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ABSTRACT. The Amazon floodplains become periodically submerged as result of seasonal changes in the water levels through-
out the year. These changes influence the availability of microhabitats and consequently the abundance of organisms in these
ecosystems. In this study we investigated 1) how changes in the water level affect the richness and abundance of ardeid
birds in the lowland floodplain lakes of the lower Amazon River, and 2) the microhabitats used by these birds throughout
the seasonal cycle. Ten lakes were surveyed at each of the four phases of the seasonal cycle. In total, 3,280 individuals of 11
species were recorded. Of these, eight species occurred in the four phases, and three were observed in one or two phases.
In the analysis including the entire family, there were more individuals in the phase with waters at lowest level and less in
the phase that the water level was lowering. Many species were present throughout the seasonal cycle, suggesting that they
might be resident species. However, their abundance varied throughut the cycle, suggesting that parts of their populations
temporarily migrate elsewhere. The microhabitat that was most commonly used by most species at all phases of the seasonal
cycle, with the excetions noted below, was “aquatic macrophytes”, suggesting that ardeid birds have a strong preperence
for this kind of habitat. Three species — Egretta caerulea (Linnaeus, 1758), Nycticorax nycticorax (Linnaeus, 1758) and Bubulcus
ibis (Linnaeus, 1758) — preferred other microhabitats at some phase of their seasonal cycle. The present study shows that the
floodplain lakes of the lower Amazon River are richer in ardeid bird species than other areas of the Amazon biome and other
biomes in Brazil. The fact that we found rare species in our study and that they depend on aquatic macrophytes demonstrates
the importance of conserving the floodplain lakes of the lower Amazon River.
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INTRODUCTION

Since Huchtnson (1957) proposed the concept of ecologi-
cal niche, our understanding of biodiversity and how species
are distributed in an environment have evolved significantly.
For instance, narrow species’ niches are often associated with
higher species richness locality. This is particularly noteworthy
in the tropics and decreases North and Southwards, resulting
in a latitudinal gradient in species richness (e.g., Rohde 1992,
Fine 2015, Willig and Presley 2018).

The spacial distribution of species within habitats reflects
their ecological partitioning, and the number of habitats used

by each species reflects their degree of specialization in habitat
use (Stotz et al. 1996). Most ardeid birds are associated with
wetlands (Sick 1997, Accordi 2010). However, the use of habitats
by these birds can vary considerably according to their degree of
specialization (Dimalexis et al. 1997, Bancroft et al. 2002, Isacch
and Martinez 2003). While some species use various types of
habitats, others are strongly associated with a particular habitat
or microhabitat (Accordi and Hartz 2006, Gimenes and Anjos
2011, Alves et al. 2012, Pinto et al. 2013).

Some wetlands change considerably throughout a year
(Sioli 1985). For example, Amazon floodplains are strongly in-
fluenced by the flood pulse and become seasonally flooded as a
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consequence of river overflows (Sioli 1985, Piedade 1995, Junk et
al. 1989, Fraxe et al. 2007, Ribeiro 2007). A seasonal cycle in these
floodplains includes four distinct phases: 1) rising — elevation of
water level, 2) peak-flood - sustained water level acme, 3) ebb —
descent of water level, and 4) dry — waters at lowest level (Fraxe
et al. 2007). This variation in water levels drastically alters the
landscape (Piedade 1995), possibly influencing the availability
of suitable habitats for ardeid birds. These birds, in turn, may
vary in their response to changes in the floodplain landscape,
depending on the breadth of their ecological niche and/or the
availability of similar habitats at each stage of the seasonal cycle
(structure, food availability, refuge conditions) (Figueira et al.
2006). If the habitat of a highly specialized species disappears
at some stage of the seasonal cycle, such species is expected to
move or migrate elsewhere (Thompson and Townsend 2006),
while more generalist species are more likely to find available
habitats locally year-round (Stotz et al. 1996, Petermann 1997).

There are numerous lakes in Amazon floodplains (Pie-
dade 1995). These lakes are extremely important for organisms
associated with wetlands, since they generally do not dry out
completely during the dry season of the flood cycle, with wa-
ters at lowest level (Fraxe et al. 2007). Corroborating this idea,
several studies have shown that lakes in periodically flooded
areas concentrate food resources for waterbirds during the driest
periods of the year (e.g., Antas 1994, Stotz et al. 1996, Silva et
al. 2002, Figueira et al. 2006).

