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[bookmark: _lsqhhftuaqkf]Equipment:

2 m height stick		Balance (optional to take with to the field)
50 m tape measure		Plastic bags (if no field balance available)
Diameter tape (optional)	Flatbed scanner OR camera + white paper + transparency 
Bark punch OR knife/machete 	Pre-weighed paper bags	
Calipers			Masking tape
Permanent marker		Clippers OR saw OR increment borer
GPS

[bookmark: _unjp419kqkck]Methods:	Comment by Sally Archibald: what about some discusison of what we are measuring and why we are measuring it?

Height and bark thickness are both allometric traits, meaning that they change as the plant grows. From a traits perspective, the height or bark thickness of an individual tree is not of particular interest, but the way that height and bark increase with tree diameter are. For reliable estimation of allometric traits, you need to make sure to measure a range of tree sizes. We usually aim for 10-20 individuals per tree species, ranging continuously from < 1 cm in diameter to the largest you can find. Measure diameter at two heights: 35 ± 5 cm and 140 cm (or below the first branch if possible, making not of the point of measurement). Diameters are measured in cm.

· Height. Height can be measured directly up to ~ 4 m in height (if you have a 2 m height stick and you know how tall you are). Otherwise, height needs to be measured either with a rangefinder or via a geometric method. Your rangefinder will come with instructions. We have included a figure describing a straightforward geometric method for estimating height (see Figure 1). Record height in meters to the nearest 0.1 m.

· Bark thickness. We measure bark at 35 ± 5 cm, by removing a plug with a shoemakers punch about 1.5 cm in diameter. You can also use an increment borer, machete, or even a knife + hammer. The only trick is making sure you get all the bark (often there is more than you think — but once you hit the division between bark and wood, there is a pretty smooth break between the two). Once you have a good chunk, measure it with calipers. For savanna trees, it can be useful to detach the outer bark and then re-assemble the plug afterwards, since the bark is super thick and does not hold together well. Repeat the measurement at 2-4 points around the circumference of the tree; we usually use cardinal directions to avoid bias, but make sure to avoid any dead parts of the tree. Bark thickness is measured in mm to the nearest 0.1 mm.	Comment by Sally Archibald: Do you include the phloem in the bar k measurement? i.e. bark ends when hard wood begins?

Wood density, SLA, LDMC, and leaf C/N/P are functional traits that vary much less as a plant grows. Therefore, we typically measure them on 5-10 adult individuals per tree species.

· Wood density. Strictly speaking, wood density should be measured on the main stem of a tree, with bark removed. You only need to measure one wood sample per individual tree. You can grab a wood sample in a couple different ways. One option is to collect a whole cross section of the stem. Another is to use an increment borer to remove a plug from the stem, or you can cut a wedge out of the tree’s stem. 	Comment by Sally Archibald: stemwood/heart wood?

Sometimes, collecting the wood sample from the main stem is not possible – in those cases, you can collect a piece of branch of with a minimum stem diameter of ~ 1 cm and ~ 5-10 cm long. Again, remove the bark. If you go this route, please make a note; branches are less dense than the main stem of a tree by a factor of on average ~ 1.4.

To calculate wood density, you need to measure the weight of the sample and its volume. Wood density should be recorded in g cm-3.

Your sample should be weighed after drying in a drying oven at 101-105oC for one to three days (maybe more, in the case of large samples). The oven temperature is important; wood binds some water quite tightly, and it is only fully dried at temperatures above 100oC. You will know you are done drying when the weight of the sample stops decreasing with additional drying. Record the weight of your sample to the nearest 0.01 g.

Record the weight of your sample to the nearest 0.1 cm3. If you collected a cylinder of wood, you can simply calculate its volume by using calipers to measure its diameter (at a couple of points along the length of the sample) and length, via the following equation:
volume = π × (diameter/2)2 × length
If you do not have a cylinder, measure the volume via water displacement. Partially fill a graduated cylinder (large enough to fit your wood sample) with water. Then submerge your sample in water and measure the difference in the volume of water. This yields volume in mL (which is exactly equivalent to cm3). 	Comment by Sally Archibald: Surely you should coat in wax first? 

