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Functional Plant Biology Volume 35 Issue 6, 2008, Pages
483—492, Stephen A. Wood, Jason Beringer, Lindsay B. Hutley,
A. David McGuire, Albert Van Dijk and Musa Kilinc

After due consideration of various issues raised with respect to
the Wood et al. paper, Stephen Wood and the co-authors
unanimously agree to retract the above paper from Functional
Plant Biology.

Reason: In the paper published in this journal we examined
water use across a chronosequence of Australian mountain
ash forests using an eddy covariance system measuring forest
evapotranspiration (ET) combined with sap flow measurements
of tree water use. The paper contained an error in the scaling of
sap flow measurements of both overstorey and understorey sap
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flow data from daily quantities. These errors then transferred
to the annual sums that were subsequently also incorrect. We also
reported rainfall data from the site that was in error and as a
result we can not infer any annual water balances and no longer
consider all our conclusions supported. Due to the propagation of
error we therefore retract the paper. We thank Dr Benyon and
colleagues for pointing out these issues (Benyon et al. 2010).
We apologise for any inconvenience caused by our paper. We
have also circulated an open email to our colleagues.
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This paper originates from a presentation at EcoFIZZ 2007, Richm
September 2007.

Abstract.

across a chronosequence of three sites (24, 80 and 29
installed above the E. regnans overstorey and abo

growth forest.

Additional keywords: eddy

Introduction

The future availabilit
catchments is a criti
problems globally
catchments are depen

ither forest succession or deforestation.
est cover due to anthropogenic deforestation or
fire, normally results in a short-term increased
runoff into catchments, and the re-establishment of forest cover
most often decreases the runoff. These modifications in runoff
have been attributed to changes in sapwood area (Vertessy et al.
1995, 1997; Roberts et al. 2001). Forested catchments return to their
initial pre-disturbance state through succession of vegetation (Hibbert
1967; Swank et al. 2001), resulting in the runoff returning to the
pre-disturbance levels. Hornbeck et al. (1993) using 11 water
catchments in north-eastern USA (Fernow, Leading Ridge,
Marcell and Hubbard brook) showed that after deforestation water
yield levels increased by up to 250 mm year ', returning to the initial
levels after 7-25 years.
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Runoff from mountain ash (Eucalyptus regnans F.
significantly in the few decades following fire - returning to pr
ecosystem water use with stand age in a relationship known
catchment runoff and stand age by measuring whole-ecosys
measuring forest evapotranspiration (ET) combined with sap-flo
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del. We examined this relationship between
of water using an eddy covariance system

€296-year old site eddy covariance systems were
ralnforest understorey. Contrary to predictions from the
creased by far less across stand age between 24 and

1.8 mm day ' with increasing forest age (an annual decrease
d 1.5mmday ', 45% of the total ET (3 mmday ) at the old

In Australia, a significant amount of research has taken
place on the affect of fire on the water yield changes in
eucalypt-dominated water catchments. The most significant
of these was by Kuczera (1987), which describes the
relationship between mean annual water yield and stand age
for a mountain ash (Eucalyptus regnans F.Muell.) forested
catchment by using rainfall-runoff data from fire affected
mountain ash forests. Kuczera’s study showed that shortly
after a catastrophic fire there was by a distinct period
(15-20 years) where water yield decreased (300-400 mm),
because of tree growth. After this time, water yield increased
to pre-fire levels, taking up to 200 years to fully recover (Vertessy
et al. 2001). The increase in water yield was due to the
replacement of mature forests with younger rapidly growing
stand. In eucalypt forests, it is common for a younger
regrowth stand to use more water than an old-growth forest
because of the rapid growth of the young stands and natural
thinning of the mature stands (Andreassian 2004).

