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Abstract 

The recovery tile of the 'overstorey trees in a subtrop ical rainforest ill northr New South Waleshas bell round to Icrease Witl intensity ot logging. In the case o full utilization logging (removalof 70-80% of the basal area Of the overstorey), recovery as predicted b a ,ro h o e malonger ~~~~re ice20byay .rIl w growth model Imay takelon1ger than 200 Years. ,IloWever, %%,ill mlore selctuie logging shaste0% anyrti'h 
ethod w hichi t ) ...std resulte III .'til re o a estle has te 50,, c nopy retcr,t ..etod whicin this study res,,ulted..inthe, n of 33% or the basal area of tileoverstorey), thereovr litl fr [i t. y,wil be " " " " ," "" " 

ree major thoverstoreyspee will ,beinp. 30 to 60 Years. The model predicts thatthe major "rtry p- i-........ ,n lrcsent at recovery but that thele wvilt be some changes inthe relative frequencies at tl time of initial recovery. Following loging, there vas a signiicantoverall increase In the tree diameter growth rate of the remaining trees, altlhougll the growth rate ofanindJividual tree aippears to bear li ttle or no relattonshlip to thje diameter of the tree, \feasurementsof the basal area per heclare of tile ulogged overstorey indicated that over the longer term, the netgrowl .ofthe undisturbed overstorey approached zero, the growth of individual trees being balancedby lortality. , b 

-

, [O.D.C. 213 :182.3 :182.1:31: (944)) 

Itntroduction 
'The name rainforest is commonly given, not only to t e evergrecn forest of moisttropical lowlandls .. bt also to thc somewhat less lxtient evergreen folrests of'0ccanicsubtropical climatesmin south-westerin China, sotItheri Chile, South Africa, New Zealandand eastern extra tropical Australia' Richards (1952). The riinforest type whih ischaracteristic of mnost-of northern New South Walcs has been classificd as subtropicalrainforest (13aur 1965) or, alternatively as complex niotOphyll vine forest (Webb 1978),ald isregarded as the most complex forest type of the area (Hopkins /al, 1977).

InI New ojhWales, timher frontl this type of forest was not intensively utilizedUtntil thle onset of the 1939-194S Wtar. lThe cnmerf',tcy created by Australia's isolationfrom overseas supplies of specilty timbers and the development of technliques whichallowed many previo'usly untsable species to be utilized, had the effect of markedlyincreasing the economic 'vahe to tile nation of. suc forests. The problems of the'tl)o-t-ar years necessitated the.contined t/ilizationi of local timber and small but
iImpIOrt ttit dcenjtol'ized1 inldustry based onl this raw, material resource was established.Acordigly, iviatios concerned wittite silvicu tural implications of taiscircmttmtance were comenced. A nutmblerIeOf Ce illentl I)IOIS were OSIiSlI(I inltypica, ).bttoptcil ratnlost, illNew Sonth Wale to detem mune the... alttitl . "and.. "S:11tnitltvcaspecis of tle lecovery of stunds..,-,hiwh hld tuitdergote various loggnggi 
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One particular gI]oup of plots have been recovering long enough to yield meaningful 

data and this paper reports tile observations made on these plots. In this! paper we 

present a model that describes the overstorey recovery growth which enables 

predictions to be made regarding the time required for the forest overstorcy to recover 

to the prelogged state after being subjected to various intensities of logging disturbance. 

Methods 

In 1965 an experiment was established in an area of subtropical rainforest localed 

in the Wiangaree State Forest in northern New South Vales to determine the 

regrowth of the forest following various regimes of logging intensity. Some aspects 

of the results from this experiment have been previously discussed by Burgess et al. 

(1975) and Shugart el aL (1980). Here, the uata have been analysed to determine 

the relative growth rates of logged and unlogged stands, ihdividual specips and 

individual trees. ' 
The Wiangaree State Forest covers approximately 14 000 ha ,idjacent to the Queens

land border on the McPherson aid Tweed ranges. It consists mainly of,,utibtropical 

rainforest extending over an altitudinal range of 600-1200 m. Annual rainfall is 

-c 3000 im, while the soils are kraznozem s derived mostly'from tertiary basalt flows. 

