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Most nests of Arapaima gigas in floodplains of the Amazon were built at the margins of the forests
surrounding temporary or permanent lakes and their connecting channels. They were found under
forested levees in locations that were shallow and sandy. From 2000 to 2005, the adult population
increased six-fold but nest density increased only two-fold. # 2008 The Author
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It is important to understand the spawning habitat of fishes because it
may provide a focal point of home range, facilitate mating, and increase the
survival of eggs and larvae (Potts, 1984). Moreover, fishes are susceptible to
overexploitation if they are fished while spawning (Reynolds et al., 2002). How-
ever, the spawning habitat of floodplain fishes has been poorly studied, and
both floodplains and their fishes are highly threatened worldwide (Tockner &
Standford, 2002; Allan et al., 2005). Knowledge on the spawning habitat of
floodplain fishes potentially could be applied readily in conservation schemes,
thus providing critical protection to fish populations. This study surveyed the
nests of giant pirarucu Arapaima gigas (Schinz) in a floodplain of the Amazon
River, Brazil.
There is limited information on the nesting habitat of giant pirarucu. Fontanele

(1948) concluded that the nests are ‘cooking-pan’ like holes in the substrata,
which the fish dig with their mouths. The nests measure c. 500 mm in diameter,
and occur in shallow areas (c. 1 m in depth) away from floating vegetation
(Fontanele, 1948). Based on a survey of 11 nests, Queiroz (2000) concluded that
the nests were built in lakes, occur at average densities of 2!1 nests km"1 along
margins and banks, and have diameters ranging from 190 to 670 mm. Mean
depth of the nests was 120 mm (Queiroz, 2000).
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The reproductive behaviour of the giant pirarucu makes them vulnerable to
fishing, as the males, while caring for their young, are easy targets for harpoon-
specialist fishers. This vulnerability is exacerbated by their physiological need
to come to the surface of the water to breath air every 5–15 min (Castello,
2004). Moreover, the giant pirarucu grow up to 3 m in total length (LT) and
200 kg in mass (Queiroz, 2000). The giant pirarucu thus have constituted
one of the most historically important fisheries of the Amazon (Verı́ssimo,
1895). Government-run management regulations for the giant pirarucu in
Brazil have included a minimum landing size, a closed season during the
spawning period (December to May), and even a moratorium in the State of
Amazonas (Castello, 2007). But these regulations have been largely ineffective
because of poor enforcement and widespread illegal fishing (McGrath et al.,
1993; Viana et al., 2004). Consequently, the giant pirarucu are now overex-
ploited in many regions (Queiroz & Sardinha, 1999) and have been extirpated
near urban centres (Goulding, 1980). The giant pirarucu is being conserved by local
fishers through community-based initiatives (McGrath et al., 1993; Castello,
2007). Several fishers protect lakes from fishing or establish closed seasons
for the giant pirarucu, but these conservation strategies remain poorly studied.
A summary of the existing information on the main reproductive and migra-

tory activities of the giant pirarucu during an annual flood cycle suggests most
giant pirarucu inhabit lakes but can be found also in rivers and connecting
channels during low water levels, roughly from September to January every
year (Castello, in press; pers. obs.). At that time, the adults form pairs. Both
sexes of adult giant pirarucu collaborate to build their nest in the margins
and banks of lakes, temporary lakes and connecting channels during rising
water levels (Queiroz, 2000). They take from 3 to 5 days to build their nests,
spawn immediately after the nests are ready, and the young hatch from 3 to
5 days after the adults spawn (Fontanele, 1948). After the larvae hatch, most
females leave (pers. obs.), and some may reproduce again in the same season
(Queiroz, 2000). The males protect the young by staying close to them, usually
no farther than 1 m away. The males protect and guide the young by swim-
ming slowly through the food-rich environments of flooded forest during the
following weeks. The male giant pirarucu care for their young for c. 3 months
(Castello, in press). As water levels decline, the adult giant pirarucu separate
from their young, and they all migrate to communicating channels and lakes.
This study was done at the Mamirauá Sustainable Development Reserve,