Even though both ardeid birds and floodplains are rela-
tively common in the Amazon (Hancock and Elliott 1978, Cintra
et al. 2007), information on how these birds use their habitat
throughout the year is scarce. Is this study we investigate the
variations in the abundance of Ardeid bird species and their
habitat use in floodplain lakes throughout a seasonal cycle.

Considering that these birds are influenced by the dyna-
mics of the flood pulses of the floodplains, we aimed to answer
the following questions: 1) which species are present throughout
the year? 2) In which phase of the seasonal cycle is each species
more abundant? 3) which microhabitats are explored by ardeid
birds in the floodplain lakes of the lower Amazon River? 4) Are
microhabitats used by these birds the same at each stage of the
seasonal cycle? Upon answering these questions, we hope to
contribute to the conservation of the various species and their
ecosystems in the Amazon floodplains.

MATERIAL AND METHODS

This study was carried out in a lowland area of the
lower Amazon River, municipality of Santarém, western state
of Parda, settlement of Santa Maria do Tapara (2°21'22.25"S;
54°34'15.79"W; Fig. 1). The climate is hot and humid, with
average annual temperature ranging from 25 to 28°C and av-
erage annual rainfall 1,920 mm. The region is characterized by
a period of more rain between December and May, and a drier
period from June to November (INMET 2013).

54"50'

_ Amazon biome

Figure 1. Map of the study area at the low Amazon River. It shows
the location of the city of Santarém, at the confluence of the rivers
Tapajés and Amazonas, and an enlargement of the study area,
highlighting the 10 lakes selected for the survey.

We selected ten lakes for this study (Table 1). All of them
are connected to the Amazon River when the water level is
high, but only a few remain connected to rivers or canals when
the water is at lowest level. The vegetation around the lakes is
composed of ‘varzea’ forest (a type of forest typical of floodplains
in the Amazon), agglomerations of plants of Cecropia (locally
known as ‘embaubal’), and natural fields. In the lakes there are
aquatic macrophytes such as Eichhornia crassipes (Mart) Solms,
1883 (Pontederiaceae), Montrichardia linifera (Arruda) Schott,
1854 (Araceae) and Victoria amazonica (Poepp.) ]J.C. Sowerby
(Nymphaeaceae).

Data collection followed the line transect method in Bibby
et al. (1992). During rising, peak-flood, and ebb phases we used
a small wooden boat to transect each lake, about 20 m from the
margin. The boat’s engine, known locally as ‘rabeta’, travels at an
average speed of approximately 10 km/h. During the dry season,
with lowest water levels, access to most lakes using boats became
very difficult. Consequently, during this period, the transect was
covered by foot, along the banks of the lake, at an average speed
of 1 km/h. We sampled three lakes per day, starting at 07:00 am
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and ending at around 11:00 am. Between July 2013 and May
2014 (an entire seasonal cycle), each lake was sampled twice at
each phase of the cycle, totaling eight samplings at each lake.

The species were identified through direct visual contact or
with binoculars (8 x 42). We recorded all individuals of Ardeidae
visualized during each sampling. Individuals flying over the lake
were not counted, and we tried to avoid registering the same
individual more than once. Thus, in addition to documenting
each species, we also estimated their abundance.

Table 1. Geographical coordinates and size of the ten lakes selected
for this study. The lakes were measured during the phase with waters
at lowest level. Calculations done in the program GEPath 1.4.6.

Lake Coordinates Area (km2)
Aninga 2°19'15.42"S; 54°34'0.91"W 8.12
Botal 2°19'17.76"S; 54°33'41.30"W 2.72
Caicara 2°20'3.17"S; 54°34'10.78"W 4.88
Espurd 2°20'27.26"S; 54°34'33.46"W 1.73
Figueiredo 2°21'0.47"S; 54°34'23.87"W 2.24
Pitomba 2°20'29.34"S; 54°34'11.19"W 3.36
Poco 2°20'54.73"S; 54°33'31.54"W 1.88
Pucu 2°20'27.89"S; 54°33'48.65"W 8.27
Purus 2°22'35.35"S; 54°33'18.18"W 7.06
Sao Francisco 2°20'29.75"S; 54°32'51.27"W 3.29

