marked 
understorey 
subplot pegs 

100% 
agreement 

10 Plot layout Corner 
permolat 

4 corners 
clearly marked 
with permolat 

100% 
agreement 

11 RECCE 
vegetation 
description 

Vascular 
species 
presence per 
height tier 

Presence in 
tiers 1–5 

95% agreement 
species are in ± 
1 height tier 

12 RECCE 
vegetation 
description 

Vascular 
species 
presence per 
height tier 

Presence in 
tier 6 

90% agreement 
species are in ± 
1 height tier 

13 RECCE 
vegetation 
description 

Cover class 
per vascular 
species per 
height tier 

Cover class 1–6 95% agreement 
of species in ± 
1 cover class 
within a tier 

14 RECCE 
vegetation 
description 

Vascular 
species 
identification 

Lists as 
compiled in 
the field, or 
updated post 
field collection 
verification

90% agreement 
to species 

15 RECCE 
vegetation 
description 

Species codes Codes as 
supplied by 
NVS Databank 

100% 
agreement 

16 Stems (live) Species 
identification 

Lists as 
compiled in 
the field, or 
updated post 
field collection 
verification 

95% agreement 
to species 

17 Stems (dead 
standing) 

Species 
identification 

Lists as 
compiled in 
the field, or 
updated post 
field collection 
verification

80% agreement 
to species 

Continued …
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Objective Component Variable Reporting unit
Data quality 
range

18 Stems (dead 
standing & 
alive) 

Species codes Names as 
supplied by 
New Zealand 
Plant Names 
Database 

100% 
agreement 

19 Stems (dead 
standing & 
alive) 

Existing tree-
tag numbers 

Tag numbers 100% 
agreement 

20 Stems (dead 
standing & 
alive) 

Tag height of 
newly tagged 
stems 

1.35 m ± 5 cm 

21 Stems (dead 
standing & 
alive) 

Stem DBH 
2.5–10 cm DBH 

Nearest 0.1 cm ± 0.1 cm

22 Stems (dead 
standing & 
alive) 

Stem DBH 
10.1–60 cm 
DBH 

Nearest 0.1 cm ± 1% 

23 Stems (dead 
standing & 
alive) 

Stem DBH > 
60.1 cm DBH 

Nearest 0.1 cm ± 1% 

24 Stems (dead 
standing & 
alive) 

Tree fern DBH Nearest 0.1 cm ± 1.0 cm

25 Stems (dead 
standing & 
alive) 

Stem height < 
20 m 

Nearest 0.1 m ± 10% 

26 Stems (dead 
standing & 
alive) 

Stem height 
20.1–30 m 

Nearest 0.1 m ± 10% 

27 Stems (dead 
standing & 
alive) 

Stem height > 
30.1 m 

Nearest 0.1 m ± 10% 

28 Stems (dead 
standing & 
alive) 

Missed stems Number of 
missed stems 

95% agreement 

29 Stems (dead 
standing & 
alive) 

Decay class Decay class 0, 
1, 2, 3 

100% 
agreement 

Continued …
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Objective Component Variable Reporting unit
Data quality 
range

30 Saplings Species codes Names as 
supplied by 
New Zealand 
Plant Names 
Database 

100% 
agreement 

31 Saplings Species 
identification 

Total number 
of species 
observed 

90% agreement 
to species 

32 Saplings Total species 
counts 

Number of 
individuals per 
species 

90% agreement 

33 Saplings Total sapling 
counts 

Total number 
of saplings—
all species 
combined 

90% agreement 

34 Vascular 
seedling 
subplots 

Species codes Names as 
supplied by 
New Zealand 
Plant Names 
Database 

100% 
agreement 

35 Vascular 
seedling 
subplots 

Species 
identification 

Total number 
of species 
observed 

90% agreement 
to species 

36 Vascular 
seedling 
subplots 

Species per 
height class 

Height classes 
< 15 cm, 15–45 
cm, 46–75 cm, 
76–105 cm, 
106–135 cm 

± 1 height class 

37 Vascular 
seedling 
subplots 

Counts of 
species per 
height class 

Height classes 
15–45 cm, 
46–75 cm, 
76–105 cm, 
106–135 cm 

80% agreement 
per species per 
height class

38 Coarse woody 
debris 

Logs & stumps 
species codes 

Names as 
supplied by 
New Zealand 
Plant Names 
Database 

100% 
agreement 

Continued …
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Objective Component Variable Reporting unit
Data quality 
range

39 Coarse woody 
debris 

Logs & stumps Number of 
individuals 

95% agreement 

40 Coarse woody 
debris 

Logs & 
stumps—decay 
class 

Decay class 1, 
2, 3 

100% 
agreement 

41 Coarse woody 
debris 

Logs & 
stumps—
missed tags 

Tag numbers 100% 
agreement 

42 Coarse woody 
debris 

Logs & 
stumps—
species 
identification 

Lists as 
compiled in 
the field, or 
updated post 
field collection 
verification

