AT R

%—«gﬁ';.,n; ==

L
L 4

4

=

WG RN E B RGBT

1986

B OE A ¥ R
T L B S A G L 3

Mo AR CE R A



A A ) E SR R R

——

% o £
1986

BOE M E R
TSR ES R G LA K3

ol AR S R



/

TROPICAL AND SUBTROPICAL
FOREST ECOSYSTEM

1986

Fidited by
DING HU SHAN FOREST ECOSYSTEM
STATIONARY ACADEMIA SINICA

Published by
HAINAN PEOPLE'S PRESS



RETRERRETRERR

TR A F R
FALAKRESRER G AL ES

FA, 7871092 167 EBFK, 6.5 F¥. 150FF
19864E 1L HEE—R  19864F11 B —WEI R

W R ARH R

(EW EHT)
BARIT: FREH LB
BiRfT: FHR=ZBKAH
BRIl JARERHEERERTT

B % . 2000 g—45. 13362+6
Ef, 1,501



.- ".@,

.

RFERBFRREEREHR

£ 4%

= -

BB ERFRESREENESRRFRI B eee e
FEANTRAT TR TH AR Yy b il TR LRI v veeverreeoreaensnnnesees
e ERL - MEMRE maldiRk - HRE KEF BERE (@23)

RULERERERIRBNERLESTHAE I ERETERANE

BRE, R, &, FRTGESBEEREEE R oo
seeeeneenen g R B WS ApymAs (35)
seressesnnnnee BESE AH4E FRS ELE FERE (43)
RALERRPELARBE T L RN ENED LI RBENHTE -
L L R R P R T O EY T R TPPRICRYCLTIRRY (-2 7§ E‘;ﬁ{ﬁa (53)
BB EAT IMEER e S5 (65)
%Eﬁﬁﬂﬂiﬁiﬁﬁ%ﬁ% JERE . JREER e rereees e Rym B (87)
PR R B B IE evrerereerrenesnsssesnsssesssiesensnse s JRRHE (73 )

ARATR R AN KRBT R Edeemee o BEE BAH (93)



TROPICAL AND SUBTROPICAL
FOREST ECOSYSTEM

Vo1, 4

Contents

Lowland-montane Ecological Relationships and Interdependencies between

Natural Forest Ecosystems---------"----"--------"--------------- E.F. Bruenig( 1)

Physiological Responses in Subtropical Plafits Subject to Different

Disturbance Tievelgreeccessoctensnnteteensecrecrenescnsaes svecnerncescesass James R'

Ehleringer Christopher B, Field Lin Zhi-fang Kuo Chun-yen (23)
A Study on Physiological Ecology of Dominant Population in Cryptocarya
concinne Community of Ding Hu Shan  III, A tentative study on relation-
ship between the transpiration, content of nitrogen,phosphorus,potas-
sium and chlorophyll of C, concinna and its environmental condition
reesererHuang Ghing-chang Su Shun-ying Yang Bing-hua (35)
The Vegetation Map of Ding Hu Shan Biosphere Reserve with Reference
to ItS Illustration.n-......nn..--u-...-...........-.....--..-..n....----.......Zhou
Hou-cheng Li Ming-jia Zhon Yuan-rui He Dao-quan Huang Yu-jia (43)
Study of Microbes and Biochemical Activity of Different Forest Soils in
Ding Hu Shan Biosphere Reserve I, Microbial activity and biomass in
relation to mineralization of carbonaceous matter of different forest soils

seereeeeeeeeDeng Bang-quan  Lu Lu-cheng (53)
A List of Insects in Ding Hu Shan III, Coreldae ssereeeesees Li Jie-zhen (65)

An Investigation on the Insect from Ding Hu Shan-s-seeeeseereneLi Yao-quan (67 )
The Pentatomid Fauna of Ding Hu Shan«««wececvveseenecnnses Chen Zhen~yao (73)
On the Breeding Bird Communities of Ding Hu Shan-s--eeeseees-Zhou Fang (79)

The Ecology of Rattus rattus slandeni in Cultivated Broad-leaf Mixed
Forest of Xiaoliang:++++-sevsreseveeiniinLizo Chong-hui  Chen Mao-qian ( 93 )-



