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S u m m a r y

PAROLIN P. 2002. Seasonal changes of specific leaf mass and leaf size in trees of
Amazonian floodplains. - Phyton (Horn, Austria) 42 (1): 169-185, 5 figures. - English
with German summary.

Seasonal changes in specific leaf mass and leaf size were measured at monthly
intervals along the annual cycle in six tree species with different growth strategies from
Amazonian floodplains {Cecropia latiloba, Cecropiaceae; Crateva benthami, Cappari-
daceae; Nectandra amazonum, Lauraceae; Senna reticulata, Caesalpiniaceae; Tabe-
buia barbata, Bignoniaceae; Vitex cymosa, Verbenaceae). In their natural habitat, trees
are exposed to extended periods of flooding, and the aim of the present study was to
analyse whether there are seasonal changes in leaf specific weight and size, how these
changes occur in trees with different growth strategies, and if the changes are related
to the periodicity of flooding. Specific leaf mass was higher in waterlogged months in
all species except Crateva benthami, average leaf age was higher in the aquatic than in
the terrestrial period in all species, and mean leaf size was significantly lower in the
aquatic period for three species (Crateva benthami, Senna reticulata and Tabebuia
barbata). Reductions of leaf size were caused by leaf senescence and a subsequent loss
of leaflets. Only for Senna reticulata leaf size reduction was a direct response to water
stress: in waterlogged months, the newly produced leaves and leaflets were smaller
than in the terrestrial period. Data in this study indicate a periodicity in several leaf
traits which changes parallel to the flooding periodicity, but which is determined pri-
marily by leaf age and senescence and only indirectly by flooding. The timing of the
changes of specific leaf mass and leaf size was similar between species and was con-
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centrated in the aquatic period, but the degree of changes differed among the species.
Leaves of pioneer and non-pioneer species, and leaves of deciduous and evergreen
species did not show a uniform trend, characteristic for certain growth strategies, as
response to flooding. Apparently differences were closely linked to leaf age and can
not be considered as adaptive to the changing hydric conditions.

Zusammenfassung

PAROLIN P. 2002. Saisonale Veränderungen der spezifischen Blattmasse und
Blattgröße bei Bäumen amazonischer Überschwemmungswälder. - Phyton (Horn,
Austria) 42 (1): 169-185, 5 Abbildungen. -Englisch mit deutscher Zusammenfassung.

Saisonale Veränderungen der spezifischen Blattmasse und der Blattgröße wur-
den in amazonischen Überschwemmungswäldern in monatlichen Abständen an
sechs Baumarten mit unterschiedlichen Wachstumsstrategien gemessen (Cecropia
latiloba, Cecropiaceae; Crateva benthami, Capparidaceae; Nectandra amazonum,
Lauraceae; Senna reticulata, Caesalpiniaceae; Tabebuia barbata, Bignoniaceae; Vitex
cymosa, Verbenaceae). In ihrer natürlichen Umgebung sind die Bäume lange wäh-
renden Überschwemmungsperioden ausgesetzt. Das Ziel der vorliegenden Arbeit
war, zu untersuchen, ob saisonale Änderungen der spezifischen Blattmasse und der
Blattgröße auftreten, wie diese bei Bäumen mit verschiedenen Wachstumsstrategien
ausgeprägt sind und wie sie mit der Periodizität der Überschwemmungen zu-
sammenhängen. Die spezifische Blattmasse war bei allen Arten, mit Ausnahme von
Crateva benthami, in den vernäßten Monaten höher als in der Trockenphase, das
Blattalter war in der aquatischen Phase bei allen Arten höher, und die mittlere
Blattgröße war bei drei Arten (Crateva benthami, Senna reticulata und Tabebuia
barbata) in der aquatischen Phase signifikant geringer als in der terrestrischen. Ver-
minderungen der Blattgröße waren auf das Altern der Blätter zurückzuführen, und
auf den daraus resultierenden Verlust von Blättchen. Nur bei Senna reticulata war
die verminderte Blattgröße eine direkte Antwort auf die Überschwemmung, indem
neu produzierte Blätter in der aquatischen Phase kleiner als die neu produzierten in
der terrestrischen Phase waren. Die Daten dieser Untersuchung zeigen eine Periodi-
zität auf, die sich parallel zur Überschwemmungsperiodizität ändert, die jedoch vor
allem durch das Blattalter determiniert wird, und nur indirekt durch die Über-
schwemmung. Die Änderungen der spezifischen Blattmasse und der Blattgröße tra-
ten besonders in der aquatischen Phase auf, sodaß eine zeitliche Übereinstimmung
zwischen den Arten gefunden werden konnte. Die Ausmaße der Änderungen waren
jedoch sehr unterschiedlich bei den Arten, und die Blätter der Pionier- und Nicht-
pionierarten, sowie die Blätter der immergrünen und laubwerfenden Arten zeigten
keine einheitlichen Trends bezüglich der Reaktionen auf die wechselnden hydrischen
Bedingungen. Die Änderungen waren vielmehr durch das Blattalter bestimmt und
die Änderungen der Blattmasse und der Blattgröße können nicht als Anpassung an
die wechselnden hydrischen Bedingungen angesehen werden.

