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1.	INTRODUCTION





This manual has been written as a guide for the measurement of MARVL primary bounded plots in eucalypt plantations on the North Coast.


While attempting to give an explanation of correct procedures for most aspects of MARVL plot measurement it cannot be expected to cover all possible situations encountered in the field.  If, having read the relevant part of this manual, you are still unsure about any aspect of plot measurement you should contact State Forests’ Resource Assessment Team at Coffs Harbour.
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2.	MARVL INVENTORY EQUIPMENT CHECKLIST





Map of area to be inventoried, with plot location information


Plot size, age class, species, thinning information and tally proformas


Hip chain


Hip chain cotton (keep a good supply)


Compass


Clino (preferably Suunto PM-5/1520 D) 


Vertex Hypsometer (with spare batteries)


30 or 50 metre tape


Spray paint (keep a good supply)


Diameter tape


Set of field notes


Calculator (or slope correction tables)


Field Computer


�
3.	LOCATING PLOTS





From the plot location notes read off the bearing and distance to the plot you intend to measure.  Check to ensure you know the correct plot size.


The plot centre should be located from the take-off point (TOP).  The TOP should be marked from some definitive feature on the ground, preferably one that has been surveyed such as a road or boundary fence.  A hip-chain (not the trip meter in the vehicle) should be used to locate the take off point at some point along the road, usually from an intersection.  Mark the TOP, along with the plot number, on a tree or other easily visible spot nearest the TOP, as per Figure 1.





Figure 1.	TOP Identification 


�


Check that you have all necessary equipment before leaving the vehicle.


Use hip-chain and compass to locate plot point.  The plot should be established exactly where the hip-chain and compass bearing take you.  For slope greater than 10° measured distances need to be corrected to give horizontal distance, refer to Appendix 1.  If the plot point is in some way "different" to the general area, feel free to make note of this in the comments section at the plot level of the data entry file.





Mark the centre of the plot with a small painted cross on the ground.  If the plot centre is disturbed during measurement ensure that it is repainted before leaving the plot.  The plot number should be painted on the tree nearest the plot point, as per Figure 2.





Figure 2.	Plot Centre Identification
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4.	SETTING OUT PLOTS





Once each plot has been located a quick check should be made to ensure that the plot is true plantation (planted in rows or obviously even aged) and of the correct species.  Appendix 5 (Source: Forest Trees of Australia, Boland et al, 1984) provides botanical identification for each species represented in current eucalypt plantations.  Bark, leaf, inflorescence and fruit characteristics should be checked to ensure the correct species is present.  If an error is suspected, samples of leaves and fruit should be collected (recording strata and plot number) and a note made in the comments section of which planted species is present.  If a plot is located in an area suspected not to be plantation, the plot must be measured, this should also be noted in the comments.  Similarly, if the stratum is classed as thinned and no evidence of harvesting is visible within or surrounding the plot, and vice versa for unthinned strata, this should also be noted.





4.1	Plot Size


MARVL plots should have 15-25 target trees contained within the plot.  Target trees in this instance represent the planted species over 10 cm dbhob.  Plot size within any one stratum must not be changed.  If you set your first plot in Strata 1 as a 0.03 ha plot all other plots in that strata have to be 0.03 ha.  This means you have to consider the least number of trees to expect in all plots in any stratum - not just the first plot.  The plot size can be different in other strata.





Table 1.	Expected Number of Trees per Plot by Stocking Class





Stocking Rate�
Plot size (ha)�
Plot radius�
Average No. trees�
Expected range�
�
100-400 s/ha (200 average)�
0.10�
17.84 m�
20�
(10-40)�
�
400-800 s/ha (600 average)�
0.03�
  9.77 m�
18�
(12-24)�
�
800+ s/ha (1000 average)�
0.02�
  7.98 m�
20�
(16-40)�
�



4.2	Slope Correction


The first thing to be done in establishing a bounded plot is to measure, and allow for, the slope of the plot.  The slope of the plot must be measured in order to make sure that the area occupied by the plot is always equivalent to the required plot size.  On slopes greater than 50 the correct radius of the plot should be looked up on the “MARVL Bounded Plot Slope Correction Table” provided as Appendix 2.