HAR RELEAT R ES REHR Vo1.4
1986 TROP, SUBTROP, FOR, ECOSYS 1936

{F it F0 L B AR EE R R
&R AFIHEERE*

# R (E, F, Bruenig)

(&K, HEHREPATR
BB R EH MR H AL )

w =

FETAS T RS R T R0 E AXBTAREREN SRS RY, ZRENLER
TR REE, L ARRNERSRER ERT BN — 4R, T ERSH (ERMER) ik
BB, XEREE RS INE R DAY S B TR b R T UL,
Bl BT fiKerangasFi ik, Kerapah7#fuPadane B B IL B HM G4 CaatingaFiikAaBanak
B, BIREAEERN RSN ERA R L, AT R X E SRR RIERNERESE TR
AT —RE R HRANMN A2 OAEMERRIRERES IR, T EF AR
MERLHBEBA T4 HE. iR DR AT ELPBARR, BiT Har#ailoh g
WP ERE RGN, ARXMEEDRZEER, FANTERZATN, HEERZEANGES
BENENED, 2RINBOAERRETD LR L e SRR B,

—,  VHBEX3E Kerangas Kerapah ZHRMANLMBKWEHERBRER

Z. VUHBBEX3E Kerangas /Kerapah FEIRFILMARMMBEEINRIIRR

=, DEEEXE Kerangas/Kerapah FiRILMLIFREBELEWRRA

M. AR KA AR R IO AR I R

., fERHENTMDERAEEYRESPERRHXA

AN HR

BT &2, Kerangas/Kerapah (%t EH-ZRERILMAFAARNFERPR2GEZELN, HTE
WA, BRXEFMESRERRTN, Rk, BEmTEERLRE FUARER
FEEMRBL AR Lt AR 3 R W R R 2

(—) RPIIRBIFEXRIETEFZIE (£ Bruenig, 1974)

(Z) R rEXZEREN, RORERNEK/EWRETS

() ZRFAAUBARGSER, EHEWERREREFHRILHSRORAY, SR
2% B X R RN AR R A TN,

BN L ARRMAEXR, BAESHBLATKRTENEGELE, EFRRESRERE (EKE) .,
SRR BORSE 8 5 E AT 4. MEER NI RRANE S RE T,

» FXET1985F10H21—25BEGEBNRHBETYN "RFNERTLRESTMAREREREG W X
i, THENE,

—1—



LOWLAND=~MONTANE ECOLOGICAL RELATIONSHIPS AND
' INTERDEPENDENCIES BETWEEN NATURAL

FOREST ECOSYSTEMS*

E. F. BRUENIG

(University of Hamburg and Federal
Research Centre for Forestry and
Forest Products, Hamburg)

Abstract

The natural climatic climax vegetation of the upper submon-
tane altitudinal zones in Southeastasian subtropical and tropi-
cal areas is a predominantly evergreen forest. Generally, on
exposed sites and poor soils, the physiognomy is sclerophyll-
xeromorph and the structure (architecture and pattern) more
simple than in lowland forest, These features throughout the
world are similarly found in certain edaphic and physiographic
clinmax forests at low altitude. Examples are the Kerangas and
Kerapah forests and Padang woodlands in Southeast Asia and the
Caatinga forest and Bana woodlands in the Amazonian lowlands,
which occur on extremely unfavourable soils and sites. There
is no common agreement yet on the ecological factors which are
responsible for the peculiar features of these forests, Conse-
quently, the ecological and management implications are not well
understood and land-use policies correspondingly inconsistent
with needs, The highland-lowland interactions have been little
studied but their reality is being increasingly felt thoughout
the tropics as the highlands and lowlands are being deforested
at a progressive rate., Research needs are urgent, but even mo-
re critical is the need for change of people's attitude., Imme-
diate political action is needed to stop deforestation and vege-
tation abuse both in the highlands and in the lowlands.,

