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INTRODUCTION

Freshwater systems around the world are coming
under increasing threat because of human activities
(e.g. Bayley 1989, Makrakis et al. 2007). In addition,
tropical river systems are subject to large seasonal
changes that contribute to the elasticity of resource
use, feeding, breeding and habitat use strategies of
their inhabitants (Douglas et al. 2005, Perna & Pearson
2008, Rayner et al. 2010). Seasonal rainfall causes the
expansion and contraction of habitat, which forces spe-
cies to adapt to different conditions seasonally, ulti-
mately affecting fish assemblage structure and species
richness in different stretches of river habitat (e.g.
Pusey et al. 1995, Galacatos et al. 2004, Perna & Pear-
son 2008). Loss of habitat during the dry season typi-
cally forces species to take refuge in deep channels
or waterholes, which concentrate predator and prey

species. This can create a strong top-down effect in the
system, with predators often shifting to omnivory as
prey base is reduced (Douglas et al. 2005, Rayner et al.
2010).

Changing hydrological conditions result in differ-
ences in the prey base that result in the support of
large predators. Changes in water level lead to
changes in available habitat and access to sources of
primary production (Douglas et al. 2005), but physical
disturbance to habitat during large freshwater flows
can also have strong impacts on habitat and thus prey
abundance. These observations have led to differing
conclusions about tropical river systems. Some authors
suggest that prey base is increased in the wet season
due to some species breeding after rainfall begins (e.g.
Douglas et al. 2005), whereas others suggest that prey
base is reduced because of wet season flooding, caus-
ing habitat disturbance and reductions in productivity
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(Rayner et al. 2009). Although the broad impacts of
seasonal hydrological changes are well studied, how
species respond to these changes requires further
study (Arrington & Winemiller 2006, Castello 2008).

The barramundi Lates calcarifer is a large predatory
fish found in tropical Australia and within the Indo-
Pacific region. Barramundi were generally thought to
follow a catadromous life history (i.e. Moore & Rey -
nolds 1982, Pender & Griffin 1996); however, recent re -
search into otholith microchemistry has revealed flexi-
bility in its life-history strategy, with some individuals
staying entirely within marine or freshwater environ-
ments and others moving between the two habitats
(McCulloch et al. 2005, Milton et al. 2008). This species
is also known to use fully freshwater systems that can
become landlocked in dry seasons (Griffin 1994).

Existing data on barramundi movement have largely
been determined by tag–recapture programs. Tagging
programs in Papua New Guinea and Australia re ported
the majority of recaptures within 15 km of their release
location, with limited numbers of individuals moving
larger distances (Moore & Reynolds 1982, Russell &
Garrett 1988). River-based movement data for various
freshwater species indicate downstream movement
patterns, possibly triggered by environmental condi-
tions such as temperature or water level (e.g. Griffin
1987, Fernandes 1997, Saint-Paul et al. 2000). Down-
stream movement is often considered to be re lated to
spawning, with juveniles showing less downstream
movement (Griffin 1987, Fernandes 1997). Recapture of
barramundi near their release location has, however,
led to contradictory conclusions that individuals return
to specific sites after spawning (Moore & Reynolds

1982) or remain resident in coastal regions and do not
move from these locations (Davis 1986).

Barramundi populations display varying movement
patterns, even altering their behaviour to fit the envi-
ronmental conditions present (Robins et al. 2005). It is
possible that this variability is a function of habitat dif-
ferences, but it could also be genetically derived.
Keenan (1994) revealed 16 distinct genetically and
reproductively isolated subpopulations of barramundi,
and these subpopulations could also have different
movement and behaviour patterns. These studies sug-
gest that high variability exists in life history, ecology
and movement patterns of barramundi populations.

Although it is apparent that barramundi can adapt to
varying conditions, it is unclear whether behaviour or
habitat use changes in different seasons or whether use
of regions is consistent and predictable. Here we exa -
mined short-term movement patterns of individuals
within a seasonally closed freshwater system in 2 differ-
ent seasons to define whether movement and dispersal
within this habitat differed by individual or season.