The experimental plots are loL,:.ed approximately '153 003 E. 28 .,3 S. on the Air 

Drop road at the head of Sheepstation Creek, alan altitude of c, 750 m. 
Eleven plots which varied in size from 1.4 to 3.9 )a were established in 1965 in this 

area of relatively homogeneous forest. Three of the plots were left as unlogged controls. 

Five plots Were, logged in 1966 -under differing logging regimes, the intensity of' which 

varied from the so-called 50% canopy retention logging (which attempts to retain about 

half the rainforest canopy), to the longing of all trees considered merchantable at tile 
time. The five treatments carried out in 1966 are listed in increasing order of logging 

... intensity:.-. . 

Treatment 7. Merchantable. stems, totalling 33% of the basal area 
were logged while retaining a nominal 50, canopy. 

of the overstorey, 

reatment 8. As for treatment 7, but'more merchantable stems, totalling 45% of the 
basal area of the overstorey, were logged (about 50%:.of the stamding 
basal area). 

Treatmien 4. Ali merchantable stems greater than 61 cm in diameter (at breast height 
over bark), totalling 47% of the basal area of tie overstorey, were logged 

except son;'e seed trees; all damaged and surplus small trees were felled. 

Treatment 1. 
. .. 

All merchantable stems, totalling 70% of the basal 
were logged, and all useless stems were poisoned. 

area of the overstorey, 

Treatment 6. All merchantable stems, totalling 78% of the basal area of the overstorey, 
,were logged; useless onderstorey stems were removed. 

'lhe three remainiing 
considered in this study. 

plots were scheduled for later loggings and have not been. 
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At the centre of each of thlse plots. was located :t sub-plot of 0.36 ha (60.4 i1 squarc) 
in which the diameters of all trees with diameter greater thao 10 cm at breat height 
were measured. Eligible trees were identified and numbered with metal tags. Their 
diameters were measured in 1966, 1970, 1973, 1975 and 1980 while additional trees 
were measured, identified and tagged when they attained a diAiliter of 10 cm. 

Profile diagrams from within the 0.36 ha sub-plots were also prepared in 1966 to show 
all trees over 6 in in height on a transect 61.1 in long and 7.6 in wide. Al example of 
li"onesuch profile for treatment 7 (33% of basal'area of the overstorey logged) is shown in 

Pi.I.Trees removedl or destroyed duiring, logging have been hatched in ttmiediaglaml 
thus indicating the height and structure of the stand and the visual effect of the logging. 
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ig. 1. Stand proitle for treatment 7 (33% of the basal area of the overstorey 
logged). Numbcr refer to the tree species as shown in Table 2. 

T he method used to determine the recovery time: is that of developing a growth 
model Cur the overstorey advanced growth segment of the forest following logging. 
The method employed here is to 'grow on' this segment of the stand until the overstorey 
is reconstituted to pre-logging proportions. 

The Growth Model 

A growth model wvas developed to predict the growth of the residilal pOteiltial over
storcy segment of the rainforest, tollowing logging, based on the following assumltions: 

I. The overstorey is comppsed of trees greater than 30 111in height (see Fig. 1). 

2. 	 In the undisturbed state, the net basal area increment of the overstorcy is zeio when 
considered over all extended period of tim, (Idluto the balance of growth and 
mortality (See T:blc 5). lhis limit to giovtll is referred to as tfle 'equilibrium over
storcy, basal area'. 



3. 	 In a rainforest disturbed by logging, residual overstorey advanced growth trees respond 
to release from competition and hence have the potential to reconstitute the over

: storey (see Table 4). 

4. 	 Overstorcy recovery from logging takes place when the basal area of tha reconsttuted 
overstorey grows back to the equilibrium basal a .aof the undisturbed forcst (see 

Fig. 2). 