1. FLORISTIC AFFINITIES BETWEEN KERANGAS / KERAPAH AND
MONTANE FORESTS IN SARAWAK AND BRUNEI

Ordination of 55 Kerangas and Kerapah forest stands, select-
ed as mature, fully stocked samples of their type in Sarawak and
"Brunei (Fig. 1) revealed patterns of iree species soil type and
-of leaf size distribution (BRUENIG, 1966, 1970, 1974). The soil
type pattern (Fig. 2) indicated a gradient of water storage and
_drainage conditions along the X-axis. On the left are excessive-
ly drained, very deep sandy soils of coastal terraces {“giant
. podzol", quarzopsamment, orthic or humic podzol). Toward the
‘center, drainage is moderate and rootable soil depth decreases

- *International Symposium on Ecology of the Development of Tropi= .
cal and Subgropical Mountain Areas, Chengdu,21-25 October, 1985,
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(medium to shallow humic to.gleyic podzol, leached ultisol), To
the right beyond the reference axis 16-27, hydromorphic features
increase with an altitudinal gradient to 1125 m in stand 54 and
735 m in the reference stand 56, and histosols develop on flats
{51, 55, 57) or on quarzitic sandstone dip-slopes (54), The
corresponding gradient toward acid, oligotrophic, dystric his-
tosols formation in the lowlands goes vertically apward and
occuples the upper right quadrangle, The Mulu N. P. terrace ca-
tena is the series 28 to 32.
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Fig. 1. Mean annual rainfall and location of 57 sample
Kerangas and Kerapah forest stands of some lime-
stone forest plots SER and of the 20 ha Sabal fo-
rest plot in Sarawak und Brunei, .Borneo.

The peatswamp series begin in the heterogenous center (31 =
peripheral Ramin Mixed Swamp) and proceeds towards the coastal
terrace Kerapah reference stand (type 36, Alan forest), but
then turns toward the submontane histosols, with 372 and 373
(Alan bunga forest) close to the Alan bunga kerapah on the Me~
linau terrace in Mulu N, P, .

Downward from the center, the soils become more clayey, of-
ten deeper rooted and the common nutrient deficiency is proba-
bly less pronounced and the ecological consequences are less
severe,

A characteristic feature of the soils in the ordination is
the tendency to form surface rawhumus and peat (upper right
quadrant). The causal mechanisms are probably the same in the
lowland and montane sclerophyll forests, The coriaceous 1i-
tter, rich in polyphenols (non-hydrolysable tannins) and acids
resists abiotic and biotic decomposition typically in most fo-
rest formations in Borneo, In Kerangas forest, a surface raw-
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Fig. 2. Distribution of soil types in a floristic ordina-
tion of 55 Kerangas and Kerspah sample stands in
Sarawak and Brunei (from BRUENIG, 1966 and 1974).
The circled numbers 31 to 39 are the location of
the phasie communities (association groups) of the
lowland peatswamp series, 41 and 42 the location
of Mixed Dipterocarp forest onm more sandy (41,
ultisol) or clayey (42, oxisol) soil.

humus layer of 5 to 20 cm accumulates, more on periodically
dry pedzols and usaully somewhat less on bleached, often gley-
type ultisols, The reason possibly is lower biological acti-
vity in these so0ils., Deeper rawhumus or peat may develop un-
der conditions of extremely fluctuating water content, with
saturation alternating with dry conditions and-of extreme oli-
gotrophy (BRUENIG and SANDER, 1983). Such conditions exist in
the centers of pleistocene terraces or on flat plateaus where
dreinage is impeded, or on siliceous sandstone dipslopes over a
vide range of altitude (BRUENIG, 1966 and 1974).

Some of the sample stand lie in the area of Mulu National
Park closely southwest of the Kerangas forest sample plot of
PROCTER et al., (1983a) and are in line with the altitudinal se-
quence from the terraces in the Badas-~Sungei Ingeil basin across
the Melinau terraces to Gunung Mulu (Fig., 3). The notable
scarcity of comparative descriptive studies of humid tropical
forest stands at a range of altitudes (PROCTOR et al., 1983a)

— 4 —



encourages to present the information available from the author's
Ierangas stucies for this area,

G, Muty
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S.inca Sungal /
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T Y
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Series: -