MATERIALS AND METHODS

All individuals were captured and released in Mis-
sion Billabong (13° 46’ S, 130° 27’ E), 150 km southwest
of Darwin, Northern Territory, Australia (Fig. 1). Mis-
sion Billabong is a freshwater body within the Daly
River catchment and, as such, is subject to seasonal dif-
ferences in temperature and water flow with distinct
wet (warm) and dry (cool) seasons. Individuals were
captured by rod and reel angling using artificial lures
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Fig. 1. Study site, indicating the Mission Billabong portion of the Daly River, Australia, where barramundi were sampled. Right 
panel: white, permanently flooded areas; light grey, intermittently flooded areas; dark grey, elevated areas
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(mean ± SE  landing time was 52 ± 4 s). Captured fish
were restrained in a landing net, brought aboard the
vessel for hook re moval, immediately wrapped in a wet
cloth and restrained in a soft sponge-lined cradle. Total
length (TL) of individuals was measured to the nearest
cm, and individuals were fitted with an external dart
tag for identification purposes (Hallprint dart tag) and
then with a radio transmitter (Advanced Telemetry
 Systems F2030) to facilitate tracking. Transmitters were
15 × 60 mm with a 300 mm antenna, modelled on those
used by Osborne & Bettoli (1995) and attached through
the muscle at the base of the dorsal fin via absorbable
sutures (Ethicon chromic gut). Sutures were knotted
and secured with fast-acting glue to en sure retention.
Use of absorbable sutures ensured the transmitter
would eventually release from the individual and float
to the surface to facilitate recovery. Fish were handled
for a mean time of 141 ± 5 s. Each transmitter was tuned
to a unique frequency and was equipped with a mortal-
ity sensor, which doubled the signal pulse if the trans-
mitter was stationary for a period exceeding 9 h.

Individuals were released within the billabong and
re -located once per day, when possible, with a 2 MHz
receiver (Ad vanced Telemetry Systems Receiver R2000)
during each of 2 seasons. The warm season was moni-
tored from 4 to 24 November 2002, and the cool season
was monitored from 22 July to 9 August 2003. When an
individual was located, the transmitter number and
GPS location were recorded. Because of high turbidity,
re-location by sighting individuals could only be com-
pleted for a small number of individuals situated close
to the surface (~150 cm depth). For the majority of the
tagged fish not sighted, re-location of the transmitter
within Mission Billabong over consecutive days repre-
sented a live tagged fish (de Lestang et al. 2004, in
press). Individuals were re-located each day for up to
18 d in each season. Unique individuals were moni-
tored in each of the seasons.

Analysis. Distance between consecutive re-locations
of each individual was examined to define the extent of
movement of individuals. Analysis of covariance
(ANCOVA) was used to examine the relationship
between distance moved and fish size, time at liberty
and season. Data were normalised by log(x+1) trans-
formation. Activity space analysis was completed
based on the total number of re-location points for each
individual. A minimum convex polygon (MCP) was
calculated for each individual to define the extent of
movement during the monitoring period. ANCOVA
was used to examine the effects of fish size and season
on activity space size. The distance all individuals
were dispersed from one another on specific days was
also calculated. Dispersal distance was measured
using MCP calculations of all individuals on each mon-
itoring date. This was used to define whether individu-

als were closely associated or spread farther apart and
whether that distribution changed through time.
ANCOVA was used to examine the effects of time at
liberty and season on dispersal distance.

RESULTS

Sixty barramundi were fitted with radio transmitters:
29 in the warm season, 31 in the cool season. Individu-
als ranged in size from 38 to 100 cm TL, and individu-
als captured in the warm season were significantly
smaller (38 to 70 cm TL, mean 53 cm TL) than those in
the cool season (45 to 100 cm TL, mean 61 cm TL;
t-test, t = 1.67, p < 0.01).

Daily re-locations revealed that most individuals
moved shorter distances in the warm season. Only one
individual showed movement greater than 1 km from
the release location and 65% of individuals moved less
than 500 m from their release location (Fig. 2a). Move-
ment of individuals in the cool season differed, with
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Fig. 2. Lates calcarifer. Mean distance moved by day for in-
dividual barramundi after release in Mission Billabong for
(a) warm (W) and (b) cool (C) seasons. Error bars are ±SE
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several individuals moving over 1 km from their re -
lease location, whereas only 32% of individuals moved
less than 500 m (Fig. 2b). Distance moved was signifi-
cantly different between seasons (ANCOVA, F = 14.67,
df = 1, 430, p < 0.0001), but there was no significant
relationship between distance moved and size of the
individual (F = 2.64, df = 1, 430, p = 0.105). Distance
moved also increased with days at liberty (F = 5.61, df =
1, 430, p = 0.018). Examination of distance moved by
date revealed that the mean distance moved was
400 m or less on all but one day for individuals in the
warm season (Fig. 3a). Persistence for periods of at
least 11 d suggests that individuals had not com-
menced any long-range movements following capture,
tagging and release. Conversely, in the cool season,
less than half of the days revealed movements of 400 m
or less. The period of 6–7 August showed the greatest
movements, with mean distances travelled of 1612 and
1131 m, respectively, followed by a final day of low
movement (mean = 397 m; Fig. 3b).

Estimates of activity space were highly variable
between individuals and seasons. Activity space size
was significantly related to season but not to individual
length (ANCOVA, season: F = 10.67, df = 1, 51, p <
0.001; length: F = 0.005, df = 1, 51, p = 0.942). All MCPs
for individuals in the warm season were below 1 km2

(Fig. 4a). MCPs for the cool season were larger, with a
maximum of 2.4 km2 and most below 1.5 km2 (Fig. 4b),
suggesting that individuals in the cool season moved
more widely and used larger areas than those in the
warm season.