80% agreement 
to species 

43 Coarse woody 
debris 

Stumps height 
< 1.35 m, > 10 
cm DBH 

Nearest 0.1 m ± 0.1 m 

44 Coarse woody 
debris 

Stumps—
orthogonals 

Nearest 1 cm ± 10% 

45 Coarse woody 
debris 

Fallen log—
orthogonals 

Nearest 1 cm ± 10% 

46 Coarse woody 
debris 

Fallen log—
length 

Nearest 0.1 m ± 20% 
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Appendix 2: Metadata Record Sheet

METADATA RECORD SHEET 
 

PLOT INFORMATION: 

����������������������������������������������AN131� � �����������������27 NOVEMBER 2016� �

�������������������:���������������������������������NA � � ��������������������:  BX16 MOUNT ELIE DE BEAUMONT� �

SURVEY:   DOC I&M 2016-2017   GPS Make & Model:                    Garmin 62s  

��������������������������������WEST COAST TE POUTINI�   ���������������������������������������������������������  

�������������Waiho River� � ���������������������������������������������������������� �

����������������Callery River� � ����������������������������;������������

�����������: MIKE LEE� ��� �������������������������������������;��������������������������5m���

�������������SAM PERRY� ��� �����������������

 
TEAM INFORMATION:��Mike Lee �

���������������Sam Perry, Nicky Armstrong, Barrett Pistoll, Craig Marshall� � �
 

HAZARDS:�Slips, rock fall and a hover landing� �

LAND TENURE OF PLOT: DEPARTMENT OF CONSERVATION     
 
PERMISSION CONTACTS:�
� �������������������� � ��������������������������������

� ������������������������Wayne Costello (Area Manager)� � ������� �

 Address:              Department of Conservation PO Box 14  Address:   

                  Franz Josef Glacier    

� ���������������03 752 0794� � ��������������� �

� ������������������027 722 0010� � �������������������� �

� �����:                   wcostallo@doc.govt.nz� � �������� �

� ����������������������������������������������:  email� � ������������������������������������������������� �

� ��������������������������������������:  Mike Perry� � ����������������������������������������� �

� ����������������������27 November 2015� � ���������������������� �

� ��������������������� ��������� ��������������������� ���������
�

������������������������������������������������������� ��������� �

������������������������������� ���������
�

NOTES:����������������������������������������������Steep rugged country, hover landing on slip, average camping site on old slip, access to water 

difficult. Use a good chopper pilot and take water in� � �

TIME ALLOCATION (HH:MM) 
Access:   Vegetation plot:                   Collections and nested RECCE's 
������������������������� Harihari � ������� ������ ������� � ������� ������ �������

��������������������� ������ � ������������� 01:30 5 � ���������� N/A N/A 

��������������������������
������

______ � ������������������
��������

00:30 1 � �������������
�������������������

01:00 1 

������������������������� 01:00 � ������������������
�������

01:00 1 � ������������� 00:15 1 

����������������� 00:10 � ��������������������� 02:00 3 �  

������������������ ______ � �����������������
���������

10:00 2 �
���������������

N/A N/A 

������������������ 00:10 � ������������� 00:30 2 �
���������������

N/A N/A 

�������������������������
�����

00:00 � �������������
�������

09:00 3 �
�����������������

N/A N/A 

��������������������� ������ � ����������������� 02:30 2 � � �� ��

� � � ��������������� 01:00 2 � � �� ��

  � �����������������
�����*�

14:00 5 � � � �

   

  (*) Note this is number of hours from start to finish to measure plot (e.g. Start at 8am and end at 2pm = 6hrs). 
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METADATA RECORD SHEET(cont’d) 
 

���������������:                                AN131� � �������������������������������������27 NOVEMBER 2016� �

 
OPERATIONAL INFORMATION 

������������������������������������������������������������ ����������������������������������������������UNKNOWN� �

������������������������������������ ������� ������� ������������������������������������������������������UNKNOWN� �

�������������������������������������������� ������������������ ��������������������������������������������������GOOD� �

 ��������������������������������������������������������������������� FOX AND FRANZ JOSEF HELICOPTERS  � �

� � �������������������������������������������������  

         

WEATHER      �������������������������������������� � �
 
DEVIATIONS FROM STANDARD PROTOCOLS �����������������������������������������terrain, nested RECCE’s not completed, seedling pegs not 
�������������������   
� � ����� �

� � � �

� � � �

� � � �

� � � �  
OTHER NOTES OR INFORMATION�

    

    

    

    

    

    

    

    

    

    

    

 
Collections 

���������������� ��������� ������������������������� ���������
�

Nonvascular collection      Collected by: Nicky Armstrong   
�

���������� �������������� �������������� �������������� �������������� ���������������

���� 1 � � � ��

�����   � � ��

������� 1 1 � � ��

�������������� � � � � ��

��������� 1 

Sum of bags:  4 

�
�

�
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Appendix 3:  RECCE Site Description Record 
Sheet

   RECCE SITE DESCRIPTION RECORD SHEET � �������1��������3��  
������������12:30� �������������� 13:30�� �

�����������������X158�� ������������������16 November 2016�� �

��������DOC I&M 2016/2017�� ������������������������CD10 Eyre Peak� �

��������Wakatipu – Eyre Mountains�� ������������������: Garmin 64S� �

�����������Firestone Creek�� ���������������������1249973 ___________________________���������

������������������ ���������������������4971401�� �

�������������Joanna Smith� �����������������������������;���������������������������������

�������������Alex Fergus� �������������������������������;�����������10���������

�����������������Grassland� ����������������� Grassland – low producing��� �

PLOT AXES  A–D  D–M  M–P  P–A 

SECTION  1  2  3  1  2  3  1  2  3  1  2  3 

����������� 8° � � 99°� � � 188°� � � 278°� � �

������������������������ 19.7� � � 19.8� � � 19.7� � � 19.5� � �

����������������������–�� +7°� � � -25°� � � -4°� � � +31°� � �

��������������������������� 19.4 � � 17.7� � � 19.4� � � 16.7� � �

���������–��������������� A 16 Nov 2016    D 16 Nov 2016     M 16 Nov 2016     P 16 Nov 2016    

� 11:05  11:19  11:26  10:53 

��������������������������������������������1138�������������
MESOSCALE 
TOPOGRAPHIC 
INDEX �������������–��

Soil depth 
(cm) 

SURFACE CHARACTERISTICS 
������������� �������������������������������� ������������5 

���������–��������108°� ����34 ����������������2�
������������30°�
��������������������������������������������

������
��������������������������

����26� ��������������������������������
�������+8°� ����37� ������������������������������������������

���������������� � ������+3°� ����14� GROUND COVER %:�
��������������Semi-schist���������������������������������������� ��������+1°� ����31� �������������80�
��������� ������������������������ ������+2°� � ���������������10�
��������� ���������������������������������� �������+25°� � ���������15�
� �������������������������� �����+37°� � ��������������3�
� ������+31°� � �������5�
APPROACH� �����+26°� � �����������������������0.6 
A good heli-landing and camp site – with   � �������������������NA 
rock shelter – is located at E1249978 LOCATION DIAGRAM�

N4971479. From camp sidle for 180m at �

156º toward a small rocky spur. Cairn one �

is located here indicating line start �

(E1249984 N4971479). Head towards �

cairn two (E1249978 N4971454), follow a �

bearing of 171º for 120m. From cairn two �

follow a bearing of 161º for 241 m. �

Corner P is located on the edge of a scree �

fan beside small bluffs. �
� �
� �
�  
VEGETATION DESCRIPTION AND NOTES � BROWSE:�

Tussock grassland dominated by CHImac �������� ��������� ���������� �������� ��������� ����������

and CHIcst. Abundant BRArev, SCHpau CELlya� ������ Ungulate  � ������ �

and CELlya. High species diversity on a CELver� ������ Ungulate  � ������ �

mix of habitats: scree; seepage; bedrock. ASTniv� ������ Ungulate� � ������ �
� � ������ � � ������ �

Not to scale 
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Appendix 4:  RECCE Vegetation Description 
Record Sheet

   Page _2 of 2_  

RECCE VEGETATION DESCRIPTION RECORD SHEET - 20×20m    

START TIME: 02:30   FINISH TIME: 03:30  

PLOT IDENTIFIER: CB24   MEASURED BY: Alex Fergus   

DAY/MONTH/YEAR: 17 April 2015   RECORDED BY: Alex Fergus  

Cover-classes:  1= <1%, 2=1–5%, 3=6–25%, 4=26–50%, 5=51–75%, 6=76–100%. 
For a 20×20-m plot area:  1% = 2×2-m (i.e. 4 m2); 5% = 4×5-m (i.e. 20 m2). 

 Tier 1 Tier 2 Tier 3 Tier 4 Tier 5 Tier 6 
 >25 m 12–25 m 5–12 m 2–5 m 0.3–2 m <0.3 m 

Overall Cover   1 3 4 5 3 

Tier 7  KUNeri         1 3 3     
1 

2 1 
Epiphytes   LEPsco         2 2 — — 

PYRele          1   LEUfas        1 3 3 2 
GENrup        1   HEDarb        1 2 2 1 

LEUfas         1   MYRaus        1 3 2 1 
ASPobl  ©    1 
1 

   PSEcra        1 1 — 

    ULEeur        1 2 1 

    PTEesc        2 4 2 

    COPluc        2 2 1 

    PODtot        1 1 1 

    CYAdea        2 1 1 

    PHYtri        2 2 2 

    DICsqu       1 1 1 

     GENrup       1 1 

     WEIsil       1 1 

     RIPsca       1 1 

     HISinc       1 1 

     DIAnig       1 1 

     ALSban       1 1 

     ASPobl       1 1 

     LYCdeu       1 1 

           © Machaerina terretifolia  
1        

1 
      ASTsol       1 
      UNCban      1 
      ASPfla       1 
      RHOsap       1 
      KNIexc       1 
     © COPROS      1 
       
       
FAUNA (e.g., mammal, bird, reptile, invertebrate)    
Silver eye, Magpie, Grey Warbler, Fantail 
Possum scat 
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Appendix 5:  Plot Record Sheet

DOCCM-2584606 Field protocols for DOC Tier 1 Inventory & Monitoring and LUCAS plots v11 7 

Appendix 4 Plot Layout Record Sheet 
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Appendix 6:  Stem Diameter/Height/Sapling 
Record Sheet (Example 1)

DOCCM-2584606 Field protocols for DOC Tier 1 Inventory & Monitoring and LUCAS plots v11 8 

