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Abetraet

Fierd activi-t ies at stanrey River i-n the western Tasmanian rainforest are
descr ibed.  These invorved cor lec t lon  o f  mater ia r  fo r  dendroc l imato log icar
and isotopic stualies on tree-ring materj-al, supported by measurement of the
tree environnent and physiology. Attention is focussed on Huon pine
(LagarostT.obos f 'nankLinii\ and celery-top pine (phyLlocLadue
asp len i i fo l iu€) ,  and fu l l  documenta t ion  o f  the  co l lec ted  materaaL is
presented .

Pre l im inary  resu l ts  es tab l i sh  bo th  spec ies  as  su i tab fe  fo r  r ing  w id th
dat ing .  Rad iocarbon da t ing  o f  o ld  logs  demonst ra tes  a  po ten t ia l  fo r  a  r ing-
w id th  chrono logy  reach ing  back  13 .0o0 years  Bp,  and geomorphorog icar  s tua l ies
e luc ida te  the  r i ver  charac ter is t i cs  over  th is  per iod .

StabLe carbon isotope measurements on }eaf and branch material
exhibit strong systematic variations which can account for some of the
i -so tope var ia t ions  seen in  t ree  r ings ;  measurements  o f  tbe  J - igh t
environrnent and gas exchange characteristics of the reaves confirm the
rerevance o f  a  phys io rog ica l  mode l  descr ib ing  carbon iso tope f rac t ionat ion
in  leaves .  Measurenents  o f  the  compos i t ion  o f  a i r  in  the  ra in fo res t  canopy
rend further support to the modeL by demonstrating the relative unimportance
of isotopic variations in air as an influence on the tree ring values. New
data  on  t race  gases  in  fo res t  a i r  a re  inc lua led .

Content s

( including init ials of major contr ibutors to sections or subsections)

l . I  nt  roduct i  on

2 .  S i t e  a n d  E x p e d i t i o n  D e t a i I  s .

Pre l  im i  nary  Dendrochrono l  ogy
P r o s p e c t s  ( T B ,  J E D ,  B K ) . . . . . .

and  Dendroc l  ima to l  oq i  ca l

Pre l  im i  nary  146 Dat i  ng  (MB,  SUcp,  RBT)  .  .

4.1, P'r,etreatment methods
4.2 Dni,ftaood and bunied Logs.

The  Geomorpho logy  o f  t he  S tan ley  R j ve r  F loodp la in  (GN)

3 .

4 .

5 . 2

5 . 4

I'ne ;1,xe
The ChanneL
Floodp1-ai4 sedinents and" stTatigTaphA.
The deuelopment of the floodplain...

Carbon Iso tope
( R J F ,  R M G ,  N G R )

Measurements  on  Leaf  and Branch Mater ia l

Leaf  satnpl ing st rategA. . . . .
Canbon isotope Dariations uithin one branch.
Canbon isotope Dariations fnom b.nanch to branehR ?

R '
Qt)seussion
"C med.surenents of Leaf naterial (MB, SMcp, MF)...



7 .

8 .

3

M e t e o r o l o g i c a l  a n d  L i g h t  E n v i r o n m e n t  D a t a . .  . . , , . . . . . 3 4

7 . 1  C l i n a t o L o g i e a L  d a t a .  . . . . . . . . . 3 4
?,2 MeteoroLogieaL obsenuations at the StanLey RiDer ei,te

( N C R  D B -  H , S G ) .  . , . . . . . . 3 4I  L r v L L t  u u  t  L t v v  /  .  .

?.3 L ight  enoi rownent  at  the StanLey Ri tsen e i te (Rl f iG) .  . . . , , , . . .34

S t o m a t a l  C o n d u c t a n c e  a n d  G a s  E x c h a n g e  M e a s u r e m e n t s . . . . .  . . . . . . . . . 4 1

8 . L  I n t n o d u e t i o n . . .  . . . . . . . 4 1
8.2 StonataL eonduetance measupements, Februarg 198L (RMG, NGR)..,...4r
8.3 Meaeurement of gas erchange ehanaetenisties, Eebruary 1982

, .  .  . . . .  4 4
8. 3. 1 Portable gas exchange system. . . . 44
8 . 3 , 2  R e s u l E s  . . . , . . . 4 5

8 . 4  D i , s e u s s i o n  . . . . . . .  4 8

9 .  C o m p o s i t i o n  o f  S u b - c a n o p y  A i r  ( P J F ,  D B ,  H S G ,  R J F ,  G I P ) A O

9 . 1  f n t r o d u e t i , o n . . . .  . .  . . .  . .  4 9

9 . 2  S a t n p L i n g  m e t h o d s .  . . . . , . 4 9
9 . 3  M e a s u r e m e n t  t e c h n i q u e s . . . . .  . . . . . . . . 5 0

9 . 3 . 1  I n f r a - r e d  g a s  a n a l y s e r  ( I R G A )  f o r  C O r .  . . . . . .  5 0
g . 3 . 2  G a s  c h r o m a t o g r a p h  m e a s u r e m e n t s  o f  Q Q ] , - c o '  c H / ,  c c l " F . . .  5 2

9 . 3 . 3  t " l a s s  s p e c t r o m e t e r  m e a s u r e m e n t s  o f  1 3 6 / 1 2 c . . . . : . . . . . ] . . . .  s :

9 . 4  R e s u L t e  . . . . . . . .  5 3

9 . 5  D i s e u s s i o n  . . . . . . .  5 5

9 . 5 . 1  F r e o n - 1 1 , , . . .  . . . . . . . 5 5
g . 5 . 2  M e t h a n e  . . . . . . .  5 9

9 . 5 . 3  C a r b o n  m o n o x i d e .  . . . . 6 0
g . 5 . 4  c a r b o n  d i o x i d e .  . . . . .  6 1

9 .5 .5  S tab le  carbon iso tope ra t ios .  . . .  64

10. Summary

REFERENCES

APP END I CES

6 7

7 I



i . I  nt  rod uct i  on

Tree r i-ng propert ies such as width, density, structure and isotopic
conposit ion are thought to be inf luenced by environnental condit ions at the
time of growth. Thus reconstruction of past cl imatic condit ions or past
atmospheric composit ion frorn tree r ings has received considerable attention
in the r i terature, mostly involving northern hemisphere temperate zone
s p e c i e s  ( e . 9 .  F r i t t s  1 9 7 6 ) .

rn the Austrar-asian region, preriminary tree r ing studies have
recently been the subject of a comprehensive review by Ogden (1gg2), see
also Dunwiddie ( 1982). For Austral ian species nost attention has centred on
Tasmanian softwoods, result ing in publ ished chronologies for Athr.ota,nis
eupressoides (Penci l  pine), Ath'notanis selaginoid.es (King Bi l ly pine) and
PhylloeLadus aspLenii foLius (celery-top pine), spanning the lasr 500 to 1000
years  (ogden 1978,  La  Marche e t  aL .  1979[a ] ) .  e  p ie l i rn inary  tempera ture
record for Tasmania has been reconstructed fron these and other data (La
Marche and Pittock 1982\.

rn the stanrey River expedit ions two species have been sanpred, Huon
pine* and celery-top pine. Huon pine is thought to be the rongest l ived
tree in Austral ia. rt  is restr icted to rainforests in the west and south
west of Tasmania and is l-argely confined to a narrow zone alonq banks of
water  courses ,  o r  to  r i ver  f la ts  (pedfey  e t  aL .19gO) .  These areas  a l_ l  1 ie
within, or in the case of the eastward frowing Huon River, have headwaters
within'  the l ine enclosing the lowest coeff icient of variabi l i ty of annual_
ra in fa l l  in  Tasmania  (Watson and Wyl ie  1972) .  Th is  c lose  assoc ia t j_on w i th
high soit  moisture content, and absence of rainfarr variat ions. suggest a
reratively smarr variat ion of annual r ing growths due to cl imatic
varj-at ions. Also in these dense rainforest si tuai ions, fructuations in r ing
width wil l  be infruenced by rocar competit ion effects. Thus, untir  now,
dendrochronological attention has been diverted to species distr ibuted over
more crinaticalry-variabre areas. celery-top pine is found throughout
Tasmanian rainforests, including Huon pine areas, and has been shown to
exhibit  common ring wiclth patterns over this range (La Marche et d.L.
1979lal ) though i t  rarely reaches a comparable age.

The decision to focus primari ly on Huon pine was inf luenced by the
fol lowing considerations :

( i)  Dist inct annual growth r ings are a characterist ic of Huon pine and
this with a degree of sensit ivi ty to cl irnatic variat ion, impli-es that
cross dating and chronology bui lding are possible.

( i i )  I t  has been suggested that the presence of the f ire-sensit ive Huon
pine in a forest is an indication of a conmunity stable over
thousands b f  year  (Mi l r ing ton  e t  aL ,  1g7g) .  L ike  rnos t  na ture  ce le ry_
top pinesr *dr! Huon pi-nes have for-iage at or above the canopy rever
o f  compet ing  ra in fo res t  spec ies  (see P la te  1 ) .  Thus  emerqent  t rees

* Huon pine has been identi f ied
proposes Lagaroetrobos fr.ankLi.nii. as

as Dacrydiwn franklindi.: euinn (1982)
a rev ised c lass i f icat ion.



PLATE 1

Huon Pine (SRT 50) exposed by recent  c lear ing,
i l lustrat ing fo l iage at  canopy top on1y.



can be selected in which local infruences might pe expected to be
snall  over long periods.

( i i i  )  The environment of Huon pine is typif ied by an unusuar lack of
noisture stress. This has signif icance in rerat ion to isotopic
studies of tree r ing materiar where recent progress in the
understanding of carbon isotopic fract ionation (Farquhar et aL.
1982[a ] )  suggests  apprec iab le  e f fec ts  due to  mo is tu re  scress .

( iv) A long tree-r ing chronology in the southern hemisphere is of
considerable interest with the possibi l i ty of important geographical
var ia t ions  in  some t ree- r ing  parameters  e .g .  in  14c  ( -suess  19go)
a n d  ' " C  ( F r a n c e y  1 9 8 1 ) .

( v ) The longevity of some trees (a 213g r ing specimen exists) should be
of considerable benefi t  in studying cl imatological phenomena with
long characterist ic t imescales. Measurements of the 1zc activi ty of
dated r"rood spanning thousands of years is arso of relevance to the
cal ibrat ion of radiocarbon dates and to the study of solar and
geomagnetic variat ion (Barbeeti  and Flude 1979, stuiver and euay1 9 8 0 ,  1 9 8 1 ) .

(v i )  Huon p i .ne  t imber  i s  we l l  known fo r  i t s  durab i l i t y  (penny  1910) .  rh is
property to resist decay raises the possibir i ty of extending a r ing
seguence well  beyond 2000 years using overrapping chronorogies from
fal len or buried loqs.

Recent hydro-electr ic development has provided ready access to Huon
pine stands on the Stanley River in an area previously 1it t le disturbed by
human activity. slight selective Logging has occurred close to the river
banks over the rast century. current togging operations permit easy access
and provide convenient sources of burk materiar from stumps and log ends.
Recent mineral explorat ion has resulted in a grid of str ip-I ines through the
forest, greatly faci l i tat ing systematic exproration and sampring orr l .  an
area of several square kilometres. The area provides examples of Huon pine
and Celery-top pine in a range of habitats. Prevaj-ling winds fron the ocean
cross about 23 km of predominantry open heathland to reach the site; this
is relevant in assessing the degree of biospheric inf luence on ambient co2
levels and isotopic rat io.

This technicar report provides an overview of, describes the
techniques emproyed in, and presents basic data arising from, activi t ies
conducted at the stanrey River expedition site. A large amount of trunk
wood (cores and cross sections) was col lected to provi-de a stat ist ical basrs
for a ring w"idth chronology for the site, and to perrnit selection of dated
wood for a variety of analyses and studies. The init ial  major objectives
were threefold:

( i)  an elucidation of the environmental inf luences
fractionation in trees with the eventual aim of
atmospheric CO, variat ions;

( i i )  a study of carbon-14 variat ions in wood with emphasis on variat ions
over mil lenia; and

on carbon isotopic
reconstructinq past



( i i i  ) an assessment of the potential of
reconstructions usinq r incr width data.

7

Huon pine for cl imate

The necessity for a mult idiscipl inary response to these objectives
has l-ed to other signif icant contr ibutions, in part icular those relat ing to
the stream geomorphology, the physiology of Huon pine and the composit ion of
sub-canopy air.

/ o  S )

tAPE GRIM

'STANLEY
RIVER

The site of the stanley River expedition shown near the
intersect ion of  the Pieman River ( running EFW) and Stanley River
(N-S).  The dist r ibut ion of  Huon Pine is  indicated by shading.
The inset illustrates the location in relation to predominant wind
patterns and in the context  of  large scale pol lut ion.

Fr-gure



2 . Si  t e  and  Exped i  t i  on  De ta i  I  s

The west coast of Tasmania provides excel lent access to air masses
representing the southern oceans (see Figure 1). The expedit ion site on the
Stanley River (a tr ibutary of the Pieman niver) is at the northern extent of
the present range of Huon pine (Mil l ington et aL. 1979). A descript i-on of
the distr ibution, history, abundance, habitat,  and growth characterist ics of
Huon p ine  in  the  P ieman area  is  g iven  by  Ped ley  e t  aL .  (1980) .

The expedit ions were focussed on three areas, A, B and C, shown in
Figure 2. Area A in part icular was clearly marked by narrow grid str ips cut
through the rainforest, typical ly at 100 n intervals. This pre-exist ing
coordinate system, with "grid north" rotated 33 degrees anti-clockwise from
true north, and 45 degrees from nagnetic north, is used throughout to
identi fy tree and log locations.

Commercial logging of selected Huon pine trees is continuing in
area  A.

In February 1981 the main emphasis was on coring l ive trees and
cutt ing cross-sections from recently logged stumps to establ ish a modern
chronology. Prel iminary measurements on atmospheric composit ion and
physiological responses of leaves were carr ied out, and some leaf material
and seedlings col lected for further test ing.

A minor expedit ion was mounted in Apri l  1981, on the basis of
prel iminary 1 4c d.t ing of a snal l  piece of wood from a log emerging from the
river bank. Samples of wood were col lected from a selection of old logs in,
or emerging from, the bank of the Stanley River. In addit ion a prel iminary
study of the geomorphology of the river, including probing the floodplain
for buried 1ogs, was conducted.

In February 1982 an excavator was used to unearth several old logs
from up to 4 m below a Stanley River f loodplain. Geomorphological s' tudies
continued. Cross sections were col lected from excavated logs and from o1d
logs in the creek be(I.  Other f ield workers concentrated on establ ishing
profi les of carbon dioxide and carbon isotopes in air within the rainforest
canopy, measurements of gas exchange in leaves and col lect ion of leaves for
iso top ic  ana lys is .

Supplementary infornation was gathered in Septembef 1982 and ApriI
1  9 8 3 .

e  fu l l  l i s t  o f  par t i c ipants ,  the i r
in Appendix A, and a full sumnary of aI1
and site detai ls are included in the six
and 4 are enlargements of areas A and B
the grid location of al- l  samples.

The Februaries of 1981 ancl 1982 were exceptional ly dry. During part
of the 1 981 expedit ion bush f ires raged 20-30 km to the south and on
occasions atmospheric sampling occurred in the plume of these f ires. In
February 1982, no f ires were evident during Lhe expedit ion but f i re swept
through the region about one week later. Fortunately some undisturbed areas
of rainforest were not burnt.

al legiance and interest, is shown
wood and other samples col lected
tables of Appendix B. Figures 3

respectively of Figure 2 and show
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I 2

Pre l  im i  nary  Dendrochrono l  ogy
(TB ,  JED ,  BK)

and Dendroc l  imato l  og i  ca1  Prospec ts

The dist inct annual r ings and apparent great age of some specimens of
Huon pine harvested at the t ime of the Lake Gordon inundation indicated that
a long Huon pine chronology might be bui l t .  This was supported early in our
investigations by the cross-dating of certain conmon years with establ ished
celery-top pine (PhylLoeLadus aspLenii fol iui l  chronologies (La Marche et aL.
tgT9lal).  There is not always synchroneity in growth between these species
as, infrequently, a narrow ring in Huon pine may occur in the year fol lowing
the format.ion of a narrow ring in Celery-top, suggesting that growtlr may be
limiteil by a conmon antecedent cause but that the two species respond to it
d i f fe ren t lv .

Huon,
bands

common
habit
trees
vigour
r ings
normal
borer

As a general rule, individual rnissing or false r ings are rare in
more comnonly short sequences of r ings rrwedgie out" leaving lenticular
of growth, especial ly low in the butt.

Other dif f icult ies with Huon include compression wood, which is
at the centre and may be spiral ly arranged, and merging r ings. The

of Huon pine in overhanging stream banks or in coppicing from fallen
ensures t l tat many stems have some eccentr ic arowLh. With age, as
decl ines, many trees have sections of moribund vascular cambium where

merge into unicel lular latewood bands. These sections may resume
growth later but intersection of such a sequence with an increment

general ly renders a core undatable.

l i lotwithstanding these problems, i t  has been possible to date 114
cores from 44 Huon trees satisfactori ly, with the earl iest wood sampled r"r i th
the 40 cn corer conmencing in 880 A.D. (SRT 114). Table 81 shows the dating
success for individual cores. Many of the Huon cross-sections have been
dated  (Tab le  83)  y ie td ing  years  o f  o r ig in  be tween 1700 and 1174 A.D.  Th is
col lect ion is being augmented as forest operations continue in the area.

