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ABSTRACT 

In this study we assess the feasibility of remotely measuring canopy 

biochemistry, and thus the potential for conducting large-scale map- 

ping of habitat quality. A number of studies have found nutrient 

composition of eucalypt foliage to be a major determinant of the dis- 

tribution of folivorous marsupials. More recently it has been demon- 

strated that a specific group of secondary plant chemicals, the 

diformylphloroglucinols (DFPs), are the most important feeding deter- 

rents, and are thus vital determinants of habitat quality. We report 

on the use of laboratory spectroscopy to attempt to identify one such 

DFP, sideroxylonal-A, in the foliage of Eucalyptus melliodora, one of 

the few eucalypt species browsed by folivorous marsupials. 

Reflectance spectra were obtained for freeze-dried, ground leaves 

using near infrared spectroscopy (NIRS) and for both oven-dried and 

fresh whole leaves using a laboratory-based (FieldSpec) spectrora- 

diometer. Modified partial least squares (MPLS) regression was used 

to develop calibration equations for sideroxylonal-A concentration 

based on the reflectance spectra transformed as both the first and 

second difference of absorbance (Log l/R). The predictive ability of 

the calibration equations was assessed using the standard error of 

calibration statistic (SECV). Coefficients of determination (r*) were 

highest for the ground leaf spectra (0.98), followed by the fresh leaf 

and dry leaf spectra (0.94 and 0.87, respectively). When applied to 

independent validation sub-sets, sideroxylonal-A was most accurately 

predicted from the ground leaf spectra (r2 = 0.94). followed by the 

dry leaf and fresh leaf spectra (0.72 and 0.53, respectively). Two 

spectral regions, centred on 674 nm and 1394 nm, were found to be 

highly correlated with sideroxylonal-A concentration for each of the 

three spectral data sets studied. Results from this study suggest that 

calibration equations derived from modified partial least squares 

regression may be used to predict sideroxylonal-A concentration, and 

hence leaf palatability, of fucalyptus melliodora trees, thereby indi- 

cating that the remote estimation of habitat quality of eucalypt 

forests for marsupial folivores is feasible. 

INTRODUCTION 

The Australian environment is characterised by poor qual- 

ity soils and high levels of solar radiation. This dispropor- 

tionate balance of soil nutrients to carbon availability (via 

photosynthesis) allows plants a high investment in car- 

bon-based secondary metabolites, as exemplified by 

Eucalyptus, the tree genus which dominates most 

Australian forests [Landsberg & Cork, 19971. As a result, 

the foliage of these trees is often a poor quality food 

resource to the extent that large portions of Australian 

forests do not support viable populations of leaf-eating 

mammals [Braithwaite et al, 1983; Cork & Catling, 19961. 

Only four mammalian species, all marsupials, have diges- 

tive and metabolic adaptations that permit them to eat 

eucalypt foliage. These are the common ringtail possum 

(Pseudocheirus peregrinus), the greater glider 

(Petauroides volans), the koala (Phascolarctos cinereus), 

and, to a lesser extent, the common brushtail possum 

(Trichosurus vulpecula). Clearing has removed much of 

the forest from the most productive soils, and contempo- 

rary forest management activities remain a source of con- 

flict between conservation organisations and timber/farm- 
ing industries [National Forest Inventory, 19981. 

Identification of the habitat requirements for these arbo- 

real, folivorous marsupials has therefore become an 

important priority among forest ecologists in Australia. 

Pausas et al [I9951 modelled a number of factors (eg, 

foliage and soil nutrients, site characteristics, forest 

structure) thought to explain the distribution of folivo- 

rous marsupials in eucalypt forests, and concluded that 

the main factor predicting their occurrence is leaf nutri- 

ent quality. These results are consistent with other stud- 

ies that have shown leaf nutrient quality to be a major 
determinant of the distribution of folivorous marsupials 

in eucalypt forests [Braithwaite et al, 1983, 1984; 
Norton, 1987; Kavanagh & Lambert, 1990; Cork, 19921. 