W

Fige 3. Cross—ssction through the Belait Syncline (Ulu In-
gei, Brunei) and Mulu Kational Park (from Fig, 5 of
the CGunung Mulu N, P, Managemeni and Development
Plan, 1982) with the locations of sample plots 20-
22 and 28-32 on the pleistocene terraces. The sec=—
tion runs NW-SE,

2. PHYSIOGNOMIC AFFINITIES BETWEEN KERANGAS/KERAPAH AND
MONTANE/FORESTS

A distinct and congruent pattern emerged when a leaf size
index was superimposed on the same floristic similarity ordina~
tion (Fige. 4#). The leaf size index was calculated as the mean.
of the percent stand basal area and number of species in each.
of the leaf size classes according to WEBB, adding the class:
"notophyll" to RAUNKIAER's scheme WEBB, 1959), Plotting the
classes leptophyll, microphyll and mesophyll showed distinct
peak areas (Fig. 4). Leptophylls peaked in the submontane hisw
tosol area, but omitting 51 and 55 due to the aberrant eccur-
rence of Shorea albida Sym., previously considered an coastal
peatswamp forest endemic (ANDERSON, 1961). The mesophyll class
peaks in the coastal histoscls, due to the sominance of S, al-
bida, and in the more clayey ultisols and oxisols wiih Mixed
Dipterocarp and Riparian flood-plain forest, The microphyll
class characterizes a bread belt along the X-axis with a boo=
merang-shaped peak on the shallow to medium deep, sandy humic
podzols (the kerangas soils proper) represented by the Simila-
jau catena in Fig. 5, top.

GRUBB and TANNER (1976) consider the dominant leaf size
class according to WEBB (1959) as the consistently most useful
character to define forest formation types (equal to formationm
or nano-ecosystem level of ELLENBERG, 1973), Their sequence
mesophyll = lowland rainforest, noto- or mesophyll = lower mon-
tane rainforest, microphyll = upper montane rainforest and na=
nophyll = subalpine rainforest corresponds closely to the se=

—_5—
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Fig. 4. The pattern of distribution of stands with leaf si-
ze index L = 0,5 (G % + Spp %) > 50, 20-50, 220 for
the leaf size classes leptophyll, mlcrophyll and
mesophyll. The darker shaded or hatched areas in-
dicate peaks of the proportion of the respective
leaf size class (from BRUENIG, 1966 and 1974).

quence from mesic, relatively favourable to periodically xeric,
unfavourable sites in lowland Kerangas and Kerapah forests as
fllustrated in Fig. 5 and 6,

This trend toward micro- and nanophyll or leptophyll or
acicular leafage or phyllodes, culminating in the submontane-
montane kerapah (S. P. 40, 57) and similarly in exposed ridge-
top kerangas (S, P. 15) and kerapah (S, P. 29 and others), is
associated with other functional, biochemical and physiognomic
features which could be adaptations to episodic moisture stress
(BRUENIG, 1970, 1971; MEDINA et al., 1978; MEDINA, 1983). Some
of the properties of some of the kerangas and montane tree spew
cies, such as numerous large stomata on small, coriaceous lea=-
ves and needles, -improve drought tolerance but also permit high
transpiration rates if conditions are favourable, which also
belps with nutrient supply.

Phe trends to increased sclerophylly in it's various mani-
festations (BRUENIG, 1970) 1s, in kerangas and with increasing



altitude, associated with increased evergreeness of tree spe-
cies, This may be related to a suspected longevity of leaves
~nt merve as a nuirient conserving mechanism,

3o ARCHITECTURAL AFFINITY BETWEEN KERANGAS/KERAPAH AND
MONTANE FOREST IN SARAWAK AND BRUENEI

Associated with increasing sclerophylly along the gradients
of decreasing favourableness of soil and site in the lowlands
with increasing altitude on mountains is a decline in forest
stature, Fig. 5 gives an impression of the change with axam-
ples froms

(1) Coastal Kerangas: Similajau Forest Reserve, northeast

of Bintulu (Fig. 1), coastal holocene and pleistocene

terraces (S, P, 46 to 44), and Bako N. P, (Fig. 1) with

a low-stature, low-biomass forest on shallow humus pod=-

zol (S, P. 15) derived from thick-bedded siliceous sand~

stone. On exposed ridge~tops follows an open woodland

similar to the montane summit forest (BRUENIG, 1965).
(2) Inland Kerangas/Kerapah in Mulu K, P, on pleistocene

terraces southwest adjacent to PROCTOR's Kerangas plot,
with an instable transition in S, P. 29,
(3) Submontane Kerangas (S. P. 52, 57, 51) and Kerapah (S.

