Appendix S1: Methods for linking the simulation software YPLANT to output from 3-D digitisers


YPLANT (Pearcy & Yang, 1996) is a three-dimensional crown architecture model for analysis of light capture and carbon gain of plants where the geometry of the crown and self-shading are important. The model uses geometrical measurements taken in the field to reconstruct the projected image of a plant so that light absorption from any direction can be assessed. Solar movement and photosynthetic sub-models allow one to estimate photon flux density (PFD: �symbol 109 \f "Symbol" \s 12�m�mol photons m-2s-1) incident on each leaf surface at different times of day, and the resulting assimilation rate. Simulations can be conducted for any particular latitude and day of the year. The model has been shown to correspond well with light measurements (Naumburg et al., 2001; Pearcy & Yang, 1998; Valladares & Pearcy, 1998, 1999). 


YPLANT inputs are the geometry of leaf arrangement, a description of leaf shape, physiological parameters describing leaf photosynthetic capacity and a description of the canopy above the plant to estimate light environment (Pearcy & Yang, 1996). Similar algorithms are employed in several alternative packages (Ezcurra et al., 1991; Ryel et al., 1993; Takenaka, 1994; Takenaka et al., 1998; Werner et al., 2001). Whilst high resolution data is output is available from such packages, a limiting factor for ecological studies has been the time-consuming nature of data collection. Previously, plant geometry has been characterised using hand measurements, or measurements made with simple angle measuring devices (Takenaka et al., 1998). Here we present a solution to this problem by coupling YPLANT with digitising technology. 


The leaf arrangement of each plant was described using a FASTRAK�symbol 226 \f "Symbol" \s 12�â� 3D-digitizer (Polhemus, Colchester, VT, USA). The digitizer includes a magnetic signal emitter and pointer, allowing the user to record the 3D spatial co-ordinates of the pointer within a hemisphere of 3m diameter from the emitter. The device is accurate to within 0.0005cm cm-1 of range (FASTRAK Users Manual), in other words to 0.5 mm at 1 m from the receiver. It has successfully been used to record the geometry of canopies in previous studies on plant architecture (Danjon et al., 1999; Kaitaniemi et al., 1999; Planchais & Sinoquet, 1998; Rakocevic et al., 2000; Sinoquet & Rivet, 1997; Sinoquet et al., 1998). The software package FLORADIG (CSIRO Entomology, Brisbane, Australia; Hanan & Room, 2000) interacts with the digitizer to collect plant architectural information. Spatial co-ordinates of each node and the connectivity to other nodes are recorded. Each leaf is recorded as connected to a node. Points on the surface of each leaf are recorded, and combined with a shape template for each species or leaf-type within a species (see below). The recorded points for the individual leaf allow the template to be scaled to size, and specify orientation for the leaf’s petiole and surface(s). For species with medium-to-large leaves (> 0.3cm2; table 4), spatial co-ordinates of 4 points were recorded: the base and end of the petiole, the tip of the leaf, and a 4th point elsewhere on the leaf edge. For 3 species which had the leaf surface folded along the midrib, a 5th point was recorded. For species with a petiole too short to measure, only 3 points were recorded. From these points, the directional vectors for the petiole, midrib, and steepest slope of the leaf surface were calculated, together with leaf and petiole length, as required by YPLANT. 


For species with small leaves (<0.3cm2) the leaf arrangement was not directly recorded for every leaf in the field, due to measurement error associated with hand-shake being larger compared to leaf size. For these species the branching structure of the tuft was recorded (as above), but the leaf arrangement was subsampled . Each tuft was divided into segments, within which a characteristic leaf-angle, density, phyllotaxis and size was observed. Leaf length, leaf angle relative to the branch, and phyllotaxis were carefully recorded for 20 leaves within each segment. This sample was used to characterise a normal distribution from which leaves were generated along the full length of the segment during reconstruction of the leaf arrangement. 


Stem diameters were not measured for individual nodes. Terminal and basal diameters were recorded for each branch segment, and diameters for intermediate nodes were estimated assuming taper scales linearly with distance. 


The accuracy of the 3-dimensional plant reconstruction was assessed visually ‘on-screen’ in the field using the FLORADIG software and, for smaller leaved species, again after leaf arrangement had been simulated. Error due to wind or plant movement was noted and where significant the architectural description was repeated.


YPLANT simulates canopy leaf arrangement by scaling a single description of leaf shape to the appropriate length for each leaf recorded in FLORADIG. The leaf surface is then oriented to match the surface orientation recorded on the plant. Variation in leaf shape between and within individuals was not accounted for. For each species a representative leaf was selected. Leaf shape was recorded using the digitizer, with up to 40 points used to describe complex leaf shapes such as the highly dissected leaf of Isopogon anemonifolius.


The 3D descriptions of  leaf arrangement recorded for each tuft and the leaf shape recorded for each species in FLORADIG were converted to the appropriate YPLANT format using a program written in C. This program is available from the authors upon request.
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