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Abstract

The nutrient content of soils is considered a key productivity factor. Sediment input from Amazonian rivers is one of the
natural sources of soil fertility for fluvial islands and riverbank flooded forests. Despite the importance of soil factors for
ecosystems, few edaphic studies along fluvial islands sediment-gradients have been undertaken in tropical areas. The cur-
rent study provides a step forward by describing a mixed water (sediment-poor black water with the input of sediment-rich
white water) fluvial archipelago with an emphasis on soil characteristics of seasonally inundated forests. To investigate how
geographic distance from a white-water river mouth affects island soil properties, soil chemical and physical attributes, we
sampled 61 sites on 35 islands at Jai and Anavilhanas archipelago. The studied Central Amazon fluvial islands showed high
variability in hydromorphic soils properties. In general, the fluvial island soils were acid and with low fertility. Islands from
Jad and other sites closer to the sediment source (Branco River) had higher soil fertility than the Anavilhanas Archipelago
islands, which are further away from the sediment source. Our results show that sediment inputs from the Branco River can
play an important role in soil properties in a relatively nutrient-poor area, and shed light on the role of biogeochemical pro-
cesses in the largest freshwater archipelago in the world. Given that soil fertility is often correlated with forest productivity,
the results reported here may serve as a baseline to support conservation politics with scientific data for Central Amazonian
fluvial island environments.

Keywords Soil factors - Mixed water - Fluvial archipelago - Hydromorphic soils - Central Amazonia

Introduction

Floodplains represent 3-4% of the Amazon basin, cover-
ing more than 750,000 Km? (Wittmann and Junk 2016).
Such environments are subject to inundation for several
months every year (Junk et al. 1989). The sediment input
from large Amazonian rivers is one natural source of fertil-
ity for flooded forests growing on riverbanks (Junk et al.
2011). However, the volume of organic ions and sediments
received vary with location. Flooded forests periodically
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inundated by sediment-rich white water (varzeas) grow on
fertile soils, while those inundated by sediment-poor black
and clearwater rivers (igapds) grows on oligotrophic and
poorer soils (Prance 1979; Junk et al. 2011; Goulding et al.
2003). Although very useful, such categorical classification
of water types simplifies a natural continuum. For example,
the Branco River has an intermediate amount of organic
ions, greater than that present in Guiana Shied-derived
black water rivers, such as Negro River, but less than those
found in rivers of Andean origin such as the Rio Amazonas,
Rio Madeira, or Rio Solimdes (Goulding et al. 2003). The
Branco River is unusual because it is a sediment-rich white-
water river where all neighboring rivers are sediment-poor
(black-water) (Leenheer and Santos 1980). This spatial con-
figuration may directly affect the Anavilhanas Archipelago,
a system of fluvial islands within the nutrient-poor Negro
River domain (Marinho et al. 2020).

Fluvial islands are subjected to similar environmental
constraints imposed by their inundating rivers. Due to the
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seasonal influx of nutrients in sediment-rich white-water riv-
ers, fluvial islands can be productive ecosystems that play
an important role in biogeochemical cycles and geomor-
phological processes (Kalliola et al. 1991; Junk and Piedade
1993; Osterkamp 1998; Abril et al. 2013). The input of sedi-
ments from Amazonian rivers synchronizes with annual phe-
nological patterning of leaf and fruit production (Montero
et al. 2014), responsible for seasonal lateral movements of
vertebrates between flooded and non-flooded environments
(Haugaasen and Peres 2007; Costa et al. 2018). However, in
black rivers, the input of sediment loading in islands is much
lower (Marinho et al. 2020), leading to nutrient limitations
that may scale up through the food chain. For instance, soil
nutrient limitations may constrain the amount and quality
of food sources available in forests growing on them, which
may affect the terrestrial mammal’s species composition
(Ferreira Neto et al. 2021).

