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Restemo. O objetivo deste estudo foi esclarecer se amostragens estocdsticas ou heterogeneidade ambiental em pequena escala
poderiam explicar a ocorréncia de manchas de plantulas no manguezal de Braganca, norte do Brasil. OQutro objetivo foi
comparar diferengas significantes encontradas entre manchas de plantulas das trés espécics de mangue ocorrentes na drea
estudada (Rhizophora mangle, Avicennia germinans e Laguncularia racemosa) com outros re-sultados encontrados na lireratura,
Foram analisados vérios parametros eddficos (salinidade, pH, concentragdo de nutrientes, contetido de dgua, erc.), além da
Juminosidade em dreas com plintulas e dreas controle (sem plantulas). A partir dos 50c¢m, o solo da peninsula de Braganga
consiste de uma fina camada de argila ¢ em muitas alocages, o solo apresenta uma séric de propriedades estressantes para
a planta. Algumas vezes apresenta também depdsitos de areia em pequena escala, na maioria das dreas com plantulas. Como
resultado, as condigoes do solo em dreas com plintulas diferem em alguns aspectos importantes como argila e volume dos
poros entre as dreas controle. Outro fator importante para o crescimento da planta (salinidade da 4gua intersticial, pH e
nutrientes) foram medidas em ambas as 4reas. Estas sdo caracreristi-cas bdsicas que permirem o estabelecimento das plantas
de mangue nas #reas estudadas. A influéncia de condiges fisicas do solo, requeridas pelas plantas sio também discuridas
neste artigo.

Abstract. The aim of this study was to find out whether simple stochastics or small-scale heterogeneity of environmental
conditions could explain the patchy occurrence of mangrove seedling stands in the northern Brazilian tidal forest of Braganga.
Another aspect of interest was whether significant differences between seedling locations of the three mangrove species
occurring in the area studied (Rhbizophora mangle, Avicennia germinans, and Laguncularia racemosa) were detectable, and
to what extent such differences correspond to other results known from the research literature. Various edaphic parameters
(salinity, pH-value, nutrient concentrations, water content, etc.) as well as shading were examined at the seedling locations
and ar contro! sites without seedlings. Since the upper 50 cm of the soil on the Braganga peninsula consists of a fine clay
layer, the soil at many of the locations displays a number of properties that are stressful to plants. However, there are also
small-scale sand deposits at most of the seedling stands. As a result, soil conditions ar the seedling stands differed in some
decisive aspects, such as clay fraction and pore volume, from those at the control sites. Other factors important for plant
growth (e.g., pore water salinity, pH, nutrients) were roughly within the same range at both location types. These characteristics
basically permitted mangrove establishment at both the seedling and control locations under investigation. The influence
of these physical soil conditions on seedling requirements is discussed in the present paper. Accepted 3 November 1999.

Key words: Mangroves, seedlings, Rhizophora mangle, Avicennia germinans, Laguncularia racemosa, environmental factors,
northern Brazil.

INTRODUCTION forest zonation. This usually engenders the question

The analysis of seedling establishment is an essencial ~ 3 1© why scedlings of differenc species grow in distince

step towards an understanding of distribution parterns ~ zones. Hence several factors which are postulated as
in mangrove forests. Field studies related to this topic ~ causes for mangrove zonation have been well inves-
frequently address the underlying causes of mangrove  tigated, e.g. the influence of seed predators (Smith
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1987, Smith ¢t al. 1989, Clatke & Myerscough
1993), or the influence of physicochemical factors on
seedling establishment (e.g., Thomas & Smich 1987,
Clarke & Myerscough 1993, Ellison & Farnsworth

1993, McKee 1995a). [n conurast, the causes of the

pacchy occurrence of mangrove seedlings in mixed

forests has rarely been investigated (but see Clarke &

Allaway 1993).

Our work addresses this topic and asks why no
mangrove seedlings at all grow in certain locations,
even though the latter may seem favorable for seed-
ling establishment. To answer that question a com-
parison of abjoric and biotic factors at locations with
and withour seedlings was performed. In order to
investigate locations without seedlings, an experi-
mental strategy was chosen that had not been used
frequently hitherto. As mentioned above, a simple
reason for this might be thar most investigations on
seedling establishment have been carried out in zoned
mangrove forests, where a differentiation berween
locations with and withourt seedlings is not a relevant
issue. The following questions were addressed:

(1) Are differences in environmenral facrors de-
tecrable berween locations with and withour seed-
lings that would explain the occurrence or ab-
sence of seedling recruitment at these sites?