Eucalypt foliage presents particular nutritional challenges 
through having low concentrations of nutrients, high 
concentrations of components that interfere with diges- 
tion (eg, lignin and tannins) and a range of potentially 
toxic allelochemicals, mainly carbon-based chemical 

defenses such as phenolics and terpenoids (essential 
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oils), that deter herbivores because of their taste or post- 

ingestive consequences [Fox & Macauley, 1977; Cork & 

Foley, 1991, 1997; Cork, 19961. Phenolics may comprise 

up to 40 percent of foliar dry matter in eucalypts, much 
higher than in other forests in the world [Fox & 

Macauley, 1977; Cork, 19961. 

Early studies of Plant Secondary Metabolite (PSM)-herbi- 

vore interactions focused on non-absorbable phenolics, 

such as tannins, because they are ubiquitous and 

because it was believed that they interfered with diges- 

tive processes by binding protein in the gastrointestinal 

tract [McArthur & Sanson, 19931. However, it is becom- 

ing increasingly evident that the role of tannins as reduc- 

ers of protein digestibility has been over-emphasised 

[Foley et a/, 1999; Pass & Foley, ZOOO]. 

Recent advances in the chemical identification of 

Eucalyptus PSMs have resulted in better correlative rela- 

tionships between feeding and individual absorbable 

phenolic constituents of eucalypt foliage [Lawler et a/, 

2000]. In particular, a newly discovered group of PSMs, 

the diformylphloroglucinol compounds (DFPs), have been 

found to play an important role in deterring feeding by 

marsupial folivores [Lawler et al, 1998a,b, 1999, 2000; 

Pass et al, 19981. Lawler et al [1998a] developed a 

method to quantify sideroxylonals, a subset of the DFPs, 

and have shown that in EucJ/yptus species where 

sideroxylonal is the predominant DFP, it explains the 

majority of variation in feeding by marsupial folivores 

among individual trees [Lawler et al. 2000]. 

Traditional methods for assessing foliar chemistry involve 

the collection of field samples, their drying and grinding, 

followed by laboratory analyses. These measurements are 

costly and time consuming, and impractical to apply over 

large areas. By sensing variations in solar energy absorp- 

tance caused by the presence of foliar biochemical com- 

pounds, near infrared spectroscopy (NIRS) can signifi- 

cantly reduce the time spent on laboratory analyses. 

Examination of spectral characteristics obtained with 

NIRS has revealed strong relationships between function- 

al groups of PSMs and specific wavelengths [Windham et 

al, 1988; McClure & Williamson, 1988; Clark et a/,1 987; 

Roberts et al, 1993; Mika et al, 19971. It has been also 

found to be a useful tool for modelling aspects of the 

intake and digestion of forages containing PSMs. By 

applying an NIRS-based model to feeding by common 

ringtail possums fed three species of Eucalyptus foliage, 

Lawler et a/ [ZOOO] explained more than 80 percent of 
the variation in foliage intake. This matched the explana- 
tory power of a detailed and time-consuming investiga- 
tion of the secondary chemistry of the plants. 

In this study we report on the use of laboratory spec- 
troscopy to attempt to measure leaf palatability through 
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the estimation of sideroxylonal-A concentration in the 

foliage of individual Eucalyptus melliodora. This will give 

an indication of the potential for conducting regional- 

scale mapping of tree palatability/habitat quality through 

the use of airborne/spaceborne imaging spectroscopy. 

Reflectance spectra obtained in the laboratory using 

whole, fresh leaf samples are analysed to establish 

whether calibration equations derived from the radio- 

metric properties of E. melliodora foliage can be used to 

predict sideroxylonal-A concentration, and the results are 

compared with those obtained using whole, dry leaf 

samples and freeze-dried, ground leaf material. 