The soil nutrient content is strongly linked to ecosys-
tem productivity (Quesada et al. 2012; Grau et al. 2017). A
global meta-analysis found that, as a general pattern, higher
productivity (defined as the rate of carbon fixed through pho-
tosynthesis accessible to flora and fauna) can be a robust
indicator of species diversity of several invertebrates, ver-
tebrates and plant groups for most ecosystems (Mittelbach
et al. 2001). For instance, more fertile soils provide more
favorable conditions for plant establishment and growth
(Malhi et al. 2004), investing more carbon in reproduc-
tion (i.e., flowers and fruits) than in secondary compounds
or nutrient acquisition via root production and exudation
(Vitousek 1984; Coley et al. 1985; Quesada et al. 2010,
2011). However, an increase in environmental productivity
does not always mean an increase in species diversity. The
relationship between environmental productivity and spe-
cies diversity may be negative (Peres 1997), positive (Fer-
reira Neto et al. 2021), unimodal (Ganzhorn et al. 1997),
U-shaped (Shepherd 1998), or inexistent (Williams and
Marsh 1998). Despite the importance of soil factors for sev-
eral groups of plants and animals, the importance of nutri-
ents has been relatively overlooked and may vary between
Amazonian flooded forests (Furch and Junk 1997; Piedade
et al. 2005; Targhetta et al. 2015; Myster 2015).

Amazonian archipelagos have been, and continue to be,
threatened by anthropogenic disturbances, such as dams and
logging (Macedo and Castello 2015; Flores et al. 2017). For
example, in the Anavilhanas Archipelago, hunting, logging
and sand extraction are quickly changing islands’ land-
scape (Souza Filho et al. 2006; Scabin et al. 2012; ICM-
Bio 2017). These stressors should be considered since the
increase of extreme climate events associated with the fre-
quency and volume of precipitation is predicted to affect the
flooding pulse in the Amazon and the contribution of sedi-
ments of Amazonian rivers (Filizola et al. 2011; Marengo
and Espinoza 2016). The aim of this study was to provide
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information on how sediment inputs from a sediment-rich
white-water river can affect soil fertility on downstream flu-
vial islands located in a sediment-poor black water system.
The hypothesis is that, by supplying high volumes of sedi-
ments to the Negro River, the presence of the Branco River
will favor variation in soil fertility in a mixed water riverine
archipelago in the region. The main prediction is that soils
closer to the Branco River (Jat and adjacent sites) will show
greater fertility than those further down the Negro River
(Anavilhanas).

Methods
Study Area

The study was carried out within two protected areas and
surrounding sites on the Negro River, Central Amazonia,
Brazil — Anavilhanas National Park (more distant from
the Branco River)—(3.4168° S, 65.8561° W) and Jau
National Park close to Branco River—(2.2535° S, 62.6510°
W) (Fig. 1). The annual flood pulse (the inundation of the
floodplain and its subsequent dry phase) is seasonal and
gradual (Junk et al. 1989). Fluvial islands and river margin
forests are often flooded to depths of up to 15 m for more
than seven months per year during peak water levels (Irion
et al. 1997). Most fluvial islands are completely inundated
during this period, so temporarily transforming terrestrial
environments into aquatic ones (Junk 2013; Montero and
Latrubesse 2013). Fluvial islands can be differentiated from
terra-firme forests (not subject to seasonal flooding) also
based on hydro-chemical (Sioli 1968; Marinho et al. 2020)
and floristic differences (Prance 1979). At both Anavilha-
nas and Jad National Parks, the water is at the lowest level
between October and November (Montero and Latrubesse
2013) and at the maximum level between June and July
(Filizola et al. 2011). The rainfall at both sites varies from
1750 to 2500 mm (ICMBio 2017). The lowest rainfall occurs
between June and September, while October to May has the
highest values (Salati and Marques 1984). The climate at
the study sites is tropical rainy, characterized by high mois-
ture and rainfall, with a mean monthly temperature of 25 °C
(Salati and Marques 1984). All sampled islands had hydro-
morphic soils ICMBio 2017).