Introduction

In Amazonian floodplains trees are exposed to periods of flooding
which can last up to 230 days a year (JUNK 1989). The roots, stems, and
sometimes crowns of the trees are submerged for several months. Extended
periods of waterlogging and drought in the terrestrial period cause un-
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favourable conditions for tree growth for several months every year.
Flooding and drought affect growth and metabolic activity of trees because
root growth is impeded and the absorption of water and nutrients is in-
hibited (BLOM & VOESENEK 1996, GILL 1970, KOZLOWSKI 1984). Only adapted
species can tolerate these conditions, e.g. by a reduction of metabolic ac-
tivity, as was measured in the temperate flood-tolerant species Alnus ru-
bra, Fraxinus latifolia, Nyssa aquatica, Taxodium distichum or Quercus
lyrata (EWING 1996, PEZESHKI & al. 1996). Some species can maintain or
even increase growth and photosynthetic activity under flooding, as was
found for the tropical trees Hymenaea courbaril and Chorisia speciosa
(JOLY & CRAWFORD 1982). For some of the hundreds of tree species growing
in Amazonian floodplains, physiological, anatomical and morphological
adaptations were documented, e.g. the formation of adventitious roots,
lenticels, stem hypertrophy, and pressure ventilation (GRAFFMANN 2000,
SCHLÜTER & FURCH 1992, SCHLÜTER & al. 1993, WALDHOFF & al. 1998). In-
dependent of their growth strategies, whether pioneers or non-pioneers
(sensu SWAINE & WHITMORE 1988), evergreen or deciduous species, most
trees form annual increment rings indicating periodical growth reductions
(WORBES 1989). These may be linked to leaf phenology: leaf fall is increased
in the aquatic period (WITTMANN & PAROLIN 1999). Some species shed all
the leaves, others shed the submerged leaves, others keep their leaves also
if submerged. Respiration, photosynthetic assimilation, leaf chlorophyll
content and water potential are lower in waterlogged trees than in non-
flooded ones (FURCH 1984, PAROLIN 2000a, SCHLÜTER & FURCH 1992,
SCHLÜTER & al. 1993, SCHOLANDER & PEREZ 1968). All of these studies in-
dicate a periodicity imposed by the flooding periodicity. Yet, up to date
little is known about ecophysiological changes in the course of the year.
Since the assimilating organs are indicators for the vitality of a tree
(MEDINA 1984, WALTERS & REICH 1989), and leaf mass and size may change
depending on environmental conditions (RODERICK & al. 2000), it may be
expected that the trees of Amazonian floodplains reflect the adverse hydric
conditions by changes of leaf mass and size in the annual cycle, parallel to
the occurrence of waterlogging, submergence or drought. Specific leaf
mass expresses the amount of organic substance which is invested in the
construction of the leaf and the photosynthetic surface (MEDINA 1984). The
size of leaves is closely linked to photosynthetic activity, stomatal con-
ductance and leaf temperature and thus is of fundamental importance for
tree ecophysiology (REEKIE & WAYNE 1992). Leaf size variation may well be
an adaptation similar to leaf shedding, resulting from the necessity to re-
duce the transpirational surface in the unfavourable flooded season when
tree water status is reduced (BORCHERT 1994).

In the present study, specific leaf mass and leaf size (the size of single
leaves, or number and size of leaflets in compound leaves) were measured
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along the annual cycle in six tree species with different growth strategies,
all common in Amazonian floodplains. The aim was to analyse whether
there are seasonal changes in these parameters, how these changes occur in
trees with different growth strategies (pioneer / non-pioneer, evergreen /
deciduous), and if the changes are related to the periodicity of flooding.

Mater ia l s and Methods

Study Trees and Site
Six tree species were chosen, all common to värzea floodplains in Central

Amazonia and typical representatives of different growth strategies and flood toler-
ance (PRANCE 1979, WORBES & al. 1992): Cecropia latiloba MIQ. (Cecropiaceae, "Em-
baüba", evergreen pioneer), Senna reticulata (WILLD.) IRWIN & BARN. (Caesalpinia-
ceae, "Matapasto", evergreen pioneer), Nectandra amazonum NEES (Lauraceae,
"Louro", evergreen non-pioneer), Crateva benthami EICHL. in MART. (Capparidaceae,
"Catore", deciduous non-pioneer), Tabebuia barbata E. MEY. {Bignoniaceae, "Capi-
tarf", deciduous non-pioneer) and Vitex cymosa BENTH. (Verbenaceae, "Tarumä",
deciduous non-pioneer).

Only adult, healthy trees were chosen which were situated between 21 and 27 m
above sea-level (asl) and were subjected to a maximum water level of 7 m on the
stem, which corresponds to a period of inundation of eight (Cecropia latiloba and
Vitex cymosa), five (Crateva benthami and Tabebuia barbata) and four {Senna re-
ticulata and Nectandra amazonum) months. Five trees per species were marked
which were situated at the Costa do Cataläo (Barranco and Fazenda Lira) in the vi-
cinity of Manaus, Brazil, near the confluence of the Amazon (Solimöes) River with
the Negro River (approximately 3°S, 58°-60cW).