 

Appendix 5 Stem Diameter/Height/Sapling Record Sheet  
(Example 1) 
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Appendix 7:  Stem Diameter/Height/Sapling 
Record Sheet (Example 2)

DOCCM-2584606 Field protocols for DOC Tier 1 Inventory & Monitoring and LUCAS plots v11 9 

Appendix 6 Stem Diameter/Height/Sapling Record Sheet  
(Example 2) 
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Appendix 8:  Preprinted Stem Diameter/
Height/Sapling Record Sheet 
(Example 1)
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Appendix 9:  Preprinted Stem Diameter/
Height/Sapling Record Sheet 
(Example 2)
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Appendix 10:  Pre-printed Sapling Record Sheet

Sapling Record Sheet

PLOT ID: Measured By: page 1 of

CO48 Recorded By: Date:

S
u
b
p
lo
t

Species C
o
u
n
t

Note Tally C
o
u
n
t

Notes

A NONE

B CYASMI 1

B PSECOL 3

C COPTEF 1

C PRUFER 1

C PSECOL 12

D PRUFER 3

D PSECOL 4

E CYASMI 1

E PRUFER 2

E PSECOL 3

S
u
b
p
lo
t

Species C
o
u
n
t

Note Tally C
o
u
n
t

Notes

F ELADEN 1

F PRUFER 10

F PSECOL 2

G PRUFER 2

G PSECOL 1

H COPTEF 1 Epiphyte

H CYASMI 3

H PSECOL 2

I MELRAM 1

I PSECOL 1

J DICSQU 2

J MELRAM 1

J PRUFER 1

1

Dieter Dengler

Frieda Fuer 27 October 2016

DICSQU

PSECOL Epiphyte

DACCUP

MYRSAL

CYASMI

CYASMI

B

I

G

G

F

II

IIII  II

2

7

I 1

I 1

II

II

II

I

2

2

2

1

I 1

III 3

II 2

- 0

III 3

I 1

II 2

- 0

II 2

III 3

I

I

1

1

- 0

1I

IIII 5

D

II 2

III 3

I 1

-

-

0

0

I 1

DICSQUA I

A MELRAM I 1

1

2

F COPDMO I 1C

PSECOLB I 1 Epiphyte
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Appendix 11: Understorey Record Sheet
DOCCM-2584606 Field protocols for DOC Tier 1 Inventory & Monitoring and LUCAS plots v11 13 

Appendix 10 Understorey Record Sheet 
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Appendix 12:  Course Woody Debris Record Sheet
DOCCM-2584606 Field protocols for DOC Tier 1 Inventory & Monitoring and LUCAS plots v11 14 

Appendix 11 Coarse Woody Debris Record Sheet  
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Appendix 13:  Preprinted Coarse Woody Debris 
Record Sheet

D
O

C
C

M
-2

58
46

06
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ie
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C
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ie
r 1
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y 
&
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g 
an

d 
LU

C
A

S 
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ot
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v1
1 

15
 

 A
pp
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x 
12

 
Pr
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d 
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W
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d 
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Appendix 14:  Quality Control Checklist for 
Permanent Plots

DOCCM-2584606 Field protocols for DOC Tier 1 Inventory & Monitoring and LUCAS plots v11 16 

Appendix 13 Quality Control Checklist for Permanent Plots  
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Appendix 15:  Commonly encountered non-
standard species codes for the 
New Zealand vascular flora

General rules for six-letter species codes

• The plant species code consists of the first three letters of the genus (upper 
case), followed by the first three letters of the species or subspecies (lower 
case). For example: silver beech (Lophozonia menziesii) is recorded as 
LOPmen, and red beech (Fuscospora fusca) is recorded as FUSfus.

• Where recording a genus (e.g. Metrosideros) use the first six letters (upper 
case) of the genus name (i.e. METROS).

• For subspecies and varieties, the code consists of the first three letters of 
genus followed by the first letter of the species then ‘v’ or ‘s’ (var. or subsp.), 
followed by the first letter of the variety or subspecies. Therefore the six-
letter code for Festuca rubra subsp. commutata is FESrsc.

• For hybrids with a recognised hybrid name (e.g. Coprosma cunninghamii = 
Coprosma propinqua × robusta), the code consists of the first three letters 
of the genus (upper case) followed by an ‘x’ to denote hybrid status of plant 
and the first two letters of the hybrid name. Therefore the six-letter code for 
Coprosma cunninghamii is COPxcu.

• For hybrids without a recognised hybrid name (e.g. Gaultheria antipoda × 
crassa), the code consists of the first three letters of the genus (upper case) 
followed by the first letter of each putative parent (lower case) separated by 
an ‘x’. These should be alphabetical. Therefore the six-letter code for this 
hybrid is GAUaxc (rather than GAUcxa). 

• For species listed in the plant names database but not formally described 
(e.g. Coprosma species (a)), the code may consist of the first three letters of 
the genus (upper case) followed by the letter used to identify the informal 
species (lower case) (e.g. COP a).

• The following list describes the non-standard six-letter codes. If you cannot 
find the appropriate NVS code, write the plant name in full and contact the 
LUCAS Project Manager, who will in turn contact the NVS Administrator 
who will create a new code. DO NOT create ad hoc non-standard plant 
species codes. 