State of Amazonas, Brazil, located at the confluence of the Solimões and
Japurá Rivers (c. 3° S; 65° W). The area is formed by várzea, a type of flood-
plain that flanks the sediment-rich white water rivers of the Amazon; it is
a complex mosaic of seasonally inundated rain forests, lakes and winding chan-
nels (Ayres, 1995; Junk, 1997; Castello, in press). Water levels fluctuate c. 12 m
annually (Ayres, 1995), flooding the entire ecosystem during high water levels,
and leaving most of it dry during low water levels.
The nesting habitat of the giant pirarucu was determined through surveys of

four habitats of the várzea in years 2000, 2001 and 2005 (Table I). It was
assumed that only these habitats provide conditions suitable for nesting giant
pirarucu, following knowledge of local fishers and a previous study (Queiroz,
2000). In 4 years of fieldwork, only one nest was observed in habitats that were
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not surveyed in this study (pers. obs.). The surveyed habitats varied greatly in
size and form (Table I), so survey work was designed to distribute per-habitat
effort homogeneously. One long stretch of rio, one of paraná, five lagos and
five ressacas were surveyed. A total of 43!8 km of várzea were surveyed every
year: 15!9 km of ressaca, 10!2 km of lago, 8!5 km of paraná and 9!1 km of rio
habitats. These locations were measured using a geographical position system,
and were walked by two local expert fishers and the author in years 2000 and
2001 and by the same fishers alone in 2005. The surveys were done late in the
low water season (November and December each year), when the nests that
were built the previous year were exposed to dry conditions and could be rec-
ognized easily. The surveys were done along the interface of the selected
‘aquatic’ habitats and the surrounding ‘terrestrial’ forests. Thus, the surveys
covered the areas delimited by the aquatic–terrestrial interface on the ‘aquatic’
side, and by the reach of the vision of the fishers inside the forest on the ‘ter-
restrial’ side. Here, these areas are referred to by their habitat names (Table I).
The following data were collected for every nest found: (i) diameter of the

hole, measured at the top along the direction of the greatest length, (ii) depth
of the hole, measured at the centre, (iii) diameter of the round area of clean
substratum surrounding the hole (i.e. free of fallen tree-leaves and small
branches), (iv) description of surrounding vegetation, following Ayres (1995;

TABLE I. The Amazonian habitats surveyed. Note that the chavascal vegetation is not
considered to be a forest per se (Ayres, 1995), but here will be referred to as such for

practical reasons

Habitat type Description

Surveyed habitats Rio The main river channel. The rio is wide
(up to 3 km), deep (up to 50 m), and swift
flowing (Junk, 1997); the Japura River
was sampled.

Paraná Channels transporting river waters and
crossing sections of várzea. Both ends
connect to the rio (Junk, 1997).

Lago Lakes of various sizes and shapes (Junk,
1997). Lagos hold water throughout the
flood cycle.

Ressaca Temporary lakes that are shallow with a
large and open mouth. Most ressacas
dry up during the dry season (local
classification).

Surrounding forests Chavascal Low swampy, scrub forest. Flooding depth
between 6 and 7 m (Ayres, 1995).

Restinga Baixa Silt-heightened riverbanks and bars on
which grow tall forest; flooding depth
between 3 and 6 m (Ayres, 1995).

Restinga Alta Like the restinga baixa, but riverbanks and
bars are higher and the forests are taller,
older and more diverse; flooding depth
between 1 and 2!5 m (Ayres, 1995).
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see Table I), (v) depth relative to the maximum flooding level the previous
year, as indicated by marks on nearby trees and (vi) soil type (i.e. clay or sand).
Data on diameter and depth of the hole were used to calculate the volume of
the nests, assuming the nests had the shape of cylinders. Possible interannual
differences in the data were analysed using Kruskal–Wallis tests. The nesting
habitat of the giant pirarucu was determined by first calculating density mea-
surement of nests in each habitat (i.e. ‘x’ nests km"1 of ‘y’ habitat) and then
comparing the density of nests among the surveyed habitats.
The abundance of nests was compared to population censuses of giant pira-