(2) Are there significant differences in environmental
factors derecrable between seedling patches of the
mangrove species studied, and do they provide
information about varying ecological require-
ments of the seedlings in the mixed forese?

STUDY AREA

The research area is part of a mangrove-dominated
peninsula adjacent to the Caerté river estuary, near the
north Brazilian municipality of Bragan¢a (State of
Pard). The area is located on the Atlantic coast, south
of the Amazon delta, in the coastal section berween
Belém and Sao Luis (Fig. 1). The coordinates are
46°32°10”W to 46°557107W and 00°4320”S ro
01°04°20"S. Geologically, the soils in the region re-
sult from the formation of the “Barreiras” (barrier),
consisting of Tertiary marine sediment deposits ori-
ginating from the crystal line rock of the inner Bra-
zilian highlands (Grabert 1991). These are covered
with a non-homogeneous clay layer, interrupred by
small-scale sand deposits (Souza Filho & El-Robrini
1997).

The region has a tropical climate, with two dis-
tincr seasons. The wert season, which lascs from De-
cember to May, and the dry season, extending from
June to November. The mean temperature varies be-
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tween 25.1°C (July) and 26.6°C (November). The
amplitude berween the maximum and minimum
temperatures measured amounts to 14.9°C (Depar-
ramento Nacional de Meterologia 1992). In the dry
season the duration of sunshine is about 247.5 hrs/
month, and in che wert season about 99.8 hrs/month.

Relarive humidity is high, averaging between 77%
(in October, November) and 91% (April, May). The
region is among the wettest in Brazil. The mean
annual total rainfall is 2545 mm, with mean annual
evaporranspiration of abour 813 mm. Since the dif-
ference in precipitation between the wer and dry
season is very distinct (there is almost no rain at all
in the dry season), the salinity of the rivers and creeks
of the Caerté estuary is subject to seasonal variations.
[n June, an average salinity of 16%o was measured,
whereas in December salinities as high as 38%o ave
common (Cohen et al. 1998).

According to criteria provided by Lugo & Sned-
aker (1974), the area under investigation can be des-
cribed as a basin mangrove forest. Apart from a few
small crecks and channels affecred by the daily tides,
the major part of the area is flooded ar spring tides
only. Consequently, the soils dry out in the dry season,
and cracks occur in places exposed to the sun. Dur-
ing the wet secason, by contrast, the soils become very
soft, and a mud layer up to 1 m in depth can form.

The forest studied is a mixed stand withour dis-
tinct zones of the three species present: Rhizophora
mangle, Avicennia germinans, and Laguncularia race-
mosa. The mean heighr of the trees was 12.6 m (Me-
nezes 1998), the rallest tree registered was an A. ger-
minans measuring 34.5 m (Thillen 1997).

Although R. mangle occurs in the area with the
highest relacive density (83%), A. germinans shows the
highest relative dominance (67%) (Thiillen 1997).
The stand structures of the chree species also differ
from one another. Whereas the R. mangle and L. race-
mosa populations are characterised by logarithmic
population curves, the size classes of A. germinans are
more or less equally distributed, with virtually no
recruirment.

The few seedling stands which existed in the study
occurred in clustered form, (predominantly) in spe-
cies-specific patches.

MATERIAL AND METHODS

Field research was undertaken between the end of
August and the end of December 1996. [n the eastern
Amazon this period represents the peak of the dry
season and causes severe stress for the seedlings.
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FIG.1. Location of the study area. Satellite image (16.8.1988; bands 3,4,5; courtesy of CPRM Servigo Geologico
do Brasil Superintendéncia Regional de Belém; on a scale of 1:100.000).
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[t was inidially intended to regard all unbranched
plants as seedlings. However this idea was revised
because preliminary investigations had shown that
A. germinans and L. raceinosa seedlings occasionally
branch very early due to the high feeding activity of
crabs on their tips; in many cases branched plants
were only about 5 cm tall. Thus it was decided to take
45 cm, the size where R. mangle seedlings started o
branch naturally, as the maximum seedling size. In
order to get an idea of the approximate age of the
seedlings (see, e.g., Duke & Pinzon 1992) the number
of leaf nodes of each seedling was counted.