In Melbourne, Australia potable water is obtained from
1570km? (157000 ha) of forested catchments located in the
Victorian Central highlands (Melbourne Water 2006) and
Melbourne Water Corporation uses water from these
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catchments to supply water for ~2.8million customers
(Melbourne Water 2006). Mountain ash forests cover half of
the catchment area yet this area yields ~80% of the stream flow
that makes up Melbourne’s water supply. This is because
mountain ash forests tend to grow on higher rainfall sites
where the mean annual rainfall exceeds 1200 mm (Vertessy
et al. 1995, 2001; Haydon et al. 1997; Melbourne Water 2006).
Since mountain ash trees are a significant vegetative cover
in the catchment, they are an important factor in the future of
water availability for the city of Melbourne. For example, past
studies have shown that the presence of mountain ash trees
radically alter the water balance of water catchment areas and
that different aged mountain ash stands created by fire or logging
have different total tree water use (Langford 1976; Kuczera 1987;
Jayasuriya et al. 1993; Vertessy et al. 1995, 1996, 1997, 2001;
Watson et al. 1999; Cornish and Vertessy 2001). Hence, bushfires
are a crucial, yet infrequent component in the development and
life cycle of mountain ash forests and the hydrological cycle. For
mountain ash seedlings to survive and grow they need to be
exposed in soil with direct sunlight, an environment best created
by bushfires (Vertessy et al. 2001). Without fire driven
regeneration, mountain ash forests would die out in several
hundred years through gradual succession to rainforest species
(Haydon et al. 1997; Vertessy et al. 2001). In the 20th century,
bushfires have burnt through the Melbourne water catchment
areas in 1926 and 1983, which has resulted in the conversion of
80% of the forest in the catchment from old growth (several
hundred years of age) to regrowth stands (Vertessy et al. 2001)
This regeneration process goes through several different
successional stages; pole (15-30 years post fire), spar
(30-100 years), mature (100-300 years) and olg
(300+ years) (Museum Victoria 2002).
Following fire there is a mass ‘seed raiw
germination, high growth rates
individuals, and intense competition fg
resources, resulting in thinning ov,
continues for the life of the
exponentially decreasing rate (&

at an almost
1976). After
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100-200 years large canopy gaps form (Jayasuriya et al. 1993;
Vertessy et al. 2001) that serve to decrease overstorey leaf area
(Fig. 2b), sapwood area (Fig. 2a) and stem density. As a
consequence, when E. regnans stands age, less water is lost
through transpiration by the overstorey, leading to increased
runoff into water catchments (England and Attiwill 2006).

Due to this species’ importance for commercial timber as well
as its dominance of headwater forests in Victoria, a significant
amount of study has been has been conducted on mountain ash
forests, especially forest hydrological properties. The amount of
runoff from E. regnans forests into the ca gat is known as

changes in evapotranspiration (ET) o
Kuczera 1987; Watson et al. 1999;
An idealised curve developed
relationship between mean
a mountain ash forested
data from fire affected

ces an increasing understorey leaf area as
rea declines (Vertessy et al. 2001). These

ertessy et al. 2001). Therefore, if it is assumed that the
lerstorey ET is negligible then Kuczera’s curve is easily
explained by the observed decline in overstorey stem density
and leaf area index (LAI) with stand age after the initial 30-year
peak. The initial decline in catchment yields over the first
30 years is explained by the rapid growth of mountain ash
trees following disturbance and increasing stem densities and
leaf area.
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Fig. 1. Relationship between density of trees (plantsha ') and the age of the stand (years). O 1953
assessments; X 1974 reassessments; overlaid with: @ stem density data from this study (Ashton 1976;
pp- 399).
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Vertessy et al. (2001) noticed reportable differences in their
estimate of water balance due to their inclusion of changes in
understorey transpiration, calculated using the sap-flow method,
but for a 240-year-old forest, the understorey transpiration
accounted for only 16.6% of the site water use. Their study
also showed the annual canopy interception of rainfall and
annual soil and litter evaporation decreased by 7.5 and 1.6%,
respectively, from a 15 to a 240-year-old stand, illustrating that
the major component affecting the yield in water catchments is the
transpiration of the dominant mountain ash trees.

Recent studies such as Watson ef ¢/gh99) and Vertessy et al.

water use have
. In the case of
sap-flow measurements
the tall overstorey tre

total forest
The obj

and tower measurements to more fully investigate
n of the understorey to total forest water use on
e up sap flux measurements to canopy transpiration
to compare results with eddy covariance measurements from
pld growth stand.