rucu for the same years. The abundance of giant pirarucu was considered for
an area that covered and was larger than the area comprising the nest surveys.
Comparing the abundance of nests and giant pirarucu in the exact same areas
was not feasible, because the giant pirarucu migrate between the lakes and con-
necting channels immediately before building their nests (Castello, in press),
probably searching for nesting habitat. The abundance of spawners was ob-
tained by annual census conducted by local fishers using the method described
by Castello (2004). This method allowed expert local fishers to estimate the
number of giant pirarucu accurately through counts made at the moment of
aerial breathing. Castello (2004) estimated that the counts varied c. $10% of
the true value. The counts differentiate two length classes: juveniles (0–1!5
m) and adults (>1!5 m; the Brazilian minimum size of capture). The fishers
censused the population of giant pirarucu in a large area comprised of c. 80
water bodies during low water levels (c. September and November) when the
giant pirarucu are concentrated in lakes and channels (Arantes et al., 2006;
Castello, 2007). The LT class criteria used in the counts of adult giant pirarucu
(>1!5 m, following management regulations) is approximately consistent with

TABLE II. Summary of observations on the nests of giant pirarucu (see Table I)
measurements

Year Habitat
Nests
(n)

Density
nests
(km"1)

Volume of
hole (I)

Diameter of
clean area (mm)

Depth relative to
last flood (m)

Median $ IQR Mean $ S.D. Mean $ S.D.

2000 Lago 16 1!57 62!2 $ 23!6 1380 $ 410 5!11 $ 0!81
Ressaca 35 2!20 56!5 $ 54!9 2060 $ 920 6!12 $ 1!10
Parana 14 1!65 51!8 $ 32!7 1890 $ 410 5!44 $ 1!00
Rio 0 0!00 — — —
Total 65 1!48 56!5 $ 39!5 1840 $ 780 5!72 $ 1!10

2001 Lago 35 3!43 41!4 $ 61!5 1710 $ 510 5!82 $ 0!87
Ressaca 36 2!26 31!5 $ 28!8 1550 $ 340 6!80 $ 0!59
Parana 12 1!41 29!4 $ 13!6 2160 $ 490 6!60 $ 0!97
Rio 3 0!33 90!7 $ 18!2 4000 $ 1000 6!17 $ 0!58
Total 86 1!96 35!6 $ 41!4 2290 $ 630 6!32 $ 0!89

2005 Lago 31 3!04 32!7 $ 25!3 2770 $ 630 3!21 $ 0!18
Ressaca 89 5!60 26!6 $ 32!4 3130 $ 770 3!68 $ 0!85
Parana 29 3!41 2!8 $ 3!2 2930 $ 830 3!95 $ 0!72
Rio 1 0!11 2!5 4000 3!30
Total 150 3!42 24!4 $ 31!6 3043!8 $ 776!2 3!65 $ 0!77
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the LT at which female giant pirarucu become sexually mature in the study
area (1!7 m; Queiroz, 2000). Thus, it was assumed that the counts of giant pira-
rucu were directly and positively correlated to the number of spawning-size
pirarucu.
A total of 301 nests of giant pirarucu were found in the 3 years surveyed.

The nests were holes in the ground with shapes like ‘cooking pans’, as
described by Fontanele (1948). The nests had a mean $ S.D. diameter of 570 $
180 mm and depth of 160 $ 40 mm, and a median $ IQR calculated volume
of 38!9 $ 29!4. The clean circular areas surrounding the holes, which are
assumed to have been made by the spawners, had a mean $ S.D. diameter of
1790 $ 530 mm. The habitat surrounding the nests was relatively homoge-
neous. Most nests were built in sand (95%), under restinga baixa forests
(87%; see Table I), and at mean $ S.D. maximum depth of 5!11 $ 0!77 m
(Table II). Depth of water over the nest at the time of spawning was c.
1–1!5 m (pers. obs.). The volume and clean circular areas of the nests varied
among the years (Kruskal–Wallis, n2000 ¼ 72, n2001 ¼ 93, n2005 ¼ 150, P <
0!01). As the years advanced, the nests became smaller with respect to volume,
and larger with respect to the clean circular areas (Table II). Their median vol-
ume in 2000 was about twice that in 2005 (Table II). Their depths differed
between years also (Table II; Kruskal–Wallis, n2000 ¼ 72, n2001 ¼ 93, n2005 ¼ 150,
P < 0!001), probably due to annual differences in flood cycles.
The nests of giant pirarucu were most abundant in ressaca habitats in 2000