Seedlings appeared in small, isolated patches. For
cach of the three species, six patches with high seed-
ling densities were examined. These patches were
selected according to the criterion that a minimum
of 20 seedlings of the respective species were visible
from a given position. Accordingly, the sizes of the
selected plots ranged from 0.5 m? to 36 m?, depend-
ing on the specific density of the seedlings. Five of the
18 seedling sites were located at the forest margin or
in smaller gaps, nine of them on the banks of larger
drainage channels, their levees or nearby. The rest of
the seedling sites were situated in the inner forest. As
control sites, 18 locations withour seedlings were
randomly chosen within a transect defined perpen-

M Meteorological station

~
~

Drainage channel
0 Bridge

Transect for structure analysis

dicularly from the river “Furo do Meio” (Fig. 2).
These were situated in the inner forest, eight of them
on or in small drainage channels.

The general characreristics (e.g., flooding fre-
quency, surrounding vegetation) of all locations in-
vestigated are listed in Table 1. Most of the seedling
locations were flooded during spring tides only. Once
flooded, the seedlings were covered completely for up
to 3 hours. The exact height and duration of the flood
was not measured at the different sites.

At all of the 36 sites the percentage shadow cover
was estimated at noon using an area 2 m x 2 m in
size marked in cthe middle of each location. This
reference area was subdivided into quadrants. For each
of these quadrants, the percentage shadow cover was
estimated while the sun was at its zenith (berween
11.30 h and 12.30 h). According to light measure-
ments by Schories & Mehlig (pers. comm.), the irra-
diation was maximal during this period. The estima-
tions were made only when the sun was not covered.

In order to characterize the locations, soil cores
were taken with a sediment sampler (Hydro-Bios,
Kiel). Black- and -whire phorographs were taken of
the cores while still in the (oransparent) sediment
sampler and referenced to a dipstick. When the water
level had stabilized, salinity (instrument cype WTW

Sampling locations
g Avicennia germinans seedlings
@ Rhizophora mangle seedlings
A taguncularia racemosa seedlings
@ Control locations

FIG.2. Seedling locations and control sites ac the “Furo do Meio”.
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TABLE 1. Descriptions of the seedling locations and the locations withour seedlings used for control purposes.

Location

Description

Laguncularia }
Laguncularia 2
Laguncularia 3

Laguncularia 4

Laguncularia 5

Laguncularia 6
Rhizophora 1

Rhizophora 2

Rhizophora 3
Rhizophora 4
Rhizophora 5
Rhizophora 6

Avicennia 1

Avicennia 2
Avicennia 3

Avicennia 4
Avicennia 5
Avicennia 6

TIQ3

TIQ4
TIQS
TIQ6
T2Q6
T4Q3
T4Q5
T4Q7
T4Q9

T5Q2
T5Q5
T5Q6
T5Q7
T5Q8
T5Q9
T5Q10
T5QI1
T5Q14

On the bank of a large creek, fully exposed to sunlight for the greater pare of the day, open to the south.
Flooded at every high tide. Very soft substrate.

On the bank of a large creek, fully exposed ro sunlight for the greater part of the day, open to the north.
Flooded at every high tide, with very soft, muddy substrate. A. germinans roots.

In a small clearing, heavily influenced by crab feeding, dry, adult L. racemosa in the surrounding area.
Near road.

On river bank, fully exposed to sunlight for the greater part of the day, open to the north, flooded at
every high ride. Seedlings partly on stony substrate covered by a thin layer of mud, partly on very soft,
deep substrate.

A. germinans roots, dry, on the bank of a small creek. Many L. racemosa seedlings in the surrounding
area. Partly shaded.

Very dry, sandy, shaded by R. mangle, much leafage, Nooded infrequently in the course of a year.
Situared on a river bank surrounded by adult trees of all three species. Ground covered with A. germi-
nans roots, relatively firm substrate. Shaded for most of the day.

With flar-leaved succulents. R. mangle roots, clearing near river bank. Located along a path that is re-
gularly used.

A. germinans roots, R. mangle roots, flat-leaved succulents. On the bank of a small creek.

Many R. mangle roots. Adult R. mangle and A. germinans in the surrounding area, dry.

Dry, sandy soil. Few A. germinans roots, R. mangle roots.