Plot slope is determined by measuring the slope of the steepest part of the plot as well as the slope in the opposite direction.  The two readings are averaged to get plot slope (ignoring the sign of the readings).  Where a plot falls on the cap of a ridge measure the slope angle down either side of the ridge.  Similarly if the plot falls in a gully you measure the slope up either side.  Remember, when taking slope readings you should take readings to a point at the same height as your eye, not to ground level.





4.3	Marking Plot Boundary


Having measured the average slope of the plot and determine the new radius, the next thing to do is set out the plot boundary.  This is best done using the Vertex hypsometer or equivalent to lay out a circle surrounding the plot point.


If one is using the Vertex hypsometer to mark out the plot boundary the following method should be used:


One person should hold the transponder 1.3 metres directly above the plot point while another person sweeps around the plot perimeter measuring the distance of all trees which appear close to the plot radius.  The hypsometer should be held at the middle of the side of the tree at 1.3 metres when measuring distances.  While most trees will be clearly in or out, any which are within 20 centimetres of the plot radius will need to be checked exactly using a tape measure.


In this case, one person should hold the end of the 30 or 50 metre tape directly above the plot point marked on the ground while another person holds the other end of the tape at the middle of the side of the tree at 1.3 metres.  At all times the tape should be held tight, straight (no bending around trees, branches, etc) and parallel to the ground.  If the middle of the side of the tree at 1.3 metres above the ground is closer to the plot point than the plot radius (or exactly equal to it), then the tree is in, otherwise the tree is out.  Please take care when checking "close" trees because one tree in or out of a plot can make a difference of several hundred cubic metres!!





If another measuring device is used then the measuring standard should be equivalent to that outlined above.





4.4	Edge Plots


Where a plot point falls at the edge of the planted area - but not actually on a road or in a retention area - and a normal circular plot will not fit entirely within the planted area you should use the "Mirage method" for edge plots, see Figure 3.


The idea of these plots is to be able to sample the "edge effect" without changing the plot size within any stratum.


The first part of this method involves setting out and measuring the plot as usual.  You should then measure the shortest, straight line distance from the plot point to the edge of the stratum/compartment (labelled "X metres" on Figure 3).  You should also mark the two points (labelled "A" and "B" on Figure 3) where the plot radius intersects with the stratum/compartment boundary.


The next step is to set out the distance "X metres" beyond the edge to locate the "Mirage Plot Point".  From the "mirage" point you use the same plot radius as for the original plot to set out another plot radius between points "A" and "B".


All trees which tally twice should be indicated by painting “2” underneath the dbhob mark.  You should make a note in the comments section each time you establish an edge plot.





Figure 3.	Mirage Plot Layout





�
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5.	HEIGHTING TREES





There are two different height samples that need to be taken at each plot, tree heights to predict all tree heights (MARVL height trees) and Mean Dominant Height (MDH).





All trees selected for heighting need to be identified.  The different sampling methods used do not need to be treated separately.  As such an “H” should be painted underneath the dbhob mark of any height tree, as illustrated by Figure 4.





Figure 4.	Height Tree Identification


�





5.1	Selecting Height Trees for MARVL Heights


Three trees in each plot are normally measured for height.  MARVL uses the heights and diameters from the height trees to develop a Height-Diameter curve which is used to predict the heights of all trees not actually measured for height.  This means that the height trees should include the whole range of tree diameters in the area.


Trees selected for heighting should be of the planted species and selected across the range of diameters by selecting one smaller-than-average tree, one average tree and one larger-than-average tree at each plot.  You should not always select the smallest, average and largest tree from each plot.  As MDH sampling aims to sample the largest trees in the stand, only the ‘small’ and ‘medium’ sized height trees will be required for MARVL heights.