Materials and methods

Site description

All field measurements were conducted in the Wallaby
Creek Melbourne Water catchment, located near Kinglake,
~45km, north-east of Melbourne, in south-eastern Australia
(Fig. 4). Three suitable sites were selected that are typical of
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Fig. 3. Climate adjusted residuals of streamflow for Graceburn catchment with Kuczera’s predictive model for
expected yield following fire in 1939 (Kuczera 1987; pp. 224).
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35 km

WALLABY CREEK
CATCHMENT

- The Yarra Catchments

Melboerne

- The Western Catchments

- Dandenong Catchments

- Western Port and Mornington
Peninsula Catchments

Fig.4. Location of the Wallaby Creek catchment study site
Site (1) 296 years old/EC tower site; (2) 80 years old; site (

Melbourne’s water catchment areas representing differen
age classes (24, 80 and 296 years) of mountain ash
(Eucalyptus regnans F.Muell.) forest ranging from 660 to
690m in altitude. Details of these sites are gixen by
Martin et al. (2007).

The Wallaby Creek catchment is classified a

summers and mild winters (Van Pelt
received an average of 1190 mm of g

Pelt et al. 2004). The
annual average maxi ini temperatures
vary between 24.1
Meteorology 2007
temperatures v

28°C in sum

imum and maximum
in winter, and 16 and

Table 1.

ash trees are straight, grey-trunked trees with smooth-
ut the first few metres (Ashton 2000a). These trees
in cool, deep soiled, mostly mountainous areas up to
0Om in elevation with very high rainfall of over 1200 mm
year (Vertessy et al. 1995, 2001; Haydon et al. 1997;
Melbourne Water 2006). The understory of the old-growth
forest is made up of Olearia argophylla (Labill.) F. Muell.
ex Benth, Pomaderris aspera Sieber ex DC., tree ferns
(Dicksonia antarctica Labill. and Cyathea australis (R.
Brown) Domin), as well as Acacia trees (A. dealbata Link.
and 4. melanoxylon R.Brown) (Van Pelt et al. 2004). The
understorey at the 1926 regrowth site is sparse, and made up
mainly of prickly currant (Coprosma quadrifida (Labill.) Rob.).
The 1982 re-growth site has a very minimal understory
compared with the old-growth site and 1926 regrowth sites.
More information on the forest and canopy structure at the old-
growth site is given by Van Pelt ef al. (2004) and further

Eucalyptus regnans characteristics from each site at the Wallaby Creek sites
DBH, diameter at breast height

Variable Site age (years)

24 80 296 296 understorey
Average stems per ha 898 +36 239+£10 37+2 278+ 11
Mean height (m) 2143 6045 80+£5 8§+ 1
Mean DBH (cm) 26+3 73+3 155+5 1442
Minimum DBH (cm) 6+3 42+£3 95+5 5+2
Maximum DBH (cm) 70+£3 121+3 226+5 26£2
LAI 2.62+£0.04 2.0940.04 1.6940.07 1.67+0.07
Sapwood area (m®ha ") 8.9+0.5 6.9+0.5 23402 21402
Sap velocity (cmh™") 9.1+15 12.8£1.1 112+14 5.0+1.1
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information on the history, environment and plant ecology of
mountain ash forests is given by Ashton (20005).

The stocking rate, mean height and diameter at breast height
(DBH) of E. regnans at the three sites are shown in Table 1 and
the stocking rate is compared with previous studies in Fig. 1. Tree
height was measured using standard forestry techniques
(Goodwin 2004), trigonometry and DBH was measured at a
height of 5Smetres (above the buttress) on the 296-year-old
forest and at breast height of 1.3 m on the 24- and 80-year-old
forests as well as the 296-year-old understorey. The two dominant
species of the understorey of the 296-year-old stand, P. aspera
and O. argophylla had stocking rates of 133 and 145 stemsha ™",
respectively (Van Pelt et al. 2004).