Climate and Hydrology
Rainfall is regularly distributed throughout the year, showing a marked dry-

season between June and September, and a rainy season from December to May.
Mean annual rainfall ranges from 1700 to 2300 mm, and mean monthly temperature
is between 26.3°C and 27.2°C. Variation of the river water level is markedly seasonal.
The rising phase is between late December and early July, while the draining period
lasts from the end of July to the end of November (Fig. 1). During the high water
period, most deciduous trees lose their leaves.

Measurements
The study was performed between April 1994 and June 1995. 15 intact non-floo-

ded sun-exposed leaves of each of five marked individuals per species were collected
at monthly intervals in the field. Only fully expanded leaves from the lower canopy
were chosen (MYERS & al. 1987), except for the months where only senescent or young
leaves were present on the trees: then these were collected and measured. The col-
lected leaves were transported in plastic bags on ice and in the dark to the Amazon
Research Institute in Manaus (INPA) where they were washed with water and dried
with a clean cloth before being measured. Leaf fresh weight was determined within
maximum five hours after collection. The leaves were dried to constant weight (36
hours) at 60°C and then weighed for the determination of leaf dry weight. The tem-
perature of 60°C was chosen because the same leaves were used for determinations of
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Fig. 1. Monthly water level above sea level (asl) of the Rio Negro measured at the port
of Manaus: mean water level in the years 1987 to 1995 (bars) with standard deviation,

and in the study period 1994/5 (line).

leaf nitrogen contents (PAROLIN & al. in press). Leaf water content was calculated by
the difference between leaf fresh and dry weight. Leaf area was determined with a
"leaf area meter" (AT Area Meter, Delta-T Devices). Specific leaf mass was calculated
by leaf dry weight (g) per leaf area (m2) (MEDINA 1983, HUANTE & al. 1992). Leaf age
was determined by continuous phenological recordings on the marked trees and some
leaves were marked individually after expansion to estimate their maximum age.
Mean monthly leaf age was calculated as the monthly average age after leaf flush.

Statistics
Statistical analyses of variance (ANOVA) were performed with the computer

programme 'SYSTAT', in order to test the significance of differences between terres-
trial and aquatic phases for the measured parameters (specific leaf mass, leaf area,
leaf water content, number of leaflets and leaflet size). The results were expressed as
F-ratio and statistical probability P at an alpha-level of 0.05. The differences be-
tween the mean values of the terrestrial and the aquatic phase were expressed in %:
the values of the terrestrial phase were set as 100 %, and the values of the aquatic
phase were calculated as percentage differing from this.

Results
Specific Leaf Mass

Specific leaf mass in the non-flooded period varied between 48.8 gm"2

for the pioneer Senna reticulata and 118.9 gm~2 for the evergreen non-
pioneer Nectandra amazonum (Table 1). In waterlogged months, specific
leaf mass in an average was 5-33 % higher in all species. Only Crateva
benthami had significantly lower specific leaf mass with waterlogging.
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Table 1
Specific leaf mass and leaf area of the six study species in the non-flooded and
waterlogged months: minimum and maximum measured values, average of the

measurements in the terrestrial phase, average of the measurements in the aquatic
phase, with standard deviations, difference between terrestrial (= 100 %) and aquatic
phase, F-ratio and statistical probability P (* p ^ 0.05;

n.s. not significant).
p ^ 0.01; *** p ^ 0.001;

Species

Cecropia latiloba
Senna reticulata
Nectandra amazonum
Crateva benthami
Tabebuia barbata
Vitex cymosa

Cecropia latiloban;
Senna reticulata
Nectandra amazonum
Crateva benthami
Tabebuia barbata
Vitex cymosa

Min - max
[gm-2]

43.8-112.7
25.3-86.7

95.0-163.9
38.2- 126.9
33.4-133.5
50.8-143.4

Min - max
[cm2]

605-2380
660-1588

12-101
49-531
89-670
88-663

Specific leaf mass

Terrestrial
phase
fern"2]

74.6 ± 16
48.8 ± 11

118.9 ± 14
94.3 ± 24
76.3 + 19
83.3 ± 19

Aquatic
phase
fern"2]

78.0 ± 17
64.8 + 12

140.1 ± 17
80.5 ± 28
96.5 ± 23

106.9 ± 20

Leaf area

Terrestrial
phase
[cm2]

1051.9 ± 113
805.4 + 218
42.0 ± 12

209.0 + 81
371.1 ± 105
262.1 ± 133

Aquatic
phase
[cm2]

1090.3 + 122
504.3 + 262
52.3 + 18

131.7 ± 47
278.9 ± 122
232.9 ± 93

Diffe-
rence

[%]

4.6
32.7
17.7

-14.6
26.4
28.4

Diffe-
rence

[%]

3.7
-37.0
24.6

-37.4
-24.9

11.1

F-ratio

0.81
54.54
54.26
8.11

16.14
32.51

F-ratio

0.39
13.69
17.64
31.49
16.16
1.89

P

n.s.
***
* **
**

***
***

P

n.s.
***
***
*#*
***

n.s.

The new leaves - which were mainly produced in the aquatic period -
had higher specific leaf mass than older leaves. In Cecropia latiloba, Cra-
teva benthami, Tabebuia barbata and Vitex cymosa there was a constant
increase of specific leaf mass in the first months after leaf expansion
(Fig. 2).