Use this list to check for non-intuitive six-letter species codes. A full list of species 
codes used in the NVS Databank can be obtained from the NVS website: https://nvs.
landcareresearch.co.nz/Resources/NVSNames
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Species Name NVS Code

Chaerophyllum colensoi var. 
colensoi

CHACVC

Chaerophyllum colensoi CHACOL

Coprosma dumosa COPDMO

Chaerophyllum colensoi var. 
colensoi

CHACVC

Chaerophyllum colensoi CHACOL

Coprosma dumosa COPDMO

Coprosma species ‘P’ dumosa COPDUM

Coprosma pseudociliata COPPSC

Coprosma pseudocuneata COPPSE

Coprosma propinqua × 
robusta

COPPXR

Coprosma propinqua COPPRO

Coprosma spathulata subsp. 
spathulata

COPSSS

Coprosma spathulata COPSPA

Coprosma tenuifolia COPTEF

Coprosma tenuicaulis COPTEC

Coprosma tenuifolia COPTEF

Cyperaceae species CYPSPP

Cyperus eragrostis CYPERA

Epilobium brunnescens EPIBRN

Epilobium brunnescens subsp. 
brunnescens

EPIBRU

Geniostoma rupestre var. 
ligustrifolium

GENRVL

Geniostoma rupestre GENRUP

Hydrocotyle moschata var. 
moschata

HYDMVM

Hydrocotyle moschata HYDMOS

Leptinella squalida subsp. 
mediana

LEPMED

Leptinella squalida LEPSQU

Leptostigma setulosa LEPSTL

Species Name NVS Code

Lepidozia setigera LEPSET

Ludwigia peploides subsp. 
montevidensis

LUDPSM

Ludwigia peploides LUDPEP

Luzula picta var. picta LUZPVP

Luzula picta LUZPIC

Lycopodiella lateralis LYCLAS

Lycopodium laterale LYCLAT

Microsorum scandens MICSCN

Microseris scapigera MICSCA

Pseudopanax colensoi NEOCOL

Pseudowintera colorata PSECOL

Nothofagus solandri var. 
cliffortioides

NOTCLI

Nothofagus solandri NOTSOL

Nothofagus solandri × fusca NOTFXS

Nothofagus solandri NOTSOL

Oplismenus hirtellus subsp. 
imbecillis

OPLHSI

Oplismenus hirtellus OPLHIR

Ourisia macrophylla OURMAP

Ourisia macrophylla subsp. 
lactea

OURMSL

Pittosporum crassifolium PITCRF

Pittosporum crassicaule PITCRA

Pittosporum rigidum var. 
rigidum

PITRVR

Pittosporum rigidum PITRIG

Polystichum neozelandicum 
subsp. zerophyllum

POLNSZ

Polystichum neozelandicum POLNEO

Stellaria graminea STEGRM

Stellaria gracilenta STEGRA

Veronica hookeri VERHOK
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Appendix 16: Canopy cover scale

Divisions of the standard cover-abundance scale (showing the equivalent area of each 
20×20-m plot represented by each division) are shown in the diagram below. Use this 
scale when assigning cover-classes for the RECCE vegetation description. 

DOCCM-2584606 Field protocols for DOC Tier 1 Inventory & Monitoring and LUCAS plots v11 19 

 

Appendix 15 Canopy cover scale 

Divisions of the standard cover-abundance scale (showing the equivalent area of each 20×20-m 
plot represented by each division) are shown in the diagram below. Use this scale when assigning 
cover-classes for the RECCE vegetation description.  

Standard Canopy Cover Scale 
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DOCCM-2584606 Field protocols for DOC Tier 1 Inventory & Monitoring and LUCAS plots v11 20 

Alternative Canopy Cover Scale 
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Appendix 17:  Alternative plot layouts used by 
some existing plots

Alternative understorey subplot layouts found on some existing 20×20-m permanent 
plots are shown in the diagram below. Retain this original numbering system and 
record details in the Notes section of the RECCE Site Description Record Sheet and on 
the Metadata Record Sheet.

DOCCM-2584606 Field protocols for DOC Tier 1 Inventory & Monitoring and LUCAS plots v11 21 

Appendix 16 Alternative plot layouts used by some existing plots 

Alternative understorey subplot layouts found on some existing 20×20-m permanent plots are 
shown in the diagram below. Retain this original numbering system and record details in the Notes 
section of the RECCE Site Description Record Sheet and on the Metadata Record Sheet. 

 

Other potential differences in existing 20×20-m plot layout  

Note that differences may occur in: 

 The labelling of corners: Corners may have been marked ‘A’, ‘B’, ‘C’, and ‘D’, rather than 
‘A’, ‘D’, ‘M’, and ‘P’. Retain the original labelling of corners, and use the Notes section of the 
RECCE Site Description Record Sheet to describe the corner labelling system.
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Other potential differences in existing 20×20 m plot layout 
Note that differences may occur in:

• The labelling of corners: Corners may have been marked ‘A’, ‘B’, ‘C’, and 
‘D’, rather than ‘A’, ‘D’, ‘M’, and ‘P’. Retain the original labelling of corners, 
and use the Notes section of the RECCE Site Description Record Sheet to 
describe the corner labelling system.