and 2005 (Table II), and also when the data were averaged for the 3 years (3!25
nests km"1 in ressaca, compared to 2!68, 2!15 and 0!14 nests km"1 in lago,
paraná and rio, respectively). In 2000 and 2005, the nests were equally abundant
in lago and paraná habitats, but in 2001 they were more abundant in lago than
in paraná habitats (Table II). The nests of giant pirarucu were not equally
abundant in all surveyed locations of lago and ressaca habitats. Their abun-
dance varied little in three ressaca locations (from 0 to 4!2 nests km"1), but
in two of them their abundance increased markedly from 2000 to 2005. In lago
habitats, from 2000 to 2005 the abundance of nests decreased in two locations,
and increased markedly in one location, the Lago Samaumeirinha.
The total abundance of nests increased from 65 to 86 to 150 in 2000, 2001

and 2005, respectively (Table II). Most of the increase occurred in the ressaca
(147%), paraná (107%) and lago (94%; Table II). All of the increase in abun-
dance of nests in lago habitats occurred in Lago Samaumeirinha. From 2000 to
2005, the abundance of both nests and giant pirarucu increased (Fig. 1); the
abundance of nests increased by 131% and that of adult giant pirarucu by
611% (Fig. 1).
The nests of giant pirarucu have at least three characteristics that may

increase the survival rates of the young. First, the holes formed by the nests
may provide the eggs with protection against predators and currents that
may sweep the eggs away from the nests. This characteristic applies to many
nest-building fishes (Mori, 1994; Jaroensutasinee & Jaroensutasinee, 2001;
Vinyoles et al., 2002; Scott et al., 2005). Second, most nests (95%) were built
in sand. Digging the holes in sand probably requires less effort than digging
in the compacted clay that dominates in the study area. Holes made of sand
may increase the survival of the young. Several fishes have been reported to
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select substratum type (Jaroensutasinee & Jaroensutasinee, 2001; Scott et al.,
2005). In salmonids, as may be the case of the giant pirarucu, a high propor-
tion of fine materials can decrease the survival of the young (Chapman, 1988).
Third, the giant pirarucu make large clean circular areas surrounding the nest
holes. These clean circular areas probably assist keeping the eggs clean and free
of exogenous material. They can improve visibility for the caring parent and,
hence, reduce predation on the eggs. They can be related to the territorial
behaviour of giant pirarucu reported by Fontanele (1948).
The spawning habitats that giant pirarucu selected most frequently were the

ressaca followed by the paraná and lago (Table II). Both lago and paraná hab-
itats were selected equally by the giant pirarucu. The density of nests, however,
was distributed unevenly among the locations of ressaca surveyed, and espe-
cially so in lago habitats. All the increase in density of nests in lago habitat
was due to the disproportionate increase of nests in Lago Samaumeirinha. This
suggests that ressaca were selected more than lago habitats, and that there may
be other factors influencing selection of nesting habitat. One such factor could
be the depth of the channel that connects lago habitats to other water bodies.
The channel connecting to Lago Samaumeirinha was 1 m shallower than all
other lago locations surveyed. Shallow connecting channels can prevent the
giant pirarucu from migrating in or out of lago habitats immediately before
spawning when water levels are still low (Castello, in press).
The interfaces between the ressaca, paraná and lago habitats and the sur-

rounding forests may provide the populations of giant pirarucu with at least
three advantages over other habitats in the area. First, the giant pirarucu avoid
spending as much energy as they would if they migrated to more distant hab-
itats, such as the rio. The ressaca and paraná habitats tend to be close to the
lago habitat, where most giant pirarucu are found during low water levels and