METHODS 

Leaf samples were collected in June 1998 and April 1999 

from 85 E. melliodora growing in open woodland 

approximately 20 km east of Canberra. All samples were 

of fully-expanded adult foliage from the mid to upper 

canopy. An Analytical Spectral Devices (ASD) FieldSpec 

FR spectroradiometer, which senses in the spectral range 

350 to 2500 nm with a spectral resolution of between 3 

and 10 nm, was used in the laboratory to measure spec- 

tral reflectance of both the intact fresh leaf samples and 

oven-dried leaves (7O’C for 48 hours) from each tree. 

Reflectance measurements of the fresh leaf samples were 

made within 4 hours of the leaves being detached. 

Experiments on signal degradation with time showed 

that there was no change in the spectral reflectance of 

the leaves within the first 4 hours after detachment. A 

constant source of illumination was provided by a modi- 

fied Makita high intensity reflectance probe. Multiple 

leaf layers were used to ensure reflectance saturation. 

Average reflectance (R) was calculated from ten spectral 

recordings per tree, and converted to Log (l/R), a form 

analogous to absorbance and, assuming Beer’s Law, 

approximately linear with concentration. This procedure 

was repeated for sub-samples of oven-dried leaves from 

each tree. Near infrared spectroscopy (NIRS) was used to 

collect spectra from a sub-sample of freeze-dried, 

ground leaf material from each tree. Leaf sideroxylonal-A 

concentrations (mg per g of leaf dry matter) were deter- 

mined on freeze-dried leaf material using a procedure 

described by Lawler et a/ [2000]. 

Both first and second derivatives (multiple order differen- 

tiation of the Log (l/R) data) were calculated. A modified 

partial least squares (MPLS) regression technique was 

used to regress spectral data against the corresponding 
sideroxylonal-A concentrations. This method is superior 

to stepwise multiple linear regression for determination 
of leaf chemistry by NIRS, and is less likely to result in 
overfitting [Shenk & Westerhaus, 1991; Bolster et al, 
19961. PLS reduces the spectral data to a few combina- 

tions of the absorbance values that not only explain 
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much of the spectral information but also relate to the 

sample reference (ie, sideroxylonal-A) values. We used 

cross validation to estimate the optimal number of terms 

for the calibration, in which the population is arbitrarily 

divided into a small number of groups, and a prediction 

is made of the values for one group based on calibrations 
developed from the remaining groups. In turn, predic- 

tions were made for all groups with the average of pre- 

dictions for all groups [Shenk & Westerhaus, 19931. 

Although this means the requirement to maintain sepa- 

rate validation and calibration sets is no longer strictly 

necessary, we have nonetheless done so as an additional 

means of verification. Of the 85 samples, 60 were ran- 

domly selected for calibration (for both dry and fresh leaf 

data-sets) and 25 retained as validation samples. Fifty 

samples are recommended as the minimum for calibra- 

tion, although a higher percentage should yield more 

accurate predicted values [Shenk et a/, 19781. The cali- 

bration data-set was used to establish the coefficients in 

the regression equations. The resulting calibration equa- 

tions were then used to predict the sideroxylonal-A con- 

centrations of the validation data sets. Validation sam- 

ples were combined with the calibration set to derive the 

final regression equations. The predictive ability of the 

calibration equations was assessed using the coefficients 

of multiple determination (r*) and, foremost, the stan- 

dard error of calibration statistic (SECV), which is based 

on an iterative calibration-validation algorithm. The 

equation with the lowest SECV and highest r* is selected 

as the best calibration [Mark & Workman, 19911. 

Scatter is a nonlinear function that can distort the rela- 

tionship between the spectrum and the reference, 

although a number of scatter correction techniques are 

available that minimize the variations of scattering due to 

variable particle-size, and account for variation in base- 

(a) 
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line shift and curvilinearity [Barnes et a/, 19891. Four 

methods of scatter correction were compared: using a 

Standard Normal Variate (SNV) and de-trending transfor- 

mation (evaluated together and separately), a multiplica- 

tive scatter correction (MSC), and using raw spectra only 

(ie, no scatter correction). 