5. The net basal area growth rate of the recovering overstorey declines with time .(tie to 
the increasing effects of competition and mortality. Ultimately, at recovery, the 
growth rate reaches zero (see Fig. 2). The decline in basal area growth rate has been 

F taken to be logarithmkic in form. 

6.. All overstorey and potential overstorey trees have an equal chance of mortality during 
the recovery period. 

Operation of the Model 

'file operation of tile growth model has been illustrated diagrammatically in Fig. 2. 

Unlo0igad /Lorgod.
 

t	 --- ,Recovery time ---... to
 

Time (yrs) 

Fig. 2. hFile of growth model showing the overstorey equilibriumloperation the
basal area ( ....... ) of the undisturbed stand, the recovery growth path following
 

loggig an h Inir taken to reconistitute the ovcrstorcy to the undistuirbed level.
 

Recovery growth at to is due to the growth of the residual overstorey trees remaining. 
after logging, together with the overstorey advanced growth trees that will grow into 
the oversturey as time passes., Gradual increase in competition and mortality will cause. 
the increasing basal area to limit at the equilibrium overstorey basal area level. The time 
taken for this to be achieved is the recovery time t,, which is determined by iterative 
computer process of' gro\\ing' the stands for one year at a time until the basal area of ," 
trees in excess of 30 ill inheight has reached the equillibriumi overstorey basal area. The 
recovery time, following any logging intensity, may thus be calculated using the following 
relationship: 

-
n 	• • ~Ba Ba ,t 
t12 tl 

Bau { /. ,(// A - x t x 

where Ik, is the equilibiu m basal area Of tle undisturbed ainforest overstorey; n is 
themnumber oif individual trees, Capable of reaching overstorcy dimension, nlecessary to 
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- reconstitute the equilibrium basal area; Bat, is the basal irea of an individual tree
capable of overstorey dimension at measurement I; Bat2 is the basal area of an individual 
tree capable of overstorey dimension at mcasurement 2; (2 1 ) is the tittle interval
Ini years between the two measurements; P' is tile average growth measurenient decline
factor which accounts for competition and mortality %vheiethe pattern is such that tile
growth rate of the rcconstituted overstorey, as measuId following logging, declines to 
zero at recovery - this factor would be the average value of the first derivative of, hebasal area growth recovery curve (see Fig. 2); and ti. is the recovery time for the o Cr-
Storey. 

Growth Resiults 
The stand profiles of the coinbined treatment plots prior to logging showed that

16.7% of all trees were more than 30 in in height. Applying this percentage to the tpper
end of thu diameter distribution of the trees in the unlogged plots, gave a minimum
diameter at breast height over bark of '16 cm. Assuming that the height/diameter
relationship in this forest is similar to that described by Tattio Kira (1978) for South
East Asian rain forests and Blernhardt-Reversat et '11.(1978) for rainforests of tie Ivory
Coast, and in the absence of later height data, a tree is considered to be part of the tall
forest canopy (height greater than 30 m)when its di:meter reaches 46 cm. 

Below the overstorey canopy tr'ees, are found a variety of other trees containing
mtany species which are incapable of sufiicient height growth to become part of the 
overstorey, mixed together with immature individuals of species which are capable of

* growing into the overstorey. These latter individuals call recruit into the overstorey, 
given time and opportunity, and' are defined iere as 'overstorey advanced growth'.Hopkins et al. (1977) stated that for large gaps in tle rainforest (up to 900 in), tile
lateral expansion of existing tree crowns cannot fill these gaps and they are invariably
plugged by trees from lower strata. For the overstorey recovery model, the tree species
which ha've been recruited from the overstorey advanced growth those describedare 
by Floyd.(1977-1981) as being capable of growing to 30 in in height and 46 cib in 
diameter. 

The rango of overstorey tree species contained by the undisturbed rainforest liav
beei taken as being represented by the three control p.ilots (Table I). This isthe standard 
to which tile logged plots have been compared vhicn 'grown on' in the growtl model.
This is necessary as tha available data for the logged plots prior to logging are 
incomplete. 