Sampling Design

We firstly established a 2 by 2 km virtual sampling grid in
the entire study area and then placed sampling stations as
close as logistically possible to the grid intercept points.
Satellite images from Google Earth GeoEye were used, with
decisive criteria based on river water color. Consequently,
our sampling effort was concentrated on islands on the left
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Fig. 1 Location of sampling sites of the study at the fluvial islands in
the Negro River, Central Amazonia, Brazil. White dots indicate sites
closer to the Branco River in front of Jai National park. Black dots

side of Negro River. This design covered the majority of
the fluvial islands within Jad and Anavilhanas National
Park, resulting in 61 sampling sites: 27 sites occurred on
islands at vicinities of Jau National Park, while 34 sites
were placed on islands further from the Branco River in
the Anavilhanas National Park (Fig. 1). At each site, we
established a 0.1 ha plot (10 x 100 m). The maximum above-
water area of the islands sampled ranged from 50 to 11,000
hectares (mean+ SD =2.406 ha+2.766; Median=962;
Max =11.064) based on satellite images. Almost 80% of
the sites were placed on islands smaller than 2.000 hectares.

Soil Sampling and Analysis

Soil samples were collected at each sampling site, with a
minimum distance of 10 m between samples. The vegetation
of the sampling sites was composed of fluvial and lacustrine
ecosystem elements, which in the Amazon is called igap6
forests. The soils were collected at the margins of permanent
natural fluvial islands. The natural islands of Anavilhanas

indicate more distant sites at Anavilhanas National park, where the
soil chemical and physical attributes were collected

and Jad are not uniform in topography and geomorphology,
which varies with the fluvial dynamics and the age and of
the islands (Cunha and Sawakuchi 2017).

After leaf litter removal, the soil was collected to a depth
of 20 cm using a Dutch auger brand PSP TRADOS & INOX,
which allows us to collect soils with large volumes of roots.
All samples within a plot were then combined in order to
obtain one pooled sample per site. Soil sampling was con-
ducted during the dry season of 2017. For each pooled soil
sample, inorganic nitrogen—ammonium (NH,") and nitrate
(NO;™) were prevented from volatilizing by storing field
samples individually in a styrofoam box and transferring
them to the ICMBio base freezer at Novo Airdo. Chemi-
cal analyses were carried out at the Thematic Laboratory
of Soils and Plants at the National Institute of Amazonian
Research (INPA, Manaus), with soils frozen upon arrival in
the laboratory to avoid volatilization.

The following soil characteristics were obtained: 1) pH,
determined using 10 g of fine soil in 25 ml H,O for 1 min,
with a mechanical stirrer; 2) concentrations of Na, K, Ca,
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Mg, Al, all determined with the Silver-Thiourea (Ag-TU,
as described in Quesada et al. 2010); 3) Sum of bases was
considered as the sum of concentrations of Na (sodium), K
(potassium), Ca (calcium) and Mg (magnesium) (Pleysier
and Juo 1980), while cation exchange capacity was calcu-
lated from the equation: Cation Exchange Capacity =(Sum
of Bases + Aluminium) (Pleysier and Juo 1980). For this,
cationic extraction was made in a 0.01 M Ag-TU solution,
stirred together with the sample for 4 h (Anderson and
Ingram 1989); 4) To estimate total phosphorus and total
cations, soil samples were digested using sulfuric acid and
hydrogen peroxide, with 0.25 g of soil added to 5 ml of dis-
tilled water and left to settle overnight. The following day,
5 ml of H,SO, was added to the sample and heated to 360
°C, and 0.5 ml of hydrogen peroxide (H,0,) was added after
cooling the sample. This process was repeated 10 times.
Total phosphorus reading was obtained by colorimetry in
a Shimadzu Spectrophotometer, while total cations were
read with atomic absorption via Flame Atomic Absorption
Spectrometry (AAS) (Murphy and Riley 1962). Available
organic (P,) and Inorganic phosphorus (P;) were extracted
with NaHCO; (Sodium Bicarbonate) (Olsen 1954). 5) Prepa-
ration of extracts for inorganic nitrogen analysis used 20 g
of soil and 40 mm of potassium sulfate (K,SO,) at 0.5 molar
in falcon tubes for 15 min with centrifugation at 200 rpm.
Extracts were then decanted for 30 min and filtered and
frozen for further analysis of N-inorganic contents. Ammo-
nium and nitrate were determined by colorimetry using a
Shimadzu Spectrophotometer (UV mini 1240). Samples
destined for N analysis were not oven-dried. For all other
soil analyses, each soil sample was oven-dried at 65 °C, and
particles smaller than 2 mm removed with a soil sieve of
0.05 (Anderson and Ingram 1989); and 6) Soil particle size
was estimated by the pipette method, using 10 g of fine soil
pre-treated with physical and chemical dispersants. Then,
silt percentage was separated according to their grain size,
which was calculated from the difference between the total
weight of sand and clay (Gee and Bauder 1986). For more
details about soil attributes, see Online Resource 1.