Like Laguncularia 6, neighboring location. Winds, dry, R. mangle roots, very shaded under parent tree.
All three species in the surroundings of the location, total of five seedlings of the other species in the
area taken, as well as succulents. On the bank of a small creek, few a A. germinans roots, much debris
and deposited marerial. Fully exposed to sunlight for most of the day.

Near the bank of a large creek, under parent tree, A. germinans roots, location open to the west. A. ger-
minans seedlings in the surroundings.

A. germinans roots, flat-leaved succulents, beside road, many A. germinans seedlings in the surroundings.
Location open to the cast.

Directly under parent tree. A. germinans roots, many A. germinans seedlings in surroundings, shady.
Many A. germinans roots, wet location, many crab holes, open.

Beside road, A. germinans roots, open.

R. mangle and (more) A. germinans roots. Adult R. mangle and A. germinans in surroundings. Oxidized
SPOLs in root zones.

Dense R. mangle shrubs, many R mangle roots, many crab holes, wet, muddy.

R. mangle roots, dry, dense soil, oxidized spots in root zones.

Some A. germinans roots, very muddy with small creek, black, heavily reduced soil.

R. mangle roots. Very soft substrate, high sulfide concentration in soil.

Dense soil, many A. germinans roots, under large A. germinans.

On the bank of a creek, R. mungle roots. Very soft, reduced substrate, deep horizon, muddy.

Soft substrate, R. mangle clusters, muddy.

Near creek, approx. 50% of the area covered with A. germinans roots, R mangle roots, dense, loamy soil,
partly soft.

Intersected by a small creek, few R mangle roots, shady.

R. mangle shrubs on a small island enclosed by two creeks.

Very soft, muddy substrate, intersected by a small creek, few R. mangle roots.

Many R. mangle roots, some A. germinans roots, relatively firm substrate.

A. germinans and R. mangle roots, soft substrate, intersected by a small creek.

R. mangle roots, soft muddy substrate, shady.

R. mangle roots, small creek, soft muddy substrarte, shady. Near creck.

R. mangle roots, small creek, soft substrate.

Soft, muddy substrate, R. mangle roots.
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LF 197) and pH (instrument type Portamess 752,
Calimatic) were measured in the interstitial warter that
gathered in the holes formed by taking the soil cores.
The cores were air-dried and afterwards crushed with
a hammer. Large organic material, such as leaves and
twigs, was removed. The following parameters were
subsequently analysed: inorganic nitrogen (with po-
tassium chloride, according to Fleige e al 1971),
plant-accessible phosphate (with ammonium lacrare,
according to Bassler 1991); particle size (per-centage
of sand, silt, clay) by pipette analysis in sedimenta-
tion cylinders and moist sieving with different mesh
sizes (Bassler 1991). Organic carbon was measured by
glowing the soil ac 550°C for 12 hours in a muffle
furnace. Use of this latter method was possible because
tests with hydrochloric acid had shown that carbo-
nate concentrations were negligible in the soils being
studied.

In order to determine the physical characteristics
of the soil, samples of constant volume were taken
with a syringe cuc open at the front. The fresh and

dry weight (after drying at 100°C to a constant
weight) of the samples were determined, thus per-
micting the calculation of bulk density, substance and
pore volume, water, and air content of the soil
(Schachtschabel & Scheffer 1984, Kuntze ez 2/ 1988).
To determine significant differences in the physico-
chemical parameters between locations with and with-
out seedlings and/or between seedling locations of the
different species, one-way ANOVAs were carried out.
If significant differences were detected additional
Bonferroni tests were performed. If there was no
homogeneity of variances a Kruskal-Wallis test was
carried out instead, followed by a Nemenyi test. Data
given in percent were arcsine transformed prior to
testing. The tests were done in accordance with the

descriptions by Sachs 1974 and Kéhler er a/. 1992.

RESULTS

R. mangle seedling locations. The R. mangle locations
were situated near drainage channels, on levees as well
as on sites distant from wartercourses. Mature trees

TABLE 2. Means and standard deviations of the biotic and abiotic factors at the seedling locations (n = 6)
and control locations (n = 18). In the last column the performed test type is given.

