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Although goatfishes (Mullidae) include c. 50 specialized bottom foraging species, juvenile and

adult spotted goatfish Pseudupeneus maculatus were recorded feeding on plankton on rocky
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Plankton-feeding is a widespread foraging mode among reef fishes (Hobson,
1991). Some species feed on plankton only during their larval and early juvenile
stages, while others remain obligate planktivores when adults (Hobson, 1991).
Fishes specialized for picking zooplankton generally have protrusible jaws and
short bodies, and typically form aggregations in the water column in areas where
zooplankton is abundant (Hobson & Chess, 1978, 1986; Hobson, 1991). Some
bottom-foraging reef fishes are reported to feed on plankton or particulate food
occasionally and under particular circumstances (Glasby & Kingsford, 1994;
Sazima & Sazima, 2001; Sazima et al., 2003).
The goatfishes (Mullidae) include c. 50 specialized bottom-foraging fishes that use

their well developed chemo-sensorial barbels to probe and disturb the substratum
while feeding (Munro, 1976; McCormick, 1995). As distinct from several other reef
fish families that have strong benthic association (e.g. damselfishes, wrasses, snappers
and groupers) and include both bottom and plankton-foraging species, no goatfish is
known as primarily planktivorous when adult (McCormick, 1995).
The goatfishes are reported as plankton-eaters only during their larval stage, and

after a drastic and quick change during their settlement they develop a set of features
that seems to constrain them to a benthic foraging habit (Gosline, 1984;McCormick,
1993, 1995). There is a report, however, on zooplankton in the diet of the yellow
goatfish Mulloidichthys martinicus (Cuvier) from Cuba (Sierra et al., 1994), and a
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record of foraging in the water column by the goatfish Parupeneus barberinus
(Lacepède) in Australia (Lukoschek & McCormick, 2001).
Groups of the spotted goatfish Pseudupeneus maculatus (Bloch) were recorded

feeding on plankton on the rocky reefs of the Marine Biological Reserve of
Arvoredo (c. 27�170 S; 48�18 W), on the coast of Santa Catarina, southern
Brazil, and at Fernando de Noronha Archipelago (03�500 S; 32�250 W),
c. 345 km off north-east Brazil. The observations at the Marine Biological
Reserve of Arvoredo were conducted in February 2004, the depth at the study
site was 5–15 m and horizontal visibility was 4–10 m. The plankton-feeding
behaviour of groups of juvenile spotted goatfish was observed and photographed
during eight scuba-diving sessions totalling 8 h. The observations at Fernando
de Noronha Archipelago were conducted in June 2003 and the depth was 15 m
and horizontal visibility 30 m. A mixed group of P. maculatus and the damselfish
Abudefduf saxatilis (L.) was video recorded while they foraged on suspended
particles and zooplankton.
At the Marine Biological Reserve of Arvoredo a total of 13 groups of juvenile

spotted goatfish were recorded. Each group was composed of 12–16 individuals
of 5–10 cm total length (LT), most >7 cm LT. All groups were constantly feeding
on the bottom over a brown algae substratum and the plankton-picking foraging
was recorded when the individuals suddenly rose up to 1 m from the bottom and
started to pick small crustaceans in the water column (Fig. 1). The fish spent
c. 4–10 s feeding on plankton before they resumed their habitual bottom-feeding.
During the plankton-feeding the fish protruded their jaws with their barbels
retracted and swam back and forth to pick off individual plankters. In all
instances of plankton-feeding a cloud of small crustaceans was visible. No

FIG. 1. A group of juvenile, recently settled Pseudupeneus maculatus rising in the water column to feed on

plankton. The white spots in the water column are due to the flash light reflected on the zooplankton.
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adult individuals of the spotted goatfish were recorded feeding on plankton at
the Marine Biological Reserve of Arvoredo, most were foraging solitarily on the
bottom.
At Fernando de Noronha Archipelago a mixed group of c. 10 P. maculatus of

15–20 cm LT and 33 A. saxatilis, was recorded. The group was feeding on the
bottom and plankton-feeding was recorded when the spotted goatfish started to
pick small crustaceans c. 2–5 cm above a brown algae agglomerate that was
floating c. 20–30 cm above the sandy bottom (Fig. 2). The plankton-picking lasted
about 15 s and was displayed by six out of the 10 individuals. During plankton-
feeding the fish protruded their jaws with their barbels retracted and swam back
and forth picking off individual plankters and other particles in the water column.
A copy of the video records is deposited as a voucher in the Museu de História
Natural of the Universidade Estadual de Campinas (ZUEC tape #21)
When spotted goatfish settle, they go through a drastic and quick morpholo-

gical and colour change. Pelagic spotted goatfish are usually silvery and change
to adult colour shortly after settlement. The chemo-sensorial barbels also change
drastically during settlement, and they are recorded to increase up to 52% in
length in a 12 h period (McCormick, 1993). The barbels are not used during the
larval phase, but are frequently used to detect and manipulate prey once the fish
is settled (McCormick, 1993). Also, goatfishes are recorded to change behaviour
from schooling with other fish species under drifting debris before and during
settlement, to foraging in small groups or solitarily on the bottom after settle-
ment (McCormick, 1993). For the spotted goatfish, the metamorphosis from
pelagic larva to benthic adolescence occurs when the fish is c. 41 mm standard