RESULTS 

The ‘best’ predictive equations obtained for the first and 

second derivative transformations of the Log (l/R) data 

for each of the three sets of leaf spectral measurements 

are reported in Table 1. Spectra below 500 nm were 

eliminated from the FieldSpec spectrometer measure- 

ments prior to analysis, because of inconsistent readings 

encountered in this spectral region. This prevented sub- 

sequent comparisons across data sets for these wave- 

lengths. 

FREEZE-DRIED, GROUND LEAF MATERIAL 

The regression models using the first and second deriva- 

tive transformations of the Log (l/R) data sets predicted 
the validation data sets with coefficients of determina- 

tion (r*) of 0.94 and 0.89, respectively (Figure la,b). 

The ‘best’ calibration regressions for the first and second 

derivative transformations gave similar results in terms of 

r* and SECV (see Table 1). The regression equations of 

the combined calibration and validation data sets show 

that while both have r* of 0.98, the first derivative trans- 

formation was superior to the second through having a 

lower SECV. 

Figure 2 depicts the correlation between first derivative 

transformed NIRS absorbance and the sideroxylonal-A 

concentration of E. melliodora samples. The three major 

correlation peaks for the first derivative transformation 

&I 

FIGURE 1: Plot of measured versus predicted sideroxylonal-A concentration (S), using calibration regression equations generat- 
ed for freeze-dried, ground leaf data set, for a) first derivative and b) second derivative Log (l/R) data. The calibration data is 
represented by diamonds and the validation data by squares. 
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of the Log (l/R) data occur at a broad band of wave- 

lengths centred on 856 nm, a narrower band centred on 

1394 nm, and a third peaking at 1902 nm. Other corre- 

lation peaks occur at wavelength bands centred on 450, 

568, 618, 674, 1222, 2320, 2406 and 2478 nm. 

The three major correlation peaks for the second deriv- 

ative transformation of the Log l/R data occur at 1156 

nm, 1334 nm and 1910 nm. Other notable correlation 

peaks (r > 0.57) occur at 486, 574, 626, 682, 886, 

916. 1156, 1240, 1334, 1404, 1458, 1910, 2136, and 
2244 nm. 

WHOLE DRY LEAVES 

The regression model using the first derivative transfor- 

mation of the validation data set resulted in a more reli- 

able prediction (r* = 0.72; Figure 3a) than that obtained 

using the second derivative transformation (r* = 0.58; 

Figure 3b). 
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YGURE 2: Correlogram of sideroxylonal-A concentration by 
wavelength for freeze-dried ground leaf material (lighter line), 
compared with correlations for fresh leaf (darker line). 
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The first derivative transformation of both the calibration 

and combined calibration and validation data had the 

lowest SECVs (6.64 and 5.98 respectively), with corre- 
sponding coefficients of determination of 0.82 and 0.85 

(Table 1). 

The correlation between first derivative transformed spec- 

trometer absorbance and the sideroxylonal-A concentra- 

tion of E. melliodora samples is depicted in Figure 4. The 

major correlation peaks for the first derivative transfor- 

mation of the Log (l/R) data occur at wavelength bands 

centred on 526, 561, 671, 1417, 1647 and 1800 nm. 

Other minor correlation peaks occur at wavelength bands 

centred on 615, 715, 787, 1711, 1985 and 2013 nm. 

The highest correlations for the second derivative trans- 

formation of the Log (l/R) data occur at 531, 622, 645, 

685, 761, 1438 and 1800 nm. 

WHOLE FRESH LEAVES 

The validation data sets were predicted with coefficients 

of determination of 0.49 and 0.53 for the regression 

models using the first and second derivative transforma- 

tions of the Log (l/R) data sets, respectively (Figure 

5a,b). 

The ‘best’ calibration data set regressions for the first 

and second derivative data transformations were similar- 

ly ranked in terms of r* and SECV, although the SECV 

was lower for the former (see Table 1). The regression 

equations of the combined calibration and validation 

data sets show that the predictive value of the first deriv- 

ative data transformation was superior to the second 

derivative data transformation through having a lower 

SECV (5.22 against 6.06) despite the higher r* (0.95 

against 0.91) of the latter. 