Leaf Water Content
Leaf water content varied between 49 and 74 %. The evergreen pio-

neer species had the highest water contents, and the evergreen non-pioneer
Nectandra amazonum the lowest (Table 2). In the flooded period, leaf
water content was lower in all species. While differences were neglectable
in Cecropia latiloba and Nectandra amazonum, where leaf water content
was rather constant throughout the year, it changed significantly in the
deciduous species and in the pioneer Senna reticulata. In all species, the
new leaves had higher water contents than the adult and senescent leaves
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Fig. 2. Specific leaf mass in the annual cycle for the six species chosen. Mean monthly
specific leaf mass with standard deviation between April 1994 and June 1995. Sam-
ple size per species and month (n) = 75. Months in box = aquatic phase. Arrow = flush

of new leaves.

in the subsequent months. Since new leaves were flushed in the high water
period, the absolute highest water contents were measured in the aquatic
period, but overall means were lower in the flooded period.

Leaf Size
The size of single leaves varied between 12 cm2 for Nectandra ama-

zonum and more than 2380 cm2 for Cecropia latiloba (Table 1). Three spe-
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Table 2
Leaf water content of the six study species in the non-flooded and waterlogged

months: minimum and maximum measured values, average of the measurements in
the terrestrial phase, average of the measurements in the aquatic phase, with

standard deviations, difference between terrestrial (= 100 %) and aquatic phase,
F-ratio and statistical probability P (* p ^ 0.05; ** p ^ 0.01; *** p 2s 0.001; n.s. not

significant).

Species

C. latiloba
S. reticulata
N. amazonum
C. benthami
T. barbata
V. cymosa

Min - max
[g m~2]

55.2-83.3
57.0-84.4
30.9-59.0
49.4-81.4
30.3-80.8
44.8-90.8

Terrestrial
phase

[g m"2]

73.6 ± 5
71.0 ± 5
48.6 + 4
67.6 ± 5
62.7 + 5
62.7 ± 9

Aquatic
phase
[g m"2]

71.8 + 5
64.5 ± 4
48.5 ± 4
61.5 + 6
54.7 ± 11
55.0 ± 7

Difference
[%]

-2.6
-9.2
-0.2
-9.1

-12.8
-12.3

F-ratio

3.69
49.89

0.03
31.02
20.21
28.58

P

n.s.
***

n.s.
*##
***
**#

cies, the pioneer Senna reticulata and two deciduous non-pioneers (Cra-
teva benthami, Tabebuia barbata), had highly significant reductions of leaf
area (25-37 %) in the aquatic period, compared to the terrestrial period
(Table 1). The other three species had increased leaf areas in the aquatic
period, but only in Nectandra amazonum these differences were significant
(+25 %).

In the annual cycle, Cecropia latiloba and Nectandra amazonum pro-
duced leaves with a more or less constant size, compared to the other spe-
cies (Fig. 3). The new leaves of Senna reticulata, Crateva benthami and
Tabebuia barbata increased their mean size for 3-4 months, and Vitex
cymosa had a constant decrease of leaf size after the expansion of new
leaves.

Number and Size of Leaflets
In the four species with compound leaves, the mean number of leaflets

was lower in the aquatic period compared to the terrestrial period
(Table 3). Mean leaflet size was 10-27 % lower in the aquatic period in all
species (Table 3).

Senna reticulata had a maximum of 30 leaflets per leaf. This number
sank to a minimum of 6 in leaves formed in the aquatic period, mostly be-
cause less leaflets were produced, but also because leaflets were lost with
senescence and herbivory (Fig. 4). In Crateva benthami, Tabebuia barbata
and Vitex cymosa, leaflet number was more constant, and changes were
mostly due to the loss of leaflets with leaf senescence, and not because of
the production of leaves with fewer leaflets.
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Fig. 3. Leaf area in the annual cycle in the six chosen species. Mean monthly leaf area
with standard deviation between April 1994 and June 1995. Sample size per species

and month (n) = 75. Months in box = aquatic phase. Arrow = flush of new leaves.

Discussion

Leaf specific mass and size, and their changes in the annual cycle, did
not reflect the extreme environmental conditions to which trees in Ama-
zonian floodplains are subjected. The hydric conditions in the floodplains
are unfavourable for growth for several months every year, as indicated by
regular growth reductions in the wood (WORBES 1989). Changes of leaf
mass and size did occur in the annual cycle, average specific leaf mass was
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Table 3
Number and size of leaflets of the four study species with compound leaves in the
non-flooded and waterlogged months: minimum and maximum measured values,

average of the measurements in the terrestrial phase, average of the measurements in
the aquatic phase, with standard deviations, difference between terrestrial (= 100 %)

and aquatic phase, for leaflet number: F-ratio and statistical probability P
(* p ^ 0.05; ** p 2* 0.01; *** p Js 0.001; n.s. not significant). Sample size (n) = 75.

Species

Senna reticulata
Crateva benthami
Tabebuia barbata
Vitex cymosa

Senna reticulata
Crateva benthami
Tabebuia barbata
Vitex cymosa

Min - max

6-30
1 - 3
3 - 7
3 - 7

Number of leaflets
Terrestrial

phase

21.1 + 5.1
2.9 ± 0.5
5.0 ± 0.5
5.0 + 0.5

Terrestrial
phase [cm2]

38.2
72.1
74.1
52.4

Aquatic
phase

17.0 + 6.7
2.5 ± 0.6
4.5 + 0.7
4.9 ± 0.8

Leaflet size
Aquatic

phase [cm2]

29.7
52.7
62.0
47.5

Difference
[%]

-19.5
-11.7
-9.5
-1.3

Difference
[%]

-22.3
-26.9
-16.5
-9.3

F-ratio

16.74
25.76
13.15
0.22

F-ratio

20.3
35.5
19.9
2.1

P

***
***
***

n.s.