FIG. 1. Abundance of nests ( ), juveniles ( ) and of adult ( ) giant pirarucu. The increases with time (%)
are indicated for nests and adults.
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where they probably form pairs (Castello, in press). Second, the resssaca,
paraná and lago habitats tend to have slower currents than the rio (Castello,
in press), so slow-flowing conditions may be a necessary condition for the devel-
opment of the young giant pirarucu that are not found elsewhere at the time of
spawning. The giant pirarucu prefer habitats with slow currents, c. 0!12 m s"1

(Castello, in press). Many other fishes construct nests in habitats with slow-
flowing currents (Mori, 1994; Jaroensutasinee & Jaroensutasinee, 2001; Vinyoles
et al., 2002; Armstrong et al., 2003; Crampton & Hopkins, 2005; Scott et al.,
2005). Third, and perhaps most important, the interface between the ressaca,
paraná and lago and the surrounding forests may provide the young giant pira-
rucu with a strategic combination of low densities of predators, high availabil-
ity of food and slow currents. Most nests (95%) were built in restinga baixa
forests, immediately next to, and on top of, the terrains that have the greatest
slopes of the area. So, conditions optimal for the survival of the young exist
only when rising water levels flood the forests. When that happens, fish densi-
ties decrease (reduced predation) and food becomes more abundant (Bayley,
1988). The shallow depth observed at the time of spawning in this habitat
(1–1!5 m) may be critical for the offspring to come to the surface to breath
and for the spawners to be able to breathe and protect the eggs at the same time.
The increase in abundance of nests and adult giant pirarucu from 1999 to

2005 suggests that there is a positive relation between the two (Fig. 1), with
nests increasing at a lower rate than adult giant pirarucu. There are insufficient
data points, however, to define the exact form of the relationship.
There are at least five implications for the management and conservation of

the giant pirarucu in the várzea floodplains. First and most important, the fish
is extremely susceptible to overfishing. The giant pirarucu are vulnerable to fish-
ing not only when they breathe and reproduce, but also where they reproduce.
Their spawning grounds are used by fishers to move within and between their
communities. Second, the giant pirarucu can be conserved more effectively
through seasonal rather than spatial protection. Protecting only the lago habitats
from fishing, as local fishers do, offers little protection for the reproduction of
giant pirarucu. The fish build most of the nests in ressaca, paraná and lago hab-
itats, which are widespread through the várzea and are easily accessible to fish-
ers. Also, the spawners and their offspring swim away from the spawning area
once the offspring have the capacity (Castello, in press). Seasonal bans (estab-
lished by Brazilian regulations) protect the reproduction of the giant pirarucu
when they are both most vulnerable and most valuable for future stocks. Third,
the riparian forests require protection. They are the spawning grounds of the
giant pirarucu, are easily accessible and thus suffer anthropogenic impacts.
The riparian forests are protected by Brazilian law, but such regulations are
rarely enforced by local communities. In the community in the study area,
São Raimundo do Jarauá, agricultural clearings are made behind the riparian
forests. Fourth, the protection of the nesting habitat of giant pirarucu must be
location-specific. The density of their nests varies disproportionately between
and within the habitats. Finally, it is uncertain whether counts of nests of giant
pirarucu are reliable indicators of the abundance of their populations (Fig. 1).
This study has shown that the riparian forests of floodplains are critical

nesting habitats for the giant pirarucu. ‘Nest building is very common among
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floodplain fishes’ (Welcomme, 1979); so many other floodplain fishes may also
need to spawn in the riparian forests that are now disappearing so rapidly
throughout the world. Additional studies on the spawning ecology of flood-
plain fishes are urgently needed to foster conservation initiatives run by local
fishers and to allow for large-scale conservation planning.

The expert fishers R. Cordeiro ‘Cabecinha’ and J. Carvalho ‘Tapioca’ guided and
conducted much of the fieldwork. D. J. Stewart, C. A. S. Hall, M. Pinedo-Vasquez
and V. Luzadis, and two anonymous referees helped to improve the manuscript. This
study was funded in part by Sociedade Civil Mamirauá and Conselho Nacional de
Pesquisa (Brazil), Department for International Development (U.K.), Wildlife Conser-
vation Society, National Geographic Society (through a grant to D. J. Stewart)
and Overbrook Foundation (U.S.A.).
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