. These three control plots ditfer, however, both in species composition and basalhectare, showing the variablearea per nature of the forest. In general, the unlogged
overstorey is dominated by fhe following species: corkwood, red carabeen, white
bou ong, yellow' caralbeen, blank apple and prickly ash. ,Fromn these plots it can be seen
that he average condition for overstorey 'recovery' for this f'or'est area is 95 trees 1iha
of' overstorey dimensiois, with a total basal arei averaging aboi t 33 n2 la t . lI e 
projeCted species distribution of the treatments at recovery sho uld be similar to thecontrol plot averages show,,n in Table I, When coiparing 'T'ao I and Table 2 it shou"ld 
not be overlooked thatmthere ire some species absent from the overstorey in tie tunilogged
plots which are neverileless present in the lower strata as stems with d aieter less than46 cm and which ire capable of recrnitient into the overstorey. Golden sassafras, flametrce, imiddns blush, pepporberry, purple cherry, red ash and red cedar are examples of' 
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Tible 3. Di.ctr incrlmcnt (era), ff in diameter ejss, Ior the period 1966-1980,
of iiijor oversthry species in the logged aind unlogged plots 

Spccios
Sc"ss 

I)iam. 
Mean . 

Unot'ged 
No. of' Diam. Meain 

loggtd 
No. of' Min. 

diam. trCeV incrc d1iaI1. trees inc r.c 
(c) e(ll) 1 ) (cm) (cIII yr ) 

- Corkwood 34.5 106 0.16 34.3 63 0.2'1 
A 33 0.10 12 0.24 
I1 
C " 

21 
21 

0,20 
0.21 

22 
17 

0.36 
0.19 

D 19 0.21 10 0.20 
12 0.07 7 0.06 

Golden Sassafras 19.9 54 0.08 28.0 48 0.31 
A 32 0.07 13 0.23 
13 
C 

18 
4 

0.08 
0.18 

15 
15 

0.38 
0.32 

I) 0 - 5 0.25 
0 - 0 -

Whtito booyong '11.3 33 0.15 37.8 28 0.36 
A 
13 
c 
D 

8 
7 
5 
5 

0.07 
0.20 
0,14 
0.13 

4 
10 
8 
4 

0.44 
-0.5,4 
0.42 
0.01 

E 0 U,1 

Red carabeen 
A 
II 
C 
1) 

47.4 33 
7 
3 
8 
2 

0.21 
0.09 
0.22 
0.22 
0.57 

36.9 12 
7 

13 
10 
6 

0.26 
0.2,4 
0.29 
0.27 
0.24 

13 0.20 6 0.20 
Pric':Iy ash 33.6 25 0.22 31.8 13 0.44 

A 7 0.08 2 0.33 
11 
C 

7 
5 

0.35 
0.21 

5 
4 

0.51 
0.38 

1) 
E 

3 
3 

0.28 
0.22 

2 
0 

'0.49 
-

Blick apple 37.0 1.5 0,06 26.4 13 0.16 
A 
1 

3 
4 

0.02 
0.03 

3 
7 

0.10 
0.15 

C 
I)
1 

3 
2 
3 

70.02 
0.04 
0.24 

2 
0 
1 

0.12 
-

0.41 
Yellow carabeen 

A 
11 

45.7 14 
3 
2 

0.14 
0.10 
0.08 

4,t.1 

-

28 
2 
'1 

. 

0.28 
0.24I 
0.'1 

C 
I)£ 

1 
3 
5 

(1.22
0.03 
0,23 

13 
4 
5 

0.36 
0.14 
0.11 

Oliveris sassafras 
A 
B 

31.1 12 
2 
5 

0.30 
0.19 
0.37 

29.9 37 
7 

14 

0..53 
0.42 
0.51 

3 0.27 11 0.60 
lI I 0.36 5 0.62 

1 0.15 0 -
Black looyong 25.9 5 0.11 54.1 16 0.15 

A 
13 ' 

4J 
0 

0.09 
-

3 
1 

0.15 
,,0.15 

.. 