We characterized the use of microhabitat for each indi-
vidual or flock (three or more individuals) registered at a lake
or around it, up to 20 m from the bank. We considered the
microhabitat exploited by a bird as being the predominant
habitat within an estimated radius of five meters around that
bird at the moment of the record (Lopes et al. 2006). We created
microhabitat categories based on Alves et al. (2012), to stan-
dardize data collection, as follows: 1) Tree vegetation — woody
plants three meters in height, or more, isolated or in clusters; 2)
Shrub vegetation — woody plants less than three meters high; 3)
Grass — herbaceous undergrowth, few centimeters in height; 4)
Bare margin — area around lakes, without vegetation cover; 5)
Lake perch - structure placed at the interior of the lake, such as
wooden sticks to hold small boats; 6) Marginal perch — similar
to the previous one, but the structure was fixed at the edge of
the lake, out of the water; 7) Aquatic macrophytes — aquatic
plants inside the lake; 8) Coastal zone — within the water, from
the margin up to five meters; 9) Limnetic zone - in the water,
beginning five meters from the shore. This last category was
included because, during periods when the water level was at
its lowest, the lakes became very shallow and the birds were
able to enter the them.

To verify if there was variation in species’ abundance
among the four phases of the seasonal cycle, we used the non-
parametric statistical test Chi-square (y?). Since two samplings
were carried out in each phase, we analyzed, for each species, the

sample encompassing the largest number of recorded individu-
als. This analysis was done in the STATISTICA 7.0 program (Stat-
soft 2004) when the frequencies recorded were higher than five
(Fowler and Cohen 1995), at significance level of 5% (o= 0.05).

In order to determine the preference of the species for a
specific microhabitat at each stage of the seasonal cycle, we used
a simple correspondence analysis (CA) according to Legendre
and Legendre (1998). This graphical analysis was developed
to represent the association between rows and columns of a
contingency table. The proximity of the points referring to the
row and the column indicates an association between these
variables and their distancing represents a repulsion (Gongalves
and Santos 2009). The CA was carried out in the Paleontological
Statistics-PAST program (Hammer et al. 2001). We performed
ordinations between the species studied and the categories of
microhabitats considered. For this analysis we constructed ma-
trices with the percentage of occurrence of each species in each
microhabitat. We adopted this procedure for the four phases of
the seasonal cycle, and included only those species for which
we had five or more records. Thus, a species may have been
analyzed for one phase but not for another when records of it
were too few or lacking.

RESULTS

Considering all phases of the seasonal cycle, we recorded
3,280 individuals from 11 species of Ardeidae (Table 2). Ardea
alba Linnaeus, 1758 was the most abundant species, correspond-
ing to 39.8% of the total records (Table 2). Bubulcus ibis (Linnae-
us, 1758) and Egretta thula (Molina, 1782) were also relatively
abundant (24.7% and 19.6% of the total records, respectively).
Less than 200 individuals were recorded for each of the other
species during the seasonal cycle (Table 2). Cochlearius cochlearius
(Linnaeus, 1766), Ixobrychus exilis (Gmelin, 1789) and Pilherodius
pileatus (Boddaert, 1783) were not included in the analyzes of
abundance and microhabitat use because they were very low in
numbers, and nocturnal habitat of the first species mentioned.

The highest and the lowest abundance of ardeid individu-
als occurred when the water was in the lowest levels and whem
the water level was lowering (dry and ebb phases), respectively
(Table 2). Eight of the 11 species recorded were present in the
four phases of the seasonal cycle, six of which significantly
varied in numbers throughout the seasonal phases. Ardea alba,
Butorides striata (Linnaeus, 1758), Egretta caerulea (Linnaeus,
1758), E. thula and Nycticorax nycticorax (Linnaeus, 1758) were
more abundant in the phase with lowest water levels. In con-
trast, B. ibis was more abundant in the peak-flood phase. The
abundance of two species, Tigrisoma lineatum (Boddaert, 1783)
and Ardea cocoi Linnaeus, 1766, did not vary among the four
phases of the seasonal cycle. Ixobrychus exilis and P. pileatus, on
the other hand, were recorded only in the phase with waters
at lowest level and C. cochlearius was recorded in both this and
rising phases. (Table 2).
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Table 2. Species abundance registered during each phase of the seasonal cycle (see the text for details of the characteristics of each phase).
The last row shows the p values of the y? test, comparing the abundance of each species among the phases of the seasonal cycle. The

taxonomy follows CBRO (2015).