P. 57, raised bog) and lower montane "moss forest" on

the Merurong Plateau east of Bintulu (Fig., 1) with an
instable but highly divers transition zone, containing
aberrant Shorea albida Sym., in 51. On exposed ridge-
tops follow an open woodland to scrub (BRUENIG, 1966
and 1974).

The microphyll, mossy upper montane and summit forest plots
in Mulu N, P,, as described by MARTIN (1977) and PROCTOR et al,
(1983, 1984) are similar to 52-57 and 15 with respect to: crown
sizes, tree height, canopy architecture (aerodynamic roughness),
life sizes and crown architecture, There is a notable similarie
ty of the change of crown architectural types along the gradi-
ents from lowland Mixed Dipterocarp forest on favourable sites
and Kerangas/Kerapah forest on poor sites and from comparably
rich submontane/montane Conifer-Broadleaf forest on favourable
sites to submontane Kerangas§Kerapah and submontane/montane
- moss forest (see Fig., 5). If crown architecture is related to
tree functioning under environmental impact, especially stress
(BRUENIG, 1976; FISHER 1984), similar environmental -conditions
may beeinvolved (see chapt. 4).

Results of field measurements by KLINGE and BRUENIG in Ama-
zonian lowland forest showed that leaf area, leaf weight and
crown/canopy volume declined less than wood volume and weight
along a site gradient of increasing unfavourableness from tall

—_7—
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Fig. 5. Profile
(&) coastal, Agathis dammara
(43-44) terrace catena (Similajau Fores

es of a series of sample forest stands:
(45-43) and Shorea albida

+ Reserve,

Bintulu, Sarawak), a strongly sclerophyll stand on
a coastal sandstone plateau (Bake National Park)
with dominant Dacrydium bheccariij;

(b) Melinau terraces (Mul
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w N, P,) with Shorea albica




and Casuarina nobilis initiating peat formation;

(c) Upper lowland to submontane sandstone plateau (Meru-
rong Plateau) with Casuarina nobilis, Dacrydium Sppes
Shorea albida, S, monticola. '

Caatinga forest to low bana woodland in the MAB Amazon Ecosys-

tem Study area at San Carlos de Rio Negro, Venezuela (BRUENIG
et al., 1979; KURZ, 1982)., The relationships to rates of prp-
duction, decay and decomposition have yet to be investigated,
but BRUENIG hypothesized that energy-related adaptation of
form might be involved, The relatively ample sclerophyll leaf-
age of the generally flatter crowns can take advantage of pe-
riods favourable to growth, and at the same time maintain it-
self well during unfavourable periocds of low illumination, in
damp, foggy conditions with high indirect solar radiation, and
in windy, bright and dry periods. The relative to the wocd
biomass less ample mesophyll leafage of the more wemispherical
crowns on more favourable sites could be explained as avoiding
stress and excessive transpiration from the high heat-lcad on
the larger leaves, but maintain high performance under favour-
able growing conditions., However, so far experimental evidence
is lacking.

Common associates at all altitudes are tree species of Hyr-
taceae, Sapotaceae, Guttiferae, Euphorbiaceae, Lauraceae and
Fagaceae, Ericaceae (Vaccinium, Diplocosia, Rhododendron) oc-
cur preferably at higher altitude, but also on certain sites,
especially exposed to light, at low altitude.

Hote the change in tree stature and blomass density which
is not related to soil fertility. In Similajau, S. P, 46 on =
fairly nutrient-rich, undeveloped holocene terrace soil, tres
height and biomass is less than on the flanks of the tertiary
tarrace with much poorer soil and single— or two-species domi-
nance, Similarly, in Mulu N, P., the taller forest and highest
biomass is not on the less nutrient-deficient lower terrace le-
vel, but in S. P, 28 and 31 with beginning peat formation and
single~species dominance, The same feature is repeated on the
Merurong Plateau.