Data Analysis

We used a Principal Component Analysis (PCA) to accom-
modate correlated soil variables and reduce data dimension-
ality. To standardize the data and build the PCA, we used the
vegan package (Oksanen 2013). Data normality was checked
before the PCA.

To describe how soil fertility is affected and change
along geographic distance from the Branco River, we per-
formed a linear regression between the first axis of PCA
(PC1) and the geographical distance from the Branco River
mouth. For this, the center of the closest sampled island to
the Branco River mouth (S 01.36634°, W 061.79113°) was
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used to measure the distance to all other sampling sites. We
checked model assumptions visually through graphics of
residuals distribution. Additionally to the general soil nutri-
ent patterns summarized by the PCA, we performed a linear
regression for key soil factors such as phosphorus and sum
of bases, soil texture factors (clay, sand and silt), and pH.
These variables were chosen due to their role as key drivers
of forest dynamics in terms of productivity, tree turnover,
the soil’s capacity to hold essential nutrients (Quesada et al.
2010, 2012), and their relationship with arboreal and ter-
restrial mammals in Amazonia (Peres 2008; Ferreira Neto
et al. 2021). Individual maps for the two important indicators
of soil properties (sum of bases and total phosphorus) were
analyzed. The regression coefficients and graphical plots can
be found on Online Resource 2 and Online Resource 3. All
statistical analyzes were performed in R version 3.3.1 (R
Core Team 2019).

Results

Most soil nutrients were found at a higher concentration
at the sites close to Branco River in relation to the other
sites. For organic phosphorus (mean [SD]=43.5[14.8],
range =24.8-86.3), more than half of the sites had less than
30 mg/kg, while less than a quarter had more than 40 mg/kg.
A similar trend was found for inorganic phosphorus (mean
[SD]=30.3[12.8], range = 12.7-62.2), where more than
half of the sites had less than 20 mg/kg, while a third had
more than 25 mg/kg. The nitrate also varied along the river
downstream (mean [SD]=3.4[2.7], range=0.5-11.2), only a
sixth of the sites had more than 5 ug/g, while for ammonium
(mean [SD]=60.1[24.3], range =36.7-144.6), a quarter of
the sites had more than 50 ug/g and for inorganic nitrogen
(mean [SD]=63.5[24.2], range =39.2-147.1), a sixth of
the sites had more than 60 ug/g. The ratio between nitrate
and ammonium decreases from 0.056ug/g islands close
to Branco River to 0.049ug/g in the Anavilhanas islands
(Table 1).