You should avoid trees with severe leans or dead tops.  Heighting multiple-leaders is fine if they are common in the plot and surrounds.


Where a plot has many suppressed, shorter trees present a third height tree should be selected from these shorter trees.  This does not include trees which are short due to having a broken stem.


5.2 	Mean Dominant Height


Mean dominant height is defined as an average of the heights of the 40 “fattest” (largest diameter) trees per hectare in a stand.  It is used because it is a repeatable measurement of stand height indicating site.  The number of height trees to be measured within a plot for the calculation of mean dominant height depends on the plot size.  In an effort to ensure that the tallest trees are selected, two more than the number of fattest trees required are measured.  Table 2 indicates the number of height trees required for a range of plot sizes.





Table 2.	Number of MDH Height Trees Required by Plot Size





Plot Size�
Number of Trees�
�
(ha)�
to be measured�
included in mean�
�
0.02�
4�
2�
�
0.03�
4�
2�
�
0.10�
6�
4�
�



For example, if the plot size is 0.1 ha then the six fattest trees within the plot need to be measured to derive mean dominant height.  Similarly, if the plot size was 0.03 ha the four fattest trees within the plot would need to be measured.  A minimum of four trees are required per plot.


�
6.	MEASURING TREES





Only those trees of the plantation species greater than 10 cm dbhob should be measured using the MARVL inventory system as described below.  Experience has shown that substantial areas of eucalypt plantation are invaded with other species, especially Turpentine, Casuarina and Acacia.  These trees will not be assessed to avoid unnecessary sampling, and an ocular tally by diameter class will be made (refer Section 9).





Each tree selected as a target tree must have the dbhob mark painted around the circumference of the tree at breast height exactly, and the tree number clearly marked on the face closest to the plot centre.  Figure 5 indicates the identification required.





Figure 5.	Target Tree Identification
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6.1	Diameter at Breast Height Over Bark (dbhob)


6.1.1 Measuring Point


There is a set of rules which define dbhob and how to measure it.  The rules are:


1. Breast Height is 1.3 metres above ground level measured along the stem. Where the tree is on a slope, 1.3m is measured on the uphill side of the tree. Where the tree is on a lean, 1.3m is measured on the underside of the lean.


2. Trees which fork above 1.3m are considered to be one tree, but if the two leaders are separate at 1.3m each leader is treated as a separate tree.


3. Where a swelling occurs at 1.3m, two points, unaffected by swellings or limbs, equal distances above and below 1.3m should be selected so two unaffected measurements are then averaged to give an estimate of dbhob.


The measurer should paint the point(s) on the tree where the diameter measurement(s) have been made.


6.1.2 Tape & Placement


The tape should be placed around the tree perpendicular (that is, at right angles)  to the axis of the stem at 1.3m.  If there is lichen or loose bark at 1.3m they should be gently cleared so as not to remove any firm bark from the tree.


On larger trees care should be taken to ensure the tape does not "get the droops" around the back of the tree.  The tape should always go directly around the stem at the point of measurement.


6.1.3 Taking Readings


All diameter measurements should be measured, called and recorded in millimetres.  Where a part millimetre occurs always round down.


6.1.4 Multiple Leaders


Trees which fork above 1.3m are considered to be a single tree.  Trees which have physically separated below 1.3m are considered to be two (or possibly more) different trees.


In situations where a tree forks right at 1.3m and the 1.3m point is swollen as a result of the fork, the tree should be treated as two separate trees with the diameters measured at the lowest point where the new leaders have assumed a normal shape.


�
7.	ASSESSING TREES USING THE DICTIONARY





7.1	Overview


Trees in MARVL plots are assessed for stem quality characteristics - not products.  The assessor should not attempt to break the tree up into "logs" of any sort.  In general each tree should be viewed overall and then assessed for major features on a metre-by-metre basis. 


The stem quality characteristics used to describe the trees are limb size, sweep and externally visible defects (insect damage and spiral grain).  Although these characteristics may have definite numeric values the majority of the tree description is open to interpretation of the stem quality codes (refer to Eucalypt Plantation MARVL Dictionary - Appendix 3).