• The number and size of subplots that the plot is divided into: Plots 
were sometimes divided into four 10×10-m subplots instead of 16 5×5-m 
subplots. On such plots the standard layout of 5×5-m subplots should be 
superimposed.

• The labelling of 5×5-m subplots: Retain the original labelling of 5×5-m 
subplots and use the Notes section of the RECCE Site Description Record 
Sheet to describe the subplot labelling system.

• The orientation of plots with respect to transect or slope contours: 
Retain the original plot layout and use the Notes section of the RECCE Site 
Description Record Sheet to describe the plot orientation.

• The number of understorey subplots and their size: Retain the original 
understorey subplot system. Record details in the Notes section of the 
RECCE Site Description Record Sheet and in the metadata for the survey.

• The placement and numbering of understorey subplots: Retain the 
original understorey subplot layout. Use the Notes section of the RECCE 
Site Description Record Sheet to describe the layout.
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Appendix 18: Land cover descriptions

Artificial landscapes 

Urban Built up areas. Includes any contiguous group of 
buildings larger than the minimum area of one hectare. 

Mines, gravel pits and dump sites  

Urban open space Sports field, parklands, etc. 

Cultural landscapes 

Primarily pastoral Exotic pasture, enclosure distinguishes this from 
grasslands. Includes arable land. 

Primarily horticultural Orchards, kiwifruit and market gardens. 

Planted forest Plantation or exotic forest inclusive of recent 
replanting, e.g. Pinus radiata, Pseudotsuga menziesii, 
Eucalyptus spp. 

Shelterbelts Major shelterbelts (visible on satellite imagery). 

Riparian planting Willows and poplars. 

Natural landscapes 

Grassland Tussock or unenclosed grassland. 

Shrubland Woody vegetation in which the cover of shrubs in the 
canopy is > 20% and in which shrub cover exceeds 
that of any other growth form or bare ground. Shrubs 
are woody plants, e.g. mānuka, kānuka, matagouri, 
gorse, broom, hawthorn. 

Indigenous forest Forest cover dominated by indigenous tall forest 
canopy species. 

Bare ground Non-pastoral exposed soil and rock. 

Inland wetlands Inundated with fresh water. 

Coastal wetlands Inundated by salt water. 

Coastal sands Beach sands and dunes. 

Inland water Lakes, ponds and rivers. 

Mangrove Sea-level mangrove swamp land. 
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Appendix 19: Land use descriptions 

Land use class Description 

Natural forest Tall forest (≥ 5 m canopy height; ≥ 30% canopy cover; ≥ 1 
ha area). 

Shrubland (with potential to become tall forest as above) 
under current land management.

Heathland Woody plant communities on sites ≥ 1 ha that will never 
reach the 5-m canopy threshold. These communities 
include the sparse and stunted vegetation found on stable 
landforms due to soil conditions (e.g. ultra-infertile or 
ultramafic sites) or climatic factors (e.g. occur in frost flats 
or subalpine conditions). 

Planted forest Radiata pine, Douglas fir, eucalypts or other planted 
species with the potential to reach 5 m at maturity under 
current land management. 

Grassland—with woody biomass Grassland with woody vegetation present where under 
current land management the forest criteria will not be met 
over a 30–40-year time period. 

Grassland—high producing Grassland with exotic species, intensively grazed and 
managed, no woody vegetation present. 

Grassland—low producing Low fertility grassland on hill country. 

Montane herbfields and tussock grasslands above the 
timberline shrubland vegetation.

Other areas of limited vegetation cover and significant bare 
soil.

Wetland—open water Lakes, rivers. 

Wetlands Herbaceous and/or non-forest woody vegetation 
periodically flooded. Scattered patches of tall tree-like 
vegetation to be included as wetlands. 

Estuarine/tidal areas including mangroves.

Mires, fens and bogs.

Settlements Built-up areas and impervious surfaces. 

Grassland/gardens within ‘settlements’ including 
recreational areas.

All woody classes within ‘settlements’, including green-
belts.

Other (describe) e.g. montane rock/scree/glacier. 

 

148

Section 8: Appendices



Appendix 20:  Equipment required for 
establishing and measuring plots 

Plot measurement equipment
• Metal detector (capable of detecting aluminium) to re-locate plot pegs

• GPS receiver

• Vertex hypsometer for measuring tree height and horizontal distances

• Sighting compasses (×2)

• Inclinometer or equivalent instrument (e.g. hypsometer)

• Dymo tape-writer 

• Binoculars

• Camera

• Two 50-m tapes to establish the plot boundary

• Seven 20-m tapes to subdivide the plot into 16 subplots

• Diameter tapes (two 0.6-m tapes and one 3-m tape)

• 8-m builders tape for heights/CWD

• 3-m builders tape for seedlings

• Plant identification texts

• Understorey subplot string (49 cm, nylon cord)

• Field collection book for temporary pressing of specimens

• Orange labels

• Species lists from other studies in area

• Hand-lens

• Permanent plot field manual

• Laminated copies of the plot layout

• Laminated copy of the canopy cover scale

• Clipboards

• Bum-bags or tool-belts for carrying equipment around plot
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• Hammers