C 
1)
: 

0 
0 
I p 

--
-

0.20 

4 
2
6 

0.25 
0.35
0.02 

I60i.5 cl adusses: A,9.5-20.,1 cm; 13,20.5-30.5 cm; C,30.5-46.,A cm; D, 46.5-60.,4 em; 
F, 60.5 cm and ovei 

o;ta.I m r of trces tor each Species liven ilItalics ,, i,, 
I h e di ainwer increment fCueach spciests g,ve;i in italics.welghted Iiena 
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mean diameter increment for the various size classes for these specics is giveln i 

Iable 4. 

Table 4. 	 Mean diameter growhil (CII yr ) of the 1113jor oerstorey SIecics, 

for the period 1966-1980, inlogged and iinlogged forest 

Di:uncter increment (cm yr ) 1966-1980Diameter class 

LoggedUnlogged 

0.270.08A (9.5-20.4 em) 


11 (20.5-30.4 cm) 0.18 0.39
 
0.33
0.18
(2 30.4-,6.4cm) 


I) (46.4-60.4 em) 0.20 0.27
 

0.100.171 (60.5+5 cm) 

0.31
mean diameter incement 0.15Wcighter' 

0.260.15Standard deviatioii 

• Significantly differenit at the 991. confidenee level. 

These tables show that there was an increase in the diameter growth rate of the trees 
Some species inl the ulnlogged forestfollowing logging, irrespective of the size of the tree. 


grew faster than others and some species showed greater growth response than others
 

following logging. Olivers sassafras was the fastest growing species in both the logged and 

uilogged plots, and together with golden sassafras and prickly ash showed the greatest 

diameter growth increase following lugging. 
that was observed in the growth rates of individual trees'The considerable variation 

mlogged plots, and the wide scattering of points obtainedwithin both the logged and 
to the observations ofby plotting diameter increment against diameter, are similar 

'atuo Kira (1978) and are reflected inthe large standard deviation values (Table 4). The 

to suggest that the growth rate of an individual tree bearsvariation was sufficiently great 
little relationship to the diameter of the tree. 

Examinahlill of the data from the unlogged plots (Table 3) siowvs that individual trees 

Nwithin the overstorey continue to grow with time, indicating that for agiven number of 

trees, the basal area per hectare of fhe undisturbed overstorey will continue to increase 

5 shows that for all overstorey trees the mean basal areaaccordingly. However, Trable 
per lhectare of the overstorey of the unlogged plots has oscillated about a mean of 

approximately 33 m 2 ha' (average of 5 measurements). This means that over ihelonger 

area (m2hal1 ) of the raiifore;t overstorey for each of fiveTable 5. B~asal 

in e.,sirenecot ),ears in the treo miulogged coillrol ploti .. 

.asal B.. arto (in2h 
1 

Year . Plot I Plot 2 Plot 3 Mean 

1966 .0..l 31.9 21.'I 31.2 

1970 
1973 
1975 
1980 
Mean 

" 39.7 
37.7 
38.7 
36.7 

34.2 
34.1 
345 
33.7 

26.8 
26.A 
27.A 
28.2 

33.5 
32.7 
33.5 
32.9 
32.8 
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tli, tie griomvll of the umdisturbed canopy of the rainfOrest has tended to be balanced 
))'bymortality, and the overl'orey basal area per hectare hasoscilbated around a mean

valuc which is presumably related to the site and forest type. These dhata indicate tiat 
the aveiage net growth of the oveistorey over time will be zero and support the validity 
of asSoiilption 2 of our grothlmodel. 

llowever, it can be seen from Table 5 that throughout the 14-year period, one
minlogged plot had a lower basal area than the other control plots and did not oscillate 
b)111 increased stcadily. 'This difference -is almost certainly due to a recent natural 
disturbance of some kind from which the plot is recovering. The inclusion of data from
this pint has lowered what has been taken as the equilibrium value for this forest, but 
since natural disturbance is a nornmal forest occurrence and. not all of tile forest would 
be oscillating around its equilibrium value at a given time, this is considered acceptable.
Table 4 shows that in accord. with assumption 3 of the growth model, there was a general
increased response in diameter growth in the potential ovrstorey trees of the logged
plots. The average annual growth in diameter of trees in the logged plots being 0.3 1cm 
compared to 0.1 5 cm for trees iiithe unlogged control plots. 