A dianeter versus age relat ionship derived from Huon core
measurements suggests that larger cross-sections yet to be logged are older
than those sampled so far, though their use in extending the chronology will
depend on how whole thev are in the centre.

A simple l inear relat ion provided the best est imate of age (years)
and took the forrn

Diameter  =  8 .86  +  0 .08  Age
where diameter is in cn under bark. Measurements were made on cores, where
radi i  were measured to the earl iest annual r ing boundary st i l l  perpendicular
to the axis of measurement. In al l ,  122 radi i ,  from 41 trees were included
with r = 0.88. In general terms these trees grew about 1 mrn in diameter per
year but the data show a range of growth rates from <0.3 - 2 mm/year for
sustained periods. As the largest dianeter used in developing the
relat ionship was 94 crnr somewhat less than that for the largest cross-
sections of Tab1e 83, extrapolat ion gives an expectat ion of ages exceeding
2000 years for these pieces.

In the next section, Table 3 gives radiocarbon
excavated logs and approximate age spans have been assigned

dates for some
to these samples

57 cores from 26using' a dif ferent relat ionship. Data were avai-lable for
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younger trees at Riveaux, 200 km to the south and these have been pooled
with the Stanl-ey River material to provide a wider diameter and age class
range. The relat ion is

D i a m e t e r  =  1 0 . 6 8  +  0 . 0 8  A o e
where  n  =  67  t rees  and r  =  0 .84 .

Many of the rings noted as narrow for the Stanley River chronology
are found to be narrow for Huon pine from Lake Gordon and the Picton River
to the south. There appears to be suff icient coherence for a regional Huon
pine chronology. Conformity with chronologies from other species also
reinforces dating certainty. For exanple, the r ings for the growing seasons
1696/1697 (see Plate 2) and 1a87/1888 are narrow and condit ions for growth,
or their precursors, in those years appear to have been harsh for conifers
across the state. Athnota.sis selaginoides, A. cuppressoides and most of the
Phg l loe ladas  s i te  chrono log ies  ( ra  Marche e t  aL .  t979[a ] )  show nar row r ings
in  these ins tances .

While many Huon pine seedlings establ ish on fal len mossy logs giving
thern the later appearance of straddling the 1og, the sane affect can occur
with vegetative propagation from fal len Huon stems. Here small  branches of
an original fal len "mother" regain the canopy as "daughter" stems, providing
a datable sequence from the present through the previous generation. These,
with the abundance of well-preserved material strat i f ied in the creek banks
and the ages ascribed to logs by radiocarbon dating (next section) suggest
that a long continuous chronology can be bui l t .

Compilat ion of such a series may be more dif f icult  than for species
such as  Br is t lecone p ine  (Ferguson 1969)  and oak  (p i tcher  e t  aL .1977)  wh ich
have yielaleal long chronologies, as there is Iess variat ion in r ing-width
fron year to year to faci l i tate cross-dating and assignnent of age. This is
borne out by the high coeff icient of kurtosis disptayed by Huon pine r ing-
width distr ibutions which emphasises that there are few exceptional r ing-
widths, large or small ,  in these series. Huon pine has been discounted as a
potential dendrocl imatological tool (Dunwiddie and Ia Marche 1980) because
of this lack of high frequency variat ion in r ing-width.

However, quanti tat ive stat ist ics of r ing-width series assessing
potential for cl- irnate reconstruction are compared in Table 1 to those of
other species. Data are presented for three measures, mean sensit ivi ty (a
measure of year-to-year variat ion, f t i t ts 1976), standard deviat ion, and the
first.  order serial correlat ion of some published chronologies. Minimum
criteria for these are discussed for western North knerican sites by FYitts
and Shatz (1975) and their results for a 102 site chronology series lead the
table. Data from other chronologies for species inhabit ing more rnesic, cool
temperate to Arct ic si tes fol low. In a stat ist ical sense, Huon pine
conpares favourably with the other species, all of which have provided
c l imat ic  recons t ruc t ions .

Huon has a lower mean sensitivity and standard deviation than the
paragon western North America group, perhaps ref lect ing the constancy of
water avai labi l i ty. The few trees upslope from the r iver banks (denoted
site type II I  in Table B1 ) show greater sensit ivi ty and higher frequency
variat ion in r ing-width than the norm for Huon pine.

The high coeff icient of serial correlat ion in Huon indicates that the
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b

c

d

PLATE 2

Matching ring-width patterns from Tasnanian trees.
a:  I luon Pine (SRT 26 core B),  stanley River.
b:  Celery Top Pine (SRT 38 core B),  Stanley River.
c2 Huon Pine,  Picton River,  Southern Tasmania.
d: Ce1ery T\3p Pine, Bathurst Harbour, South-West Tasmania.

The three pin-ho1es mark 1700 AD. AI l  cores show a dist inct ly
narrow r ing for  the 1696/1697 growth season.
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Conparisons of Huon pine
stat i-st ics for other sites and

TABLE 1

ring width stat ist ics with
species used for cl imatic

chronology
recons truc t ions .

M e a n

sens i t i v i t y

standard 10 ser ial
Deviat ion Corlelat ion

w. North America
( F r i t t s  &  S h a t z  1 9 7 5 )

E .  &  C e n t r a l  U . S . A .
( D e  w i t t  &  A n e s  1 9 7 8 )

o . 3 7

0 . 1 8

0 .  1 6

0 .  1 5

0 . 3 9

o . 2 4

0 . 2 5

0 . 1 7

0 . 3 3

o , 2 3

0 . 2 8

o . 2 0

o . 4 2

0 . 5 0

o . 4 4

0 . 7 0

0.00

o . 2 6

Alaska anil Yukon
(cropper & Fri t ts

Hualson Bay
( J a c o b y  &  u l a n  1 9 8 2 )

New Zealantl
(  Norton 1981 ) Li .bocedmq

( H  M a r c h e  e t  a L .  1 9 7 9 1 3 1 ' '
Pna L LOCLMUA
Other slEcj .es

Tasmania
(La Marche et aL. 19791411

Pna L LOCLMUA

Athrotei-g

Huon pine

0 .  3 1
0 .  1 5

o . 2 9

o . 2 0 o . 2 4

variat ion is general ly of low frequency. In comparison the serial
correlat ion for Celery-top chronologies is low, but longer terrn osci l lat ions
are disguised in this species by a tendency for a narrow ring to fol low a
wide one, inject ing a negative f irst order correlat ion into ttre overal l
f igure. This tendency is probably caused by diversion of assimilates for
b ienn ia l  f lower ing .

Trees of both species noted to have all foliage exposed at canopy top
exhibit  even radial growth without f luctuations from episodes of
competit ion. Concentrat ion on such trees on site type II I  wi l l  increase the
potential of Huon pine for dendrocl inatological reconstructions, and permit
extension of the CeIery-top chronology. CeIery-top fron these sites is
general ly older than average (e.g. 550 years for SRT 309) and very
sensit ive but with a higher proport ion of nuissing r ings. Huon pine is less
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sensit ive than CeLery-top, with fewer narrow marker r ings, but also fewer
missing r ings. The capacity to use both species in conjunction provides a
sound chronology that further col lect ions wil l  undoubtedly extend.

, 1

P r e l i m i n a r y  1 4 6  D a t i n g  ( M B ,  s M c P ,  R B r )

Pne t'r,eatment Methods

As there were no previous radiocarbon analyses on Huon pine, we have
developed a simple but effect ive pretreatment method to isolate material
formed at the t ime of r ing growth. Research workers with other species of
trees have sometimes isolated pure ceIlulose, but the preparation t ime is
lengthy. A quicker, simpler method was sought.

Any pretreatment for Huon pine nust, in part icular, be able to remove
the mobile oi ls and resins which are primari ly responsible for i ts
resistance to decay. Foltowing suggestions put forward by Head (1979 and
pers. comm.) i t  was t lrought that a series of solvent extract ion steps would
ensure removal of these substances. Linking ' this to the devries method
(deVr ies  e t  d ,L .1958)  o f  sequent ia l  ac id ,  a lka l i  and  ac id  ex t rac t ions ,  wh ich
is well  known to be quite successful in removing more polar contaminants,
seened a suitable approach to try. The residue from this method would be
essential ly ceIIuIose and high nolecular weight l ignins.

The method devi-sed consists of sequential soxhlet extract ions with a
221 benzene:ethanol mixture, then pure ethanol and f inal ly water, fol lowed
by sequential boi l ing and f i l t rat ion in 2M hydrochloric acid, then 2t sodium
hydroxide (repeated i f  large amounts of coloured rnaterial are extracted) and
final ly 0.1t phosphoric acid. The residue is then washed with cl ist i l lecl
water unti l  i t  is neutral.

To test the abi l i ty of this method to yield a residue essential ly
free of more modern contaminants, a Huon pine, fet led in 1974 in the cordon
River area, was selected.

Wood from the 1941-45 AD growth r ings, which in this tree had already
undergone the sapwood-to-heartwood transit ion, was treated and various
fract. ions analysed. The results are given in Table 2 and are discussed in
McPha i l  e t  aL .  (1983) .  Br ie f l y , , i t  can  be  seen tha t  the  so lvents  ex t rac t
considerable material with high raC activi ty, indicating that most of i t  was
formed after the r ise in atmospheric '*C from 1956 onwards (eolach and Singh
1980). The alkati  extract has r+C activi ty lower than that of the solvent
indicating a greater proport ion was forrned before 1 956 AD . The acid
extract has very dif ferent 6lJC and much lower L14c , indicating a dif ferent
composit ion and formation predominantly before 1956 AD. The result for the
fu l l y  t rea ted  res idue ( -1  6  t  6 "  /oo  )  (see  Tab le  2 )  i s  in  sa t is fac to ry
agreement with publ ished results for the pre-1 956 northern hemisphere
(Stu iver  and Qray  1980) .

Table 2 also gives results for identical wood not treated with
solvents. Some of the oi ls and resins.apparently f ind their way into the
alkal i  extract, but the wood residue 6r+c indicates incomprete renovar of
post-1955 components. This effect has also been found with other tvpes of
w o o d  ( O I s s o n ,  1 9 8 0 ) .
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TABLE 2

Pretreatment tests on Huon pine

Frac t ion d] 
3c 

A1 
4c*

PDB

( o  / o o )  t .  / " . )( t  o f  t o t a l  C O 2 )

SUA.

Lab. No.

Method:  so l

benzene :ethanol extract
( o i l s ,  r e s i n s ,  e t c . )

acial  extract
(henicel lulose, sone l ignin,
var ious other compounds)

a l k a l i  e x t r a c C
( 1 i g n i n ,  s o m e  h e m i c e l l u l o s e ,
var ious other compounds)

wood resialue

- 2 4 . 8  3 1 8  i  1 8  5 o o 2

- 2 O . 1  - 2 + 9  5 0 0 6

-25.1 107 !  3 '7 5007

- 2 2 . 9  - 1 6 * 6  5 0 0 5

acial  extract

alkal i  extract

wood residue

- 2 0 . 1  2 1  t  1 1  5 0 0 1

- 2 5 , O  2 2 6  r  2 1  5 0 0 3

- 2 2 . 6  - 5 r 6  5 0 0 0

1 4

7

7 9

( *  S e e  S t u i v e r  a n d  P o l a c h  1 9 7 7 )

4.2 Driftuood and Bunied Logs

Many logs can be seen along the r iver bed and banks, part icularly

upstream from the otd watkway bridge (Eigure 4). Radiocarbon ages have been

determined for some of these (Table 3), with the init ial  aim of f inding

their age distr ibution and guiding further f ieldwork.

Conventional radiocarbon ages (Stuiver and Polach 1977) are given in

years  b .p .  (be fore  1950 AD) ,  wh i le  ca l ib ra ted  ages  (K le in  e t  d ,L .  1982)  a re

denoted by B.P. Estimated "age-spans" for the logs are based on the number

of r ings when known, the posit ion of the r ings (usualty <30) usetl  for 1t

analysis and the cal ibrated age; where r ing counts have not been made, the

numbers in brackets are estimated from the diameter-age regression specif ied

in Section 3.
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The oldest Huon pine trunk so far discovered (sRT 39) has 4g4 r ings
spanning a period around 6900 to 7400 years ago. The older celery-top pine
has 252 annuar r ings with (uncaribrated) radiocarbon age of 123go t go
years, near the outer part.  and 1 2A7O t 90 near the centre. The radiocarbon
age d i f fe rence o f  480 t  120 years  i s  much la rger  than t ;he .  ea .15O years
difference in r ing ages, and is being investigated further.

TABLE 3

Radj-ocarbon ages and cal ibrated radiocarbon ages for sections
of preserved logs col lected at Stanley River, also from the

Bird River track

Stanley River

Tree No.

Number of

Rings in

sect ion

SUA

Idb No. ( r 0 . 1 " / o o  )

1 4c ag.

( y r  b . P .  )

Cal ibrated

Age

( y r  B . P ,  )

Age Span

(approx.

y r  B . p . )

6 - c

Huon Pine

3 9

4 3

5 6

5 B

5 9

1 0 1

1 0 3

1 0 5

1 1 0

1 1 5

1 5 1

1 5 8

1 5 1

152

1 5 3

Celery-top I)ine

1 5 4

1 5 1

1 5 7 X

1 6 0

4 8 4

4'7O+

( 5 0 0 )

(  4 0 0 )

6 5 3 +

400+

(  2 0 0 )

(  s00)
500+

(  4 0 0 )

( 2 0 0 )

200+

400+

30O+

(  s 0 0 )

322

2 5 2

inner log

1 60+

6 1 9 0  r  6 0

1 5 8 0  r  6 0

630 r 60

1 0 0  *  6 0

1 9 8 0  i  6 0

1 2 1 0  r  7 0

1 2 O  r  6 0

1 1 9 0  r  7 0

2O5O t 50

3 5 8 0  J  4 0

4900 * 50

3 7 5 0  *  4 0

4570 x 70

5 5 0 0  r  5 0

4090 r 40

4Oa0 r 70

1  2 3 9 0 1  8 0

1 2 A 7 O t  9 0

4 4 1 0  r  5 0

1290 r 7O

7 0 4 0  r  1 9 0

1 5 3 0  I  1 7 0

6 2 0  r  7 0

1 5 0  r  1 4 0

1 9 3 0  +  1 9 0

1 1 8 0  1  1 4 0

1 5 0  n  1 5 0

1 1 8 0  J  1 4 0

2 1 1 0  +  2 0 0

4 0 5 0  r  2 1 0

5 5 9 0  r  2 4 0

4190 !  27O

5 3 ? 0  r  2 4 0

6210 r 27O

4610 t 24O

4600 t  24O

beyond range

beyond range

5 0 9 0  J  2 3 0

' l 2 1 0  
r  1 4 0

6900-7400

1  5 0 0 - 2 0 0 0

( 4 5 0 - 1 0 5 0 )

(  s0-4s0)
1 800-2450

1 1  00-1  500

( o - 2 0 o )

(  1  100-1  600)

1 700-2200

(  3900-4300)

( 5 5 5 0 - 5 ? 5 0 )

41 00-4300

5300-5700

61 50-6450

(  4550-5050 )

4600-4900

5050-5  200

950-1  500

Bird River Track

5 0 0  4

5 0 1  1

5 0  2 1

5 0 1  5

5 0 1  2

5 0 1  3

5 0 1  6

5 0 1  4

5 0 1  0

5 0 2  3

5024

5 0  2 5

5 0 1  9

5 0 2 0

5 0 2 7

5 0 1  8

5022

5 0  2 8

5026

5 0 1  7

- 2 2 . 9

- 2 2 , 1

- 2 2 , A

- 2 2 . 2

- 2 4 . 4

- 2 1 , 4

- 2 4 . O

- 2 4 , O

- 2 1  , 2

- 2 2 . 4

- 2 2 . 6

- 2 1  . 4

- 2 3 , 1

- 2 5  . 7

- 2 2 . 2

- 2 3 ! 1
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PLATE 3

D<cavat ion 2 on the StanLey River f lood pIain.

SRT  151  (5300 -5700  yea rs  B .P . )  i s  sho r+n  a t  t he
bottom of the trench, with a sect.ion removed.



2 0

other J-ogs which are f lat- lying and part ly buried under the modern
r i v e r b a n k  ( s R T  4 3 ,  5 6 ,  5 9 , 1 1 0 ,  1 1 5 )  h a v e  a g e s  f r o m  a  f e w  h u n d r e d  t o  a r o u n d
4000 years. one log project ing outwards and upwards from the r iverbank
(sRT 105) is more than a thousand years o1d, as is a curved water-worn piece
of  d r i f twood (SRT 101) .  Another  t runk  (SRT 58)  p ro t rud ing  f rom the  r i ver
bank has a recent dater i t  has been cut above the water- l_ine with an axe,
presunably within the last hundred years. A smal_r, curved, dead tree
(sRr 103), which had grown out of the bank al-so has a recenE ase.

I t  i s  wor th  no t ing  tha t  the  two recent  da tes  ( too  t  60 ,  120 + ,60)
were obtained on wood approximately 150 and IOO rings (respectively) from
the outer, weathered surfaces. Northern hemisphere results for the period
1700-190o AD are  be tween 80  and 2oo y r ,  b .p .  (s tu iver  1gg2) ,  in  agreement .
with our two results.