A diverse range of soil properties was found. In terms of
soil particle size, Anavilhanas soils showed less variation
than sites closer to the Branco River and could generally
be classified as clay loam (average 40 +6.1; 36+ 7.8 and
23+ 13.1, for silt, clay and sand, respectively). On the other
hand, island soils closer to the Branco River were classified
as silty clay loam (average 46 +8.9; 36 +9.1 and 18 + 14,
for silt, clay and sand, respectively). In general, the percent-
age of silt was higher in sites closer to the Branco River,
but there was no statistical difference between percentages
of clay along the soil gradient. The fluvial islands’ soils
were pretty acidic. In general, the highest pH values (>5.0)
occurred on Jad islands, whereas the lowest (<4.5) occurred
in the Anavilhanas islands (Table 1).
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Table 1 .S,Oﬂ che}nical Anavilhanas Jai and other sites

composition of sites further

from the Branco River Edaphic variables Units ~ Mean  Standard =~ Max Min Mean  Standard ~ Max Min

(Anavilhanas sites) and closer deviation deviation

to the Branco River (Jad and

surrounding areas) at fluvial ph[HZO] 4.8 0.2 52 4.4 5.0 0.2 55 4.5

islands in Central Amazon. Na[cmolc/kg] 0.07 0.02 0.3 0.1 0.1 0.03 0.2 0.09

;*élcsrf]ﬂ depths were from 0 to Klcmolc/kg] 0.02  0.001 005 001 003 001 01 001
Ca[cmolc/kg] 0.1 0.1 0.6 0.04 0.3 0.3 1.1 0.04
Mg[cmolc/kg] 0.3 0.1 0.6 0.14 0.5 0.2 1.0 0.1
Al[cmolc/kg] 0.4 0.2 0.7 0.1 0.3 0.2 0.7 0.14
Porg[mg/kg] 16.3 9.0 52.0 5.8 435 148 86.3 24.8
Pinor[mg/kg] 134 101 48.4 4.7 303 128 62.2 12.7
Nitr[ug/g] 1.4 0.8 3.6 0.1 34 2.7 11.2 0.5
Amolug/g] 28.1 9.0 50.4 14.9 60.1 243 144.6 36.7
Ninor[ug/g] 29.6 9.0 52.1 16.2 635 242 147.1 39.2
SB[cmolc/kg] 0.5 0.2 1.3 0.2 1.0 0.5 23 0.3
ECEC[cmolc/kg] 1.4 0.4 2.3 0.6 0.8 0.3 1.5 0.3
Ptot[mg/kg] 2223 68.7 502.8 1252 3504 974 549.8 1425
Clay[%] 35.6 9.1 57.0 14.0 36.4 79 50.0 19.0
Sand[%] 46.3 8.8 61.0 28.0 40.4 6.2 51.0 23.0
Silt[%] 182 15.0 59.0 1.0 233 13.0 58.0 5.0

The first component of the PCA explained = 55%, and the
second component explained 2 14% of the total variance in

Fig.2 First and second
Principal Components of soil
nutrients for Anavilhanas (black
dots) and Jat and adjacent areas
(white dots). Ellipses show

95% confidence intervals drawn
from the underlying Gaussian
distribution of clustering points
for each river type

soil properties of the fluvial islands (Fig. 2). Jat sites had
more variability (mean [SD]=4.81 [5.44] — range 0.34 to
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19.1), while Anavilhanas sites varied between 0.1 to 10.21
(mean [SD]=5.005 [2.46] in the PC1. Mobile rock-derived
elements were the soil factors that correlated strongest with
the PC1, with their influence on the PCA loadings declin-
ing in the order SB >ECEC >Mg> Ca> Na> P;. Aluminum
was the dominant cation in the studied sites, with magne-
sium being the second and calcium the third. Non-mobile
total phosphorus and available organic P also followed
mobile cations (Online Resource 4), which together with the
silt of the islands could suggest the recent entry of elements
in the islands closer to Branco River and the high weathering
of other islands in Anavilhanas. Therefore, mobile elements
account for most of the variation in island soil properties.
The distance to the Branco River was a strong driver for
island soil fertility (R>=0.57; p<0.05) (Fig. 3). The dis-
tance to the Branco River also explains over 30% of the
variation in the availability of SB, ECEC, Na, organic P,
inorganic P, total P and inorganic N, on the fluvial islands.
Individual maps for the two important indicators of soil
properties (sum of bases and total phosphorus) showed a
similar pattern along the edaphic gradient (Fig. 4). A con-
sistent trend across the soil gradient showed that the sum
of bases and total phosphorus vary on average more than
five or six times, respectively, concerning the lowest values
generally found in igap6 sites (Fig. 4). The sum of bases con-
centration increases in Jad islands, located close to Branco