Soils

The soils of Kinglake and the Hume plateau are rich krasnozemic
loams, which are friable, red brown gradational soils with high
organic matter contents (15-20%) in the upper 20-30 cm (Ashton
2000b). The soil profile at 0-30 cm is a dark brown coarsely
friable loam and grades with depth to a red-brown or yellow-
brown subsoil clay loam. From a depth of 183-244 cm the soil
becomes a sandy loam and from 244-274 cm the soil becomes
loamy gravel. Kransnozemic soils provide perfect growing
conditions for mountain ash trees as they have a high rate of
water infiltration [13-64 mm h ' (Williams 1983)], good aeration
and water retention. Mountain ash forest soils are the most
productive forest soils in the state of Victoria due to their high
organic matter content (Martin ez al. 2007; Ashton 200

Leaf area index
The total single-sided leafarea index (LAI) of ea;

(Li-Cor Inc., Lincoln, NE, USA). The
non-destructive means of measuring si
using gap fraction theory (Che
were used; with one left in a

At each site a 200
established and L
per site across the
, confining the PCA’s view
height of ~1.5m. Due to the

dense u ear-old stand, the LAI measured
was thi aof overstorey plus understorey), however,
several ees created a 40 x 40m gap in the

provided an opportunity to measure the
mountain ash P only. This overstorey LAI was measured at
20 points in the understorey clearing using the PCA with the
quarter view cap and inner ring only to ensure the LAI of only the
mountain ash trees above this cleared area was measured.

Transpiration

Transpiration in this study was measured using the heat pulse
method (Cohen et al. 1985; Dunn and Connor 1993; Hatton et al.
1990), between December 2005 and December 2006, which
included the summer period of highest water use. Sap flow
was measured using sap-flow loggers (Greenspan Technology,
Warwick, Qld, Australia) with eight E. regnans trees and four
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understorey trees at the 296-year-old site measured
simultaneously over this period. This enabled the water use of
overstorey and understorey trees to be compared, once
normalised by sapwood area. In addition, four individuals of
mountain ash trees at the 24- and 80-year-old sites were also
instrumented to examine rates at the younger sites of contrasting
structure. For each individual tree, sampling of sap velocity was
undertaken at four different points within the sapwood, with
measurements made every 30 min across a range of tree diameters
at each site (Becker 1998). This provided a relationship between
tree size (DBH) and sapwood area wisaman flow, which enabled
the water use of individual trees tg o stand water use,
following Vertessy et al. (199

The half-hour measurement

ash sap-flow

depth and sapwood
study was deteggine

erous pinpoints of light. Few or no pinpoints of
n in the heart wood, where most of these vessels are

7). The sapwood depth of the understorey trees at the
ear-old site was clearly distinguishable as a change in colour
en methyl orange dye was added. To measure the sapwood
depth with greater accuracy it was measured at four points around
each tree (Dunn and Connor 1993; Haydon et al. 1997). Sapwood
width measurements were used to determine the implantation
depth of the heat pulse sensor probes and to calculate
sapwood area.

Eddy covariance measurements of forest
evapotranspiration

A 110-m tall guyed mast tower was constructed within the old
growth stand to record water, carbon and energy exchange data
using the eddy covariance technique as part of a larger study that
aimed to quantify the carbon, water and energy exchanges within
Australia’s temperate forests and the factors regulating them over
hourly to inter-annual time scales in order to assess the impact of
future environmental change. The eddy covariance tower was
installed at an elevation of 690 m, with a site slope of ~3°, with
adequate fetch in all directions (>1 km) and has been collecting
water and CO, exchange data continuously since August 2005.
For forests, the method involves the deployment of fast response
instruments above plant canopies to measure the covariance of
vertical wind velocities and scalars such as CO,, water vapour and
temperature (Baldocchi and Meyers 1998). The system is made
up of two main instruments, a sonic anemometer (Model CSAT3;
Campbell Scientific Inc., Logan, UT, USA) that measures the
turbulent wind field, sonic temperature, sensible heat and friction
velocity along with an open path gas analyser (LI-7500, Li-Cor)
that measures CO, and H,O concentrations and computes the
relevant fluxes. The instrument setup follows that by Beringer
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et al. (2007) and Hutley et al. (2005). Briefly, there are two eddy
covariance systems in operation on the tower; the first is located
95 m above the ground, roughly 25 m above the mountain ash
canopy which measured the net exchanges between the whole
ecosystem and the atmosphere. The second is located 25 m above
the ground and measures fluxes from the understorey (8.3 m
above the understorey canopy) and the surface. Obtaining flux
data from the two different heights allows differentiation between
the overstorey canopy and understorey (vegetation and soil) in
terms of CO, and H,O fluxes. These systems sampled flux
variables at 20 Hz and recorded half hourly mean fluxes and
were strictly quality controlled and gap filled following Beringer
etal.(2007). Neural network (NN) models were produced for gap
filling the flux variables using Statistica software package
(Statsoft, Tulsa, OK, USA) following Papale and Valentini
(2003) and Beringer et al. (2007).