P

***

** *
***

n.s.

higher in the waterlogged months in all except one species (Crateva ben-
thami) although intraspecific variability was considerable as shown by the
min-max values in Tables 1 and 2.

A relationship between the leaf parameters and the periodicity of
flooding was not found in the study species, and the measured variations
in leaf mass and size are not understood as adaptations. Leaf size has
evolved to regulate leaf temperature, keeping it near an optimum for pho-
tosynthesis when the leaf is active and preventing thermal damage or
death when the leaf is under stress (GIVNTSH & VERMELJ 1976). The reduc-
tion of the transpirational surface, i.e. leaf size, in periods of unfavourable
hydric conditions could be an adaptation to the reduced tree water status
induced by flooding (BORCHERT 1994). It enables the plant to maintain high
photosynthetic activity despite prolongued waterlogging. Only in Senna
reticulata the reductions of 37 % were a direct response to water stress: in
the waterlogged months, the newly produced leaves and leaflets were
smaller than those produced in the terrestrial period. Evidence for a reac-
tion to waterlogging with the production of smaller leaves was given in an
experiment with seedlings of Senna reticulata (Fig. 5, PAROLIN 2001). Since
this species constantly produces new leaves, the production of smaller
leaves under unfavourable conditions can be seen as adaptation against
waterlogging. In the other five species, leaf production was not as fast as in
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Fig. 4. Number of leaflets in the annual cycle in the chosen species with compound
leaves. Mean monthly number of leaflets with standard deviation between April 1994
and June 1995. Sample size per species and month (n) = 75. Months in box = aquatic

phase. Arrow = flush of new leaves.

Senna reticulata, and the newly produced leaves were not smaller. On the
contrary, in Nectandra amazonum, and to a lesser extent in Cecropia lati-
loba and Vitex cymosa, in the flooded period a higher average leaf area was
measured. This can be typical for highly flood tolerant species which have
other physiological, morphological and anatomical adaptations to water-
logging than the regulation of leaf size (ANGELOV & al. 1996). A reduction
of mean size of the single leaves in Crateva benthami and Tabebuia barbata
was also related to leaf senescence and a consequent loss of leaflets. In-
creased herbivory played a role as well: many leaves were partially de-
stroyed by caterpillars.

Leaf Age
Leaf age appears to play a major role for changes of leaf character-

istics in the annual cycle. Leaf lifespan varies between the species, ranging
from few months in Senna reticulata to probably two years in Nectandra
amazonum. The other four species have leaf lifespans of about one year.
Thus, leaves produced in the flooded period are present also in the terres-
trial period in all species but Senna reticulata. In 23 Amazonian terra-
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Fig. 5. Leaves of Senna reticulata after a flooding experiment (PAROLIN 2001): left leaf
from well watered seedlings, right leaf from waterlogged seedlings (treatment lasting
12 weeks). The seedling age was the same in both treatments. Maximum width in the

left leaf 26 cm.

firme tree species, leaf structural and functional characteristics like spe-
cific leaf area were highly correlated with leaf lifespan (REICH & al. 1991).
Specific leaf area (cm2g"1) - the inverse of specific leaf mass - decreased
with increasing leaf age in more than 100 species in distinct tropical and
temperate biomes (MEDINA 1984, REICH & al. 1999). In the studied species,
new leaves were flushed only towards the end of the flooded period, and
leaf senescence occurred almost exclusively in the waterlogged months.
Therefore average leaf age was higher in the aquatic than in the terrestrial
period, and might be responsible for higher average specific leaf mass. It
was especially high in the months prior to leaf shedding, although statis-
tical evidence for the relationship between leaf specific mass and leaf age
was found only in Vitex cymosa (Table 4). The same was due concerning
leaf water content, which in new leaves was higher than in adult and
senescent leaves.

Growth Strategies
Although leaves of pioneer and non-pioneer species (BAZZAZ 1991,

RAAIMAKERS & al. 1995), and leaves of deciduous and evergreen species
(MERINO & al. 1982, SOBRADO 1991, 1998) differ in a number of potentially
important properties like drought stress tolerance, a uniform trend of leaf
mass and size could not be detected in the study species. Four of the six
study species have compound leaves, which are adaptive in warm, season-
ally arid situations that favour the deciduous habit - as in Crateva ben-
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Table 4
Influence of waterlogging and leaf age on specific leaf mass of the six study species:

F-ratio of the analysis of covariance considering leaf age as covariable, with
statistical probability P (* p ^ 0.05; ** p ^ 0.01; *** p ^ 0.001; n.s. not significant),

and significance of the differences between terrestrial and aquatic phase without
considering leaf age.

Species

Cecropia latiloba
Senna reticulata
Nectandra amazonum
Crateva benthami
Tabebuia barbata
Vitex cymosa

WaterlogginLg

with covariable leaf age

F-ratio

• 2.74

16.75
5.05

27.04
294.56

1.14

p

n.s.
***

*
**#
***

n.s.