Species P_h.ases

Ebb Dry Rising Peak-flood p
Tigrisoma lineatum (Boddaert, 1783) 32 49 40 40 0.3100
Cochlearius cochlearius (Linnaeus, 1766) 0 9 2 0 -
Ixobrychus exilis (Gmelin, 1789) 0 1 0 0 -
Nycticorax nycticorax (Linnaeus, 1758) 4 23 16 7 0.0040
Butorides striata (Linnaeus, 1758) 67 91 6 17 0.0001
Bubulcus ibis (Linnaeus, 1758) 135 192 114 361 0.0001
Ardea cocoi Linnaeus, 1766 18 30 26 17 0.1500
Ardea alba Linnaeus, 1758 80 817 259 137 0.0001
Pilherodius pileatus (Boddaert, 1783) 0 1 0 0 -
Egretta thula (Molina, 1782) 64 363 179 32 0.0001
Egretta caerulea (Linnaeus, 1758) 4 41 1 14 0.0001
Total 404 1617 643 625 0.0001

In the use of the microhabitat, in the phase that the water
level was lowering, axes 1 and 2 of the CA ordination account for
64% and 19% of the data variation, respectively. In this phase,
we found that the abundance of T. lineatum (100%), A. cocoi
(80%), E. thula (73%), A. alba (69%), B. striata (67%) and B. ibis
(64%) was influenced by aquatic macrophytes (Fig. 2, Table 3).
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Figure 2. Correspondence analysis of the species of the family
Ardeidae with the microhabitats explored by them during the
ebb phase (descent of water level) in floodplain lakes of the low
Amazon River. Acronyms for species’ names and microhabitats are
presented in Table 3.

In the phase with lowest water levels, the ordination of
the CA data on axes 1 and 2 was responsible for 64% and 36%
of the variation, respectively. The results of the CA suggest
that the occurrence of T. lineatum (76%), B. striata (68%), N.
nycticorax (57%), E. thula (45%) and A. cocoi (40%) might have
been influenced by aquatic macrophytes. Records of A. alba
were also associated with this microhabitat (37%) and with
arboreal vegetation (26%). The occurrence of E. caerulea (66%)

was strongly influenced by the presence of shrubs, whereas B.
ibis occurred in association with bare margin (28%) and grass
(27% Fig. 3, Table 3).
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Figure 3. Correspondence analysis of the species of the family
Ardeidae with the microhabitats explored by them during the
dry phase (waters at lowest level) in floodplain lakes of the low
Amazon River. Acronyms for species names and microhabitats are
presented in Table 3.

In the water level rise phase, ordination of the CA data
on axes 1 and 2 represented 90% and 6% of the data variation,
respectively. In this phase E. thula (71%), A. cocoi (69%), T.
lineatum (68%), A. alba (64%), and B. striata (50%) have been
influenced by aquatic macrophytes. Bubulcus ibis (88%) was in-
fluenced by perch margin and N. nycticorax (81%) was associated
with arboreal vegetation (Fig. 4, Table 3).

In the peak-flood phase, ordination of the CA data on axes
1 and 2 was responsible for 65% and 26% of the data variation,
respectively. In this phase, the occurrence of A. cocoi (94%), B.
ibis (84%), A. alba (73%), T. lineatum (72,5%), and E. thula (69%)
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Figure 4. Correspondence analysis of the species of the family
Ardeidae with the microhabitats explored by them during the
rising phase(elevation of water level) in floodplain lakes of the low
Amazon River. Acronyms for species names and microhabitats are
presented in Table 3.

have been influenced by aquatic macrophytes. Egretta caerulea
and B. striata were influenced by aquatic macrophytes (57%,
53%) and arboreal vegetation (43%, 42%), respectively. Nycti-
corax nycticorax occurred in association with two microhabitats
at this stage, arboreal vegetation and shrubby vegetation (57%
and 43%), respectively (Fig. 5, Table 3).
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Figure 5. Correspondence analysis of the species of the family Ardei-
dae with the microhabitats explored by them during the peak-flood
phase (sustained water level acme) in floodplain lakes of the low
Amazon River. Acronyms for species names and microhabitats are
presented in Table 3.