&I 

FIGURE 3: Plot of measured versus predicted sideroxylonal-A (5). using calibration regression equations generated for whole, oven- 
dried leaf data set, for a) first derivative and b) second derivative Log (l/R) data. The calibration data is represented by diamonds and 
the validation data by squares. 
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TABLE 1: Summary of results from modelling the relationship between spectral characteristics of E. melliodora 
foliage and the foliar concentration of sideroxylonal-A 

r2 SECV Mathematical Scatter N 
Treatment* correction 

Freeze-dried ground leaf 

All samples 0.98 2.53 1441 SNV 81 
0.98 3.04 2441 SNVlDetrend 83 

Calibration set 0.98 3.12 2441 SNV/Detrend 58 
0.97 3.22 1441 SNV 59 

Whole oven-dried leaf 

All samples 0.85 5.98 1881 Detrend 82 
0.87 6.86 2881 SNVlDetrend 81 

Calibration set 0.82 6.64 1881 SNVIDetrend 59 
0.89 6.90 2881 SNWDetrend 59 

Whole fresh leaf 
All samples 0.91 5.22 1881 SNV 81 

0.94. 6.06 2881 SNWDetrend 85 
Calibration set 0.91 5.71 1881 SNWDetrend 59 

0.94 6.13 2881 SNV/Detrend 60 

*Note: “Mathematical treatment” refers to the derivatives and range of data points over which the derivative and smoothing functions 

were calculated. Thus 1.4.4.1 refers to first derivative, a gap of 4 nm (ASD spectrometer) or 8 nm (near infrared spectrometer, which 
records reflectance every 2 nm), and a smoothing over 4 data points. 

J 

FIGURE 4: Correlogram of sideroxylonal-A concentration for 
oven-dried ground leaf material (lighter line), compared with 
correlations for fresh leaf (darker line). 

(4 

The major correlation peaks for the first derivative trans- 

formation of the Log (l/R) data (plotted in Figures 2 and 

4) occur at wavelength bands centred on 528, 674, 707, 

1378, 1651, 1716, 1904 and 2286 nm. The highest cor- 

relations for the second derivative transformation of the 

Log (l/R) data occur at 528, 556, 701, 1199, 1391, 1664 
and 1713 nm. 

DISCUSSION 

Comparison of the results for the ground, dry and fresh 

leaf data sets reveals that both the first and second deriv- 

ative transformations of the Log (l/R) data are equally 

capable of predicting sideroxylonal-A concentrations. No 

single scatter correction consistently featured in the 

lb) 
FIGURE 5: Plot of measured versus predicted sideroxylonal-A, using calibration regression equations generated for the whole, fresh 
leaf data set, for a) first derivative and b) second derivative Log (l/R) data. The calibration data is represented by diamonds and the 
validation data by squares. 
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selected models. The optimal mathematical treatment for 

each of the three leaf treatment data sets occurred when 

the derivative was calculated over a gap of 8 nm. 

Using first derivative transformations of the Log (l/R) 

data, two spectral regions, centred on 674 nm and 1394 

nm (although the latter varied between 1378 and 1417 

nm) appeared highly correlated with sideroxylonal-A con- 

centration across the three leaf treatments. The former 

coincides with the only spectral region picked out from 

each treatment using second derivative transformation 

data, namely at 682, 685 and 701 nm, for the ground, 

dry and fresh leaf data sets, respectively. Two wave- 

length regions (568/561 nm and 618/615 nm) exhibited 

high correlation in the ground and dry leaf data sets, but 

not in the fresh leaf data set. Three wavelength regions 

(526/528 nm, 1647/1651 nm and 1711/1716 nm) 

showed high correlation in the dry and fresh leaf data 

sets, but not in the ground leaf data set. 

The second derivative transformations gave fewer match- 

ing regions of high correlation. Apart from the 685 nm 

region, highlighted in all three datasets, the only other 

matching correlations were at 626/622 nm (ground and 

dry leaf data sets), 531/528 nm (dry and fresh leaf data 

sets), and 1404/1391 nm (ground and fresh leaf data 

sets). 