R. mangle A. germinans L. racemosa Control Statistical test
performed
Sand (% weight] liG + 3243 l 51,5+ 27,06 | 46,2 + 26,61 9,1 +7,84 ANOVA
Sile [% weight] 17,7 + 12,98 19,2+ 11,37 152 +7,87 26,0 £ 7,56 ANOVA
Clay [% weighr] 258+19,12  34,8+2382 37212065 | 69,0 + 14,87 ANOVA
Raw densicy dry [g/cm ] | 1,00:022 [ 0992036 | 0972025 | 0592014 ANOVA
Substance volume [% vol.] 39,2 £ 7,67 39,3 + 13,36 38,5 + 9,16 24,5+ 551  See pore volume
Pore volume [% vol.] 60,8 + 7,67 60,7 + 13,36 61,5 + 9,16 ANOVA
Air volume(% vol ] 131547 161906 156816 ANOVA
Water cont. [% vol.} 3531382  477+11,19  454£17,29 ANOVA
Trl. inorg. N [mg/100g dry soil) 0,82 + 0,85 1,21 £ 0,52 [,52+ 1,52 1,89 £ 0,79 ANQOVA
NH¢-N [mg/100g dry soil| 0,82+ 0,85 1,20 £ 0,52 1,52+ 1,52 1,89 + 0,79 Nor tested
NO;-N [mg/100g dry soil] 0,00047 = 0,00078 + 0,00146 + 0,00049 + Not tested
0,00045 0,00068 0,00242 0,00057
P [mg/100g dry soil] 1,34 + 0,53 3,76 + 4,26 3,26+ 2,57 2,78 + 1,14 ANOVA
Carbon content[% weight] 3.2+2,10 3,9+ 2,03 3,7+ 1,88 6,4 1,15 ANOVA
Organic carbon content[% weight] 5,5+ 3,62 6,6 £ 3,49 6,5 £ 3,17 11,0 £ 1,99 Not tested
pH 5,8 20,41 6,5+ 0,72 6,6 + 0,52 6,4 +0,28 sign
Salinity [%o] \iz,o + 4,37 43,8 £3,98 36,2+ 1,76 37,4 + 2,17 ANOVA
Shading [%)] 455+1732  23,5+2637 37,1 +22,68 | 73,8+ 17,03 ANOVA
Distance to nearest adulr [m] 0,0 £ 0,00 0,6 = 1,51 ’ 6,4 + 3,43 - Kruskal-Wallis

Values marked with | ,,,J are significantly lower than values marked with I:I (P < 0.05%)
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FIG. 3. Graphic representation of the slides taken of the soil cores from the seedling and control locations.
L1 to LG represent the L. racemosa seedling locations, Al to AG the A. germinans locations and R1 to RG the
R. mangle locations. TxQx are the transect and quadrat number of the screen transect.

were always present within study sites. Consequently,
the distance to the nearest conspecific tree was low,
significandy lower than for the L. racemosa seedling
sites (see Table 2).

A pronounced humus layer consisting of barely
decomposed leaves and small sticks was present in
four of the six R. mangle cores (Fig. 3). The mean soll
composition was dominated by a high percentage of
sand and a relatively low proportion of clay. As shown
in Table 2, the values of these components, as well as
of the raw density and the pore and warer volume of
the soil, differed significantly from the control sites.
The mean air volume of the soil was the highest of
the four location types (three species and control). The
difference from the A. germinans sites was significant.
The amount of plant-accessible phosphate and in-
organic nitrogen in the soil was lower than at all other
sites, However these differences were not significant.

The mean pH-value of the interstitial water at the
R. mangle locations was significantly lower than at the
L. racemosa seedling locations. These sites also differed
in terms of the interstitial warter salinity, which was
significantly higher at the R. mangle locations.

The mean node numbers of the R. mangle seed-
lings were higher (bur also showed significantly higher
standard deviadions) than at the A. germinans and
L. racemosa locations (see Table 3), whereas seedling
density was significantly lower than at the A. germi-
nans locations.

A. getminans locations. The A. germinans seedlings
occurred predominantly at open locations, for example

TABLE 3: Mean leaf node number of each species at

the six locations.

Location ~ Mean node Mean node Mean node
number number number number
R. mangle A. germinans L. racemosa

locations locarions locarions

) 15122 12 + 3,67 10 + 3,34

2 5+39 7+ 2,50 10 + 1,42

3 14+£73 7 £ 1,64 7+ 2,34

4 15+7,0 51,55 11+ 2,43

5 15+ 6,7 6+091 3+ 1,36

6 9+7.4 94,21 2 +0,87
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on creek banks or at roadsides. Although the mean
distance of the sites to the nearest adult tree was low,
the mean percentage shade cover was the lowest of all
locations investigated. It was significantly lower than
at the controls (Table 2). The areas were characrer-
ized by pure clay soils, extending to loamy sand. The
mean proportion of sand, the raw density and the
pore volume of the soil differed significantly from the
figures at the control sites.