Results from the 1981 col lect ion 1ed us to excavate a trench in f lood
prain sediments during the 1992 f ield season, in the hope of locating more
timber ol-der than two thousand years (see nlate 3). This tr ial- excavati .on
of  l im i ted  ex ten t  was  qu i te  success fu l ,  as  n ine  logs  (>20 cn  d iameter )  o f
Huon and Celery-top pine, many snal ler pieces of wood and even some
leatherwood (Euergphi'a, Lucida.) and lancewood (Phebalium) were sampled. The
first dates from E<cavation 1 indicate a 123gO t g0 year old Celery_top log,
separated horizontal ly by about 2 m and vert ical ly by about 40 cm from loqs
dated  a t  3750 +  40  and 4410 L  50  years  (SRT 158,  160) .  The o lder  Ce lery_ t ip
log  is  o f  g rea t  sc ien t i f i c  in te res t ,  as  i t s  252 r ing  sec t ion  w i l l  p rov ide
isotopic data during the transit ion between glaciar maxi-rnum (1B,o0o yr.
b .p . )  and mid-Horocene warm per iods .  The >g,000-year  d i f fe rence in  ages  is
d j -scussed in  Sec t ion  5 .

The  Geomorpho logy  o f  t he  S tan ley  R . i ve r ^  F loodp la . i n  (GN)

I'ne i;Lxe

At the study site the f loodplain is divisible into two dist incr
parts. upstream of the warking bridge ( Figure q iL is restr icted by a
narrow val ley and is discontinuously Iocated along a lateral ly stable and
part ial ly bedrock-confined channel. Downstream of the bridge the varley
opens out into a wide basin part ial ly inf i l led with unconsolidated
alluvium. Here the channel appears actively meanderlng, for i t  is sinuous
and exhibits point bars, bank erosion and chute cutoffs. The f loodplain
here is relat ively wide, but 

'unfortunately 
i ts strat igraphy has been

part ial ly disturbed by t in mining both last century and early this century.

Because of i ts geonorphic stabi l i ty as a site for locating buried
timber, only the f loodplain upstream of the warking bridge (Figures 4 and 5)
has been excavated at this stage; consequentry, the fol lowing descript ion
and interpretat ion is restr icted to this location.

5.2 The ChanneL

rmmediately upstrean of the warking bridge, the stanrey River has a
well  defined channel approxirnatery 20 m wide with a mean depth of 2.35 m,
and a maximun depth at bankfult  f low of 4.2 m. The channel slope, measured
over a distance of 340 m upstream of the bridge, is 5.9 m/km. the bed is
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Figure 5
A: l.rtap of floodplain (surveyed with

tape and compass) showing location of

excavations relative to tJte river and

the secondary channel .

B:  Strat igraphy of  north wal l  of

excavat lon 1.

C:(over page) strat igraphy of  north
east  wal l  of  excavat ion 2.  Log

out l ines drawn in a st ippled fashion

were located near the opposite walL or

centre of  the t rench.
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coarse to very coarse sand with some granules (0.5-4 mm) derived from the
coarse-grained Devonian granite and granite porphyry of the catchment. This
sediment rests on a lag deposit of large granit ic boulders, sometimes up to
several metres in diameter. rhese boulders add greatly to the channel
roughness.

The stream banks are very steep and covered with moss, logs and
seedlings, part icularly those of Myrt1e (Nothofagus eunninghanii) .  Also
growing on the banks, and important for channel protection, are medium-sized
Huon pine. l iv ing Huon trees and part ial ly buried stumps and trunks act as
natural r ip-rap, greatly increasing bank strength and boundary f low-
resistance. Further iesistance to f low is provided by the profusion of logs
which criss-cross the channel, sometines in the form of jams. This
combination of bank protection and impeded f low is ref lected in the absence
of any signif icant bank erosion and in the unusual straightness of much of
the upper Stanley River.

An estimate of channel roughness in terms of Manningrs n is between
0.10  and ^0 .13 ,  p rov id ing  an  es t ina ted  bank fu l l  d ischarge o f  be tween 40-60
cumecs (mt,/s ) .

5.3 Floodplain Sedi,ments and. Strati,graphy

Along much of the study reach a 20-30 m wide f loodplain is si tuated
on the east side of the r iver, supports dense rainforest, and has an
undulat ing surface about 4-5 m above bedrock. The coarse crystal l ine rocks
of the catchment provide very l i t t le f ine sediment for f loodplaln
deposit ion. Consequently; 90t (by weight) of the f loodplain al luvium is
sand and granules with the remainder si lL and clay. The vert ical prof i le
grades from f ine sand (O.2 nm) mixed with 12-15% si l t  and clay near the
surface, to very coarse sand (t-2 rnm) and only 3-5% si l t  and clay at a depth
of 3m, to very coarse sand and gravel with no si l t  and clay over a weathered
granite bedrock surface at 4.5-5.0 m. Although the channel sediments are a
clean white-grey colour, those in the f loodplain show signs of weathering
and are stained orange. In some locations there are well  developed iron
pans at approximately 1 m below ' the surface, whereas pronounced iron
staining at 2-3 m is very widespread.

Floodplain strat igraphy and evolut ion at the study site were assessed
from tvio trenches clug with a caterpi l lar-tracked excavator (Figures 4 and
5a, Plate 3). Excavation 1 was a roughly square hole dug to a depth of 4-5
m (Figure 5b). Excavation 2 was a 14 m long trench dug roughly
perpendicular to the r iver channel, but with a sl ight "dog-Ieg" near the mid
point. I t  extends from a secondary channel on the f loodplain to a point
about half  way across the f loodplain towards the main channel (Figures 5a,
5c) and was excavated to a depth of 4 m below the highest point on the
floodplain, although in places the excavation was continued down to bedrock
at about 5 m.

At the eastern end of excavatj-on 2, the sediments beneath the
secondary channel consisted of clay mud and abundant organic detr i tus over a
layer of coarse unweathered gravels on an incl ined but weathered bedrock
surface (Figure 5c). Further west, the depth of the excavation increased
out of the secondary channel and into the floodplain proper. Near the
surface in a westerly direct ion, clay muds give way to si l t  and f ine sand,
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while below this there is a sharp but incl ined contact between overlying rnud
and underlying rnedium to coarse sand containing large Huon and celery-top
logs and smaller pieces of dri f t  wood. These sands contain wel- l-  defined
flow structures in the form of cross-strat i f ied trough and tabular large-
r ipple sets with a mean deposit ional orientat ion away from the main channel
and towards the secondary channel.

Excavation 1 represents a fair ly typical f loodplain section for thrs
s i te  (F igure  5) .  The uppermost  0 .5  m cons is ts  o f  a  dark  g rey /brown s i l cy
soi l  which changes at a very sharp but convoluted boundary to grey/white
orange-mott led f ine to mediun sand to a depth of 2.1 m. Ib a depth of 2.9 m
is pale medium sand w-ith a dark orangre staining at the base, beneath which
there are 10-20 cm of wel- l-preserved leaves and twigs. From 3 to 4 metres
are abundant rogs in a matrix of very coarse sand and granures, and fron 4-5
m rs very coarse sand and gravel.

F ' The Deuelopment of the Floodplain

The present r iver channel upstream of the bridge is raterarly very
stable. This is surprising given the steep channel slope and the relat ively
uncohesive nature of the bank sediments. The stabi l i ty is evidenced by the
Lack of any bank erosion, the absence of point bars, the straight, steep
sided and canal- l ike channel, the very large diameter Huon pine and Myrtre
growing on the floodplain, and the growth habit of Huon pine on the river
banks. New generations of pine propagate from the r imbs of previous
generations which appear to have slumped down the bank and now lie partially
buried by bank sedinentation. Three such generations were traced near SRT
57, test i fying to the continuous regeneration of Huon pine on a relat ively
stable r iver bank. The l ineages along this reach indicate that there has
been I i t t le channel migration in the last mil leniurn.

Howeverr prior to this period of stabi l i ty, the f loodprain
strat igraphy shows evidence of lateral channel-migration. The oldest Huon
Iog  ye t  d iscovered,  (SRT 39,  6190 +  60  years  b .p . ) ,  i s  p ro jec t ing  f rom the
present channel bank beneath the bridge 10 m to the west of the f loodplain
t rench (F igures  4 ,  5 ) .  F i f teen to  n ine teen met res  in  an  eas ter ly  d i rec t ion
f rom th is  rog ,  in  excavat ion  1 ,  logs  sRT 162,  161 and 154 have been da ted  a t
5500 *  50 ,  4670 t  70  and 40BO *  ZO years  b .p .  respec t ive ly .  These logs ,  and
the fLow structures in t f ie trench, suggest that the Stanley River nigrated
from west to east during the mid-Horocene, untir  i t  arrested against
weathered bedrock exposed at the eastern end of excavation 2. Fol lowing
this, there appears to have been an episode of avulsi-on, with the
abandontnent of the secondary channel and the incj.sion of a new stream course
roughry at the posit ion of the present r iver. This new channel appears to
have exhumed SRT 39.

since formation of the present channer, and possibry for some t ime
before, the stanley River has been lateral ly very stabLe. The youngest wood
yet dated w' i thin the f loodplain is SRT 158 found at 3 m depth on the western
s ide  o f  excavat ion  1  (3750 +  40  y rs  b .p . ) ,  (F igure  5b) ,  ind ica t ing  tha t
channer stabir isat ion has taken prace since then. This ro9 arso
demonstrates that the f loodprain at this point has accumulated 3 m
vert ical ly in the same period of t ime. Lateral stabi l i ty has been
associated with substantial vert ical accreti .on.
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one problem is the location of a 2 m length of Celery-top (SRT 157)
found in excavation 1 at a depth of 3.4 m. I t  has an outer radiocarbon age
of  12390 r  80  years  b .p .  ye t  was  on ly  2  m away f rom SRT 158 and SRT 160,
dated at around 4,000 years. The presence of bark st i11 on the roots of
this tree suggests i t  has not been exhumed and redeposited. Unti l  resolved,
the discovery of SRT 157 emphasises that any strat igraphic interpretat ion
nust be regarded as hypothetical at this stage.

5 .5 Sunrnan y

From the evidence col l-ected so far, the most logical interpretat ion
at the excavation site is as fol lows:

(1 )  Pr io r  to  about  41000 years  ago when most  o f  the  t inber  was bur ied ,
the Stanley River had a relat ively shal low and lateral ly act ive
channe l ;

(2) Since this t irne, the channel has stabi l ised, except for a major
avulsion which cut a new channel at roughly the r iverrs present
pos i t ion ;

with stabi l isat ion, the f loodplaln has vert ical ly aggraded about 3 m,
result ing in the present deep channel with steep banks.

Carbon Iso tope Measurements  on  Leaf  and Branch Mater ia l
( R J F ,  R M G ,  N G R )

6.L Leaf Sampling Strat;egy

The measurenent of stable carbon
been quoted as the most prornising method
in atmospheric carbon dioxide isotope
important constraints on models used to
fuel combustion and forest clearing (Peng

isotopes in tree-r ings has often
of reconstructing past variat ions

ratios. Such knowledge provides
predict the consequences of fossi l
e t  d . L .  1 9 8 3  )  .

Large  d i f fe rences  in  13c /12C t rends  ex is t  be tween t rees  f rom
di f fe ren t  reg ions  (Francey  1981 ) .  Suggest ions  o f  reg iona l  mod i f i ca t ion  o f
atmospheric isotope values have been used to explain 13g1129 tree-r ing
dif f  erences by some authors ( l ' lazany et a.L. 1980 , Fteyer and Belacy 1981 I ,
and s imi la r  a rguments  have been used to  exp la in  the  " juven i le  e f fec t " ,  a l rC
deplet ion in the innermost r ings of trees. rn general,  previous authors
attempting atmospheric reconstructions have assumed that the isotopic
fract ionation 

-which 
occurs when CO, is. assimilated by a plant is constant,

and/or that variat ions other th--an those ref lect ing the large scale
atmosphere are averaged out by combining data from many isolated trees.

The leaf and branch sampling described here was aimed at elucidating
environmental inf luences on the fract ionation occurring in the Ieaves of
Huon pine, and possible further fract ionation in carbon as i t  is transported
fpom the leaves to tree-r ings. A quanti tat ive model of carbon isotope
fractionation by leaves during photosynthesis by Farquhar et d.L. (1982tb1)
is discussed in relat i .on to tree-r ing studies by Francey and Farquhar
(1982), and these papers inf luenced the col lect lon of naterial- at Stanley
River. In part icular sampling emphasized variat ions in l ight environment
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and in atmospheric
posit ions of sarnples

nixing around
with respect to

leaves. A schematic showing relat ive
these situations is given in Figure 6.

o

o
E

Figure 6

SRTTO SRT75 SRT72 SRT77 SRT71

A schematic indicating the
branch samples col lected for
act iv i t ies descr ibed in Tab1e

SRT73

location and shadinq of leaf and
6 1  3c  ana lyses .  r , . i t " r=  ind ica te

6 .

6.2 Carbon fsotope Variatione uLthin One Bnaneh

Before conparing 13c/12c values between branches i t  is important to
assess the representativeness of material from any one branch. plate 4
shows a typical branchlet of Huon pine. The "needlest are rearly thin stems
ensheathed by overlapping bract-r ike leaves arranged in a spiral
(Plate 5). Three adjacent leaves forn approximately one whorl of the spiral
around the stem.

A branch in a shaded posit ion of sRT 70, 6 m above ground was
harvested in February 1981. Terminal shoots were selected and side branches
removed. lnspecti .on of the stem suggested a dist inct ion between regions of
functionar l-eaves ( green and ful l ,  current seasons growth? ) ,  senescing
leaves (darker green, with brown t ipped leaves), and non-functionar reaves
(brownr/grey f laky surface), wj-th each section typicatry 50-1oo mm rength.

Start ing from the t ip, successive S-whorl sections of functional
leaves were cut frcrn 13 separate stens. Dry weight of each 5-whorl section
was 2-3 mg requiring pooling of replicate stens to produce the 20_30 n9
required for conbustion and anarysis. The 13 stens were sorted in two



PLATE 4

B r

A branchlet of Huon pj.ne.

A stem tip of Huon pine showing the spirally-
arranged, appressedr " funct ional"  Leaves.
( sca le  i s  i n  mm.  )

A pair  of  Huon pine leaves (magni f icat ion x 55)
showing stomata.
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groups, the f irst group having 1o-12 f ive-whorl sections of functional
Ieaves, the second group with 6-9 sections. The corresponding 5-whorl
sectio4s for each group were combined and evehly mixed before analysis.
The 6i3C values are given in rable {,  where

1 1  3 ^  |  1 3 c / 1 2 c  s a m . t  p  ' r
r ' -C  =  L  ; - " - f f i  -  1  I  x  1000 " , /oo, " C /  ' ' C  P D B

Further detai ls of the combustion and measurement technique, inctuding
correction and conversion of isotope rat ios to the pDB scare are given in
Sect ion  9 .3 .3  and in  Francey  e t  aL ,  ( in  p rep . ) "  fhe  613C grad ien ts  f rom the
tip are large and systematic, with a signif icant absolute dif ference between
the groups.

Four repl icates of stern regions with senescing leaves from the same
branch were divi i led into 6 equar sections. For two repl icates, a smal1
equal por_tion (5 mq) of each section was combined to obtain an-  - ^ t 2

average 0 ' -C f rom the  "senesc ing"  s tens ,  g iv ing  vaLues o f  -27 .26  and
-27.600/oo ,  bo th  marg ina l l y  more  pos i t i ve  than the  las t  sec t ions  o f  the
"functional-r '  stems. SmaII equal port ions (5 mg) fron corresponding sections
( 1 to - Q) of each 4 repl icates of the "senescing" stems were cornbined to
give 61 3C values shown in Table 1 1 . These values are consistent with the
two 6-section averaged values above, and are relat ively constant along the
sEem.

As an independent assessment of these effects, a further four stems
from the SRT 70 6 m branch, r.sere f irst divided into the "functional leaf",
"senescing leaf" and where avai lable, non-functional leaf categories and
each spl i t  into 6 sections of equal length. Adjacent sections were paired
and combined with corresponding sections from two of the stems to provide 6
samples over the f irst two categories, and the second pair of stems
similarly pooled over 3 categories to gi.ve 9 samples. The result ing

TABLE 4

The strong gradient in 613C along the stem (from the t ip) in 5
stem sections with "functional" leaves. Group 1 combines

10 to 12 sections from 6 stems and group 2, 6 to 9 sections frorn
A11 stems are from a 6 m height shaded branch of SRr7O.

613c va lues  are  in  o /oo  w i th  respec t  to  pDB.

whorl

7  s tems.

Sect lon c r o u p , l  ( 1 0 - 1 2  s e c t i o n s )

( 6  s t e n s )

croup 2 (6-9 sect ions)

( 7  s t e m s )

1  ( T i p )

2
3
4
5
6
7
I
9

1 0
1 1

- 2 9 ,  t 9

- 2 9  . 1  B
-  2 8 .  9 9
- 2 4 . 7  3
-24. '70
- 2 4 . 5 4
- 2 8 . 3 6
- 2 4 . 2 1
- 2 ? . 9 4
- 2 7  . 8 0

- 2 4 . 4 9
- 2 8 .  8 9
-24. '7 5
- 2 8 . 6 0

- 2 8 . 1  7

-  2 7  . 5 4
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TABLE 5

The insignif icant gradient in 613C along the stem for equal length

sections of stem with "senescing" leaves. Stems are from

the 6 m shaded branch of  SRT 70.

oll"c t.2".)

- 2 ' t  . 2 1
- 2 7 . 1 0
- 2 ' 1  . 4 2
- 2 ' t  . 2 8
- 2 ' 1 . 3 4

TABLE 6

The overal l  gradient in 613c along the stem from the t ip for combinations
of stem sections, representing 3 equal length divisions of each stem

i n  e a c h  o f  t h e  3  c a t e g o r i e s  o f  " f u n c t i o n a l " ,  , , s e n e s c i n g t , a n d , ' n o n -

functional" Ieaves. Stems are from the 6 m shaded branch of SRT 70. Total
dry weight of the combined stem sections is also shown.