The results from the fresh leaf measurements are of par- 

ticular interest for assessing the capability to remotely 

estimate an important measure of habitat quality (con- 

centrations of plant secondary chemicals) of eucalypt 

forests for folivorous marsupials. By comparing calibra- 

tion equations and wavelength correlations obtained 

from reflectance measurements of whole, fresh leaves 

with those from dry/ground leaf material, it is possible to 

judge whether wavelengths identified from the MPLS cal- 

ibration equations of the fresh leaf spectra are impor- 

tant, or perhaps merely artefacts of the data. Since the 

higher correlations in the fresh leaf first derivative trans- 

formation spectral regions centred on 674 and 1378 nm 

were identified in the other data sets, one may presume 

that these regions are significant. 1378 nm is near an 

area of strong water absorption, and in the dry and 

ground leaf spectra the strongest correlations were actu- 
ally centred at slightly longer wavelengths, around 1405 

nm, where it is likely that the dominant absorption by 

water obscured that of sideroxylonal-A in the corre- 

sponding fresh leaf spectra. Other likely important spec- 

tral regions are those centred on 528 nm, 1651 nm, and 
1716 nm, identified in both the fresh and dry whole-leaf 

data sets. Flinn et al [1996] found that phenolics have a 
major absorbance around 1650 nm, and this wavelength 
has been used to separate forage samples containing 
high and low concentrations of phenolic constituents. 
The three correlation peaks identified in the freeze-dried, 
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ground leaf spectra between 2300-2500 nm were not 

identified in either the fresh or dry leaf spectra. This may 

be due to the ‘noisier’ spectra obtained in this region 

when measured by the FieldSpec spectroradiometer. In 

future analyses we will investigate the predictive ability 

of regression models using only the wavelengths high- 

lighted above, to further minimise the risk of overfitting. 

A recent study has highlighted a role for terpenes in mar- 

supial folivore-Eucalyptus interactions, whereby they 

appear to act as a cue to concentrations of toxic DFPCs 

in the leaves (ie, a conditioned flavour aversion) [Lawler 

et a/, 19991. Indeed, the same authors note that correla- 

tions between terpenes (eg, cineole) and DFPCs have 

been found in several eucalypt species. It is possible, 

therefore, that wavelength correlations with sideroxylon- 

al-A concentration may in fact relate to absorbance fea- 

tures of terpenes. As long as the correlation between the 

two substances is consistent this does not pose a prob- 

lem and may even serve to enhance our predictions of 

DFPC’s. To gain a better understanding of whether the 

wavelengths highlighted in this study are a direct conse- 

quence of absorption by sideroxylonal-A we plan to col- 

lect spectra of purified sideroxylonal-A, extracted as 

described in Lawler et a/ [ZOOO]. Although Wessman et a/ 

[I9881 pointed out that the exact wavelengths of pure 

compound absorption will not necessarily appear in near 

infrared spectroscopy equations, due to the presence of 

other compounds in the mixture tending to broaden and 

confound their effect, if the regression equations include 

terms that appear close to the constituent’s absorbing 

wavelengths we can have greater confidence in the 

robustness of the equations, particularly for the estima- 

tion of sideroxylonal-A concentration at sites distant 

from the training sites. 

With the continuing clear-cutting of Australia’s forests it 

is imperative to accurately assess the quality of forest 

blocks as habitat for arboreal marsupials. Management 

of forests for wildlife will require accurate maps of the 

diversity and extent of habitats over large areas and 

often difficult terrain. Even with NIRS it will be impracti- 

cal to assess all but the smallest forest blocks, or subsec- 

tions of larger blocks. High spectral resolution airborne 

imaging spectrometry offers scope for a faster, large 

scale assessment of habitat quality. This is the first stage 

in part of a wider study aimed at tracking minor absorp- 

tion features in reflectance measurements from the lab- 

oratory to the field. High spectral resolution airborne or 

satellite data offers scope for rapid, large-scale assess- 
ments of habitat quality. However extraction of the spec- 
tral signature of leaf biochemical composition at the 