• Tree-tag dispenser (e.g. shoelace)

• Small pocket knife for collection non-vascular material from varying 
substrates

• Soil probe

• Trowel 

Soils sampling
• 2 strong, high quality trowels (trowels can bend/break in rocky/rooty soils)

• 2 felt marker pens

• Waterproof labels

• Short steel tape measure

• At least 3 thick plastic bags, each sufficient to hold 500g soil

• 1 large plastic bag as mixing platform

Consumable items
• Permolat (or equivalent) to mark the route to the plot—red and white 

preferred

• Aluminium corner pegs (e.g. 7 mm diameter, 45 cm long, pre-bent at the 
top)

• Permolat (or equivalent) for corner pegs (labelled ‘A’, ‘D’, ‘M’, and ‘P’ with 
holes near the top and bottom to secure them to the corner pegs)—white 
preferred

• Permolat (or equivalent) corner tree markers, (labelled ‘A’, ‘D’, ‘M’, ‘P’)—
white preferred

• Aluminium understorey pegs (e.g. 5-mm diameter, 30 cm long, pre-bent at 
the top)

• Permolat strips (or equivalent markers; labelled 1–24, with holes near top 
and bottom to secure them to understorey subplot pegs)—red preferred

• Nails, 40-mm, 50-mm and 75-mm galvanised flathead for tagging

• Aluminium tree-tags for live trees (sequentially numbered)—the number 
of tree-tags required per plot varies depending on the vegetation; a good 
rule-of-thumb is to carry 200 tags for each plot that you plan to measure 
each day

150

Section 8: Appendices



• Aluminium tree-tags for CWD (sequentially numbered and separate 
sequence from live trees)

• Metal tape for Dymo tape-writer

• Batteries for GPS, metal detector and other electronic equipment

• Waterproof plant labels and waterproof marker

• Plastic bags for transporting large plant specimens and for storing

• Paper bags for non-vascular plant specimens

• Flagging tape

Record sheets
Two sets of record sheets (one on normal paper and one on waterproof paper), each set 
containing:

• 1 Metadata Record Sheet

• 2 Plot Layout Record Sheets

• 1 Quality Control Checklist for Permanent Plots 

• 2 RECCE record sheets 20×20-m plot

• 1 RECCE record sheet for each of the 2×2-m, 5×5-m, 10×10-m nested plots

• 4 Stem Diameter/Height/Sapling Record Sheets (take 8 when establishing 
a plot)

• 4 Understorey Record Sheets

• 4 Coarse Woody Debris Record Sheets

• Pre-printed Stem Diameter/Height Record Sheets

• Pre-printed Coarse Woody Debris Record Sheets

• Pre-printed species checklist from any previous measurement of the plot

• Photocopies of all record sheets from previous measurements

Items required at field base
• Species lists and reports from previous vegetation surveys in the area

• Access and/or collection permit from DOC and/or other agencies/
landowners

• Plant storage and identification equipment: 
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 – Plant press 

 – Newsprint 

 – Blotters 

 – Nursery tags 

 – Plant identification texts 

 – Hand lenses 

 – Large plastic bags 

 – Sturdy paper bags for non-vascular samples

• Envelopes and boxes etc. to store completed record sheets

• Spare 50-m and 20-m measuring tapes, spare hammer(s)

• Sets of consumable plot equipment (e.g. containing permolat route 
markers, corner pegs and permolat, permolat to mark plot corner trees, 
tree-tags, nails)
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Appendix 21:  Problem Sheet
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Appendix 22:  Slope Table
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Appendix 24: Manual tree height recording table
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Appendix 25:  Summary of major manual 
updates from Version 13

Section Page No Description of change Reason

NA NA No significant updates to methods from Version 13 NA
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Appendix 26:  Global Species Change Record 
Sheet (Example 1)

 
 

Page  ______of ______ 
 

GLOBAL SPECIES CHANGE RECORD SHEET 
 

PLOT IDENTIFIER: CB75    MEASURED BY: KATE LADLEY   

DAY/MONTH/YEAR: 15 JANUARY 2017    RECORDED BY: SAM ROWLAND   

 
 
 

  GLOBAL SPECIES CHANGE 

Stem collections for Global Species Change  Standard collection for 
Global Species Change 

 

Original 
(OLD) Sp 
Code on 
plotsheet1 

Corrected 
(NEW) Sp 
Code 

Tagname2 

Recorded on 
Recce as3 

5 Verifications 
collected4 

 Standard 
collection 
Tagname5 

Recorded 
on Recce 

as6 

Notes 

MELRAM SCHdig SCHdig Yes  SCHdig SCHdig All MELram misID at last 
measure 

 
  

REGISTER OF OTHER SCENARIOS ON PLOT  

Stem collections for Global Species Change  Standard collection for 
Global Species Change 

 

Original Sp 
Code on 
plotsheet7 

Correct Sp 
Code 

Tagname8 

Recorded on 
Recce as9 

5 Verifications 
collected10 

 Standard 
collection 
Tagname11 

Recorded 
on Recce 

as12 

Notes 

             

             

             

             
 
 
 
 
 
 
 
 
 