Waterlogging

P

n.s.
***
***
**

«**

***

thami, Tabebuia barbata and Vitex cymosa - and in light gap and early
successional vegetation - as in Senna reticulata - where rapid upward
growth and competition for light favor the cheap throwaway branch
(GIVNISH 1978).

Leaf Types
The strong hydric changes in the annual cycle, with water deficit

linked to submergence and drought, and additional high light intensity,
did not cause a uniformity of leaf types, and of changes of their mass and
size, as is the case in other extreme environments. A high diversity of leaf
forms and sizes can be found among the study species, but also among
other trees in the floodplains (pers. obs.). The finding of relatively low
diversity of leaf types in tropical lowland rain forests of South America
with entire margins, hard consistency, and mesophyll size (MEDINA & al.
1990) cannot be applied to the trees here. The typical mesophyll leaf size of
approximately 20-180 cm2 which are dominant in the rain forest (MEDINA

1983) are exceeded by far in five study species (all except Nectandra ama-
zonum). Since leaf area is controlled by the availability of water and nu-
trients (RODERICK & al. 2000), perhaps the different leaf sizes found here
indicate different tolerance to flooding among the study species. Plants are
subjected to periods of water deficit, high light intensity and nitrogen de-
ficiency in the floodplains, but they did not adapt with a rather uniform
leaf form. In areas with mediterranean climate, or in the Amazonian 'bana'
vegetation with poor soils, the vegetation has typical sclerophyllous leaves
which are characterized by high specific leaf mass and high toughness,
reduced leaf size, a thick cuticle and outer epidermal walls, and abundant
sclerification (LOVELESS 1961, KUMMEROW 1973, SOBRADO & MEDINA 1980,
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MEDINA & al. 1990, TURNER 1994). Leaf hardness is of value in relation to
water relations chiefly by preventing collapse of the air spaces during de-
siccation and maintaining cuticular integrity (GRUBB 1986). The lower os-
motic potentials at turgor loss point and higher turgor pressure of leaves
with high specific leaf mass can be considered as adaptation to water def-
icits and indicator for drought tolerance (CAVELIER & GOLDSTEIN 1989).
Only Nectandra amazonum had long-lived leaves with a sclerophyllous
character. This species tolerates submergence without leaf shedding, in
contrast to the other study species which lose their leaves under water and
may have other adaptations to flooding and drought, e.g. leaf shedding, or
the production of adventitious roots and lenticels (PAROLIN 2001). Detailed
anatomical analyses of the leaves, the abundance of sclerenchyma, thick-
ness of outer epidermal cell walls and cuticles, and leaf thickness are ne-
cessary to understand the adaptations to the environment (TURNER 1994,
MEDINA & al. 1990). The only available anatomic descriptions of leaves
from Amazonian floodplains indicate that the leaves of several species are
hygromorphic with a big epidermic layer, thick cuticles and/or epicuti-
cular waxes (WALDHOFF & FURCH 1998).

From an ecological viewpoint, greater leaf mass per area for 52 Euro-
pean woody species is interpreted by CASTRO-DIEZ & al. 2000 as greater
allocation to support and defence functions, as shown predominantly by
species from resource-poor environments. These findings should be tested
for Amazonian floodplain species in a comparison between species from
the nutrient-rich Whitewater floodplains and the nutrient-poor black-
water floodplains, which have distinct floristics and ecological features,
such as wood density and increments, seed mass, or seedling growth pat-
terns (PRANCE 1979, PAROLIN & al. 1998, PAROLIN 2000 b, PAROLIN 2001).

Conclusions

The data of this study indicate a periodicity in several leaf traits which
changes with leaf phenology and consequently leaf age. The phenological
behaviour is linked to the flooding periodicity (WITTMANN & PAROLIN 1999),
and therefore leaf characteristics are indirectly linked to the changing
hydric conditions. The timing of the changes of specific leaf mass and
leaf size was similar between species and was concentrated in the aqua-
tic period, but the degree of changes differed among the species, and
apparently they were closely linked to leaf age and can not be considered
as adaptive to the changing hydric conditions.

Acknowledgements

I wish to thank the Instituto Nacional de Pesquisas da Amazonia (INPA) for
assistance. The field work in the värzea sites was made possible by financial support
from the INPA/Max-Planck Project.

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



183

References

ANGELOV M. N., SUNG S. S., DOONG R. L., HARMS W. R., KORMANIK P. P. & BLACK C. C.

1996. Long- and short-term flooding effects on survival and sink-source re-
lationships of swamp-adapted tree species. - Tree Physiology 16: 477-484.

BAZZAZ F. A. 1991. Regeneration of tropical forests: physiological responses of pio-
neer and secondary species. - In: GOMEZ-POMPA A., WHITMORE T. C. & HADLEY

M. (eds.). 'Rain forest regeneration and management.' pp. 91-118. - The Par-
thenon Publishing Group, Oxford.

BLOM C. W. P. M. & VOESENEK L. A. C. J. 1996. Flooding: the survival strategies of
plants. - Tree 11 (7): 290-295.

BORCHERT R. 1994. Soil and stem water storage determine phenology and distribution
of tropical dry forest trees. - Ecology 75: 1437-1449.