canopy level faces additional problems, such as sensor 
limitations (eg, signal to noise ratio), atmosphere (selec- 
tive absorption and scattering), physical characteristics of 

the canopy (eg, geometry/ structure, Leaf Area Index, 
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Leaf Angle Distribution) and background (eg, soil and 

understorey reflectance) [Baret & Fourty, 1997; Dawson 

et al, 19991. Methods to reduce the effect of unwanted 

background reflectance in airborne imaging spectrome- 

try [Dury & Jia, 20011 are also currently being evaluated, 

to determine whether leaf palatability and hence habitat 

quality can be measured at the landscape level. If suc- 

cessful, this will provide the first opportunity to extend 

laboratory-based data to a scale sufficient to answer fun- 

damental questions at the landscape level pertinent to 

the management and conservation of arboreal folivores. 

CONCLUSION 

In this study we have demonstrated that laboratory spec- 

troscopy can be used to measure the concentration of a 

eucalypt PSM (sideroxylonal-A, known to play an impor- 

tant role in deterring feeding by marsupial folivores), 

using intact, fresh leaf samples, with reasonable predic- 

tive value. This is despite the dominant effect of absorp- 

tion by water in fresh leaves, which obscures some but 

not all of the useful absorption features. A number of 

wavelength regions highly correlated with sideroxylonal- 

A concentration in the fresh leaf spectra were also found 

to be highly correlated in the dry and/or ground leaf 

spectra, suggesting these are likely to have some physi- 

cal significance rather than being attributable to noise. In 

particular the first derivative transformation spectral 

regions centred on 674 nm and 1378 nm are likely to be 

useful for predictive purposes since these were identified 

in all three data sets. These results indicate that the 

remote estimation of habitat quality of eucalypt forests 

for folivorous marsupials is feasible, dependent on the 

successful extraction of the foliar spectra from air- 

borne/spaceborne imaging spectrometry data. 
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RESUME 

Dans cette etude nous evaluons la faisabilite de mesure A distan- 

ce de la biochimie de la canopee et par consequent du potentiel 
pour entreprendre une cartographic a grande echelle de la qua- 
lit@ de I’habitat. Un certain nombre d’etudes ont montre que la 
composition de nutriment du feuillage d’eucalyptus est un 
determinant majeur de la distribution de marsupiaux folivores. 
Plus recemment on a demontre qu’un groupe specifique de pro- 
duits chimiques de plante, les diformylphloroglucinols (DFPs), 
sont les plus importantes menaces alimentaires et par conse- 
quent les determinants de la qualite de I’habitat. Nous rendons 
compte de I’utilisation de la spectroscopic de laboratoire pour 
tenter d’identifier un de ces DFPs, le sideroxynonal-A, dans le 
feuillage d’Eucalyptus melliodora, une des rares especes>d’euca- 
lyptus dans lesquels viennent brouter les marsupiaux folivores. 
Des spectres de reflectance ont ete obtenus pour des feuilles 
mortes sechees-congelees en utilisant la spectroscopic proche 
infrarouge (NIRS) et pour des feuilles entieres, les unes sechees 
au four et les autres fraiches, en utilisant un spectra-radiometre 
de laboratoire (FieldSpec). Une regression par moindres car& 
partiellement modifiee (MPLS) a ete utilisee pour developper des 
equations de calibration permettant de determiner la concentra- 
tion de sideroxylonal-A basee sur les spectres de reflectance 
transform& selon la difference premiere et seconde d’absorban- 
ce (Log l/R). La capacite predictive des equations de calibration 
a ete &al&e en utilisant I’erreur type de la statistique de cali- 
brage (SECV). Les coefficients de determination (r2 )ont ete plus 
eleves pour les spectres des feuilles mortes (0.98), suivi par les 
spectres des feuilles fraiches et des feuilles sechees (0.94 et 0.87 
respectivement). Quand on I’applique a une validation indepen- 
dante de sous-series, le sideroxylonal-A a ete predit de la manie- 
re la plus precise a partir des spectres de feuilles mortes (r2 = 
0.94), suivi par les spectres de feuilles seches et de feuilles 
fraiches (0.72 et 0.53 respectivement). Deux regions spectrales, 
cent&es sur 674 nm et 1394 nm, ont et@ trouvees tres forte- 
ment correlees avec une concentration de sideroxylonal-A pour 
chacune des trois don&es spectrales Ptudiees. Les resultats de 
cette etude suggerent que les equations de calibrage derivees de 
la regression par moindres car& partiellement modifiee peuvent 
etre utilises pour p&dire la concentration de sideroxylonal-A, et 
par consequent la comestibilite des feuilles, d’arbres 
d’Eucalyptus melliodora, et indiquant de ce fait que I’estimation 
a distance de la qualite de I’habitat de for&s d’eucalyptus pour 
des marsupiaux folivores est faisable. 