Also, we sometimes put the beaker on a scale and then measure the mass displaced as this is more accurate.

These measurements are not time sensitive, so it is worth waiting until you have access to a lab to do them properly. However, if you do not have a graduated cylinder, you can fill a container with water to its brim. Pick a container that is about 2x the size of your sample, but that you sample fits into comfortably. Weigh the full container. Then submerge your sample fully, letting water spill out until the water level is even with the top of the container; then remove the sample. Weight the partially empty container. The weight of the water that you lost (i.e., full weight – partially empty weight of the container) will be equal to the volume of your sample (because 1 g of water has a volume of 1 mL or cm3)

· Leaf Traits. Specific leaf area (SLA) is a measure of leaf area per unit of leaf mass. For SLA, leaf area is the area of one side of the leaf, measured fresh, while leaf mass is measured after drying. Leaf dry matter content (LDMC) is a measure of how much water a leaf contains. Calculating LDMC relies on measuring both the wet and dry weight of leaves. You should measure ~ 5-10 leaves per tree (or more if the leaves are very small). These leaves can be measured together, so only record one SLA value per individual. Here, we will consider the petiole and the rachis to be a part of the leaf, so make sure to include these in your measurements.

SLA can vary substantially with now much sun a leaf receives. To standardize this, we always measure SLA and LDMC on leaves that receive full sun. This should be easy in a savanna or miombo-type system, but can be a challenge in a forest. We also make sure to select fully expanded and hardened, photosynthetically active leaves from adult trees. Avoid insect, etc., damage wherever possible.

Leaf area needs to be measured as soon as possible after the sample is collected. This is especially important for some fine-leaved species, which close up when they are picked and are very difficult to unfold. It is really best to do this immediately. However, if you must, you can put leaves into a plastic bag and take them back to the lab, but SLA should be measured within 12 to 24 hours of sample collection, at the most.

The easiest way to measure leaf area is to use a flatbed scanner attached to a laptop. Lay the leaves out flat so that they are not overlapping, and include something of known size (~ 1 cm) for scale. You can cut up the leaves if they won’t lie flat. Scan samples in color against a white background. Alternatively, you can use a camera to take a photo against a white background. Here, you can use a white piece of paper, and use an overhead transparency to hold leaves flat and in place against the paper. Leaf area can be measured later from scanned or photographed images using image analysis software. Most people use ImageJ, which is available for free at <https://imagej.nih.gov/ij/>. 

After measuring area, measure the wet weight of your leaves for LDMC and record it (to the nearest 0.01 g). Make sure that the leaves don’t have any water droplets on their outside; blot them off with a tissue if they do. Again, the sooner you can do this, the better, but you can store the leaves in a plastic bag until the end of the day to weigh if necessary.

After you have measured wet weight, put leaves into a paper bag. It can be useful to use a paper bag that you have already weighed, as some leaves disintegrate when they are dried; however, even dry paper bags absorb some water from the air, so you will need to pre-dry your bags before you pre-weigh them. Dry leaves at a maximum temperature of 60oC for four days. Again, the temperature is important, because some forms of nitrogen volatilize at higher temperatures. Weigh samples immediately after you take them out of the oven (to the nearest 0.01 g); samples can be stored dry, but absorb water from the air, and so mustch be weighed dry. 

Leaf C, N, and P are measured in the lab on dried, ground leaf samples. I have offered to do this at Yale, so you can mail me your carefully labeled and neatly packaged samples. Each paper bag should be labeled in permanent marked with the individual ID, species, and sample site. You should also email me your field-collected data and a GPS coordinate for each site. My address is:

Prof. Carla Staver
165 Prospect St.
Dept. of Ecology and Evolutionary Biology
Yale University, CT, USA 06511
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Figure 1. A geometric method for estimating tree height, based on the principles of similar triangles. You will need two scientists + a ~ 2 m height stick. The person holding the height stick should stand some distance away from the tree (the distance will depend on how big the tree is – stand farther away for bigger trees). Be sure to hold the bottom of the stick level with the eye height of the measurer. Then, the ‘measurer’ lines themselves up such that they have the top of the height stick and the top of the tree along the same line of sight, as pictured. The height of the tree can be calculated as:
height = y × z / x + C
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