CASTRO-DIEZ P., PUYRAVAUD J. P. & CORNELISSEN J. H. C. 2000. Leaf structure and

anatomy as related to leaf mass per area variation in seedlings of a wide range
of woody plant species and types. - Oecologia 124 (4): 476-486.

CAVELIER J. & GOLDSTEIN G. 1989. Leaf anatomy and water relations in tropical elfin
cloud forest tree species. - In: KREEB K. H., RICHTER H. & HINCKLEY T. M.
(Eds.). Structural and functional responses to environmental stresses: water
shortage, pp. 243-253. - XIV International Botanical Congress, Berlin (West),
Germany, 24 July to 1 August 1987.

EWING K. 1996. Tolerance of four wetland plant species to flooding and sediment de-
position. - Environm. experim. Botany 36 (2): 131-146.

FURCH B. 1984. Untersuchungen zur Überschwemmungstoleranz von Bäumen der
Värzea und des Igapö. Blattpigmente. - Biogeographica 19: 77-83.

GILL C. J. 1970. The flooding tolerance of woody species - a review. - Forestry Ab-
stracts 31 (4): 671-688.

GIVNISH T. J. 1978. On the adaptive significance of compound leaves, with particular
reference to tropical trees. - In: TOMLINSON P. B. & ZIMMERMANN M. H. (Eds.),
Tropical trees as living systems, pp. 351-380. - Cambridge University Press.

— & VERMEIJ G. 1976. Sizes and shapes of liane leaves. - Am. Nat. 110: 743-778.

GRAFFMANN K. C. 2000. Die Bedeutung der Druckventilation für die Sauerstoff-
versorgung des Wurzelsystems bei Bäumen der amazonischen Überschwem-
mungswälder. 91 pp. - Unpublished PhD Thesis, University Köln.

GRUBB P. J. 1986. Sclerophylls, pachyphylls and pycnophylls: the nature and sig-
nificance of hard leaf surfacecs. - In: JUNIPER B. & SOUTHWOOD T. R. E. (Eds.),
Insects and plant surfaces, pp. 137-150. - Edward Arnold, London.

HUANTE P., RINCON E. & GAVITO M. 1992. Root system analysis of seedlings of seven
tree species from a tropical dry forest in Mexico. - Trees 6: 77-82.

JOLY C. A. & CRAWFORD R. M. M. 1982. Variation in tolerance and metabolic responses
to flooding in some tropical trees. - J. exp. Bot. 33 (135): 799-809.

JUNK W J. 1989. Flood tolerance and tree distribution in Central Amazonian flood-
plains. - In: NIELSEN L. B., NIELSEN I. C. & BALSLEV H. (Eds.), Tropical forests:
Botanical dynamics, speciation and diversity, pp. 47-64. - Academic Press,
London.

KOZLOWSKI T. T. 1984. Responses of woody plants to flooding. Flooding and plant
growth, pp. 129-163. - Academic Press Inc., London, New York, San Diego.

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



KUMMEROW J. 1973. Comparative anatomy of sclerophylls of Mediterranean climatic
areas. - In: Di CASTRI F. & MOONEY H. A. (Eds.), Mediterranean type ecosystems
- origin and structure. - In: Ecological Studies 7: 157-167. - Springer, Berlin,
Heidelberg, New York.

LOVELESS A. R. 1961. A nutritional interpretation of sclerophylly based on differences
in the chemical composition of sclerophyllous and mesophytic leaves. - Ann.
Bot. 25: 168-184.

MEDINA E. 1983. Adaptations of tropical trees to moisture stress. - In: GOLLEY E B.
(Ed.), Ecosystems of the world: Tropical rain forest ecosystems, pp. 225-237. -
Elsevier Scientific Publ. Comp.

— 1984. Nutrient balance and physiological processes at the leaf level. - In:
MEDINA E., MOONEY H. A. & VAZQUES-YANES C. (Eds.), Physiological ecology of
plants of the wet tropics, pp. 134-154. - Junk Publ. Kluwer, Boston.

— , GARCIA V. & CUEVAS E. 1990. Sclerophylly and oligotrophic environment.
Relationships between leaf structure, mineral nutrient content and drought
resistance in tropical rain forest of the upper Rio Negro regions. - Biotropica
22 (1): 51-64.

MERINO J., FIELD C. & MOONEY H. A. 1982. Construction and maintenance costs of
Mediterranean-climate evergreen and deciduous leaves. I. Growth and CO2

exchange analysis. - Oecologia 53: 208-213.
MYERS B. J., ROBICHAUX R. H., UNWIN G. L. & CRAIG I. E. 1987. Leaf water relations

and anatomy of a tropical rainforest tree species vary with crown position. -
Oecologia 74: 81-85.

PAROLIN P. 2000a. Phenology and CO2-assimilation of trees in Central Amazonian
floodplains. - J. trop. Ecol. 16 (3): 465-473.

— 2000b. Seed mass in Amazonian floodplain forests with contrasting nutrient
supplies. - J. trop. Ecol. 16: 417-428.

— 2001. Seed germination and early establishment in 12 tree species from nu-
trient-rich and nutrient-poor Central Amazonian floodplains. - Aqu. Bot. 70:
89-103.