RESUMEN 

En este estudio, evaluamos la factibilidad de realizar mediciones 
bioquimicas de dose1 mediante teledetecci6n, asi coma el poten- 
cial de cartografiar la calidad de habitats a gran escala. Varios 
estudios encontraron que la composici6n nutritional del follaje 
de eucalipto era un factor determinante mayor en la distribuci6n 
de 10s marsupiales folivoros. M&s recientemente, se ha demos- 
trado que un grupo especifico de compuestos quimicos secun- 
darios en plantas, 10s diformylphloroglucinoles (DFP), constituye 
el mas importante grupo de inhibidores de alimentaci6n, y que 
estos son por lo tanto factores determinantes vitales en la cali- 
dad de 10s habitats. Reportamos sobre el use de espectroscopia 
de laboratorio en un intent0 para identificar uno de estos DFP, 

el sideroxylonal-A, en el follaje de Eucalyptus melliodora, una de 

las pocas especies de eucalipto ramoneadas por marsupiales foli- 
voros. Se obtuvieron espectros de reflectancia para hojas caidas 
al suelo, secadas por congelaci6n. mediante espectroscopia en el 
infrarrojo cercano (NIRS), asi coma para hojas enteras secadas 
en estufa y para hojas enteras frescas mediante un espectrora- 
di6metro de laboratorio (FieldSpec). Se us6 una regresi6n partial 
modificada de minimos cuadrados (MPLS), para desarrollar ecua- 
ciones de calibraci6n para la concentraci6n de sideroxylonal-A 
basada en 10s espectros de reflectancia transformados a la vez 
en la primera y segunda diferencia de absorbancia (Log l/R). Se 
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evalu6 la capacidad predictiva de las ecuaciones de calibraci6n 
en base al error estandar de la estadistica de calibraci6n (SECV). 
Los coeficientes de determinaci6n (r2) resultaron ser 10s mas 
altos para 10s espectros de las hojas encontradas en el suelo 
(0.98), seguidos por 10s espectros de hojas frescas y por 10s de 
hojas secas (0.94 y 0.87, respectivamente). Cuando se aplicb a 
sub-conjuntos de validaci6n independientes, la predicci6n mds 
precisa de sideroxylonal-A se obtuvo a partir de 10s espectros de 
hojas caidas al suelo (r2 = 0.94). seguidos por 10s espectros de 
hojas secas y por 10s de hojas frescas (0.72 y 0.53, respectiva- 
mente). DOS regiones espectrales, centradas en 674 nm y 1394 

nm, resultaron ser altamente correlacionadas con la concentra- 
ci6n de sideroxylonal-A en cada uno de 10s tres conjuntos de 
datos espectrales estudiados. Los resultados de este estudio 
sugieren que se pueden usar ecuaciones de calibraci6n derivadas 
de la regresi6n partial modificada de minimos cuadrados para 
predecir la concentraci6n de sideroxylonal-A en &boles de E. 
melliodora, y por consiguiente para predecir la palatabilidad de 
sus hojas, lo que indica que es factible evaluar, por sensoramien- 
to remoto, la calidad de habitat en bosques de eucaliptos para 
marsupiales folivoros. 
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