L e a f

Category sect ions

Stems 1 ,  4  S tens  2 ,  3

Dry weishL 613"" Dry weisht 613"

( * s )  ( " / " " 1  ( n s )  ( " / " " )

Funct ional -24.93
1 , 2
3 , 4

(  2 8 )

( 6 6 )

(  2 5 )  - 2 A . 6 4

\ 4 2 )  - 2 4 . 3 1

{ 8 8 )  - 2 ' 7 . 3 ' 1

senesc lng

- 2 ' 7 . 5 5
-2'7 .453 , 4

(  3 8 )
( 4 8 )
(  5 9 )

( 8 1  )  - 2 6 . 8 4
( 8 3 )  - 2 6 . 6 6

- 2 6 . 9  4 *

Non-Funct iona l

( 1 2 1  )  - 2 ' 7  . O 1
( 1  1 5 )  - 2 6 . 9 8
( 1 1 8 )  - 2 6 . 9 5

3 , 4
5 , 6

( * s t e m  2  o n l y )
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analyses are sunmarized in Table 6. The total dry weights of sections from
which the samples were forrned are also shown. The gradient in 613C is
Iargely confined to the stern sections with functional leaves.

6.3 Canbon fsotope Variations from Bnanch to B'naneh

on the basis of the previous section, considerable care was exercised
in comparing 61 3C of leaf material from dif ferent branches. From the
mater ia r  co l rec ted  o f f  sRT 70 in  February  1981,  the  t ip -most  1o-whor ls  were
sampled a t  four  pos i t ions  on  the  t ree ,  as  i l l us t ra ted  ( f igure  6) ,  a t  17  m
(exposed,  nor th  fac ing) ,  14  m (exposed,  nor th  eas t  fac ing) ,  14  m (shady ,
west facing) and 6 m (shaded, south facing). At each posit ion approximately
30 mg (dry weight) repl icate samples were obtained from the t ips of
individual branchlets or tufts. Selected repl icates u/ere combusted whole
for analysis. The results are shown in Table 7.

AIso included are single neasurements of stems witLr "non-functional
Ieaves" from the four posit ions, and the derived dif ference between these
values and t-he mean t ip value. There are sErong posit ion-sensit ive 613c
variations witJl the exposed values less negative than shaded values for both
t ips and stem. This is part icularly important at the two 14 m 1evel
Iocations where atmospheric mixing should be practical ly identical.  The
difference between t ips and stem appears to be largely independent of
pos i t ion .

In confl ict with the l-ast statenent, however, are the results for a
small  (5 m high) cornpletely shaded sapl ing (SRT 77), sampled in February
1981. Four stems were each divided into 10-whor1 sections start ing at the
tip'  providinq 5 to 7 section series. Corresponding sections were combined
from al l  four repl icates to provide the results of Table 8. Apart from
section 7 for which only one small  repl icate was avai lable, the rnonotonic
increase in 61 3C is st i l - l  evident but of small-er magrnitude than seen on
SRT 70,  see Tabfes  4 ,  6 .

Confirnation of t trese results was sought in February 1982 with nore
extensive sampling of SRT 70, plus other trees. The results are summarised
in Table 9. The 6'JC of tLre f irst 10 mm (approximately) of the t ip are
compared to that of stem wood of approximate diameter 5 nm (typically some
200 mm f rom the  t ip )  on  se lec ted  branches.  A lso  inc luded are  6r5C fo r
cel lulose extracted from t ip and stem for the exposed branch on SRT 70.

For  these t rees ,  a  la rge  re la t i ve ly  cons is ten t  613C d i f fe rence is
observed throughout. The magnitude of the dif ference is sl ightly . Iarger

than that in Table 7, presumably as a result of the dif ferent sampling
technique. There is a suggestion of a st ightly larger dif ference at the
higher levels of SRT 70.

fhe d13c values for cel lutose exhibit  a larger dif ference between t ip
and stem than for t tre corresponding whole material;  most of the dif ference
comes from the change in stem rather than t ip values. This is consistent
vri th the expectat ion of a larger proport ion of isotopical ly l ighter l ignin
in the whole stem compared to the tips.

The very negative values for the
dense shading and the magnitude of these

sapling are consistent with t tre
are only exceeded by the

8 r n
" l j ao w
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rABLE 7

The variat. ion in 613c ori th branch location on SRT 70. Locations vary

in height above ground and exposure to the sun. rhe 61 
3C variation

is similar for 10 whorl t ip sections and foi corresponding stem

sections with "non-functional" leaves"

Brackets indicate stem repl icate number.

Posit ion

t 1 3  o  t' P o e -  

" / o ' )sten with

1O Whorl  Tips Non-funct j .onal Leaves Dif ference

1 7  n :  N '  e x P o s e d

14 n: NE, extrDsed

1 4  m r  w ,  s h a d y

- 2 ' 7 , 5 1  ( 4 )
- 2 7 . 8 5  ( 1 4 )
- 2 7 . 3 1  ( 1 6 \

- 2 7 , O 2  ( 1 )
- 2 7 . 5 1  ( 4 )
- 2 7 . 6 1  1 6 '

- 2 A . 4 9  ( 1 1
- 2 8 . 1 0  ( 3 )
- 2 6 . 6 7  ( 5 )
- 2 8 . 1 8  ( ? )
- 2 A . 3 A  ( 9 )

- 2 A . 6 6  l 1 )
- 2 9 , 4 1  ( 2 )
- 2 9 . 6 7  ( 3 1

- 2 5 . 3 6  1 9 l

- 2 5 . 7 5  1 5 l

- 2 6 . 1 5  ( 1 )

- 2 7 . O 1  ( 1  , 3 1

6 n: s,  shady

2 . 2 0

1 . 6 3

2 . 0 1

2 . 2 4

TABLE 8

The small gradient in 61 
3" along the stem frorn the tip in

10 whorl sections of deeply shaded sapl ing SRT 77.
Brackets indicate stem repl icate numbers combined for analvsis

sect ion oll"c t ' l ..)

1  ( 1 , 2 , 3 ,   )  t t i p l
2  ( 1 ,  2 ,  3 ,  4 )
3 ( , 2 , 3 , 4 )
4  \ 1 r  2 t  3 ,  4 l
5  ( 1 ,  2 ,  3 ,  4 )
6  1 1 ,  2 ,  3 l
?  ( 1 )

- 3 1 , 7 2
- 3 1 , 7 1

- 3 1 . 5 4

- 3 1  . 6 6
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SRT 77 values. The very
j-s unique in this data
Celery-top pine leaf t ips
pine tips from comparable

6 .4  D iseuss ion

A fuL le r  d iscuss ion  and
coupled with measurements on the
and gas exchange characterist ics
separaEe paper.

small  t ip to stem gradient for SRT ?7 (see Table g)
set. I t  is interesting that the 1 3c values for

(see Table 10) correspond closely to 13C of H.ron
s i tua t ions  (Tab l -e  9 ) .

Despite the prel iminary nature of the samplinq, very strong
systematic stable carbon isotope effects are evident in these data. The
magnitude of the effects, spanning up to 9o / oo, dwarf the anticipated
atnospheric signal due to fossi l  fuel combustion which is of order O.O5o/oo
per year at present. Light level obviousry prays a major role, but neither
r ight lever nor atmospheric composit ion can explain the t ip to stem
grad ien t .

attempted interpretat ion of Ulese data,
l ight environnent, atnosphere composit ion

(in fol lowing sections) is the subject of a

TABLE 9

The variat ion in 613c *i t t t  branch location for sRT ?O (repeat), SRT 71
and SRT 72. Locations vary in height above ground and

exposure to the sun. Results are for t ip sections (approx. 10 mm) and
for corresponding sections with non-functionar reaves (approx. 200 mm from

tip). Results for cel lulose extracted from t ip and sten sections of
the 16 m, ful l  sun, SRT 70 branch are also included.

Tree/Posit ion

o]l"c t .z..r

Stem Di f fe rence

SRT 70: Mature tree w-i th fol iage
above and below canopy

:  1 4  n r  N ,  f u l l  s u n
as above, CELLULOSE
: ' l4 m, SW, shaded
:  6 . 9  n r  S W ,  n o l n i n g  s u n
:  6 . 9  m r  S w ,  f u l f  s h a d e
:  3 . 5  n ,  N E ,  n o r n i n g  s u n

S R T  ? 1 r  2  m  h i g h  s a p l i n g ,  w e l l
exposed to sunl ight

:  2 m; M, sunny
: 1 m ,  M ,  S u n n y

SRT 72: 8 m high sapl ing, conpletely
shaaled under dense canopy

- 2 7 . 3 3 1  2 7 . 7 6  - 2 4 . 3 5 ,  - 2 4 . 3 1  3 . 2 2
- 2 6 . 9 ' 1  - 2 2 , 6 ' 7  4 . 3 0 1
- 2 9 . 1 2  - 2 6 . 5 4  2 . 5 a
- 2 8 . 5 3  - 2 5 . 7 4  2 , 7 9
- 2 9 . ' 1 4  - 2 7 . 1 1  2 , 6 3
- 2 9 . 3 2  - 2 6 . 9 3  2 . 3 9

- 24.2'7

- 2 4 . 4 3
- 2 6 . 1  4

2 . 3 9
2 . 1 3

i  m;  S ,  deep shade
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61 3c and A1 4c of

TABLE 10

Celery- top Pine leaves f rom above and below the canopy

Tree (Analysis) Relation to canopy o ] f l uc  r . z . . r  t l a c  1 "1 " " )

s R r  7 4 :  ( S U A  5 O O g )

s R T  2 :  ( S U A  5 0 0 9 )

be low

above

- 2 9 , 6

- 2 4 . O

2 4 6 t 9

2 9 3 t 7

6.5 14C Meo"urements of Leaf Matenial (MB, St4cp, RJF)

As an aside to the direct measurements of sub-canopy atmospheric
composit ion (Section 9) a measurenent of the radiocarbon content of leaves
was enployed as a means of placing l imits on the contr ibution of CO) from
decaying l i t ter mass. nepending on the age and amount of the de-caying
material,  the 14C content of tree-r ings formed frorn sub-canopy air might not
accurately ref lect atrnospheric levels.

For this purpose, Ieaves of Celery-top pine were selected, since the
cluster of leaves corresponding to current seasonrs growth on these trees is
eas i l y  iden t i f ied ,  and prov ides  su f f i c ien t  bu lk  fo r  14c  de terminat ions .

The nethod exploJ-ts the steadi ly decl ining 614C of the free
atmosphere at about 16o/oo year since the peak of atmospheric nuclear bomb
testing around 1965. I t  is assuned that any seasonal variat ions in A14C are
removed by the seasonal sampling of the trees, and that the carbon turnover
t ine  fo r  l i t te r -mass  in  th is  env i ronment  i s  1 -2  years  (A t jay  e t  a ,L .1979) .

Tab l -e  10  shows 613c  and 614c  fo r  new leaves  f rom sRT 74,  a  2  m
sapling situated under dense closed canopy on the al luvial f lat,  and from
the top of SRT 2r a 22 m high tree on a hi l l  slope with al l  fol iage above
the canopy.

The leaves were washed in cl ist i l led water and combusted to CO^ for
. 613C determination. The COr was then converted to benzene for 

2014"

determination. SUA 5OOB was a €mall  sample requi-r ing di lut ion with inactive
CO, for benzene synthesis and 14C measurement. These samples were measured
se{uent ia l l y  in "^ the  same v ia l  and 14C counter ,  and the  614C va lues  are
normal ised  to  6 r rc  =  -25o/oo  and expressed re la t i ve  to  the  0 .95  NBS oxa l i c
acid standard after correction for decay between 1950 and 1981 AD (Stuiver
and Polach 1977). For comparison with publ ished o14C values (polach and
Singh 1980)  5o loo  shou ld  be  added to  the  414C va lues  o f  Tab le  10 .

If  the sub-canopy CO, (at approximately 2 m) is a mixture of CO. of
contemporary  ac t iv i t y  ( taken 'as  293 o /oo)  and CO,  w i th  A14c in  the  range '369
to 325o / oo (based on a 16" /  ooyr- |  atmosphefic decl ine and 1-2 ygar
I i t termass decay), then the one sigma upper l imit of the sub-canopy 6rqC
represents an upper l imit of about BB of sub-canopy CO, originating fron
I i t te rmass .
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7

7 1

Meteonol og i  cal  and Li  ght Env i  ronment Data

ClimatoLogieal Data

The tree-r ing data represent, integrated records of environmental_
infruences, so that i t  is irnportant to relate condit ions at the t ime of
measurement to those expected over a longer tern. Meteorologicar
observations are scarce in the stanrey River area, but some data for the
last decade exist for two stat ions approximately 20 km north and south of
the site. Tabre 11 gives detai ls on the sites of Bureau of Meteororogy
stat ions relat ive to the tree-r inq site.

Monthly mean dai ly maximum and ninimum temperatures are given in
Table 12, monthly rainfal- l  amounts in Table 13, and cloud amount,s in Tabre
14. rncluded in Tabte i4 is infornation on rnonthly averages of dairy
sunshine duration at Savage River only.

TABLE 1 1

Detai ls of the Stanley Rj-ver site relat iv.e to
nearby  meteoro log ica l  s ta t ions .

Locataon Lat i tude Longitude Elevat ion Distance from Years of
West Coast Records

Savage River 41o 30S

Stanley River si te 41. 425

Zeehan 41 o 53S

1 4 5 0  1 1 8

1 4 5 0  1 8 8

1 4 5 0  2 0 8

352 n

230 m

't'1 2 6

33 lcn

23 km

1 4  k n

I  9 6 6 - 8  2

I  9 6 9 - ? 8

7.2 Meteonologieal )bsenuations at the stanley Rioer site (NGR, DB, HSG)

Basic meteorologicar observations were made at various t imes
throughout the expedit ions, most frequently at t imes corresponding to air
sampling events. These are summarized in Tables 15 and 16 for 1gB1 and 1gg2
respectively. The site of the observation is identi f ied for comparison with
Figures 2, 3 and 4. The "r idge" site refers to whareback Ridge, an exposed
treeless r idge 2.5 km west of the r iver and 220 m above the val_Iey f1oor.

7.3 Light Enu'Lrorunent at the Stanley Ritser Si.te (RMG)

Two quantum sensors (LI-COR Instruments, Lincoln, Nebraska, Model
LI 1905) sensit ive in the photosynthetical ly act ive wave-band 400-7OO nm,
were used. one was located near 42OO mN, 5150 mW (f igure 3) on the top of a
grass-covered hi11, about 50 m above, and overlooking the stanley River
Val1ey. The second was placed in each of two posit i-ons under the forest
canopy.
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The quantwn sensor in the open site was attached to a printing

integrator set to print every 1O ninutes. The complete record of this

sensor is shown in Figure 7. As indicated by Table 15' i t  was raining on

February 4 up unti l  mid-morningr and overcast al l  day. The other three days

were sunny with some scattered cloud. Peak and day- long average

photosynthetic photon fhl l< densit ies (PPFD) are given for each day (of

approximately 14.2 hours). With respect to cloud cover i t  can be seen frorn

Table 14 that the overcast condit ions of 4 February 19Bi can be expected

about 10 days in February, while the f ine days of 5-B February 1981 (and 12-

14 February 1982) can be expected on only 3-4 days of February.

5 Feb. 81

41.8 mole m 2

average = 820

pmole m-2 s-l

6Feb .81  7  Feb .81

48.5 mole ri2 45,6 mole niz

average = 885 average = 930

umole ni2 5l um6ls m-2 ;l

2

N.E

o
o

1
o
E
c

o

x
E
c
o
o

E
CL
(J

o
-c

o
o
-c
4

Flgure 7

Time of day AEST

The photosynthet ical ly  act ive photon f lux densi ty (PPFD),

based on ten ninute integrals,  on a wel l -exposed s i te c lose to
the Stanley River,  February 1981.

The sub-canopy sensor was attached to an integrator which required

visual recording and resett ing. This recording was done several t imes a day
when other tasks pernit ted. I t  was not practicable to make after-dark
recordings to establ ish dawn to dusk integrals. ceneral ly recordings were
taken to be synchronous with the printing of ttre hill top integrator.

Location 1 for the sub-canopy sensor was under mature Huon pine

SRT 76, aL 4670 mN, 4680 mw (Figure 3). There was very l i t t le veqetation on

the ground due to dense shade, though there were some tree saplings.

Location 2 was on a fal len Huon log in the swampy f lats at 4525 mN, 4925 mw
in Figure 3. The sensor was posit ioned adjacent to a 15 cm talI  Huon
',seedling" growing out of the 1og. Both locaLions \.Iere shady but had

occasj.onal sun flecks. The average PPFD above and below the canopy at each

Iocation, and percent transmission of photosynthetical ly act ive quanta to

the forest f loor, are given in Tab1e 17.
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TABLE 17

Transmission of sol-ar photosynthetical_Iy act ive quanta
to the forest f loor.