Modellhng Results 

To inclde all tile variation of growth measirements available from the data, all 
combinations (totalling 10 for each tree) of the 5 measurements taken over the 14 
years (1966, 1970, 1973, 1975 and 1980) were used to determine the periodic annual 
increments for each individual tree (i.e. using measurements I and 2, 1 and 3 and so on 
to measurements 4 and 5). Ihe periodic ammal increment, 1ai, is given by: 

Pa 1a at (Bu12 - B 1 2 ,),
nd Il are tebasal areas of tile free :attime t2 and Ii respectively; 

. 71 )'is time inyears between the two measurements. In tillsand (t2 (ie way, growth
aberrations arising from seasonal variation, falling bark and errors in measurements 
have been minimized. Figure 3 illustrates the extent to which tie overstor,-y of eCLhl 
logged plot (averaged over the measurement period) is required to grow to reach tilegrowth equilibrium'line which is the average of the thi-ee unlogged control dlots. 

40 

F 1:',]Fig. 3. 'lTe tesidual ovel
. .
 stey basal liren of the 

oex trimeI tih logged plots in4, L .[] relation to tline i basal area 
U-..nloet
plots LofIken U tile t oggedplots r l con lroplots 

(broken line).
The recovery time was estimated tusing the inilial growth rate (the growth rate of

thle neiasurement period), thle filal growth rate (zero at growth eilibrium) and the
form of the deeliie in growth rate as teirainforest overstorey proceeds to filfil tle 
recovy criteria previously discussed.t h Since only the total time for recover), is souglht,veraage gi-mwlh late €lcchine over oa
ile grt r tle total time (factor 1)has been used in the model 

in place of the contintually changing, declining growth rate. 
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_________ Recovery of rainforest overstre) followingiolgiu 

In this growlh iuiodel we assume that the basal area growth rate of the developing 
ovcrstorey follows the form of the function , log (10 - x) where t'is tie basal area 
increment and x is the time since logging. This function was chosen as it described the 
accelerating decline that increasing, competition and mortality could be expected to 
impose on the reconstituting overstorey as titte passes. The net growth rate reaches 
a limit at zero) when the equilibrium basal area is attained. This fInIctiol varies betwecn 
the values I and 0 with an approximate average value of 0.65. This implies that the 
average overstorcy stand growth rate over the whoie recovery period is 0.65 oC the 
growth iate that was meastued immediately following logging. By applying this Factor 
to the growth rate of individual 	 Irces, mortality and iucreased competitiou during the 
recovery period can be taken into account in a general rather than a specific way. This 
method is considered to be prel'erable to the alternalive of assigning an arbitrary value 
Ifor lhe'mortality rate and making al irbilrary choice as to which trees will die. As tree 
mortality is a sporadic occurrence, tile I t-year measuiement period is considered to be' 
too short to allow an adequate survey of this phenomenon. 

1,''I
 

Treatrnm I7, * 

4 

/. Treatment 3 ,S.0 	 . 

.o 	 '
Traten /1... Tratmnt4 , 

100 	 Tr 

S"Fig. 	 . Rltionship between
Ss' 	 tic projected time required to 

50 " ,levels 	 of basal area per huctare, 

and tle percentage of the canopy
V\ basal area removed. 'reil estimates 
Teatmot'r 	 of recovery for each treatment 

have been plotted. These repres
ent all thle possible combinations 

10 20 10 40 SO Co 70 (of growth incmemen is fromi live 
Canopy Ioss (perconinu of hawil area) mncasu reineii is. 