There will always be some variation in how the same tree is described, however it is most important that the key features of a tree are always recognised.


Consistent interpretation of the dictionary is vital to getting meaningful inventory results.  As a means of achieving this it is recommended that your "calibration" of limb size and sweep be refreshed periodically by revisiting plots measured earlier in the inventory.


If a section of a tree borders between two codes always describe the section as being the poorer of the two choices.  For example, if you can't decide if some limbs are smaller or larger than 20% of stem diameter, then assess that section of the tree as having limbs larger than 20% of stem diameter.


Viewing each tree from several angles definitely helps the assessor to pick up all the key features of the tree, particularly sweep and insect damage.  Except in the case of very simple trees, all trees should be assessed from at least two angles.


Remember, as there is no reasonable means of actually measuring a tree for stem quality your best estimate is the best that can be hoped for.  Take your time with close calls and try not to let your interpretation of the dictionary "drift" over time.





7.2	Limb Size


The first thing to note about limb size is that any limb, no matter how small, constitutes unpruned stem.  If you are assessing pruned trees the person at the base of the tree is in the best position to assess the pruned height of the tree.  Allowance should be made for the angle of limbs when giving the length of tree sections.





7.3	Sweep


This is where the greatest variation in interpretation will occur.  The sweep table is based on minimum acceptable sweep limits for sawlogs.  Consistency is very important, so use the allowable sweep tables in the dictionary to help make close decisions. 


As mentioned before, occasional revisiting of older plots and viewing trees from more than one position will definitely help sweep interpretation accuracy and consistency.





7.4	Other Damage


Where damage is observed and considered serious, then the appropriate length section of the tree should be described as waste.  Insect damage, as indicated by swellings along the stem of the tree and/or dead or dying crowns, should also be taken into account and described appropriately.  Spiral grain is another defect that needs identification and appropriate description.





7.5	Multiple Leaders


Each of the leaders is treated as a new tree and so needs a diameter estimate for the taper model.  Measuring a nearby tree of equal size is the best method of providing an indication of the leader diameters.


To avoid confusion between assessor and booker when describing multiple leaders you should complete one leader before starting on the other(s).  If one of the leaders divides again you should describe the "single" leader first and do the re-dividing leader last in order to leave room for the additional lines needed for each of the leaders.


�
7.6	Crown Condition


Each tree in the plot is assessed for its Crown Condition.  The definitions of the are the same as for State Forests’ PGP system:





1�
Good�
Leafy, vigorous�
�
2�
Fair�
Average�
�
3�
Poor�
Senescent, diseased or damaged�
�



7.7	Dominance Class


Each tree in the plot is also assessed for its Dominance Class.  The definitions of the Dominance Classes are the same as for State Forests’ PGP system:





1�
Dominant�
Tree with crown extending above the general canopy, receiving full light from above & partly from the sides; a larger than average tree in the stand.�
�
2�
Co-dominant�
Tree crown forms part of the general canopy, receives full light from above but comparatively little light from the sides.�
�
3�
Sub-dominant�
Tree shorter than the previous two classes, but with a crown extending into general canopy, receiving a little direct light from above, but none from the sides.�
�
4�
Suppressed�
Tree crown entirely below canopy level, receiving no direct light from above or sides.�
�



7.8	Logging Impediment


Logging Impediment is supposed to describe any “environmental” reason why a tree would not be available for harvesting during a routine harvesting operation.  These include slopes greater than 30o and water-course prescriptions.


Where a plot falls in, or near, a creek and some, or all, of the trees in the plot would be in a filter/protection strip of some sort, you should apply a 10 metre exclusion zone along the bank of the creek.  All trees within that 10 metre exclusion zone are given “E” for their Logging Impediment.


�
7.9	Stem Deterioration Point





Stem Deterioration Point (SDP) is defined as the point beyond which no single leader can be readily identified.  Stem Deterioration Point is a recently developed term meant to indicate crown break and allow objective classification for the end of the main stem in deliquescent species.  It is critical to ensure that future stem height predictions are not over-estimated.