The mean salinity of the intersticial water was the
highest of all location types, being significantly higher
than at the L. racemosa and control locations.

L. racemosa seedling locations. The L. racemosa seed-
ling locations showed high variability depending on
environmental conditions. Half of the locations we-
re situated directly on the banks of large drainage
channels and were flooded daily. The soils ac these
bank locations were soft and characterized by a high
water content. The plants were exposed to full sun-
light most of the day. The other L. racemosa scedling
sites were on dry, sandy soils, which were rarely flooded.
Two of these locations were rather shady and dry.

Since the L. racemosa seedlings grew on moist and
dry locations, the mean water content of the soil ex-
hibited high a variation (Table 2). Fig. 3 shows that
all soil cores of the bank locations (L1, L2, and L4) are
characterized by a large reduced horizon. Differences
in seedlings node numbers were also clearly detect-
able. At two locations, mean node numbers were very
Jlow (between two and three), whereas at the other
four locations, they were between 7 and 11.

In general, the L. racemosa locations were charac-
terized by the highest mean pH-value and the lowest
interstitial warer salinity. The salinity differed sig-
nificantly from the R. mangle and the A. germinans
locations. The L. racemosa seedling sites showed the
grearest distance to the next conspecific adult. The
difference between these and the R. mangle locations
was significant.

Unlike the R. mangle and A. germinans sites there
was no significant difference between the proportions
of sand ar these locations and those at the non-seed-
ling sites. Nevertheless, the raw density of the soil was
significantly higher, and the pore volume significantly
lower than at the control sites.

Control sites. Firstly, the control sites differed from the
seedling locations by virtue of their relatively fine-grai-
ned soils. The soil composition was dominated by a
high proportion of clay (soil type: clay to silt) and a
small sand fraction of 1.7% to a maximum 23% (in
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contrast, the lowest sand proportion at the seedling
locations was 10%). The soil cores in Fig. 3 show that
completely and predominantly reduced cores with sul-
fide deposits occurred art the control locations. Fure-
hermore, it is interesting that ferrous oxide is present
in 11 of the 18 cores of the control sites. Ar rhe seed-
ling sites it appeared in small amounts only.

The mean pH-value of the interstitial water was
not significantly different from the values at the seed-
ling locations. The salinity was significantly lower than
at the A. germinans locations. The mean shading was
the highest of all sites; none of the locations was
unshaded. The difference between these and shading
levels at the A. germinans Jocations was significant.

DISCUSSION

Differences between the seedling sites and the control sites.
The control sites differed from the seedling locations
with respect to several parameters important for plant
growth, most prominent among them being soil
composition. At most of the seedling locations the
clay soil was covered by small-scale sand deposits.
However, the hypothesis that sand deposits are favor-
able locations for seedling establishment is not straight-
forward.

Various authors have pointed out that Rhizophora,
Avicennia, and Laguncularia grow poorly on sandy
soils (Coutinho 1980, Zapata 1980, Cintrén &
Schaeffer Novelli 1983). Clay soils, on the other hand,
are characterized by salinities, pH-values, and nutrient
concentrations that impose less strain on plant growth
(Ball 1988, Boto 1988). Considering that salinities,
pH, and nutrient values were in about the same range
at the seedling sites as at our controls, one could ex-
pect that the control sites would also be suitable for
seedling establishment. Hence there must be other
characteristics preventing recruitment ac these loca-
tions.

As the pore volume was higher, i.e., the raw den-
sity was lower at the controls chan at all of the seed-
ling sites, it is suggested that these are decisive factors
prohibiting the establishment of seedlings at such
locations. The high pore volume of the clay soils ac
the control sites may be unfavorable for plants for a
variety of reasons. Due to their substantial water con-
tent, clay soils are unstable; when water is withdrawn
they contract significantly, swelling strongly in res-
ponse to a renewed water supply. This process harms
the fragile roots of the seedlings. At Furo do Meio,
this is promoted in two ways — by the limited flood-



ing regime and by the extreme precipitation difference
between wet and dry seasons. The soil in the inner
forest becomes so compact during the dry season that
the spring tide water is able to dissolve the soil sur-
faces only and can not enter the soil to supply the
roots in the uppermost soil horizons. We suggest,
therefore, that pore volume is a decisive factor pro-
hibiting seedling establishment ar the control sites.