With the use of a computer prugram, it is possible to simulate the growth ofe.ch tree 
one year 'ata time at 65% of its initial growth late. When the total basal area per hectare 
of trees greater than 46 cm in diameter reaches :33 m12h& , a stimate of the recovery.
time for the reconstitution of the overstorey can be obtained. All ten recovery tinmesfor
 
each ol the treatments have been plotted inFig. 4. The range of the estimatcd recovery
 

' times was as follows: treatment 1, I50 to 2241years; treatment 6, 98 to 178 years;
 
K. .:. treatment 4, 49 to 87 years; trcatinent 8,51 to 99 years; and trealmn't 1 3 I to 58 years. 
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Thus for a light loggirrg treatmehr t (e.g.results in trea nicn t 7 with 50%canopy retentiou) whicha loss of about 3Y..%of the overstorey basal area, the recovery tiuc varied fromc. 30 to 60 years. For a medium lo ging, e.g. t'eatmon s 4 aud 8 which sustained 45-47loss of overstorcy basal area, the recovery t liC varied from c.50 to]or heavy logging, e.g. trcatiien ts 100 years. However,I and 6 in which uparea was rem oved, the esirliates of recovery 
to 78% or the oversIorey basal

tillle
ability of advance growth, buI showed vaied considerably due toa lower limit of (. thc avail.100 years with an upper liiit 
ofr. 220 years. 

Discussion 

The hnportvlnce of' the ' .'jlo ,*ci'l 
Overslorey or canopy is invariably refcrred to il tile(lescrip)ion) and classification ofrainforest (Schimper 1903, Richards 1952,placed luCre lIaur 1962, Whitmore 1978).on the reconstitri tion The emphasisof therecovery rain forest overstorey, as anflollowing logging, is based on the 

indication ofoft.rcporteexercises viev thatsome control d the overstoreyover the rainforest as a whole.describe tihe overstorey canopy as 
For example Halle et a/. (1978)tile
analysis of tropical 

master regulator of'the forest in their architecturalforests. Gomez-Ponmpa and Vasquez-yanes (1981)raiforests that tile overstorey confers say of Me,-caa overallscnsationtrees of stability.are responsible ' OverstoreyFor Creating and maintaining environmental Conditions of shade andmoisture which are vital 
1952, Wiftmore 

to tire many lil'e forms found in slbtropical raiirforest (Richards1981). Hopkins et al. (1977) statedrainforest is comparatively that the internal environmnenit ofuniform, benignbuffering and predictable, partlyaction becauseof the dense canopy. of theIt is tus consisteiltbeing of major importance in 
to regard the overstorey asthat it creates a 'seal' todisturbed the Forest. Whenby an external agency such as 

the forest isIogging, the overstoreynumber and eflect so trees are riduced inthat tIle visual framework of the forest is changed and tire environ.mental 'seal' broken. In this circumstance recolst itu lion of the overstorey is aprerequisite of total recovery.
As a visuil lndication of 
 tile extent to which tileoverstorey caltime passes by rile advanced growth see 
be reconstituf0d asFig. 5 which showsexperimen tal plots taken in 1966 and another taken 

a photograph of tile 
15 years later in 1981. 

AModel I;'Ythg' 

Damneler disributio,. 
for each freatinlilt 

The diameter distribm ion of the predicted overstorey aI.recoveryhas beel compared wih thecontrol plots (Fig. diameter distribuhior6). of the unloggedUsing 5-cm diameter classes,per Irectare ileach the range of the nmber of' trees 
outine). 

diameter class for tire rurlogged control plo(sThe diameter distribution was plotted (ilheavythen plottedwas for each treatmentto determine whether or not itfell inside tile range iidica ted by tIr, 
at recovery,
 