Fig.3 Relationship between the 201
geographic distance from the ®
Branco River and soil chemi-
cal and physical variables (first
axis of principal component
analysis). Each point represents

one sampling station (n=61). Y PY L

Lines represent model predic-
tions of statistically supported
effects; grey bands indicate 95%
confidence intervals

101

PC1

-10 1

River (mean [SD]=1.0 [0.5], range =0.2-2.3), more than a
third of the sites ranged between 0.391-0.650 cmolc/kg and
about a fifth of the sites had more than 1 cmolc/Kg. Also, the
total phosphorus concentration increases Jad islands (mean
[SD]=350.4 [97.4], range = 142.5-549.8), almost half of the
sites had less than 250 mg/kg. However, a third of the sites
had more than 300 mg/Kg. Overall, from the 17 soil fac-
tors analyzed, 14 soil factors (SB, cation exchange capacity
(ECEC), ph (H,0), Ca, K, Mg, Na, Porg (organic phospho-
rus), Pinor (inorganic phosphorus), Ptot (total phosphorus),
Ninor (Inorganic nitrogen), Ammonium, Nitrate and Silt)
had the highest concentrations close to Branco River. None
of the edaphic factors analyzed had the highest concentra-
tions downstream in the Anavilhanas archipelago (Table 1).

Discussion

There was considerable variation in soil fertility and physical
properties observed along the fluvial islands investigated.
The distance from the mouth of the Branco River was an
important predictor of the nutrients concentrations, soil
texture and other soil attributes on the fluvial islands down-
stream. Due to differences in temperature, pH and volume of
suspended sediments, the Branco River sediment-rich white
water is not rapidly mixed in Negro River sediment-poor

@ Springer
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black water (Goulding et al. 2003; Marinho et al. 2020). As
the Negro River is wide and relatively slow, the suspended
nutrients are gradually deposited on the fluvial islands
(Latrubesse and Stevaux 2015). Thus, our results indicated
that islands closer to the mouth of the Branco River have
soils that are richer in nutrients, while islands more distant
from the mouth of the Branco River, have on average, poorer
soils. The effects of water chemistry and sediment inputs on

edaphic factors are widely known, with pertinent examples
from many other parts of the world, such as riverine wet-
lands in northern Minnesota and Wisconsin (Johnston et al.
2001), wetlands in southern Ontario (Rutledge and Chow-
Fraser 2019), Alpine lakes in Italy (Tiberti et al. 2010),
boreal rivers in Finland (Varanka et al. 2015) and wetland
soils of northeast China (Zhang et al. 2013). Our results
align with this trend, even though the Branco River is not as
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rich as other white-water rivers in the Amazon, such as Rio
Madeira or Solimdes (Goulding et al. 2003).

The differences between sediment inputs of black and
white rivers affect not only the forest soil composition of
igap6 and varzea forests, but it is also applied to other fea-
tures of plant and animal groups. Overall, soil nutrients
such as the sum of bases was highly variable across our
longitudinal sample of islands (ranging from 0.18 to 2.34
cmolc/kg). However, soil nutrients (mean=0.73 cmolc/kg)
were generally more fertile than typical igap6 soils from
Uatuma Reserve (Targhetta et al. 2015). This difference in
the nutrient imbalance between igap6, varzea and terra-firme
forests can also explain the divergence in plant functional
trait diversity in the Colombian Orinoquia flooded forests
(Bonilla et al. 2020), species richness and abundance of gall-
ing insects at Mamiraud and Amana Reserves (Julido et al.
2018), and bird species composition in Central Amazonian
forests (Beja et al. 2010). This variation in soil nutrients also
impacts the animal community at the top of the food chain,
as shown on the Anavilhanas and Jat sites, where the species
composition of mammals varies along the same soil gradient
described here (Ferreira Neto et al. 2021).