Time over
which 1lght
integrateal

( A E S T )

Average photon f lq density (dayl ight hours)
( m o I  m - 2  s - l )

Percent
Above canopy Forest Floor Transmission

ove rcas t

Br ight;
l i t t le cloud

0940, 4 Feb 81
to

1 O 2 0 r  5  F e b  8 1

1 0 3 ' ! ;  5  F e b  8 1
to

1 0 3 1 i  6  F e b  8 1

Locat ion 1 (Near SRT 76)

1 , 2 3  1 . 4

6 . 1 0  0 . 6

cloud free

Braght,
l i tL le cloud

1 1 2 1 ;  6  F e b  8 1
to

1 2 0 1 i  6  F e b  8 1

1 1 2 1 ,  6  r e b  a l
to

1 1 2 1 ;  I  F e b  8 1

Locat ion 2 (Near SRr 75)

6 2 . 1  3 . 3

2 1 . 5  2 , 2

1  9 8 1

964.5

On the overcast rainy day in the f irst location 1 .4* of the dif fuse
incident photons reached the forest f loor. on the second day at thj-s
locatj-on, bright condit ions meant that most of the r ight came in direct
rather than dif fuse form and the transrnission was reduced to 0.6t.

At the second location condit ions were less shaded; over three
bright days 2.22 of the incident radiat ion penetrated the forest canopy.
over the period of maximun radiation close to noon on February 6, the high
elevation of the sun led to a 50? greater penetrat ion of l ight - nameiy
3 . 3 % .

Thus the highest hour-Iong ppFD wlr ich the 15 cm seedling is ever
t ikely to experience 1s about 60 gnol m-2s-1 (rable 17 l ine 3) which in
plant physiological terms is very low indeed. Since 6 February i9g1 was
unusually bright and clear the hour-long averag'e ppFD at the forest througrh
the daylight hours of the sumner months !s likely to be very nuch less than
6 0  u n o l  * - 1  

" - 1 ,  
i . e .  b e t w e e n  1  u n o l  * - 2  

" - 1  
( r a b l e  1 7 ,  I i n e  1 )  a n d

20 gno l  m-z  s - '  (Tab le  17 ,  I ine  4 ;  w i th  the  typ ica l  day  be ing  c loser  to  the
low end of that ranse.

The highest instantaneous PPFD observed was when a sunfleck was
dancing over the sensor. Then the meter needle flicked around with a mean
va lue  in  the  reg ion  o f  150 Uno l  n -2  s -1 .
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a Stomatal  Conductance and Gas Exchange Measurements

S.L Introduetion

The aim of these measurements, in conjunction with the leaf and

branch sampling for 13C/12C analyses ( Section 6) was to elucidate the

envi-ronmental inf l-uences on fract ionation of carbon as iL is removed from

the atmosphere and stored in trees. As noted in section 6' 1, a quanti tat ive

model of carbon isotope fract ionation by leaves developed by Farquhar et dL.
( 1 982 tbl )  ,  inf luenced the stanley River act ivi t ies. 14 brief the model

expresses the relat ive isotopic rat io of photosynthate, Of,3C ."

$t" 
= o]t"  -  a -  (b-a) cr, /cu ( 8 . 1 )

where ca, 6l3C represent the concentrat ion and isotopic composit ion

respecti?el1i of Co.> in air surrounding the leaf; . i  is the Co2

concentrat ion in t ie intercel lular spaces of l€af mesophyl l ;  a(=

4 . 4 0 / o o )  a n d  b ( ' 3 0 o / o o )  a r e  c o n s t a n t s  r e p r e s e n t i n g  d i s c r i m i n a t i o n

due to dif fusion through the stonata and in the carboxylat ion

reac t ion ,  respec t ive ly .

Farquhar  e t  aL .  (1982tb l )  g ive  add i t iona l  te rms,  thought  to  be  smal l ,

to account for photo- and dark-respirat ion, and fgr possible gradients in

CO^ fron the intercel lular spaces to the site of carboxylat ion. T.o
pafaphrase Farquhar ( 1980), "factors which reduce Co, assimilat ion rate

through effects primari ly on the mesophyl l  capacity for lhotosynthesis (e.9.

very 1ow l ight intensit ies and deficiencies of certain mineral nutr ients)

wil l  increase c!/c^ and reduce {3C; factors which reduce CO, assimilat ion

rates primari ly ' thfough reductionvof supply of CO2 through th6 stomata (for

exampLe, 
"Large 

vapour pressure defici ts) wi- l l  decrease 
"!/"u 

and

i-ncrease 6; 'C".

t . ,  L5ro"ry 1981 a venti lated dif fusion porometer was used to obtain

prel iminary information on the stomatal behaviour of Huon pine. In February

1gg2 a portable gas analysis system was used in the f ield to obtain stomatal

conductancef assimilat ion rate and ct, /ca.

8.2 Stomatal Conduetanee Measurements Februang L98L (RMG' NGR)

, Measurenents were made with a venti lated dif fusion porometer 'des' igined

for f lat leaves. For the Huon pine, we poked the branchlets (st i l l  attached

to the-branch) into the measuring compartment on sunny days (so that there

was no surface noisture) and : started the system ' ' running within seconds.

Repeated neasurements were made on each branchlet without removing it from

the chamber in order to ascertain the t ime-course of stonatal closure in

response to darkness inside the measurement cuvette. For Huon Pines we

found closure to start immediately, in contrast to the more typical

behaviour of an unidenti f ied broad-Ieaved ptant on the forest f loor

(Figure B). Whereas the broad-Ieaf exhibited a 4 to 5 minute lag fol lowed

by stomatal closure within 20 minutes, for the Huon closure started

immediately but was not complete after an hour. Leaves having high stomatal

ionductance showed rapid init ial  closure, while those with low conductance

showed a slow rate of closure. A conductance was estimated for each needle

by taking a series of 6 to B determinations over the f irst f ive ninutes

after insert ion, and extrapolat ing the t ime-course to t=0 (Figure B, curves

a and B)
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Figure 8

B: An example of the extrapolat ion procedure, based on a 5
minute time-course, to obtain the stornatal conductance of
Huon pine at the moment of insertion inlo the porometer.

C: An unidentified attached broad leaf growing in a
mglergte1V exposed site and illuminated at about 70 pmole
m - s - immediately before measurement.

To calculate these conductances required an estinate of leaf area.
When the branchlet was removed from the instrument, its point of entry into
the chamber was marked w'ith a piece of adhesive tape and the branchlet was
stored in a plastic bag. Later the length and diam;ter of the branchret was
determined r,,r i th ruler and nicroneter gauge in the laboratory. specif icat ion
of diameter is problenatic because the branchlet, being made up of numerous
tiny, closely appressed leaves, is bumpy. we determined the ,, thickness,,
when the micrometer f irst gripped ("Ioose diameter").  The estinates of
stomatal conductance presented in ttris section are based on leaf areas
calculated as the surface area of cylinders with neasured l-ength and ,,loose
d iameter " .

The venti lated dif fusion porometer was cal ibrated for inf ini te
"stomatal" conductance using dead Huon pine branchlets soaked in water.

At the time of measurement in the field the light intensity rdas
determined using a 

"Yr1_rpl lable 
exposure meter, reading in foot candres

but cal ibrated in umor.m-z s-l  against a quantum sensor in sunright (12ooo
foot candles corresponding Lo about 2O0O prnol m-2 s-1;.

Branchlets were serected from a range of posit ions - from seedlinqs
or mature trees' from low in the forest to high in the canopy, from various

Time from insert ion (minl

Time-course of lead conductance after darkening by insertion
into a vent i lated di f fus ion porometer.

A: Attached Huon pine branchlet growing in^a wgll_exposed
site and illuminated at about 2000 pmole m-, s-t immeliatelv
before measurement.
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degrees of shading, from locations that were permanently well- i l luminated on
the edge of clearings to locations that were permanently shady. When
samples were taken from high in the canopy, the l ight intensity was f irst
measured and then a piece of branch was clipped off and dropped down to the
porometer operator below who quickly started the measurements. pre-test inq
of this procedure indicated that i t  did not inf luence the results.

The measurenents are presented in Table 18. No clear pattern of
conductances could be discerned wittr  respect to posit ion of the leaf in tne
canopy. Above 3OO 'pmo} m-2 s-1 stomatal conductance was approxinately
constant ( indep*rdent of l ight intenslty) - at an average value of
29  X 1 .5  p  mol  m-2s-1 .  Be low 300 ymol  * -2  s -1  a  w ide  range o f  s tomata l
conductances was found to be unrelated^ to l ight intensity, with valueS both
as high as^ 9Q and as low as B pmol m-zs-r being recorded at ppFD less than
5 0  u m o l  m - ' s - ' .

In general the stomatal deterninatj_ons at or below abouc
66 pmol ^-2"-1 yielded conductances equal to or greater than values obtained
in bright I iqht. At these 1ow l ight levels, typical of the sub-canopy
Ievels in the brightest condit. ions ( fable 171 , the rate of mesophyl l
photosynthesis would have been close to zero (Section 9.3; suggesting that
ci/ca would be close to unity. _In terms of the Equation 9.1 this is
c6nsistent with the low values of 613C associated w' i th inner r ings ( juveni le
wood) relat ive to outer wood (Francey and Farquhar 1992).

Q ? Measunement of C,as Excho;nge Charaeterietics, Februany Lg82 (TDS, BW,'t"/c, GDE)

8.3 .1  Por tab le  gas  exchange sys tem

Three mass f low control lers (Ty1an, Model FC26O) were
"a i r "  f rom E (gOLl  cy l inders  o f  Nr r  o r ,  and 1*  Cor - in -a i r .

The f low meters were cal ibrated by passing the exit
bubbler for humidif icat ion and then calculat inq the volume
saturation) from measurements wi.th a soap bubble f low meter.
f low of this air determined the humidity in the chamber.

Evaporation rate (f) was calculated as:

used to make

gas through a
(assun ing  958

The rate of

E = * w

where u is total f low rate of air out of the charnber (moles s-1 ),  w
is the mole fract ion of water in the air stream, and a is the Ieaf
area (m2), taken as the projected area of a stem section (note that
in Section 8.1 , total surface area of a cyl indrical section of stern
is  used fo r  s im i la r  purposes) .
The decrease in CO, concentrat ion as a result of assimilat ion by the

leaf was cornpensated for- by inject ing 1a Cor-in-air direct ly into the
chamber with a fourth f low control ler. essirni lai ion rate (A) was calculated
a s :

- o - u t  
( c 1  - c o ) - E C o

where u,, is the f low of COr-enriched airr C., is the mole fract ion of
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CO^ in the Co^-enriched air,  and C^ the mole fract ion of CO. in the
ai l  leaving tTte chamber. The ev3poration rate term is ,r1""""ury
because water lost from the leaf di lutes the CO2 in the air stream.

Other gas exchange parameters were cal-culated according to Caemmerer
and Farquhar  (  1981 ) .

Carbon dioxide was measured with a BINOS-2 infra red gas analyser
(Leybo ld-Heraeus ,  West  Germany) .

The compensation method of assimilat ion rate measurement el iminates
the need for an accurate cal ibrat ion of the gas analyser in the f ield. In
practice the assimilat ion rate was not perfect ly compensated and the
difference in CO2 mole fract ion before and after the chamber was included in
the  ca lcu la t ion-o f  ass imi la t ion .  The mole  f rac t ion  o f  CO.  in  the  a i r
entering the chamber was calcul-ated from the flows of gas thr'ough the mass
flow control- lers.

The mole fract ion of water in the air stream leaving the chamber was
calculated from the measurenent of relat ive humidity using a Humicap sensor
(Vaisala, f inland) kept at 35oC. The humidity sensor was cal ibrated in the
field using the technique of parkinson et d.L. (19eO).

The temperature of the aluminium chamber was control led by eelt ier
heating/cool ing devices ( 1 80w instal led capacity; Melcor, U. S. A. ) using
circuitry which compared the signal- from a precision reference with the
signal from a tenperature sensor ( AD/590, Analog Devices, U. s. A. ) .
Branchlet temperature was measured with an AD 2036 (analog Devices, U.S.A.)
scanning thermocouple thermometer.

I l lumination in the f ield was from
Iight source. The system was run from
portabi l i ty came when we used the system
tree SRT 70.

8 , 3 . 2  R e s u l t s

the sun and from a quartz-iodide
a 12v battery and proof of i ts
14 metres high in the Huon pine

Addit ional photosynthetic photon f lux densit ies (PPFD) were
determined with a portable quantun sensor (Lambda LI 185A, Lambda
Instruments Corq.^, U. S. A. ) ancl 20 whorl sections of branch t ip were
harvested for 6 rrC analysis ( using the ANU combustion apparatus and
Micromass 6O2D mass spec t rometer ,  c . f .  Sec t ion  6 .2 )  f rom var ious  Ioca t ions
on Huon pine trees SRT 73, SRT 70. 6as exchange measurements were conducted
at two of these locations as sumrnarized in Table 19.

The phosphorous and total Kjeldahl nitrogen contents of the leaves
are also included in Table 19 as potential correlat ing factors with
photosynthetic rate.

The response to quantum flux of two branches on SRT 73 is shown in
Figure 9. Branch lil) 9 was exposed to sun for 4 hours per day due to the
break in the canopy over the river, whereas branch HP 10 \^ras in deep shade
all  day. Note that proximity to the r iver for these branches implies
substantial dif ferences in l ight level and atmospheric mixing conpared to
Ieaves at sirni lar height, under the undisturbed canopy.
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Photosynthetic photon flux density
(pmol(Photon)mzst )

Gas exchange character is t ics of  exposed (open s lzmbols HP9) and

shaded (ctosed symbols HPlO) branches of  Huon pine SRT 73'

Measurements of  CO" assimi lat ion rate and stomatal  conductance

to water vapour dfffusion as a function of PPFD, are used to

der ive the var iat ion of  c i /ca wi th PPFD.

Figure 9
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In both branches the CO^
f lux  up  to  about  20Orrno l  ̂ -2  , -1 i
not vary with quantum f lux. Since
and COc ass in i la t ion  ra te ,  the
ass imi lS t ion  ra te .

assimilat ion rate increased with quantum
Conductance to water vapour dif fusion did
c, is primari ly a function of conductance
ratio of cL/ca varied inversely with

Figure 10 shows the t ime course of Co, assimilat ion rate for sun and
shade branches of sRT 70 gt 1"4 m, welr above'canopy top. The shade branch
received 50 to 1 50 uunol m-' s-r throughout the day of measurement but had a
s tead i ly  dec l in ing  Co,  ass imi la t ion  ra te .  S ince  conductance d id  no t  vary ,
this represents a deEl- ine in the assimil-at ion capacity of the mesophyl l
t issue. The sun branch was shaded for a short t ime around 13oo AEST. At
14OO hours  the  branch was aga in  in  fu l l  sun  ( - l50OFnoI  * -2  

" -1 ) ,  
bu t  the

capacity for co, assimirat ion was much reduced. By 15oo hours the branch
had a negative c-arbon balance.

8 .4  D iseuss ion

The gas exchange neasurements confirm the lack of sensit ivi ty of
stomatal conductance to irradiance as observed in 1 981 , and the dependence
of 

_:L/.ca 
on COZ assini lat ion rate for Huon pine, foreshadowed by the

preJ- r -mrnary  measurements  (Sec t ion  8 .2 ) .

rhe 613c of leaf t ips harvested during the gas exchange measurements
cor respond c lose ly  to  s imi la r  measurements  (Tabtes  13 ,  15)  w i th  the  poss ib le
exception of Hp 9. This is the exposed sanple from sRT ?3 which appears too
negative by comparison with the t ip 615c of sRT 71 (Table 15) with quite
s imi la r  exposure .

i,np r i e " 
u "6+ 3 3 *J:,"'"? #' -f; in "TJ """;' :t ".,# llu "3_'l i" 

r 
; Jn"; ;:Tn 

t 
::

exprain the variat ions in 61 3c between exposed and shaded rocations. As
mentioned in section 6.4, a fult  comparison and interpretat ion of these
results requires consideration of temporal and spatial variat ions in these
varues as well  as the possible variat ions in atmospheric 613c, and is the
subject of a separate publ icat ion.

o
o o o

(o)Sun branch
(o)Shade branch

o o  o o

0800 1(n0 1200

Time of day AEST

The variation in net photosynthesis rate throughou! a day for
a sun branch (open symboLs) and shade branch (c losed syrnbols)
of  Huon pine SRT 70.

I
o)
P ^
( E i

= N
. E E
G ' -= o
E E

16001400

Figure 1 0
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9 .  C o m p o s i t i o n  o f  S u b - c a n o p y  A i r  ( P J F ,  D B ,  H S G ,  R J F ,  G I P )

g.L fntnoduetion

The primary aim of the air sampling was to. investigate the space and

time variabi l i ty of carbon dioxide leve1 and 13C/12C rat io around the

growing Huon pine. this is inportant in aiding the interpretat ion of carbon

i s o t o p e  r a t i o s  i n  t h e  p l a n t  m a t e r i a l  ( s e e  s e c t i o n s  6 . 1 ,  8 . 1 ) .

The air samples have been analysed for other trace gases, namely

Freon-11 (CCl -F) ,  methane (CH, )  and carbon monox ide  (CO) .  CCI2F is  p resent

in the atmos$here purely ."*u consequence of human activi t ies, and i ts

concentrat ion in clean tropospheric air of the mid lat i tudes is well

es tab l i shed (e .9 .  FYaser  e t  dL .  1983) .  Concent ra t ions  s ign i f i can t ly  above

background levels are a clear indication of anthropogenic contamination of

the air sample on a local or regional scale (e.g. Ftaser et AL. 1977), and,

suggest that observed fevels of other trace gases subj ect to direct

anthropogenic inf luence (e.g. Co2) should be treated cautiously.