Of the 65 points tInIus fhi'ee control plots.
plotted, thhirteeri
of these points 

fell outside the unolggled rangewere rrorn the large Ilowever, fivetree range ( 10-1656 trees, all bit one of which 
cm in diameter) represeutingwere tr-ees of"Ihis size atone tiletime oflogging,t'cril tile 11)-115-cmrange Thus only,r-j.,c
Irad been grow th. ou.-to a lg sie byOveall, 86% siril edf tie rpirjected imits fell hiside lue iange of diameter 

-z~,~m~V 
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Ii is therefore concluded that the projecleddistributions ,"oown hy the uulogged plots. 
forecasl by te model is similar in diuimetorreconstittle.i overstorey of the treatments 

distribution to the uilogged controls. 
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Diamtetr class (5-cm) 

Fi. 6. 'Fie di amleter disiribuion of the pedicted overstorey at recovery compared 

to tile actual range of di:,rteter distributions in the three unlu.gged plots (shaded amia), 

points indicateitheCalculations were bm~ed (in 5-cm diameter classes. Numbered 

various treatments.
forecast freque=ncy or a€ianetor class at recovery for tile 

40 -1. V 

/, growth ilodel used inlSpeccies compositioit. -The 7 *, .1 this study allowed inldividual trees 

to 'grow on1' to overstorey recovery, anrd so provided a forecast of tile composition or 

tile niew% overstorey. A;4 comparisonI of the tinlogged o\,erstorey (Table 1) with tile 
I 14 8. *' ..1 . '* ~ 6 . 

projected overs torey (Table 2) suggests that (lie major overstorey, species of the tinlogged 

I4U1: :,7I7 recovery." '17hatI is, there will be n1oI11:6forest will0 conltiniue (0to be the major0 species after 10 10 11(0 7 6440 10 10 6 

of any or the major overstor-ey species.disappearmice or severe deplet.i.i(il eter o ,..., , ,iii 

g 10 

to'rwo't vr ty reovry an "opo'ddafrcs ftccmoiino 

Mjor estorey sprcloso 

tFig.7 Cactul n of frequency ngs of the minlo" Overstoleyspe iesIlnarn ite 

fhe ulogged Control plots (darl outle), witr the frequency ranges of .hose
species
 

iare
s predicted 1, the model for he dCls.d pl t ( iS stted is).i 



Rcovery ofr ilforcst overslorcy following fogging 34" 

Logging may cI)5pCieS(1n1 tse somic alteration in the relative frequencies of the major overstorcyto their different growfli rates. Ior examlple the model indicates (see Fig. 7) 
that there wtljle a decrease in the number of corkwood trees in the overstorey (from31, to 18%), a t:ned by increased nunIbers of Golden sassafras (from 0% to I0%)
and Oliver sassa'fras (from 2% to 10%). This pattern is in accord with thc rclative rowth 

III rates of thesc species; corkwood being a relatively slow grower compared o the two 
* ,sassafras species. 

* Conclusions 

j . There is a sipllficauit increase in the average diameter growth rate of trees with
diameter &reater than 10 cm (over bark at breast height) following logging. Major over
storey species showed a mean growth rale in diameter of 0.15 cm yr' ilunlogged forest,
compared witlh 0 31 cm yF" in logged forest over tile period 1966-1980.

The growth rate of-an individual tree appears to bear little or no relationship withthe diameter of the tree. There is a large variation ildiameter growth rate oyer the 
Swhole range of diameter classes,{ '['he basal area per hectare of tle tulogged overstorey oscillated over the measurement 
period indicating m average upper limit to the basal aca per hectare. That is, over thelonger term, the growth of the undisturbed overstorey of the rainorest tends to be
 
balanced by mortality.
 

- ; ." iThe recovery time of tle overstorey trees, based on basal area per hectare, increases
 
with intensity o 
 eoingjcd time scale forecast by the growth model is as* follows: if overstoreyremoval is 30%, 50%, and 70-80% of the basal area per hectare,
the predicted overstorey recovery times are 30 to 60 years, less tjan 100. years, and 
may be more than 200 years respectively. 

There will be some changes in-thle r~latve frequencies of the major species of the 
overstorey at the. time of' inithl recovery. 
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