FIG. 2. A mixed group of Pseudupeneus maculatus and Abudefduf saxatilis. The spotted goatfish are

feeding on drifting crustaceans, close to the bottom. Note the protruded mouth of the individual

on the left side of the picture (taken from a video frame).
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length (LS), but may be delayed until 61 mm LS (Munro, 1976). All individuals
observed foraging on plankton at the Marine Biological Reserve of Arvoredo
were certainly post-settlement, since they were constantly foraging on the bottom
and had chemo-sensorial barbels and colour similar to that of adults (Fig. 1).
Since all individuals observed were c. 5–10 cm LT, they must be considered
recently settled and this proximity to their larval phase may have favoured the
occurrence of plankton-feeding behaviour, as these fish displayed this behaviour
in the larval stage not long before the phase recorded here. The much higher
frequency of foraging in the water column by small individuals (<12 cm LT) of
P. barberinus when compared with medium and large (>12 cm LT) ones
(Lukoschek & McCormick, 2001) lends support to this latter suggestion.
The spotted goatfish seldom swims in open water, and even when it spawns, it

generally rises a shorter distance more quickly in the water column than other
reef fishes, a strategy believed to be a predator avoidance behaviour (Colin &
Clavijo, 1978). The closeness of the drifting crustaceans and the bottom, in both
the records in the present study, may have favoured the plankton-feeding beha-
viour, since the spotted goatfish could feed on the plankton without having to
rise too far from the substratum and thus be exposed to predators. Additionally,
as the plankton was close to the substratum, the spotted goatfish could perceive
it as an alternative and rich food resource (Norrbin & Bamstedt, 1984) during
their usual bottom-feeding.
The foraging in groups may also have contributed to the plankton-picking

behaviour. In the example where the spotted goatfish was feeding together with
A. saxatilis, the fish group seems to have chased the small crustaceans and
concentrated them over the brown algae mass. This probably helped the spotted
goatfish perceive the drifting crustaceans during their usual bottom-feeding.
Additionally, when foraging in groups the fish are safer from predators (Brock
& Riffenburgh, 1960), so they may be more prone to rise in the water column.
Even a solitary spotted goatfish could pick off plankters where plankton was
abundant and close to the bottom in reef areas that provide shelter against
predators (Colin & Clavijo, 1978).
The goatfishes suffer a major change during their settlement and develop a set

of features that seems to constrain them to benthic foraging (Gosline, 1984;
McCormick, 1993, 1995). Even if they exhibit several features exclusive to
bottom-foragers, the goatfishes have protrusible jaws, a characteristic shared
with specialized plankton-picking fish species (Hobson, 1991). The protrusible
jaws seem to be the main feature of the spotted goatfish that enables it to feed on
plankton and drifting particles, and several other bottom-foraging species with
protrusible jaws are probably candidates to feed occasionally on plankton. The
records of feeding in the water column by P. barberinus (Lukoschek &
McCormick, 2001), plankton-picking by the bottom-foraging butterflyfish
Chaetodon striatus L. (Sazima & Sazima, 2001) and dolphins’ ‘offal’ picking by
chub Kyphosus sectatrix (L.) and doctorfish Acanthurus chirurgus (Bloch),
(Sazima et al., 2003) lend support to the suggestion. Small groups of the barber
goby Elacatinus figaro Sazima, Moura & Rosa, were also recorded picking off
plankton c. 50 cm above the bottom in Rio de Janeiro, south-eastern Brazil
(unpubl. obs.). This goby is a specialized, station-based cleaner that may feed
over the substratum (Sazima et al., 1996). There was a plankton bloom on the
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occasion, which further strengthens the suggestion about particulate-feeding by
bottom-foraging fishes when plankton is abundant, even if it is ephemeral
(Sazima & Sazima, 2001).
Additionally, facultative planktivorous fishes are recorded to increase their

ingestion of drifting particles when there is a bloom of highly nutritious particles
in the water column (Pratchett et al., 2001; McCormick, 2003). There is evidence
that supplementary food, especially coral propagules, increases growth,
improves nutritional and physiological condition, and increases reproductive
success (Pratchett et al., 2001; McCormick, 2003). Similarly, bottom-foraging
fishes that occasionally feed on dolphins’ offal may obtain a high amount of
protein, since the dolphin ‘offal’ is composed mainly of partially digested fishes
and squid, and live roundworms (Silva-Jr et al., 2004, 2005). This protein gain
should be especially advantageous to herbivorous fishes (Wilson, 2002; Wilson
et al., 2003), which usually consume food with low protein content (Choat,
1991). This may explain why the only bottom foragers recorded feeding on
dolphin offal are herbivores (Sazima et al., 2003). Therefore, it seems that
bottom-foraging individuals may change their usual feeding behaviour to take
advantage of rich and ephemeral food resources, such as lipid-rich coral propa-
gules (Pratchett et al., 2001; McCormick, 2003), protein-rich dolphin offal
(Sazima et al. 2003; Silva-Jr et al., 2004, 2005) and energy-rich plankton
(Norrbin & Bamstedt, 1984; this study).
The benefit of eating drifting particles by bottom-foraging fishes may cause a

‘dilemma’ in terms of predation: risk in the water column v. feeding on a
nutritious food. This dilemma may be lessened by feeding on drifting particles
only in ‘safe situations’, such as when in groups and close to the bottom (Brock
& Riffenburgh, 1960; Lukoschek & McCormick, 2001).
The picking of drifting particles by bottom foragers is probably restricted to

particular circumstances that favour an abundance of these particles, such as
mass spawning of reef invertebrates (Pratchett et al., 2001; McCormick, 2003),
voiding of faeces and vomit by fishes and marine mammals (Arbuto-Oropeza,
2000; Sazima et al., 2003), disturbance of soft substrata (Glasby & Kingsford,
1994) and occasional plankton blooms.
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