The emphasis is on the physical characteristics of the stem and crown.  A relatively young spar which maintains a conical apical growing point is unlikely to have a Stem Deterioration Point.  However an older mature stem which “breaks-up” into permanent branches in the upper crown, and has no recognisable leader or main stem, will have an obvious Stem Deterioration Point.  As tree height growth is initiated from the top of the tree, it is important that such a point is recorded so that no further stem height growth would be assumed for the tree.  


This information is recorded by assessing the stem to the SDP and coding the remaining height to the top of the tree with the “T” MARVL description code.  Otherwise a tree without a SDP should be coded to the top with the last MARVL description code.  While generally older trees will tend to have more obvious SDP’s, this characteristic can be present on even the smallest sapling, especially in the instance of suppressed advance growth which have suffered crown damage.  


It should be born in mind however that as this code effectively “kills” stem height growth beyond that point for future predictions.  Therefore it should be carefully assessed, and for younger trees only used when the assessor is confident that the stem is not capable of “straightening out” if released.


�
Figure 6.	Examples of Stem Deterioration Point





�








When assessing SDP it is important to bear in mind that the term was designed to describe utilisable and potential ‘logs’.


�
8.	TREE DESCRIPTIONS





Only those trees of the planted species should described using the MARVL system.  Tree descriptions must be booked in a cumulative way.  For example, if a Blackbutt tree, with a 50.7 cm dbhob in a harvestable area, has a half metre waste (“W”) section at the stump, then ten metres of high quality material with branches less than 20% of stem diameter (“A”), then ten metres of lower quality material with branches less than 20% of stem diameter (“B”), up to the crown break (Stem Deterioration Point), the tree description should look like this:





Tree


No.�
Spp


Code�
DBH


(mm)�
Logging Imped.�
Crown


Condition�
Dominance


Class�
MARVL


Tree Description�
�
1�
BBT�
507�
A�
1�
2�
W0.5 A10.5 B20.5 T�
�



If the tree was a height tree and a total height of 30.7 was measured, then the height follows the final MARVL tree description code (T in this instance) as;





Tree


No.�
Spp


Code�
DBH


(mm)�
Logging Imped.�
Crown


Condition�
Dominance


Class�
MARVL


Tree Description�
�
1�
BBT�
507�
A�
1�
2�
W0.5 A10.5 B20.5 T30.7�
�



If a section of a tree borders between two codes always describe the section as being the poorer of the two choices.


Viewing each tree from several angles definitely helps the assessor to pick up all the key features of the tree.  Except in the case of very simple trees, all trees should be assessed from more than one perspective.


�
9.	TALLY OF NON-PLANTATION SPECIES





While other species or ingrowth stems are not important from a timber yield perspective, an estimation of basal area is required to indicate total stand competition.  Non-plantation species greater than 10 cm dbhob that fall within a plot are not assessed using the MARVL inventory system.  Instead these trees will be tallied in 5 cm diameter classes purely by ocular estimation..  This should be a standard gate tally system, hardcopy proformas will be provided.  Examples of non-planted species include Turpentine (Syncarpia glomifera), Casuarina spp. and Acacia spp.





Tallied trees should be identified with (preferably with another paint colour) circular ‘spots’, also facing towards the centre of the plot.  The mark should be painted at approximately breast height.





Figure 7.	Other Species Tally Tree Identification


�





Example Other Species Tally Proforma
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Appendix 1.	Horizontal Distance Slope Correction Table





[Slope distance = horizontal distance/Cos(slope)]





�








�
Appendix 2.	Bounded Plot Slope Correction Table


[radius =((10000 x plot size)/(( x Cos (slope)))^0.5]


�


�
�
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Appendix 3a.  Allowable Sweep for Eucalypt Plantation MARVL
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Appendix 4.	Eucalypt Plantation Tree Species Codes
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