The CH, and CO observatj-ons forn part of a general study of the

behaviour of ihese trace gases in forest environments. However, elevated

CH, and CO levels have been observed in the plumes and ground level

en i i ronment  o f  fo res t  f i res  (Cru tzen e t  aL .1979)  and as  i t  happened,  these

neasurenents help characterize the aj-r mass environnent experienced during

the February 1981 expedit ion, when substantial forest and scrub f ires were

prevalent around the Stanley River site throughout the expedit ion. CHo ls

present in the atmosphere largely as a result of anaerobic decay of plant

material; while co results from in situ oxidation of cHo by the hydroxyl

radical (OH), as well  as fron natural- and anthropogenic comlcustion processes

and emissions from vegetation. The CH/ and CO levels iR background air in

Tasmania  have recent ly  been es tab l i she=d (Fraser  e t  AL.  1981 '  FYaser  P .J .

unpublished) and can be used to interpret observations made during the

Stanley Rlver expedit ions.

9.2 SanpLing Methods

In February 1981 only, a portable non-dispersive infra-red gas

analyser ( fnCe) was operated in the f ield to give carbon dioxide

concentrat ion. At the same t ime, and in 1982, ait  was trapped in f lasks for

subsequent laboratory analysis. Detai ls of the f lask type, trapping method,

number per expedit ion and analysis type are given in Table 20. Laboratory

analyses invorved an rRGA' gas chromatograph (Gc) and mass spectrometer
(t'{s ) .

Figure 1 1 is a schematic of the air sampling arrangement used for the

i. i  s1:tu IRGA measurements (February 1981), aLL 1/2 L glass f lasks and most

o f  the  5  L  g lass  f lasks .

A rope and pul ley f iXed to a tree branch dt, or above, competing

canopy top  enab led  a  f lex ib le  a i r  in take  o f  3 /8"  o .d .  Dekabon '130Ot  tub ing

(OIex  Cab les  L td . ,  U .S.A. )  to  be  pos i t ioned a t  se lec ted  he igh ts .  Us ing  a

metal betlows (l'{B) pumpr air was pumped through a water trapping/surge

damping f lask, a granular magnesiun perchlorate packed drying tower and a

dus t  f i l te r ,  (Swage lok ,  U.S.A. ) .  A  pressure / re l ie f  va lve  se t  a t  55  kPa (110

kpa in the 1982 expedit ions) for pump-valve protection also determined the
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TABLE 20

Detai l-s of the f lask type and atnospheric trapping methods
used on various expedit ions. The type of analyses conducted on the

sample is included

Flask Type A1r Pressure Fi l l ing

( f u l l )  ( k P a )  M e t h o d

Exl€dit ion 6 Analyses

No. of Flasks

5 5
1 1 0

1/2 r ctass
r c1 /2 )

UA PWP Feb 81 |  22 IRGA: CO,
F e b  8 2 :  7 3  c c :  c o r ,  c o ,  c H , ,
S e p  8 2 :  4 1  C C f a r

1 . 5  L  S t a i n l e s s
s t e e l  ( S S )

Cryogenic Feb 82: 3 q : t  C o 2 t  C O ,  C H 4 ,
ccl3F

M s r  1 3 c 1 1 2 g

5  L  G f a s s
( G  5 )

MB Pmp F e b  8 1 :  5
F e b  8 2 t  1 2
F e b  8 1 :  2
F e b  8 2 :  3

t ls:  1 3c1l2.^5 5
1 1 0

o
0

amount of air coflected in the f lasks. At a selected height the intake
l- ines and f lasks were wel] f l_ushed (5-10 minutes) with representative air
be fore  f i11 in9  or  ana lys is .

A second portable pump unit (Beardsmore et q.L. 1g7B) was avai labr_e
for col lect ing air sanpres in grass f lasks at other locations.

the f lexible intake l ine and drying tower, ini t ial ly f lushed by the
PUmP' were also employed in f i l l ing the 1.5 L stainless steel f lasks. Here
the cryogenic f irr ing method involved immersion of the f lask in r iquid
nitrogen for 1O-15 minutes (Rasmussen et aL. 1g}i l  during which i i*"
approximately 40 L of ambient air was col lected.

The rvacuumr method of f i l l ing 5 L glass f lasks ( lent. by Dr. A.R.
chivas, Austral ian Nationar university) simpry invorved placing the
evacuated frask in an exposed posit ion (upwind of the operator) and opening
the inlet tap unti l  pressure equil ibr ium was attained.

9.3 Measu'pement Techniques

A1l analyses of air samples col lected in f lasks were carr ied out aE
CSfRO, Division of Atmospheric Research.

9 .3 .1  In f ra - red  gas  ana lyser  ( IRGA)  fo r  CO2

The analysis of air sampres in glass f lasks in the laboratory, using



an IRGA,
was more

i s  desc r i bed
unusual  and is

by Beardsmore
descr ibed in

e t  d , L .  1 9 7 a .
some detai l  in

5 1

The  1981  f i e l d  ope ra t i on

the Figure below.

F i  d t r r a  1 1

The portable system, comPrising a
(H.  Ma ihak  A.G. ,  S /No.  5 -0599)  w i th  f low
f low cont ro l  (1  '5 ,6 )  va lves ,  ob ta ined
inverter driven by 12v accumulators.

sampl ing system used for  analysis and colLect ion of  a i r
samples. 'tne i,n situ infta-red gas analyser was employed in

February 1981 on1y.  Flasks were f i l - led through the f lex ib le
coupl ing,  wi th the except ion of  'cryogenic '  f lasks whi-ch were
filled from the intake line after the drying tower.

IJNOR 58 IRGA infra-red gas analyser
m e t e r s r  g a s  s w i t c h i n g  ( 2 , 3 , 4 )  a n d
its 23O volt,  5OHz power fron an

The analyser was operated in the dif ferential mode with a f lowinq

reference gas. cyl inders of coz in N2 mixtures, with known co2

concentrat ions close to the free atmospheric 
-value, 

were used for frequent

cal ibrat ions throughout the experiment. The output signal was recorded on a

5 inch portable potentiometric chart recorder.

As i t  was necessary to turn the analyser off  overnight to conserve
power, a two hour warm up period was needed for the IRGA each day. During

init ial  f lushing of the intake l ine the system was cal ibrated; a zero

signal was obtained by applying the cal ibrat ion gas with higher c9z

concentrat ion to both sample and reference cel ls of the analyser. Keeplng
this gas f lowing through the reference celI  and switching the second

calibrat ion gas through the sample cel l  gave a second output signal. Using

the pre-determined CO, concentrat ion of the two cal ibrat ion gases a scale
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fac to r  cou ld  then be  es tab l i shed (Beardsmore  e t  aL .1928) .  Va lves  2  and 3
v/ere then operated to admit the dried air stream to the sample cel l_.
Intervals between analyses of air from selected heights were employed to
recal ibrate the analyser and col lect air samples in f lasks.

The analyser signal was read at 36 second intervals on the chart
record (Figure l2). fn a sampl- ing period. the mean value of these signals
was compared with those of the cal- ibrat ion gases, before and after, to
obtain an apparent concentrat ion, Co. True concentrat ion, Cn, was then
obta ined by  cor rec t ing  fo r  the  ' car r i i j r  gas  er ro r r  (pearman 1980 i  pearman e t
aL. 1983) using a function of the form:

C r = C e ( A + B C A ) .

_  F o r  t h e  1 9 8 1  i n  s i t u  a n a l y s e r  ( S , / N  5 - 0 5 9 9 ) ,  A  =  0 . 9 8 9 1 6 6 ,  B  =  - 1 . 9 3 3 2
x 1O-3 ,  wh i le  fo r  the  UNoR (s /N 631693)  employed on  the  g lass  f lasks  in
1 9 8 1 ,  A  =  0 . 9 8 3 1 9 4 ,  B  =  1 , . 2 . 8 7 0 2  x  t O - 5  a n d  i n  1 g B 2  ( S / N  6 3 1 4 7 8 ) ,  A  =
0 .985441,  B  =  *0 .2778 x  |O- t .  A I I  abso lu te  concent ra t ions  are  expressed in
the l tvlo 1981 CO2 Calibrat ion Scale.

H igh Col .  Gos
( 343 7 ppmv C0. )

_ Low Col Gos
(332 0 pprnv t02)

1 400 1330

5th Februory 1981

1 300

Figure 1 2 An example of the trace from thle in eitu CO" IRGA used in
February 1981. Time is p lot ted (backwards) on-the x-axis and
analyser outputs equivalent to CO" concentratj-ons on the y-
axis.  The gas swi tching sequence Tron approx.  1312-1416 AEST
is shown. The intermit tent  nature of  sub-canopy nix ing at  low
wind speeds is  evident  at  1 m. CO, concentral ions in the ai r
samples were obtained by averaging Ehe values of  successive 36
second intervals of  the analyser output  t race.

9.3 .2  Gas ohronatograph measurements  o f  CO2,  CO,  CH4,  CC13F

AII air samples were analysed using gas chromatographic (GC)
techniques, CC13F with an electron capture detector (ECD), and CH^t CO, CO2
using a f lame ionization detector ( FID). The experimental procedures used

l r



are described elsewhere ( Fraser and Pearman 1978 '  Rasnussen and Khali l -

1981) .  The ca l ib ra t ion  gas  (0 -067)  used fo r  the  Gc ana lys is  was supp l ied  by

R.A. Rasmussen of the Oregon Graduate Centre. l : t  was a sarnple of clean air

(1000 L  a t  STp)  conta ined in  a  s ta in less  s tee l  vesse l  (40  L)  wh ich  had been

internal ly electropol ished to minimise the effect of the steel surface on

trace gas composit ion. The concentrat ions of the relevant trace gases in 0-

067 are :  CCf?F '  181.5  pp tv  (Par ts  per  1012 by  vo lu rne)  i  CH4,  
.1583 

ppbv

( p g r t s  p e r  1 O v - b y  v o l u m e ) ;  C O , 1 0 5  p p b v r  a n d  C O r r  3 4 1 . 8 0  p p m v  ( p a r t s  p e r

1Oo by voLume' I 'wlO 1981 Co2 cal ibrat ion scale).

9 .3 .3  Mass  spec t rometer  measurements  o f  13c /12c

The stable carbon isotope rat io of the f lask air was obtained by

first extract ing al l  of the CO, fron the air sample, and then. admit-t inq this

Co" to a Micromass 602D mass spectrometer for deternination of 13c/12c
* ,relat ive to a CO, gas cyl inder standard.

rhe co^ was extracted by f irst.  freezlng the f lask with l iquid
z

nitrogen and fhen slow1y pumping off al l  of the non-condensable gases" The

liquid nitrogen was then replaced with a dty-ice/alcohol bath, to retaln

water vapour while the COa was transferred to the mass spectrometer inlet

syscem.

The fracLional dif ference of the mass 45/nass 44 raEio, relat ive to

that of the reference 9ds, is measured by the Micromass 6o2D' This was

corrected for a c12o16017 contr ibution to mass 45, on t] .e basis of a

nass 46/mass 44 measurement (Mook and Grootes 1973). The -fract ionaf
d i f fe rence,  expressed in  par ts  per  thousand,  i s  re fe r r "ed  to  as  613C (Sec t ion

6.21. The corrected value was converted to a dlf loC on the basis of

measurements of the CSIRO reference gas relat ive to' i"nternational isotope

standards TKL and NBS-19 (Goodman and Ftancey, unpublished) giving, for the

re ference gas ,

613*" = -6.260/oo

- 1 3 . 2 7 o  / o o

9.4  ResuLts

The concentrat ions of trace gases observed during the f irst two

expedit ions are l- isted in Table 21 (rebruary 1981) and Tabl-e 23 (February

1942). Table 22 gives February 1981 CO, concentrat ions neasured with the zln

eLtu analyser. Tabl:e 24 l ists Februarf tg82 CO.. values from the IRGA only'

as the gas pressure in these f lasks was insuTficient for both types of

analysis. Table 25 I ists trace gas concentrat ions neasured by GC in

September . 1982. For conparison, the concentrat ions observed for the same

species col lected in f lasks under the basel ine condit ions at the Austral ian

Base l ine  e i r  Po l lu t ion  Sta t ion ,  Cape Gr im (Base l ine  1976,197a)  a re  g iven in

Table 26, including the stable carbon isotope rat io.

In Table 27, stable carbon isotope measurements of the Stanley River

sub-canopy air are summarized. Note that no isotope results are included

for February 1981. This is due to uncertaint ies arising from the laboratory

extraction of coz from the 5 L f lasks, during which dif f icult ies were

r 1 8  ^  -
"PDB" -
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encountered in controrLing J-iquid nitrogen revers during pump off of the
major consti tuents of the air.  Improved l iquid nitrogen containers were
employed in extract ing air from the 1982 fLasks, however some fract ionation
was s t i l r  ev ident .  fn  what  fo l lows the  6r ' c  have been cor rec ted  fo r
fract ionation during extraction on the basis of the measured 618o value in
the cor. This correction assumes that the actual 618o in the trapped air is
reJ-atively constant and that fract ionation in the t lro isotopes is related in
a known fashion.

Support for the f irst assumption comes from the extensive
measurenents of Keeling (1961) in forest air,  in which the rnagnitude of
dif ferences from the site mean for daytirne (0BOO - 2OOO hours ) values1 Q
was A6 ' "0  =  0 .23  x  o .33o/oo .  cape Gr im iso tope measurenents  over  5  years  rn
baseline (oceanic air) and non-baseline (continentat air) also support this
assumption. The Cape Grim results, which also include exanples of
incomplete trapping due to row l iquid nitr ,ogen.^revels in traps, also
s t rong ly  suppor t  the  second assumpt ion  w i th  A6 ' t /A6 'd  =  2 .0  *  0 .3  (Francey ,
unpublished) .  Of most relevance _ to the present appl icat ion is the
distr ibution of mean measured 6luo with height (excluding two
p o i n i s  ) 5 o i  f r o m  t h e  m e a n )  o f  1 2 . 7  !  j . e o / o o ,  I  -  2  m i  1 2 . g  *  1 . 4 o / o o ,  g  m i
1 3 . 0  t  1 . 5 o / o o ,  1 4 . 3  m ;  a n d  1 2 . 6  +  1 . 1 o / o o  o n  t h e  e x p o s e d  r i d g e  -  n o
systematic effects are evident to indicate a locar ( rather than
experimental) source of variat ion.

TABLE 21
Trace gas  concent ra t ion  in ly r l i t re  g lass  f lasks  f i r red  February  19g1.

s i te  de ta i l s  a re  g iven in  Tab l -es  15 ,  16 .  co ,  concent ra t ions  are
in the WMO 1981 CO, Calibrat ion- Scale

{AEST)

S i t e H e i , g h t  C C I 3 F  t ' " n n  
C o

(m) (pptv) 1 (ppbv) (ppbv)

co2(cc) co2 ( rRGA)

(ppnv) (ppnv)

-  J 4 t , 5
3 4 4 , 2  3 4 5 , 5

_  3 4 8 . 4
3 5 3 . 1  3 5 2 , 4

3 3 9 . 7  3 4 1 . 9
3 5 2 . 1  3 4 2 , A
3 4 0 . 4  3 4 2 . 1
3 3 8 . 9  3 3 6 . ' l
3 4 1 . 8  3 3 5 . 1
3 4 0 , 7  3 3 6 . 9

3 3 2 . 6  3 3 6 , 4
3 3 1 . O  3 3 ? . 0
3 2 4 . 4  3 3 6 . 9
3 . 3 5 . 1  3 4 0 . 6
3 3 2 . 6  3 3 7 . 8
3 4 2 . 5  3 4 7 . 4
3 5 5 . 5  3 3 9 . 0
3 3 6 , 8  3 3 9 .  3
3 4 3 . 7
3 3 3 . 6  3 3 8 .  4
3 3 5 . 6  3 3 8 . 9
3 3 3 . 5  3 3 9  , 1

942

1  3 0 9

'763

7 8 3
432
499
3'7 6

1 4 1
1 8 8
1 6 5
454
4 1 7
494
502
456

435
5 1 6
4 4 1

l 8 l  1 5 6 7

1 8 3  1 5 a 3

l 0
5
5
1

2
2
2
3
3
3

R

R

R

H

ts
H

1 8 0
1'19
1'79
5 0 7
' I 8 9

1 8 3

1 5 3 9
1  5 3 7
1 5 5 3
1 526
1 5 1  0
1521

4 Feb 81 1342
1 4 1 3
1  4 1 8
1 443

5  F e b  8 1  1 0 0 9
1 0 1  3
101'7
1  3 0 9
1 3 1 5
1 320

6 Feb 81 0 8 5 5 R 2 2 1 0 1 4 9 0
0 9 0 0 R 2 2 1 1 1 5 1 2
0 9 0 5 R 2 2 0 8 1 5 1 2
1  0 0 2  s 1  I  O  2 0 2  1 5 1 7
1 0 1 5  5 1  5  1 9 A  1 5 0 5
1  0 3 0  s 1  1  2 4 2  1  5 0 9
1 1 0 8  5 1  1 0  1 9 8  1 5 6 6
1 1 2 2  5 1  5  2 3 2  1 5 2 0
1 1 3 4  S t  I
r r r l  H  3  r 8 9  r s o i
1 1 1 5  H  3  1 9 2  1 5 3 2
1 1 1 9  H  3  t 9 0  1 5 0 2

1 .  p p m v :  1  p a r t  i n  1 0 6  b y  v o l u m e .
ppbv: 1 part  in 10y^by volume.
p p t v :  1  p a r t  i n  1 0 ' z  b y  v o l u m e .
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TABLE 22

Carbon dioxide concentrat ions measured at si te 51 (see Table 15)
with the in situ IRGA in February 1981. Concentrat ions are

in the wMo 1 981 Co, Calibrat ion Scale

uean T lme
(  AEST)

He igh t  above

( m )

Co- (ppmv)

5 Feb 81

No corrections for a NrO contr ibutj .on to the mass spectrometer'output
have been made, so that a fufther assumption in the present context is that
the correction is constant for al l  si tuations, from Cape Grim to r idge top
t o  f o r e s t  f l o o r .  T h e  c o r r e c t i o n  i s  s m a l l  ( +  O . 3 " / o o  i r  d r r C  f o r  a  N r O
concent ra t ion  o f  0 .3  ppmv,  Kee l ing  e t  d .L .1979)  and NrO is  very  cons tan t  fn
the  t roposphere  w i th  very  smal l  sources  and s inks  (Roy-1979) .