DISCUSSION

In our data, the abundance of most Ardeidae recorded
varied throughout the seasonal cycle of the Amazon flood-
plains. Ardeid birds also seemed to have a preference for the
aquatic macrophytes microhabitat (Hancock and Kushlan 1984,
Gimenes and Anjos 2006, Pimenta et al. 2007, Kushlan, 2011).
Some species were more abundant at a given phase and others

were recorded at only some phases of the seasonal cycle, which
suggests that the entire population or part of the population of
some species move away at some phase of the seasonal cycle.
However, it is important to point out that even though moving
away is a plausible hypothesis for the observed variations in the
numbers of individuals recorded at each phase, this hypothesis
needs further testing. Other studies also had shown that part
of the populations of some Ardeidae species migrate our move
seasonally (Olmos and Silva 2001, Antas and Palo-Janior 2004,
Nunes and Tomas 2008). This displacement may be correlated
with two factors: 1) the presence (or absence) of resources (i.e.
food); 2) the degree of specialization of the species. The mi-
crohabitat explored by some, but not all, ardeid birds, varied
throughout the year.

Among the six species that varied in abundance between
the four phases of the seasonal cycle, five were more abundant
during the dry season, with waters at lowest level. In this phase,
there is frequently an increase in the abundance of waterbirds
in lakes located in areas that get periodically flooded (e.g.,
Guadagnin et al. 2005, Accordi and Hartz 2006, Soares and Ro-
drigues 2009, Gimenes and Anjos 2011, Cintra 2012, Tavares and
Siciliano 2014). The most common justification for this pattern
is that food resources become very concentrated in these lakes
during the dry period, which the waterbirds come to exploit
(Gimenes and Anjos 2006, Cintra et al. 2007).

Bubulcus ibis was the only Ardeidae recorded in this study
that was more abundant in the peak-flood phase, with waters at
highest level. This species is native to Africa and Mediterranean
Europe (Rice 1956) and is associated with large grazing mam-
mals rather than with aquatic environments (Martinez-Vilalta
et al. 2014a). This species was first recorded in Brazil in 1964
(Sick 1965), where its occurrence is facilited by the presence of
livestock (Sick 1997, Bella and Azevedo-Janior 2004, Seedikkoya
et al. 2005, Nunes et al. 2010, Moralez-Silva and Lama 2014). It
is commonly found foraging among cattle (Gasset et al. 2000,
Martinez-Vilalta et al. 2014a) and capturing the insects that are
associated with or get displaced by these large animals. In the
study region, during the peak-flood phase, herds are transferred
from the floodplain to slightly higher and non-flooded regions,
and during this time B. ibis individuals concentrate at the mar-
ginal vegetation of the lakes. However, our results do not clarify
why these birds did not accompany the cattle herds when they
were transferred to drier areas, or even whether some birds did
follow the cattle there.

In general, in the present study, the microhabitat preferred
by most species of Ardeidae throughout the year was aquatic
macrophytes. This preference is possibly related to the diet of
these birds (Gimenes and Anjos 2006, Alves et al. 2012). Aquatic
organisms, such as fish and invertebrates, on which the Ardeidae
feed, use macrophytes for shelter and reproduction (Oliveira and
Goulart 2000). Another possibility, suggested by Gimenes and
Anjos (2011), is that this microhabitat allows some species, es-
pecially the smaller ones, to use areas located further away from
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Table 3. Percentage relation of correspondence analysis among species and microhabitats during each phase of the season cycle. Between
parentheses, the species and the microhabitats presented in the CCA of each phase.

Phases Species Aquatic Arborgal Shrut_> Grass Nake_d Lake Lakg Limnetic ~ Coastal
macrophyte vegetation vegetation margin perch  margin zone zone
Ebb Tigrisoma lineatum 100 0 0 0 0 0 0 0 0
Nycticorax nycticorax 0 0 0 0 0 0 0 0 0
Butorides striata 67 6 15 0 3 0 6 0 3
Bubulcus ibis 64 8 0 0 27 1 0 0 0
Ardea cocoi 80 13 0 0 7 0 0 0 0
Ardea alba 69 15 8 4 5 0 0 0 0
Egretta thula 73 0 17 3 3 0 2 0 2
Egretta caerulea 0 0 0 0 0 0 0 0 0
Dry Tigrisoma lineatum 76 8 8 2 4 0 2 0 0
Nycticorax nycticorax 57 35 9 0 0 0 0 0 0
Butorides striata 68 14 9 2 2 0 2 2 0
Bubulcus ibis 20 1 9 27 28 0 6 0 0
Ardea cocoi 40 17 3 0 13 0 3 3 20
Ardea alba 37 26 20 0 5 2 3 3 8
Egretta thula 45 9 18 1 11 0 0 2 13
Egretta caerulea 12 66 0 7 5 0 2 5
Rising Tigrisoma lineatum 68 20 13 0 0 0 0 0 0
Nycticorax nycticorax 19 81 0 0 0 0 0 0 0
Butorides striata 50 33 17 0 0 0 0 0 0
Bubulcus ibis 12 0 0 0 0 0 88 0 0
Ardea cocoi 69 31 0 0 0 0 0 0 0
Ardea alba 64 26 9 0 0 0 1 0 0
Egretta thula 71 28 0 0 0 1 0 0 0
Egretta caerulea 0 0 0 0 0 0 0 0 0
Peak-flood  Tigrisoma lineatum 73 28 0 0 0 0 0 0 0
Nycticorax nycticorax 0 57 43 0 0 0 0 0 0
Butorides striata 53 42 5 0 0 0 0 0 0
Bubulcus ibis 84 10 6 0 0 0 0 0 0
Ardea cocoi 94 6 0 0 0 0 0 0 0
Ardea alba 73 18 7 0 0 1 1 0 0
Egretta thula 69 28 3 0 0 0 0 0 0
Egretta caerulea 57 43 0 0 0 0 0 0 0