4, POSSIBLE CAUSES FOR THE LOWLAND-MONTANE FOREST AFFINITY

GRUBB (1977) after reviewing the meagre information and ba-
sed on his own results in Jamaica and New Guinea hypothesirzed
that the more important ecological factors determining the dis-
tribution and productivity of forests orn wet tropical mountains
ares

~ air temperature and solar radiation climate;

- nutrient scarcity, especially of nitrogen and phosphorus.

¥ind would only rarely and locally be of major impact. Al-

—9 -



so, leaf production would relatively increase and wood matter
production decrease with altitude,

The results of a more recent investigation on 4 sites on

Gunung Mulu, Mulu N, P,, differ partly and in some respects
from GRUBB's generalizations (PROCTOR et al. 1983a-c), They
found differences between "windy", i.e. exposed, and sheltiered
sites similarly to MARTIN (1977). The nature of these diffe-
rences accords with those reported by BRUENIG (1966) from Keran-
gas forests in the lowlands, Also, the leaf litter production
on Gunung Mulu was relatively low in the upper montane forest
plot at 1860 m, and the nutrient status of the upper montane
forest plots at 1310 m and at 1860 m was in many respects su=-
perior to that of the much more luscious lowland Mixed Dipte~
rocarp forest of much larger stature., They exclude fire as a
major influence on Mulu, but the find of charcecal in 8 kerangas
soil pit on the Melinau terraces (BRUENIG, 1966) and the rela-
tively frequent fires in the sclerophyll forest on limestone in
the area should caution not to exclude episodic fires as ecolo-
gical factors in Kerangas and more exposed montane forestis,
The evidence on soil and plant mineral contents, nutrient sup-
ply, cycling and demands is yet inconclusive and no clear-cut
answer is yelt possible with respect to major and minor limit-
ing factors in Kerangas and Montane forests.

TANNER (1980) concludes from resulis of his work in Jamai=-
can montane rainforest, that lack of water is not limiting the
growth of the forests, and that the large differences in struc-—
turc and compositior between the studied 4 forest itypes are un-
likely to be due primarily to differences in water relations,
Similarly, .differences between these improverished upper mon-
tane rainforests in Jamaica and the much more luscious lower
montazne rainforest in New Guinea are not likely to be due to
water stress (either too much or too little) in the impoverish~
ed Jamaican upper montane rainforest., TANNER explains the
greater longevity of leaves in the poorer upper montane forest
by the possibility that, "perhaps, in a situation where mine-
rals are in short supply, leaves are retained by trees for
lohger vericds, even though they are becoming less efficient at
Photosynthesis, whereas in a situation with a better mineral
supply the leaves are shed sooner and replaced more easily (in
terms of minerals) with more efficient leaves",

BRUENIG estimates water use and depletion from calculations
of plant-available s0il water, water storage in the biomass,
30-days sliding totals of rainfall, saturation pressure defi-
cits, vegetation stature and corresponding rates of evapotrans-
piration (BRUENIG, 1973). His conclusion was. that more or
less severe drought conditions will occur episodically and spo=-
radically on 8al] sites, but particularly and more often on soils
which are shallow, have a low field capacity, or a deep but only
partly rooted (e.g. giant podzols)., BAILLIE (1972) confirmed



that drought conditions may occur rear the coast on shallow
s0ils, History of droughts in Borneo and the -sevars and wide-
spread 1982/83 droughts in many parts of Southeast Asia con-
firmed that episodic droughts occur, may effect large tracts
of land, and have-a profound ecological effect on trees and

forests even on deep, loamy to clayey soils and inland sites,
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Fig. 6. Effect of a broad coastal mountain range (top/,-a
complex mountain massif with broad valleys and
plateaux (middle) and of an isclated coastal peak
on cloud formation, condensation levels and preci-
pitation.

BRUENIG!s interpretation of the ecological significance of
sclerophylly in lowland and submontane kerangas and Kerapah and
in lower montane moss forest accords with WALTER's (1973) state~
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