In recent tests on clean air the repeatabi l i ty measured in 613c of
CO2 f rom 11 f i ve  l i t re  f lasks  was t  .O5o/oo  (Francey ,  unpub l ished) .  The
addit ional uncertainty on individual measurements introduced by the above
f  ac to rs  i -s  es t i rna ted  a t  *  O .3o  /  o  o  .

9 .5  D iscues ion

9 . 5 . 1  F r e o n - 1  1

The 1981 CCIaF measurenents. indicate one obviously contaminated f lask
(5O7 pptv on 5 Febr-uary) possibly due to incornplete f lushing of the sampling
apparatus. The remaining f lasks on 4t 5 February 1981 show an average
concentrat ion of 183 (+ 4) pptv, rnarginal ly above the Cape Grim baseline

4 Feb 81 1  1 4 3
1 2 1 1
1  2 4 7
1 324
1 400
1 4 3 1
1  4 5 9
1 523
1 545

1 0 1  1
1  0 4 0
1 1 1 1
1 1 4 3
r  : 1 5 9

1 2 3 2
1 2 5  4
1 3 2 1
1  3 5 1
1 406
143'7
1502
1 5 1 6
1 526

1 0
5
1

1 0
5
1

1 0
5
1

1 0
5
1

1 0
5
1

1 0
5
1

1 0
5
I

1 0
5

3 5 9 .  5
3 5 0 . 8
3 5 0 . 0
344.O
3 5 0 . 2
3 5 4 . 0
3 4 7 . 8

3 5  4 . 9

3 4 6 . 2
> 3 5 5

3 3 8 .  2
3 4 3 . 2
352.7
3 3 8 . 8
3 4 0 . 5
3 5 0 . 9
3 3 5 . 5
3 4 1 . 8

3 3 4 . 9
3 3 6 . 3
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TABLE 23

Trace gas concentrat ions in glass and stainless steel
(see Tab le  20)  f i l l ed  February  1982.  s i te  de ta i l s  a re

in  Tab les  15 ,  16 .  CO,  concent ra t ions  are  in  the  WlO
eo^ Calibrat ion

z

f lasks
given
1  9 8 1

Date Time

( AEST)

Site Height

( n )

cHa co
(ppbv) (ppbv)

ccl  3F
( pptv )

co2( cc)

t ppmv )

co2 ( IRGA)

( ppmv )

1 2  F e b  8 2  1 0 4 3
1 201
1  3 5 9
1  4 3 0
1  4 4 5
1  5 3 4
1 5  4 5

1  7 0 8
1 7 1 3
1 7 2 5

1 3  F e b  8 2  0 8 2 5
0 8 3 6
0847
0954
1 0 1 0
1  0 5 0
1  1 0 0
1 1 1 0
1 ' 1 1 5
1  1 2 6
1 2 2 5
1 239
1254
1  3 3 0
1  3 3 5
1 4 1 1
1 432
1  5 4 3
1  6 0 0
1 6 2 2
1  7 0 3
1 7 1 3
1  7 5 4
1  8 0 5
1 4 1 5

1 4  F e b  8 2  0 8 5 7
0 9 1  a
0928
0 9 3 3
1  0 1 8
1 026
1  0 5 0
1 1 3 5
1  2 2 6
1  3 1 4

202
199
201
201
205
197
1 9 6

1 9 6
1 9 3
1 9 5

d/zS 2 I
8
1

1 4
1 4
8

1 4
1
I
8

1 4

1
I

1 4
8

1 4
0 . 3
1
a
B

1 4
0 . 3
a

1 4
2
2
I

1 4
1
I

1 4
I

1 4
1
a

1 4

ss
^ 1 1

" / 2

S S

c / 2

1  5 0 5
1  5 0 5
1 484
1 442
r  5 1 8
1 440
1  4 8 3
152A
1 5 1 7
1 5 1 5
1 520

1502
1524
1 5 2 4
1524
1 5 1 5
1526
1 5 1 2
1  5 0 2
1502
1 5 0 2
1 486
1493
1 479
1 52A
1 528
1  4 7 9
1  4 7 9
1  5 0 2

1524
1 529
1  5 4 0
1 567
1 5 1  2
1 5 1 2

1  5 3 1

1 5 2 4
1520
1 528

1 5  4 7

1 5 1 2

5 3
49

5 5
5 8
5 7

1 9 3
1 9 3
1 9 4
1 9 5
197
199
1 9 9
1 9 5
r  9 5
1 9 5
3 3 0 0
233
2 1 3
203
201
204
r 9 8
1 3 6 4
2 1 2
2 4 5
205
204
208
200
194

3 3 8 . 4
3 3 7 . 5
3 5 0 . 9
3 3 8 .  O
3 3 8 . 2
3 3 9 .  O
3 3 9 , 8

3 3 9 . 2
339 . '1
3 3 9 .  a

3 7  6 . 2
3 4 4 . 2
3 3 9  . 7

3 3 8 .  9
3 4 8 . 3
3 4 4 , 2
3 3 8 .  4
3 3 4 , 2
33'7 .7
3 5 5 ,  0
3 3 7 ,  8
3 3 8 . 3
3 3 8 .  9
3 3 8 . 1
3 4 7 . 9
3 3 8 ,  B
3 5 9 , 2
3 4 2 , 2
3 3 9 . 4
340.4
3 3 9 .  4
3 7  4 . 1
3 3 9 . 9
3 3 8 . 1

3 8 3 . 1
3 4 0 . 9
3 4 0 . 1
3 4 1 . 1
3 3 9 . 0
3 4 0 . 1
3 3 8 . 7
3 3 8 . 7
3 4 0 . 6
3 4 0 .  8

3 3 6 . 9
3 3 5 . 7
3 5 5 . 2
3 3 5 . 6
3 3 6 . 3

3 7 0 . 6
3 3 7 .  8
3 3 8 ,  6

3 9 3 , O
3 4 6 . 9
3 3 8 .  8
3 3 ' 7 . 9
3 3 7 . 3
3 5 2 . 0
3 5 2 . 2
3 3 6 . 0

3 3 5 , 8

3 3 7 ,  6
3 3 7  . 4
3 5 1  . 1
33'7 .6
36'1 .3
3 4 2 . 5
3 3 8 .  3
3 4 0 . 0
3 3 8 .  4
3 9 1 . 3
3 4 0 .  1
3 3 4 .  6

4 0 4 . 6
3 4 1  . 1
3 3 9 . 8
3 3 9 . 2

3 3 8 . 9
3 3 8 . 1
3 3 8 . 4
3 4 0 . 0
3 4 0 . 8

R

R

s2

R

8 ' 2 4 4
1 4  '  2 ' t 8
1 4  "  2 3 3

8  S S  2 4 2
1 4  c 1 / 2  2 1 7

203
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TABLE 24
Carbon d iox ide  concent ra t ions  co l lec ted  in1 / r l i t re  g lass  f l -asks

a t  s i t e s  5 2 ,  R  ( s e e  T a b l e s  1 5 ,  1 6 )  i n  F e b r u a r y  1 9 8 2 .
concentrat ions were deternined with an IRGA and were expressed in the

I,n4o 1981 Co2 Calibrat ion scale

Tlne

(  AEST)

si  te Height  above

ground (m)

coz

( ppnv )

12 Feb 82

1 3  F e b  8 2

1027
1 059
1  1 5 0
1 2 1 4
1 4 1 5
1 523
1  6 5 0
1  8 3 4
1  8 4 5
1  8 5 6
1  9 3 4
2049
2100

0 9 3 8
1 1 3 1
1 421
1 6 1 0
1652

0902
0 9 1  3
1 006
1 2 1 5
1 239
1 309
132'1

1 309
1  3 1 6

1 4
1

1 4
0 . 3
I
1
1
0 . 3
I

1 4
1
8

1 4

1
1 4

8
8
1

337 , '1
3 8 4 . 5
3 3 5 . 4
3 6 0 . 9
3 3 5 , 9
3 5 0 . 6
3'7 2.4
3 7 1  . 6
3 4 9 , 9
3 4 6 . 4
3 9 4 . 5
3 6 9 .  3
3 6 3 . 2

3 6 t . 8
3 3 5 . 8
3 3 7 .  3
3 3 8 . 8
356. '7

3 8 9 . 9
3 4 1 . 2
3 5 4 , 9
3 4 9 . 1
3 3 9 .  3
3 4 9 . 2
3 3 7 ,  3

3 3 6 . 4
336. ' l

1 4  F e b  8 2

1 2  r e b  8 2

l
I
1
l

1 4
1

1 4

2
2

value of 177 (t 1.5) pptv. This is possibly explained by small  Ievels of
contamination associated with the rubber and pl-ast ic naterials used in the

sampling intake. On 6 February, the consistently elevated level averaging

2O7 (t 1 7) pptv, suggests a regional scale pol lut ion event.

In February 1982 two of the f lasks were heavi ly contaminated (3300

pptv ,  1364 PPtv ,  on  13  February )  suqgest ing  a  loca1 .source  o f  CCI?F '
possibly associated with people working at the site. rt  is possible that

this contr ibutes, along with regional pol lut ion, to the general enhancement
of February 1982 CCI"F values above the Cape crim value of 189 (t 1) pptvt

the Stanley River values (excluding the two obviously contaminated flasks)
average 198 (t 4) pptv before midday of 13 February and 218 G. 20) pptv
thereaf te r .  In  september  19A2 two f lasks  (a t  1OO2,  1011 on  28 th)  show

enhanced CCI3F levels. E<cluding these, the average level is 195 t 1 pptv.

There is no si.gnif icant correlat ion of CCI.F with height, although
three of t j re four 1gA2 contaminated f lasks were 

- 
taken at ground level.

These f lasks also exhibit  enhanced COC concentrat ions which is also
noticeable for the f irst f lask on 14 Febr:ul. ty 1982. I}<cluding these f lasks,
there is no signif icant. correlat ion between CCI?F and CO?, and no obvious
inf luences of si te (r iver f lat or r idge) are appar:ent.
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TABLE 25
Trace gas concentrat ions in 1/2l- i t t"  grass frasks corlected in september
1982 near 4350 mN, 4900 nw. co. concentrat j_ons were determined with a

cC only and are expressed i f i  t fre I IMO 19g1 CO2 Calibrat ion Scale

Tlne

AEST

Heigh t  above ground CC13F

(n )  (pprv )

CH, CO

(ppbv) (ppbv)

co2 (Gc)

( ppnv)

2 7  S e p  8 2  0 9 1 0
0 9 1 9
1 0 1  2
1020
1 1 0 5
1 1 1 8
1 205
1 2 1 2
1 2 1 8
' 1 3 0 5

1 3 1 3
1  3 2 0
1  4 0 5
1 4 1 4
1 421
1  5 0 4
1 5 1 3
1  5 1 9
1  6 0 5
1 6 1 2
1 6 1 7
1 7  0 5
1 7 1 2
1 7 1 7
1  8 3 5
2 0 0 5
2 1  3 4
2 3  3 5

28 Sep A2 0035
0 2 0 5
o 3 3 5
0 5 3 4
0804
0 8 1  2
0 9 1  0
0 9 1  9
1002
1 0 1  1
1  1 0 0
1 1 0 9
1 1 2 0

1 9  4 . 7
1 9 3 . 8
1 9 6 . 6
1 9 6 . 0
195. '1
1 9 6 . 2
1 9  A . 9

1 9  4 . 9
1 9 5 . 5
1 9 5 . 7
1 9 4 . 7
1 9 4 , 7
1 9 6 , 9
1 9 4 . 7
1 9 5 . 3

1 9 6 . 9
1 9 4 , 2
1 9 5 . 3
1 9 4 . 6
1 9  4 . 7
1 9 7 , 4
1 9 4 . 4
1 9 7 . 3
1 9 5 . 1
1 9 5 . 3
1 9 4 , 2

1 9 5 . 3
1 9  4 . 7
1 9 5 . 1
1 9 5 . 7
1 9 5 , 3
1 9 4 . 7
1 9 3 , 4
2 0 2 . 9
205.1
1 9 5 .  5
1 9  4 . 9
1 9 4 . 2

1  5 5 8
1567
1  5 5 8
1  5 5 8

1 5 5 1
1  5 6 1
1  5 4 8

1  5 5 1
1 5  4 5
1  5 5 8
1  5 5 5
1564
1  5 5 0
1 569
1 5 ' 7 ' l

1562
1 5 6 7
15'15

154A

1 5 5 1
1  5 5 1

1 5 5 0
1  5 5 8

1  5 5 8

1  5 5 1
1 5 5 3
1 558
1  5 5 1
1 5 6 4
1562
1562

3 4 0 . 3
3 4 1 . 3
3 4 6 . 0
3 4 0 . 4
3 4 2 . 3
3 4 0 , 3
3 3 9 .  6
3 4 2 , 4
3 4 4 . 5

3 4 0 . 6
3 3 9 ,  3
3 3 8 .  7
3 4 3 , 4
3 4 6 . 0
3 4 4 ,  5
3 3 8 . 9
3 3 8 . 8
3 4 3 . 9
345.4
345. O
3 4 7 . 1

3 4 1  . 0
3 4 2 . 4
3 4 5 ,  O
3 4 4 . 3
3 4 7  . 4

3 4 6 . 9
3 4 8 . 3
3 4 4 , 2
3 4 2 . 5
3 4 1 , 0
3 4 9 . 5
3 4 0 . 3
3 4 1 . 3
3 4 1 . 6
3 4 5 . 4
3 4 3 . 3
3 4 0 . 0
3 4 0 . 9

44
4 5
5 4
49
48
44
4 5
49

49
48
4 5
5 0

5 2

4 3
4 3
49

4A

4 3
49
4 7
46
46

5
5
5
5
5
I
5
5
5
1
1
5
5

4 9
46
4 7
40
44
4 4
44
45
4 1
48
48
40
4'l

TABLE 26
Average basel ine trace gas concentrat ions and carbon isotope rat ios

at the Baseline eir pol lut ion Station, Cape crim
(see Figure 1). CO2 concentrat ions are j_n the wIO l9B1

CO^ Calibrat ion Scalez

ccl3F
( pptv ) ( ppbv )

co
ppbv)

Co"
( pphv)

-PDB'

FEb 81

Feb B2

SeI) 82

1 7 7 . 0  *  1 , 5  1 4 9 1  r  1 8

1 8 8 . 6

2 7 t 3  3 3 6 . 8 * 0 . 8

3 0  t  6  3 3 8 , 1  !  o . 2  - 7 . 6  t  O , 1

1 5 5 1 * 5  4 2 ! 5  3 4 0 . 0 t 0 . 5  - ? . 6 i 0 . 1
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Carbon
February

isotope
1942.

and

TABLE 27
measurements of

Site detai ls are
f lask  de ta i l s  in

forest canopy air in
g iven in  Tab les  15 ,  16

Table 20

frapplng

Tines

{ AEST)

Helght

( m )

Frask ol3u"

1 2  F e b .  A 2

l 3  F e b .  8 2

1 4  F e b .  8 2

1  0 2 7  - 1  0 2 8
1043-1044
r 0 5 9 - 1  1 0 0

1 3 1 1
1  3 5 9 - 1  4 0 0
1 445-1 455

09 54-09 5 5
1 0 1 0 - 1 0 1 1
1225-1 226
1239-1240
1 254- 1 255

1  3 3 3
1  5 4 3 - 1  5 5 3
1622-1623

1 0 0 6 - 1 0 0 7
1 0 2 6 - 1 0 3 6
1 0 5 0 - 1 0 5 1

1 1 3 1

s2
s 2
s2
R

s2
s2

s2

s2

s2
32

s2
s2
s2
R

1 4
I
1

1
1 4

I
1 4
0 . 3
B

1 4

1
1 4

1
8

1 4

c 5  ( 1 1 0 )  - 7 , 6 5

c 5  ( 1 1 0 )  - ' 7 , 4 6

G 5  ( r 1 0 )  - 9 . 6 0

c 5  ( o )  - 7 . 6 3

c 5  ( 1 1 0 )  - 8 . 1 3

s s  - 7 . 5 1

G 5  ( 1 r 0 )  - ' 1 . 6 4

G 5  ( 1 1 0 )  - 7 . 6 2

c 5  ( 1  1  0 )  - 8 . 8 8

G 5  ( 1 1 0 )  - 7 . 5 1

c 5  ( 1 1 0 )  - 7 . 5 1

c 5  ( 0 )  - 7 , 3 8

s s  - 4 . 6 7

c 5  ( 1 1 0 )  - 7 . 6 4

c 5  ( 1 1 0 )  - 8 . 4 3

G 5  ( 1 1 0 )  - 7 . 6 0

G 5  ( 0 )  - 7 . 6 9

9 . 5 . 2  M e t h a n e

During the 1981 expedit ion the average CH/ concentrat ion at Stanley
River was 1527 (t 2i l  ppbv, higher than the 149=1 (t 18) ppbv observed aE
Cape crim in February '1981. The average enhancement of CO, levels at
Stanley River above basel ine, as defineal by the Cape crim Februiry average,
was approximately 3 Pgnv; and the CHo levels were enhanced by approxirnately
40 ppbv. rhis rat io is in agreement. 