the shore, allowing greater exploration of the area, regardless of
the depth of the lake. Those authors observed this behavior in
B. striata at the Parana River.

According to Gimenes and Anjos (2011), A. cocoi, A.
alba and T. lineatum did not demonstrate a clear preference
for a particular habitat of the Parana River, whereas Pinto et al.
(2013) reported that A. cocoi and A. alba used similar substrates
in the presence or absence of water. This results differ from ours,
since in our data these species showed preference for aquatic
macrophytes in the four phases of the seasonal cycle. These
species have a wide geographical distribution and it is possible
that their supply of resources and habitats vary throughout
their distribution range. We suggest that these Ardeid birds are
generalists, but generally prefer to use macrophytes when such
plants are available. We are aware of one exception to this, in

6/9

the results of Pimenta et al. (2007), who demonstrated that E.
thula does not occur in association with aquatic macrophytes
at the Pampulha Lake, even though these plants were abundant
at the site. This difference in habitat use is not surprising since
these species have a wide geographic distribution and possibly
the supply of resources and habitats should change throughout
their distributions.

Relatively few Ardeidae species used microhabitats other
than macrophytes. Nycticorax nycticorax was recorded more
often in arboreal vegetation and shrub vegetation in two
phases. This species exhibits crepuscular and nocturnal habits
(Martinez-Vilalta et al. 2014b), as well as Cochlearius cochlearius.
It is possible that the microhabitat where N. nycticorax was more
often recorded in this study corresponds to its resting habitat,
and that it uses other microhabitats to forage in the twilight
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and nocturnal periods. Egretta caerulea showed a preference
for shrub vegetation in the phase with waters at lowest level,
and for tree vegetation in the peak-flood phase. According to
Martinez-Vilalta et al. (2014c), E. caerulea is partly insectivorous,
being able to look for insects in vegetation distant from the
water. In addition, Sick (1997) mentioned that this species also
feeds on the insects that are scared by cattle. This is also the case
of B. ibis. This may be the reason why we recorded it, in this
study, on shrub vegetation and arboreal vegetation.

In two phases of the cycle, the occurrence of B. ibis was
more strongly correlated with microhabitats other than aquatic
macrophytes: bare and grassy margin in the phase with waters at
lowest level and perch margin in the rising phase. As mentioned
above, this species displays an opportunistic feeding behavior
(Gasset et al. 2000), foraging among bovine cattle. Pinto et
al. (2013) observed that this species has a preference for dry
microhabitats, which is possibly related to its association with
large grazing mammals. In the present study, this species used
macrophytes and perch margin only when the microhabitats
such as bare margin and grasses were submerged.

The preference of the Ardeid birds for aquatic macrophytes
throughout the seasonal cycle suggests that this may be a key
microhabitat for the maintenance of this family (and probably
of its preys) in Amazonian floodplains. This preference may be
related to the diet of these birds, or to a greater exploitation of
the environment during the different phases of the seasonal
cycle. In addition, the occurrence of rare species (eg. I. exilis
and P. pileatus) and the strong preference of ardeid species for
specific microhabitats demonstrate the importance of preserving
this region. It is important to emphasize that the floodplains are
one of the most fragile Amazon ecosystems and are amongst the
most affected by anthropic activities, which makes them even
more relevant to conservation.
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