The pore space structure seems to be another stress
factor. The fine pores of clay soils cause high capillary
tension and thus a low permeability to water and air.
As a result, plants at such locations have difficulty
accessing water.

Besides these physical properties, the high density
of ferrous oxide spots ar the control sites could also
be unfavorable to seedling establishment, given that
iren is a phytotoxine in its reduced Fell form (Jones
& Etherington 1970, Boto 1984). This could be im-
portant at our control sites, where reduced conditions
occur at relatively low depths. We did not measure
Fell directly, but it is known from the literature thac,
under dry conditions, iron dissolved from the reduced
horizons rises with the groundwater and precipirates
as ferrous oxide in oxidized horizons (Schachtschabel
& Scheffer 1984). Thus, the high density of ferrous
oxide spots in the oxidized horizons could indicate a
high concentration of ferrous oxide in the reduced
horizons and hence a possible factor inhibiting plant
growth ac the locations with reduced layers in the
upper soil strata.

The high shading at the control sites was prob-
ably another important factor accounting for their
lack of seedlings. The species occurring in the region
are known for their low light requirements during
seedling development (Tomlinson 1986). Although
the difference between the control and the 4. germ:-
nans locations was the only significant one, the shad-
ing at the controls was the highest of all location types
examined (most of the seedling stands were located
under canopy gaps).

Our findings support the hypothesis that, under
the extreme climatic and hydrographic conditions
present in the study area, the physical properties of
the nearly pure clay soils effectively prohibit the estab-
lishment of mangrove seedlings. Instead, the estab-
lishment of seedlings is more successful at locations
characterized by a mixed clay-sand structure.

Differences between the seedling locations. The diffe-
rences between the respective locations of the three
species were not nearly as distinct as those berween
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the controls and the seedling sites. The most striking
differences berween the locations of che three species
were the pore water salinites. The significant diffe-
rence of the values at the R. mangle and the A. germi-
nans sites compared with the ones at the L. racemosa
sites confirm observations that L. racemosa shows little
tolerance of high salinities (e.g., McKee 1995a, 1995b;
Elster & Schnetter 1998). This may also explain the
occurrence of L. racemosa seedlings on the drainage
channel banks, if one considers thar the regular soil
water exchange keeps the pore water salinities in
drainage channel banks low (see, e.g., Rey er al. 1989).

Another factor that varied between seedling sites
was the pH values of R. mangle and L. racemosa lo-
cations. Investigating mature trees, Lacerda & Schaef-
fer Novelli {1992) detected an accumulation of or-
ganic material in soils on R. mangle stands that was
preserved in its original form. From raw humus layers,
acid humic substances are transferred inco the soil by
secp water, which can cause a strong acidic soil reac-
tion (Kuntze et /. 1988, Dierflen 1990). Due to the
fact that at least onc mature R. mangle tree was pre-
sent at each of the seedling locations of this species,
and accumulated organic debris was found at four
of the six R. mangle soil cores, the process described
above might explain the relatively low pH-values at
the R. mangle locations investigated.

Although in many cases the R mangle seedlings
were growing under the most stressful conditions to
which the three species were exposed (lowest pH,
highest shading, lowest water content, lowest nutrient
values, second highest salinity), the differences were
significant in a few cases only. Thus the requirements
of three species differed little, if ac all, in respect of
the abiotic factors examined in the study. However,
the figures obtained suggest thar they may have
different preferences, i.e., R. mangle may be more
adapted to stressful conditions than L. racemosa and
A. germinans when there are no locations more suit-
able. This hypothesis is also supported by results ob-
tained by other research workers who found, for
example, that R. mangle has better growth capability
at low nutrient concentrations than A. germinans and
L. racemosa (McKee 1995b). A higher shade tolerance
of R mangle has been mentioned by Ellison & Farns-
worth (1993) and by McKee (1995a), whereas the
genus Avicennia has been described as completely
shade intolerant by Smith (1999). However, it is not
possible on the basis of the present study to provide
a conclusive answer to the question as ro whether
these species show different preferences. The range of
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factors examined was less important for the estab-
lishment of the seedlings than the physical properties
of the soils at the control sites. This is at least the case
in the area investigated and is apparently caused by
the strength of the common stress factors.