-with 
the work of crutzen et aL. (1979)

who have studied the composit ion of forest f i re plumes. This suggests that
the source of these enhanced levels of co, and cHn was forest combustion.

During the 1992 expedit ion CH, concentrat ions at Stanley River
averaged 1514 ( t  21)  ppbv ,  no t  s ign i f i can t ly  d i f fe ren t  f rom the  1515 (+  20)
ppbv at cape Grim for February 1982, in contrast to the 1991 0bservations.
No signif icant correrat ion of cH4 with sample height is present in the data.

one obvious feature of the CHo data collected during this summer
period is the local minimum concentr-at ion observed around mid-afternoon
(Figure 13), and the mininum concentrat ion (14g0 ppbv) is betow the average
concentrat ion observed at cape Grim for February. This .  suggests that a
local CHo sink exists. fwo possible sinks are ( i)  generation of enhanced
levels of OH radical during periods of maxinum irradiat ion leading to
enhanced destruction via the reaction CH4 + OH -> CH? + HrO, ( i i )  net CH,
destruction at the soi l-  surface around fr id 

"f ternoori 
u" f ,as been observe6

for  swamp so i l s  under  d rought  cond i t ions  (Har r iss  e t  a ,L .1992) .  There  is  a
suggestion from the data the earLy morning ctt, concentration may be above
background, arising from a net source (presum$ly forest soir) during the
night.
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The diurnal  var iat ion in methane concentrat ion observed in the
rainforest  at  heights 0.3-14 m between 12-14 Febt]uary 1982.
The methane concentrat ions on Whaleback Ridge (R) and in
basel ine ai r  at  Cape cr im (Table 31 )  are also shown, the
Iat ter  indicated by a mean value and shading at  *  1 standard
deviat ion of  the 1982 Februarv data.

A signif icant fract ion of the observed diurnal cycle in CHa
concentrat ions could be due to enhanced turbulent mixing in the afternooi
conpared to evening and rnorning.

The September 1982 values show no evidence of a diurnal cycle' with

the average value of 1556 (r 7) ppbv not signif icantly dif ferent from the
Cape Grim value of 1551 (t 6) ppbv. The sl ightly higher levels at 1 m' of

1560 ( *  9 )  ppbv ,  suggest  a  sur face  source  o f  CH4.

DiurnaL CH, cycles have not been previously reported in forest
environments. Th=is phenomenon wil l  be further investigated using other
forest data and attempts wil l  be nade to model the results in terns of
possible local sources and sinks.

9 .5 .3  Carbon monox ide

During the 1981 experiment CO levels at Stanley River averaged

550 (* 270) ppbv while Whaleback Ridge averaged 480 (t 340) ppbv. The
highest CO levels were observed on February 4 (approximately 1300 ppbv in
the Stanley River Forest) and the lowest (approxirnately 160 ppbv on
whaleback Ridqe) on February 6. These CO 1eve1s are higher than those

observed a t  cape c r im dur ing  February :1981 (27  *  3  ppbv)  by  a  fac to r  o f

20. crutzen eb aL. (1979) have shown that, in a forest f i re environment,

for every 1 ppmv of COe above background, CO levels are enhanced by
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approximately 160 ppbv. The average co, enhancement was approximately 3
ppmvr so CO levels around 5OO ppbv, as 

-observed, 
are in l ine with their

observations. Once again this suggests that the enhanced CO levets are oue
la rge ly  to  the  ad jacent  fo res t  f i res .

Unfortunately, due to instrumentation problems, few CO observations
were made during the February 1982 experiment. The average CO concentrat ion
observed at stanley River was 64 (t  16) ppbv. The highest observation of
103 ppbv (sso-3)'  was one of the sampres heavi ly contaninated with ccr"F.
rt  is possible that co contamination occurred as werl.  r f  this sample' is
not considered then the average concentrat ion was 59 (t  7) ppbv, a factor of
2 above the February 1982 average concentrat ions at Cape crim (30 t 6
ppmv). These data indicate that the forest environment is a source of Co,
but i t  is not clear whether i t  emanates from the soi l  or the vegetation.

In September 1982, the 5 m samples were constant throughout the 26
hour period, with average value 45 (t  3) ppbv very close to the cape crrm
average of 42 (* 5) ppbv. The dayl ight 1 m average values, at 50 (* 4)
ppbv, is signif icantly enhanced indicating a surface source.

9 ,5 .4  Carbon D iox ide

COt levels were measured by gas chromatography, using a single
caribrat ion 9ds, and the resultant data from both experiments were
unsatisfactory. For the 1981 data the precision of the CO. measurements was
approximately *5 ppmvr at least an order of magnitudf less than thac
obtained using the IRGA method. For the 19a2 data the precision was
improved considerably (+ O.S ppmv), but the use of only one cal ibrat ion gas
resulted in large systematic errors at high concentrat ions. For example,
the error in assigning a CO, concentrat j_on of around 4OO ppmv was
approximately 20 ppnv (the error-using the IRGA method was 1 ppnv associated
witi the fact that the instrument was calibrated in the range 340 to 360
p[mv and the response of t tre instrument to changing CO" concentrat ions is
sl ightly non-I inear). These large errors in the GC te?hnique are due to
j-nstrument problems and should not be viewed as typical of the precision or
accuracy of CO" measurements that can be made with such instrumentation.z

rn summarizing and discussing the co" results here, emphasi-s j .s
placed on the IRGA values. The three ftasks- with enhanced CCI^F values
(section 9.5.1) are excluded as is the f irst value with the in sit t ianaLyser
(Tab le  22 ,  1143 hours ,4  February  1981)  in  wh ich  i t  appears  as  i f  the  in l_e t
sys tem was no t  su f f i c ien t ly  f lushed,  and tha t  a t  1111 hours ,  5  February
1981,  wh ich  was o f f  the  ins t rument  sca le  (>  355 ppmv) .

An indication of a rtypical '  Co, environment for a plant may be
inferred from the renaining varues whi6h are pooled in Figures 14, 15.
Figure 14 shows the mean and standard deviat ion (with the number of samples
in brackets) of co" concentrat ions in 2 hour periods throughout the day, for
two height intervf-s, 0.3 - 5 m and g - 14 m, through the forest canopy.
Below 5 n height there is a general ly enhanced level of CO^ before O9O0 AEST
and a f te r  1700 AEST (dur ing  most  o f  the  day ,  1OOO -  1600 

z inc lus ive ,  
a  mean

level of 349 + 8 [n = 30] pprnvr is observed) r at the higher levels a
reratively constant 340 r 5 (n = 39) p;xnv between ogoo and lgoo AEST is
observed, with a suggestion of st ightly enhanced levels before O9OO AEST.
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F igu re  14 The mean diurnal  (dayt ime) var iat ion in CO, concentrat ion in
two height  intervals (0.3-5 m anal  8-14 m) in the Stanley Ri-ver
rainforest .  canopy fo l iage is  typical ly  A-12 m. For
compar ison the 1981 and 1982 February average Cape Grin values
( in basel ine ai r )  and the range of  values observed on
whaleback nidge (R) and in the open he. l ipad area (H) are
included. observations from the months of February in both
1981 and 1982 have been averagred within 2 hour intervals to
give a nean and standard deviat ion (number of  samples is  g iven
in brackets)  "

In averaging the February 1981 and 1992 data no account has been
taken of the rerat ively smalr annual increase in corr shown in the cape Grim
values in both Figures. The dayl ight forest canopy'values above g m are not
signif icantty dif ferent fron the measurements taken 2 or 3 m above ground in
the exposed Whaleback Ridge (R) or hel ipad (n) si tes.

Figure 15 gives a more detai led account of the CO^ variat ion with
height through the forest canopy, in which samples taken 6etween 0900 and
1700 AEST have been averaged for each measurenent height.

The warn and very st i l l  condit ions exist ing during these measurements
(Tables 15, 16) suggest that the mean concentrat ions here are unl ikely to be
substant. ial ly exceedecl by long-term average concentrat ions over the growing
period, and in fact may represent an upper l imit.  The contr ibution of CO,
f rom fo res t  f i res  in  1981 (Sec t ion  9 .5 .2 )  re in fo rces  th is  suggest ion .

General confirmation of the diurnal cycle and vert ical gradient can
be found in the September 1982 cC measurements (rable 25).
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Figure l_5

The 0900-1700 AEST values of
Figure 14 are averaged for
each sampl ing height .  Other
detai ls  are as in Figure 14.
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rn" O]fl"c of air samples from the stanley
( D )  0 . 3  m r  1  m  ( A ) ,  I  m  ( O )  a n d
wha leback  R idge  ( x ) ,  i n  Feb rua ry  1982 ,
concentrat ion (  IRGA).  A l ine of  best  f i t

River ra inforest  at

t 4  m  (  O  ) ,  a l s o  a t
plot ted against  Co2
(see  t ex t )  i s  g i ven .
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9.5 .5  S tab le  carbon iso tope ra t ios

tne 6]fl"c values of Table 27 are
concent ra t ion  ( IRGA va lues)  in  F igure  16 .
to the sample, col lected in a stainless
February 1982, which exhibited an enhanced
in the fol lowing analysis.

-  A  l inear  regress ion  o f  0139
concentrat ion (C, in ppmv) yields PDB

plotted as a function of CO.
The bracketed value correspond6
steel container at 1 m on 1 3
CCI,F value and is not included

( " /  oo)  versus  the  inverse  o f

( 9 . 1  )

The relat ionship is very similar to that previously observed near
vegetation (Keeling 1961 ) and is interpreted in terms of simple two
conponent mixing between ambient air and CO2 respired from vegetation.

If  the 19a2 Cape Grim Baseline CO, concentrat ion of 339.1 ppmv is
entered in this equation the result ing f is -7.6*0, 

-"u^ery close to that
measured a t  Cape Gr i rn  (Tab le  32) .  Note  tha t  ne i ther  6 lJ  a re  cor rec ted  fo r
N2O (see Sect ion  9 .4 ) .  Th is  conf i rms tha t  the  day t ime measurements  a t
Stanley River, above about I  m, are representative in terns of both CO^
concentrat ion (to within a few ppmv) and isotopic composit ion (to withi6
about O.2o/ oo) of the large scale troposphere.

The constant term of Equation 9.1 is an estimate of the averaqe
iso top ic  ra t io  o f  resp i red  CO" ,  i .e .

a 1 ?  ^  ,o i ; B C  ( r e s p i r e d )  =  - 2 3 . 4  ( r ,  O . B )  o / o o

In  the  contex t  o f  the  la rge  13C dep le t ions  (  -4 " /oo ,  Sec t ion  6 .3 )
observed in sub-canopy fol iage i t  is noteworthy that even at 1 n height
beneath dense rainforest canopy, Figure 15 indicates an average daytime co,
concentrat ion of around 35B ppmv, which fron Figure 16 impties a Oij"C oF
-8 .5o /oor  less  than 1 .Oo/  oo  

f rom the  f ree  a tmosphere  va lue

10. Summary

The paper presents detai led information on the site, techniques,
materidl col lected and measurements made, in the Stanley River
expedit ions. Ful l  analysis of rnaterial and data witt  take many years,
involving several discipl ines and this paper has been prepared as a
foundation reference for future work.

The main long-term objectives of the expedit ions are environmental
reconstructions from tree r ing parameters, unavoidably involving a
considerable degree of empir icism. A phi losophy of the expedit ions has been
to provide a broad base of information upon which empirical deductions can
be inferred and tested, in part icular by col lect ing suff icient material for
analyses of many parameters on the same sample. rn addit ion, with respect
to carbon isotope rat ios in tree r ings, emphasis has been placed on
elucidating the physical and physiological processes which inf luence carbon
isotope variat ions in trees and their environnent.
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The ear ly d iscovery of  the unexpected abundance of  o ld preserved logs

in the Stanley River focussed at tent ion on the geomorphology of  the r iver

bed,  both as an indicat ion of  previous t ree habi tats and as an ald to

locat ing fur ther o ld logs of  part icular  ages.

Of fundamental importance to most tree r ing studies is the abi l i ty to
date col lected samples by r ing counting. In Secti-on 3 prel iminary evidence
is presented on the suitabi l i ty of the selected species, Huon pine and
Celery-top pine, for r ing width dating. Modern chronologies of 1,000 years
for Huon pine and 300-400 years for Celery-top pine are already weII
developed for this site.

The sensit ivi ty of the species as dendrocl imatological tools are
investigated by a stat ist ical comparison with species successful-Iy enployed
elsewhere. The results are encouraging, and methods of enhancing
sensit ivi ty by selection of Huon pine habitat are suggested.

Section 4 describes the development of a successful pretreatnent of
Huon pine wood (with i ts unusual chemical preservatives) for carbon-14
dating. This involves cornplete removal of al l  mobile fract ions so that
measured activi t ies are appropriate only to the year of growth of the r ings
analysed. Prel iminary tabulat ion of radiocarbon ages of old logs yields
dates spanning the last 12,OOO years, and offers the potential of a
continuous r ing width chronology spanning much of this period.

The geomorphology of the river in the area of these old logs is
described in Section 5. Prel iminary probing led to excavations in the f lood
ptain of the r iver, and the recovery of much old t imber. Radiocarbon dating
of these and nearby logs has provided a history of r iver channel evolut ion
(and t ree  hab i ta t )  over  12 ,000 years .

Sections 6, 7, B and 9 are primari ly concerned with elucidating the
inf luences on carbon isotope fract ionation in the trees. Section 6 detal ls
large systenatic variat ions in the stable carbon isotope rat io 13c/1?Q.

T h e s e  a r e  o f  t w o  t y p e s ,  a  s t r o n g  g r a d i e n t  ( - Z - Z  o / o o )  o f  i n c r e a s i n g ' t C

going from the tips of leaf stems towards the woody branches, and a large
13c deplet ion ( -4-5o/oo) in both leaves and branch wood going fron bright
exposed situations to shaded situations.

'The physical environment above and below the rainforest canopy is
described in Section 7, with the emphasis on the l ight environment. The
stomatal and gas exchange measurements in Section 8 provide f ield
information on the paraneter ci /c^, the rat io of internal to external CO2
concentrat ions in a leaf. Variat ions in ci/c^t due mainly to l ight level,
a re  shown to  be  re f lec ted  in  13c /12c  ra t io*o f * t t re  p lan t  mater ia l .  Deta i l s
on the technique, based on determinations of c1/c. in the f ield'  are given.

I\4easurements on the composit ion of sub-canopy air are described in
section 9. prof i les of carbon dioxide concentrat ion and 13C 1129 rat io
confirm the relat ive unimportance of carbon isotope variat ions in air as an
inf luence on the tree values. Interpretat ion has been aicled by measurenents
on Freon-1 1 r methane and carbon monoxide in the air samples as indicators of
contamination from anthropogenic sources or forest f i re plumes. A
previously unreported diurnal variat ion in methane level is revealed.
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APPENDIX B

MATERIAL COLLECTED (RJF,  MB,  TB,  JED)

Figures 3 and 4 are enlargements of areas A and B respectively of

Figure 2. Symbols are coded in Figure 3. Numbers correspond to tree

numbers summarised in Tables 81 - I%.

In Tables B1 - 86:

6RID LOCATION refers to the coordinate system discussed in Section 2. Most

trees from area B t ie beyond the estabtished grid system and their

posit ions ( in brackets) are approximate, being interpolated from their

relat j .ve posit ions on the site map.

DBH is a measurement, sometimes an estimate, of the tree "Diameter at Breast

He igh t " .

RADIAL DIRECTION OF CORE is the rnagnetic bearing from the tree centre along

a core. Note that underl ining is used to dist inguish a i l i f ferent trunk

in the case of mult i-stemmed trees.

YEAR DATm TO refers to the earl iest year (A.D.) which could be assigned to

a r ing by cross-dating. Where an asterisk fol lows the year'  i t  denotes

that a substantial nunber of r ings precede this year but that for

various reasons, such as presence of a knot, rot,  or cracks, they have

not been dated. Remarks such as "sapwood too tight" mean that rings

are very narrow or are merged so that there is a suspicion that

mult iple r ings may be rnissing from this section of the radius.

SITE CLASSIFICATION identi f ies tree locations

(I) within a few metres of the r iver bed,
(1 I )  on  a  r i ver  f la t / f lood  P la rn ,
(t fwc; as in (I I)  but with the tree base in a shal low water course,

and
( I I I  )  on weII drained rocky slopes , typical ly 1 6 m above r iver

Ieve I .

FoLIAGE indicates that fol iage is

(a )  most ly  sub-canoPy,
(b) at canopy top but with a signif icant amount sub-canopy,
(c) within 2-3 m of canopy top only, and
(d) predominantly above mean canopy top.

Brackets indicate uncertainty result ing from recent clearing.

TRUNrc indicates the nurnber of main vert ical trunks' and prefix L indicates

growth obviously stenming from a fal len 1og.

DIA,IETER and THICKNESS of cross sections are also given where relevant.
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A P P E N D I X  C

SUPPLY OF WOOD SAMPLES

The amount and variety of well documented wood samples far exceeds
the imrnediate analysing resources of the part icipating laboratories. we are
happy to consider requests for wood i f  they are acconpanied by a short (- l
page) descrj-pt ion of the intended research. This information helps us
select the most appropriate wood sections and avoids unnecessary dupl icat ion
of  research .

Requests should be directed to one of the principal investigators
(Append ix  IA ]  ) .

At infrequent intervals an attempt wil l  be made to circulate brief
status reports on research results.