The Branco River is the only major sediment-rich tribu-
tary of the Negro River in the archipelago region (Leenheer
and Santos 1980; Latrubesse and Franzinelli 2005). The
other rivers and water courses that reach the Negro river
near the Jad and Anavilhanas Archipelagos have similar
chemical and sedimentological characteristics of the Negro
River (Leenheer and Santos 1980; Latrubesse and Fran-
zinelli 2005). Therefore, the concentrations of nutrients and
the sediment load at the mouth of the Branco River is the
primary source for nutrients and sediments in the down-
stream archipelago. The variation in soil fertility is usually
related to suspended sediments but can also be associated
with island age and elevation (Radambrasil 1978). The natu-
ral islands of Anavilhanas vary greatly in age, as these fea-
tures have been forming over hundreds or even thousands
of years (Cunha and Sawakuchi 2017). Nutrient concentra-
tions and soil physical conditions are interrelated because
both are affected by pedogenetic development and geology.
However, soils with longer pedogenetic developments are
often less fertile (Quesada et al. 2010, 2012). This relation-
ship may be blurred in these systems, as fluvial islands at
the Jad National Park may harbor the largest variation in
soil attributes resulting from Branco River sediments input
rather than their pedogenetic development. These sites are
located in a different geomorphological reach of the Negro
River than Anavilhanas. While the mouth of the Jat National
Park area has huge, muddy islands, the Anavilhanas area
contains more compact and wider islands (Latrubesse and
Stevaux 2015).

The sedimentation dynamics responsible for the archi-
tecture of the archipelago’s fluvial islands could result
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from fluctuations in climatic conditions in the Branco
River basin. In this context, the island’s formation is
attributed to the flocculation of fine sediments from the
Branco River and variations in sedimentary contribu-
tion controlled by precipitation in the Branco River basin
(Leenheer and Santos 1980). The flocculation of fine sed-
iments occurs because of the low concentration of sus-
pended sediments in the Negro River (~5 mg /1) (Meade
et al. 1979) compared to the concentration of suspended
sediments in the Branco River (50 to 300 mg / 1), near its
confluence with the Negro River. In terms of soil granu-
lometry, island soils became less silty and contained low
nutrient content with increasing distance from the Branco
River. It was expected that the coarser sediments (sands)
would be deposited first; thus, the sand content should
decrease downstream from the Branco River. However,
surprisingly, there was no difference between sand and
clay content between Jau and Anavilhanas islands. One
possible explanation is that other smaller water courses
with characteristics of black water rivers inserted in the
archipelago could also be transporting sand and clay from
erosion of the Guyana Shield (Rios-Villamizar et al. 2020).
Another explanation involves the constant and growing
commercial exploitation of sand within the archipelago.
This sand extraction is illegal and can cause erosion and
affect the soil composition and dynamics of the flooded
forests, as it tends to leach heavily, altering the alluvial
sediment (ICMBio 2017).

We reinforced the importance of sediment inputs to soil
fertility in a mixed-water fluvial archipelago, embedded in
a nutrient-poor black water river. Other factors such as the
local geological matrix, landscape heterogeneity, micro-
topography, age of sedimentation, and drainage conditions
could also account for the soil nutrient variability. Most
nutrients used here can be recommended for researchers
to quickly assess the relationship between soil fertility and
species composition of animals and plants. Additionally,
knowledge of spatial variation in soil fertility can improve
our understanding of islands’ resilience concerning current
and future impacts. For instance, several dams are planned
for the Branco River in the near future (Finer and Jenkins
2012; Forsberg et al. 2017). Such water retention could
decrease the suspended sediments inputs of the Branco
River on the Negro Basin, affecting flora and fauna down-
stream (Finer and Jenkins 2012; Forsberg et al. 2017). The
results reported here can serve as a baseline for conserva-
tion policies, to assess relationships involving edaphic fac-
tors and sediment inputs from rivers, and their relationship
with plant and animal species composition and turnover
along a soil gradient.

Supplementary Information The online version contains supplemen-
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