— , ARMBRÜSTER N. & JUNK W. J. in press. Seasonal changes of leaf nitrogen
content in trees of Amazonian floodplains. - Acta amazonica.

— , FERREIRA L. V. & JUNK W. J. 1998. Central Amazonian floodplains: effect of
two water types on the wood density of trees. - Verh. internat. Verein. Limnol.
26 (3): 1106-1112.

PEZESHKI S. R., PARDUE J. H. & DELAUNE R. D. 1996. Leaf gas exchange and growth of
flood-tolerant and flood-sensitive tree species under low soil redox conditions.
- Tree Physiology 16: 453-458.

PRANCE G. T. 1979. Notes on the vegetation of Amazonia. III. Terminology of Amazo-
nian forest types subjected to inundation. - Brittonia 31 (1): 26-38.

RAAIMAKERS D., BOOT R. G. A., DIJKSTRA P., POT S. & PONS T. 1995. Photosynthetic

rates in relation to leaf phosphorus content in pioneer versus climax tropical
rainforest trees. - Oecologia 102: 120-125.

REEKIE E. G. & WAYNE P. 1992. Leaf canopy display, stomatal conductance, and pho-
tosynthesis in seedlings of three tropical pioneer species subjected to drought.
- Canad. J. Bot. 70 (12): 2334-2338.

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



185

REICH P. B., ELLSWORTH D. S., WALTERS M. B., VOSE J. M., GRESHAM C, VOLIN J. C. &

BOWMAN W. D. 1999. Generality of leaf trait relationships: a test across six
biomes. - Ecology 80: 1955-1969.

— , UHL C, WALTERS M. B. & ELLSWORTH D. S. 1991. Leaf lifespan as a determi-
nant of leaf structure and function among 23 Amazonian tree species. - Oeco-
logia 86: 16-24.

RODERICK M. L., BERRY S. L. & NOBLE I. R. 2000. A framework for understanding the
relationship between environment and vegetation based on the surface area to
volume ratio of leaves. - Functional Ecology 14: 423-437.

SCHLÜTER U.-B., FURCH B. & JOLY C. A. 1993. Physiological and anatomical adapta-
tions by young Astrocaryum jauari MART. (Arecaceae) in periodically in-
undated biotopes of Central Amazonia. - Biotropica 25 (4): 384-396.

— & FURCH B. 1992. Morphologische, anatomische und physiologische Untersu-
chungen zur Überflutungstoleranz des Baumes Macrolobium acaciaefolium,
charakteristisch für die Weiß- und Schwarzwasserüberschwemmungswälder
bei Manaus, Amazonas. - Amazoniana 7 (1): 51-69.

SCHOLANDER P. F. & PEREZ M. O. 1968. Sap tension in flooded trees and bushes of the
Amazon. - Plant Physiol. 43: 1870-1873.

SOBRADO M. A. 1991. Cost-benefit relationships in deciduous and evergreen leaves of
tropical dry forest species. - Functional Ecology 5: 608-616.

— 1998. Hydraulic conductance and water potential differences inside leaves
of tropical evergreen and deciduous species. - Biologia Plantarum 40 (4):
633-637.

— & MEDINA E. 1980. General morphology, anatomical structure and nutrient
content of sclerophyllous leaves of the „Bana" vegetation of Amazonas. -
Oecologia 45: 341-345.

SWAINE M. D. & WHITMORE T. C. 1988. On the definition of ecological species groups in
tropical rain forests. - Vegetatio 75: 81-86.

TURNER I. M. 1994. Sclerophylly: primarily protective? - Functional Ecology 8:
669-675.

WALDHOFF D. & FURCH B. 1998. Effect of waterlogging and flooding on some abun-
dant tree species of Central Amazonia examined under defined conditions in
climatic chambers. - Verh. internat. Verein. Limnol. 26: 1886-1887.

— , JUNK W. J. & FURCH B. 1998. Responses of three Central Amazonian tree
species to drought and flooding under controlled conditions. - Intern. J. Ecol.
Environm. 24: 237-252.

WALTERS M. B. & REICH P. B. 1989. Response of Ulmus americana seedlings to varying
nitrogen and water status. 1. Photosynthesis and growth. - Tree Physiology 5:
159-172.

WITTMANN F. & PAROLIN P. 1999. Phenology of six tree species from Central Amazo-
nian värzea. - Ecotropica 5: 51-57.

WORBES M. 1989. Growth rings, increment and age of trees in inundation forests, sa-
vannas and a mountain forest in the neotropics. - IAWA [int. Assoc. Wood
Anatomists] Bulletin n.s. (Leiden) 10 (2): 109-122.

— , KLINGE H., REVILLA J. D. & MARTIUS C. 1992. On the dynamics, floristic sub-
division and geographical distribution of Värzea forests in Central Amazonia.
- J. Vegetation Sei. 3: 553-564.

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Phyton, Annales Rei Botanicae, Horn

Jahr/Year: 2002

Band/Volume: 42_1

Autor(en)/Author(s): Parolin Pia

Artikel/Article: Seasonal Changes of Specific Leaf Mass and Leaf Size in
Trees of Amazonian Floodplains. 169-185

https://www.zobodat.at/publikation_series.php?id=6793
https://www.zobodat.at/publikation_volumes.php?id=30255
https://www.zobodat.at/publikation_articles.php?id=114084