In addition to the eddy covariance systems, net radiation is
measured every 30 min by measuring the incoming (Pyranometer
CM7B; Kipp and Zonen, Delft, The Netherlands) and outgoing
(Pyrgeometer CG2; Kipp and Zonen) radiation fluxes at a height
of 110 m. There is also a temperature, CO, concentration, relative
humidity and pressure profile system that run vertically along the
tower (HMP45C; Campbell Scientific Inc.). These profiles were
measured at heights of 2, 5, 10, 20 and 45 m.

Results
Leaf area index and sapwood

LATand tree stand density decreased with forest age (Table 1). At
the old growth stand (296-year-old) the LAI of the overstorey and
understorey were similar, 1.69 and 1.67, respectively (Hig. 2b).

the two dominant understorey
from species specific regression equati
from data collected in this study,

200 x 200m plot (Fig.
mountain ash trees
2.25+0.23m*ha 4

Mountain ash sap ity and transpiration

We measured the sap velocity during the summer months to be
9.054+1.5,12.84+1.1and 11.2+ 1.4cmh™ ' for the 24-,80- and
296-year-old stands, respectively. Values of hourly transpiration
(Fig. 5) were summed to calculate the daily transpiration rates of
the mountain ash trees from the different aged stands.
During Melbourne’s summer months (December, January
and February) the average transpiration from the mountain ash
trees at the 24-year-old was 51 L day ' tree ™ '. At the 80-year-old
site the average daily transpiration was 251 L day ' tree ™' and the
296-year-old site average transpiration was 317 L day ' tree ™ '.
During the winter months (July and August) the average
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Fig.5. Ensemble average of the diurnal pattern of sap flow for mountain ash
trees at the three different aged sites (24, 80 and 296 years old), (4) for summer
period 8 December 2005 to 5 February 2006, (B) for winter period 1 May 2006
to 30 May 2006 for 296-year-old and from 26 July 2006 to 10 September 2006
for 80- and 24-year-old sites. Standard error bars shown.

transpiration was 43, 109 and 163 Lday 'tree ' for the 24-,
80- and 296-year-old stands, respectively.

From the annual data we calculated the average canopy
transpiration rates for the 24-, 80- and 296-year-old mountain
ash stands to be 3.32,2.91 and 1.52 mm day ", respectively, over
the study period. From these measurements the mean annual
transpiration was estimated to be 1212, 1051 and 555 mm year '
for the 24-, 80- and 296-year-old stands, respectively.

Dunn and Connor (1993) calculated that 69% of total
annual potential evapotranspiration occurred during the six
warmest months, with 31% occurring during the six
coolest months, giving a ratio of 0.45. Using the data collected
in this study, it was estimated that 65% of the measured
total transpiration occurred during the warmest months with
only 35% occurring during the coolest.

The transpiration data in Fig. 5 also showed a positive night-
time sap-flow rate for all measured trees, accounting for ~35 and
50% of total sap flow during summer and winter months,
respectively. In general, it is often assumed that stomata close
at sunset; however, the stomata of some plants stay partially open,
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allowing night-time transpiration (Dawson e al. 2007; Marks and
Lechowicz2007). The primary driver of nocturnal transpiration is
vapour pressure deficit (VPD) with strong links to high night-time
temperature and available soil moisture. Even if the stomata are
closed at night-time, sap flow may continue, due to the refilling of
stem and branch capacitance, as this water may have been drawn
on during high photosynthesis times (Benyon 1999; Phillips et al.
2003; Snyder et al. 2003).