The seedling stands of the various mangrove spe-
cles differed clearly in their age structure. The high
standard deviations of the R. mangle mean node num-
ber show that the examined stands had an heteroge-
neous age structure. In contrast the relatively low
standard deviation of the A. germinans and L. racemosa
stands signify a homogeneous age structure. This con-
forms to findings by Rabinowitz (1978a) and Ellison
& Farnsworth (1993) who noted that mangroves with
larger propagules (Pelliceria and Rhizophora) fre-
quently form overlapping cohorts even beneath the
canopy. By contrast, mangroves with smaller propa-
gules (A. germinans and L. racemosa) turn over an-
nually at such locations.

The reason for the homogeneous age structure at
the A. germinans locations was certainly not that these
were cohorts from the recent wet season being re-
placed in the next one. Although values linking age
and node numbers of this species are not provided
in the literature, stature, height and node numbers
prompted the conclusion that they were a minimum
of one year old. The age of the A. germinans and
L. racemosa seedlings could not be determined with
greater precision because the method described in
Duke & Pinzon (1992) using seasonally varying lengt-
hs of the internodial sections to identify the age of
seedlings, was examined but found not suitable in
the study area because the lengths of the internodal
sections varied in an irregular, non-cyclical manner.

For R mangle, values are provided in the litera-
ture which link the node number to age: the mean
node number at four of the six R mangle locations
was 15. Duke & Pinzon (1992) give node produc-
tion values between 3.5 and 7.6 nodes per year for
R. mangle, which according to the R. mangle seedlings
were 2 minimum of two years old on average.

These different stand structures support the hy-
pothesis that the resources of the large R. nangle pro-
pagules increas the likelihood, relative to the other two
species, of the seedlings surviving, especially under
stressful environmental conditions. Another difference
between the three species was the R. mangle seedlings’
proximity to the nearest conspecific adult tree. This
short distance can be explained by two factors: 1)
Their relatively large weight, which makes it more dif-
ficult for the propagules to be carried away by the slow
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currents typical of the inner forest than the small A.
germinans and L. racemosa propagules. 2) The way the
arrow-shaped R. mangle propagules hit the ground
when falling from the mother tree has been shown
by the recent study of McKee (19952) as being deci-
sive for seedling survival. The survival rate of seed-
lings established with a vertical hypocoryl axis is much
higher than that of the seedlings established with a
horizontal hypocotyl axis (about 70%:5%, according
to McKee 1995a).

The short distance of the A. germinans seedlings
to the nearest adult tree is probably caused by the
combination of the relatively short time-span which
they need to establish themselves since they start
rooting after seven days (Rabinowitz 1978b, Elster &
Perdomo 1999), the low flooding frequency in the
study area, and the geomorphology of the ground.
Hence the propagules were not transporeed far from
the mature tree by one single flood event and had
enough time to establish before the next flooding took
place.

The variable distance of the L. racemosa seedlings
to the nearest adult tree can be explained by the low
weight of the propagules and their mean rooting time
of 13 days, (Rabinowitz 1978b, Elster & Perdomo
1999), which is longer than the time lapse of 10 days
berween two tidal flood events. Hence some of the
propagules were transported by two consecutive tidal
floods until they established.

CONCLUSION

In this study, the locations of mangrove seedling
establishment in the research area were determined
by a number of factors. The most decisive seemed to
be the physical characteristics of the soil and/or the
high proportion of clay at the control sites. These gave
rise to conditions thar are unsuitable for seedling es-
tablishment under the present climartic and hydro-
graphic regimes. This set of conditions seems to be
of greater importance than requirements and prefer-
ences reported by other researchers. Probably for that
reason, differenc abiotic conditions art the locations of
the three seedling species were detectable in a few cases
only. The size and the distribution characteristics of
the propagules proved to be further factors important
for seedling establishment.

Our results are therefore an indication that the
occurrence of the seedling clusters in the research area
seems to be driven by a combination of propagule
dispersal and common susceptibilities to stress factors.



Varying preferences for certain conditions may play
a minor role in the distribution of the different spe-
cies. The study underlines the importance of small-
scale soil heterogeneities for the establishment of man-
grove seedlings.
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