Notes 

All MELRAM may have been misidentified at last measure. We think all MELRAM is SCHDIG. A 
global collection was made resolve this 

 

                                                 
1 Original (OLD) Sp Code on plot sheet. 
2 Corrected (NEW) Sp Code Tagname – Record the Tagname (corrected species name) for the verification collections. 
3 Recorded on Recce as – To allow cross checking at base and at data entry record what the Original (OLD) Sp Code on plot sheet is recorded as on the 
Recce by the field botanist.  
4 5 Verifications collected – confirm that 5 verification samples have been collected as part of the Global Species Change for this species and the Correct 
Sp Code and Tag numbers are recorded on the collection label 
5 Standard collection Tagname – Record the Tagname used for the standard collection as part of this Global Species Change  
6 Recorded on Recce as – To allow cross checking at base and at data entry record what the Original Sp Code on plotsheet is recorded as on the Recce by 
the field botanist. Should always be the same as the Correct Sp Code Tagname 
7 Original Sp Code on plotsheet –Record on Global Species Change plotsheet and before any corrections to Pre printed stem sheet species names 
8 Correct Sp Code Tagname – Record the Tagname (corrected species name) for the verification collections  
9 Recorded on Recce as – To allow cross checking at base and at data entry record what the Original Sp Code on plotsheet is recorded as on the Recce by 
the field botanist 
10 5 Verifications collected – confirm that 5 verification samples have been collected and the Correct Sp Code and Tag numbers are recorded on the 
collection label  
11 Standard collection Tagname – Record the Tagname used for the standard collection  
12 Recorded on Recce as – To allow cross checking at base and at data entry record what the Original Sp Code on plotsheet is recorded as on the Recce 
by the field botanist. Should always be the same as the Correct Sp Code Tagname 

Version 2 19 September 2017 
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Page  ______of ______ 
 

GLOBAL SPECIES CHANGE RECORD SHEET 
 

PLOT IDENTIFIER: BB75    MEASURED BY: KATE LADLEY   

DAY/MONTH/YEAR: 18 JANUARY 2015    RECORDED BY: SAM ROWLAND   

     
 

   GLOBAL SPECIES CHANGE 

Stem collections for Global Species Change  Standard collection for 
Global Species Change 

 

Original 
(OLD) Sp 
Code on 
plotsheet1 

Corrected 
(NEW) Sp 
Code 

Tagname2 

Recorded on 
Recce as3 

5 Verifications 
collected4 

 Standard 
collection 
Tagname5 

Recorded 
on Recce 

as6 

Notes 

MELRAM SCHdig SCHdig Yes SCHdig SCHdig Most MELRAM misID at 
last   

 
 

   REGISTER OF OTHER SCENARIOS ON PLOT  

Stem collections for Global Species Change  Standard collection for 
Global Species Change 

 

Original Sp 
Code on 
plotsheet7 

Correct Sp 
Code 

Tagname8 

Recorded on 
Recce as9 

5 Verifications 
collected10 

 Standard 
collection 
Tagname11 

Recorded 
on Recce 

as12 

Notes 

MELRAM HEDarb HEDarb Yes HEDarb HEDarb Remaining MELRAM misID 
but less than 5 so 
Verification methods 
applied 

             

             

             
 
 

Notes 

We think MELRAM was misidentified at last measure. We think most of the MELRAM was 
SCHDIG, but 4 were HEDARB. One global collection (MELRAM  to SCHDIG) and 4 verifications 
(MELRAM to HEDARB) were collected to resolve this 

 

                                                 
1 Original (OLD) Sp Code on plot sheet. 
2 Corrected (NEW) Sp Code Tagname – Record the Tagname (corrected species name) for the verification collections. 
3 Recorded on Recce as – To allow cross checking at base and at data entry record what the Original (OLD) Sp Code on plot sheet is recorded as on the 
Recce by the field botanist.  
4 5 Verifications collected – confirm that 5 verification samples have been collected as part of the Global Species Change for this species and the Correct 
Sp Code and Tag numbers are recorded on the collection label 
5 Standard collection Tagname – Record the Tagname used for the standard collection as part of this Global Species Change  
6 Recorded on Recce as – To allow cross checking at base and at data entry record what the Original Sp Code on plotsheet is recorded as on the Recce by 
the field botanist. Should always be the same as the Correct Sp Code Tagname 
7 Original Sp Code on plotsheet –Record on Global Species Change plotsheet and before any corrections to Pre printed stem sheet species names 
8 Correct Sp Code Tagname – Record the Tagname (corrected species name) for the verification collections  
9 Recorded on Recce as – To allow cross checking at base and at data entry record what the Original Sp Code on plotsheet is recorded as on the Recce by 
the field botanist 
10 5 Verifications collected – confirm that 5 verification samples have been collected and the Correct Sp Code and Tag numbers are recorded on the 
collection label  
11 Standard collection Tagname – Record the Tagname used for the standard collection  
12 Recorded on Recce as – To allow cross checking at base and at data entry record what the Original Sp Code on plotsheet is recorded as on the Recce 
by the field botanist. Should always be the same as the Correct Sp Code Tagname 

Version 2 19 September 2017 

Appendix 27:  Global Species Change Record 
Sheet (Example 2)

163

Section 8: Appendices