In addition, the diurnal graphs of transpiration for the
old-growth mountain ash trees show a slight plateau between
1400 to 1600 hours local time (Fig. 5), suggesting a possible
hydraulic constraint in water use. This occurs as water stored in
the trunks and branches of the trees is used for photosynthesis
early in the day and when the evaporative demand is greatest
(around solar noon) the tree cannot supply water fast enough
because of the suction required to draw up water through the trunk
from the soil (Goldstein et al. 1998; Dawson et al. 2007).

Understorey transpiration

Values of tree transpiration were also summed to calculate the
daily transpiration rates of the two main understorey species at the
old growth site. The transpiration from O. argophylla had a mean
value of 20 Lday ' during summer and 14.5Lday ' during
winter. Scaling this to stand level, the O. argophylla had a
transpiration rate of 0.59mmday '. The main understorey
species P. aspera transplratlon had a mean value of 26 L da
during summerand 17.1 L day ' during winter, giving an 4
transpiration rate of 0.84 mm day ' after scaling to stand
The total transpiration from the two mam understorey tree
1.43mmday ', only 0.34mmday ' less thg

mountain ash stand. However, it should
P. aspera and O. argophylla only accou
understorey leaf area, with the other 102
D. antarctica and C. australis.
transpiration could be greater t

Total transpiration

The annual time serj sap-flow and eddy covariance

water use values (Fig. 6a).

o potential ET (Fig. 6b). The

and overstorey Wge derived from the cumulative monthly totals,
and the annual transpiration from the understorey was calculated
as the cumulative monthly difference between the total ET
measured by the eddy covariance tower and the mountain ash
transpiration as measured by the sap-flow method (Fig. 6a). The
whole-ecosystem ET was 1077 mmyear ' at the 296-year-old
site (Fig. 7). The 20-year-old stand had no understorey, but
the 80-year-old site had an estimated understorey LAI that was
10% ofthe overstorey LAI. After taking this into account, the total
forest transpiration for the 80-year-old site was estimated to
be 3.2mmday ' or 1168 mm annually. The transpiration from
the 20-year-old site was 3.32 mmday ' or 1212 mm year™'. The
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Fig. 6. (4) Comparison between the monthly  whole-forest
evapotranspiration (mm) as measured by the eddy covariance tower,
the monthly water use by mountain ash trees (mm) as measured by sap
flow and the understorey water use (mm). Understorey water use was
calculated as the residual of the total and overstorey measurements.
(B) Comparison between monthly potential evapotranspiration and rainfall
for the 296-year-old site from December 2005 to January 2007.

result was that the total forest transpiration shows a decreased by
only 135 mm annually across the chronosequence (Fig. 7).

Comparison with eddy covariance estimates of forest ET

Mean sap-flux transpiration for summer (December, January
and February) 2005-06 was compared with the eddy
covariance transpiration for the same period (Fig. 8). Tree
transpiration was remarkably similar between the eddy
covariance (1.64+0.1mmday ') and sap-flux methods
(1.79+ 0.1 mmday ') and any difference was likely due to
errors in scaling. The understorey transpiration from the eddy
covariance system was 1.47mmday ' which was only
0.04 mm day ' more than the estimated rate from the sap-flow
method. This provides confidence in the sap-flow methodology
and the scaling from trees to plot.

The potential evapotranspiration (PET) was calculated for the
296-year-old stand using the Penman-Monteith equation and
data from the eddy covariance tower following Beringer et al.
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Discussion and conclusions

The results of LAIL stem densities and sapwood area of the
mountain ash trees from this study are highly consistent with
previous studies, as illustrated when plotted with results by Dunn
and Connor (1993), where stand sapwood area was measured at
the nearby North Maroondah catchment for four different age
classes of mountain ash forests, at 50, 90, 150 and 230 years of age
(Fig. 2a). The sapwood area is essentially zero after fire and
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reaches a peak at ~30 years, after which time sapwood area
declines steadily with forest age (Fig. 2a).

Dunn and Connor (1993) observed that the mean sap velocities
in the stems of mountain ash trees in stands aged 50, 90, 150 and
230 years for spring/summer months were 11.5, 11.4, 9.9 and
11.8cmh ™", respectively (Dunn and Connor 1993). We concur
with the conclusions by Dunn and Connor (1993) and Haydon
et al. (1997), who stated that sap velocity does not vary
significantly with forest succession for mountain ash stands.
They also estimated a maximum summer time transpiration
rate of 1.9 and 0.8mmday ' for the 5(

t our results contradict past assumptions
understorey is negligible. We found that

otal in summer, consistent with the ratio of understorey to
Al (Table 1). From our results, we suggest that the
I usPacross different stand ages (after maximum leaf area is
ached at ~24 years old) declines only slightly, with a decline of
tmmy ' between the 24- and 296-year-old stands.

Assumed negligible understorey transpiration has previously
been attributed to low VPD (high relative humidity) within the
moist understorey environment that provides a minimal water
vapour gradient. However, we were able to measure the relative
humidity and vertical gradient using our tower profile. We found
that the relative humidity was around 62% and not close to
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Fig. 9. Comparison of wind speed (ms '), temperature (°C) and relative

humidity (%) atthe different measurement heights (2,5, 10, 20,45, 75 and 95 m).
The overstorey canopy height was 80.44 m and the understorey was 8.3 m.
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saturation during daylight hours (0800-1700) in summer
(December, January and February) (Fig. 9). In addition, there
was a clear water vapour gradient. There was little difference in air
temperature within the canopy and wind speeds decreased
monotonically. Further, the measured turbulence was modest,
as measured by the so called friction velocity (u*) derived from
the eddy covariance system that averaged 0.26ms ' during
the day with a peak of over 0.5ms™'. The overstorey u*
measurements had an average value of 0.99 ms ™' with a peak
around 1.05ms™'. Many studies have shown that u* values
greater than around 0.1 ms ™' represent conditions of sufficient
turbulent transport to capture fluxes (Aubinet ez al. 2005; Papale
et al. 2006). Hence, the values shown for mountain ash forest
suggest that canopy mixing was occurring and that turbulent
exchange from the understorey is significant from this canopy
layer, as demonstrated by the measured water fluxes using both
sap-flow and eddy covariance techniques.

The consequence of this higher than expected total forest ET of
older stands is that catchment runoff may not increase
substantially with stand age once the forest is mature and LAI
has peaked. Kuczera’s curve is somewhat unique in the literature
because it shows no immediate increase in runoff following
disturbance, in contrast to most studies of catchment
disturbance (fire or clear-felling), which show an initial
increase in yield following fire, then followed by a decline in
yields associated with vigorous regrowth and then a small decline
in ET back to pre-disturbance levels (Jayasuriya et al.
Watson et al. 1999; Cornish and Vertessy 2001). A
example is given by Watson et al. (1999), who showe
after clear felling, 78% of mountain ash forest in the Pica
catchment (Central Highlands of Victoria), the

200 mm as the forest matured (<25 years o
of a 135mmyear ' reduction in angual N
296 years old is more consistent
who showed that the differenc

al. (1999),
» pre burn

ation that can be
hips suggested by
curve was developed using a
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Fig. 10. Mean annual water yield changes after a 78% clear fell logging in
the Picaninny catchment, Central Highlands, Vic., 1969-98. Based on
analysis reported in Watson et al. 1999 (from Vertessy et al. 2001; pp. 16).
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before and after fire and is therefore an empirical relationship
based on a single fire event in 1939. Kuczera’s curve has been
supported by some water balance studies but has lacked an
ecological or plant physiological interpretation. However, our
results are the first direct observations of total forest ET across a
chronosequence and suggest that the decline in ET may not be as
large as predicted by Kuczera’s curve but are more consistent with
other studies of forest disturbance locally and worldwide. The
Kuczera curve has maintained some prominence in State
government water resource management (Department of
Sustainability and Environment 1Q@&amand it is, therefore,

and any uncertainties reduced.
given climate change i
declines in mean a
(Whetton et al. soil vegetation

els could aid in the

ge, drought, disturbance (fire) processes and
he water use efficiency of vegetation with
mospheric CO; levels.
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