Dispersion of individuals supported activity space
observations, with individuals in the warm season
revealing a stable dispersion distance among individu-
als (Fig. 5a), indicating that individuals were not
widely dispersed. In the cool season, however, individ-
uals dispersed farther apart through time, with great-
est distances apart occurring in early August (Fig. 5b),
thus individuals were more widespread in the cool sea-
son and moved farther apart post-release. Analysis of
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Fig. 3. Lates calcarifer. Mean distance moved over time by all
monitored barramundi in Mission Billabong for (a) warm and
(b) cool seasons. Missing points indicate days when indi-

viduals were not re-located. Error bars are ±SE

Fig. 4. Lates calcarifer. Estimates of activity space size for bar-
ramundi monitored within Mission Billabong for (a) warm and 

(b) cool seasons
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dispersal data revealed no significant differences by
season or days at liberty (ANCOVA, season: F = 0.53,
df = 1, 22, p = 0.475; days: F = 1.69, df = 1, 22, p = 0.207).
Although dispersal distances were not significant,
location of individuals changed through time, altering
the amount of area between individuals and the region
of the freshwater system used. For example, locations
during the warm season were mostly in the central por-
tion of the site (Fig. 6), whereas in the cool season indi-
viduals ventured farther north (Fig. 7). However, indi-
viduals in both seasons remained in permanently
flooded regions and tended not to move into seasonally
flooded areas of the billabong.

DISCUSSION

The use of seasonally fluctuating freshwater envi-
ronments has been examined by monitoring species
abundance and richness (e.g. Pusey et al. 1995, Perna

& Pearson 2008, Rayner et al. 2010), but none of these
studies have tracked the presence and movements of
individuals. Abundance data suggest that seasonal
changes play an important role in distribution, habitat
requirements, habitat partitioning and habitat prefer-
ence of resident fishes. However, Robins et al. (2005)
suggest that barramundi are highly adaptable to the
extent of varying life history characteristics within a
given environment. This suggests that barramundi
may not need to move in response to changing circum-
stances as other species may do (e.g. Perna & Pearson
2008). The results obtained in this short-term analysis
of movement indicate that barramundi used consistent
regions of habitat in both warm and cool seasons, sug-
gesting that they can cope with changing conditions.
There was also limited evidence of movement beyond
the permanently flooded regions of the billabong, fur-
ther suggesting consistent use of space or some level of
site attachment.

Previous research suggests that barramundi are
most active during the warmer wet season months (e.g.
Moore & Reynolds 1982, Griffin 1987, Russell & Garrett
1988). However, barramundi in Mission Billabong did
not move large distances in the warm season. Rainfall
of 72 mm was recorded during the monitoring period
(Australian Bureau of Meteorology, www.bom.gov.au),
signalling the beginning of the wet season, but limited
rainfall and lack of freshwater flow may have delayed
movement. Moore & Reynolds (1982) reported that
migration of barramundi was triggered by water level
and flow and Dunstan (1962) concluded that during a
poor wet season there may not be sufficient flow to re -
lease landlocked populations. However, in the present
study, individuals may not have moved large distances
for a variety of reasons. One potential explanation is
that a portion of barramundi populations remain resi-
dent within freshwater habitats throughout their life.
Griffin (1994) reported no seasonal movement of bar-
ramundi within a billabong and Davis (1986) sug-
gested that a portion of freshwater populations may
not move to the coast, which may indicate that lack of
movement is a common characteristic of these popula-
tions or that individuals rely on very specific cues to
direct movement. The duration of sampling also may
be an issue in these results, and longer-term monitor-
ing may reveal broader movement patterns.

Individuals moved greater distances during the cool,
dry season than in the warm, wet conditions. Reasons
for larger movements in the cool season are unclear,
but may be related to prey abundance and predatory
behaviour, as noted in freshwater systems in South
America (e.g. Fernandes 1997, Rodriguez & Lewis
1997, Saint-Paul et al. 2000). In these systems, move-
ments have been related to feeding requirements
 during dry periods. For example, Rodriguez & Lewis
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Fig. 5. Lates calcarifer. Dispersal distance of barramundi
through time for (a) warm and (b) cool seasons. Missing points 

indicate days when individuals were not re-located
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(1997) suggested that fish assemblages were heavily
related to water transparency and feeding strategy. As
water clarity declines during the dry season, behaviour
of visual hunters may be altered. Thus, despite
decreased water levels pooling re sources, prey may
become limited during these months and alterations to
water quality and clarity may require individuals to
move greater distances to locate prey. At least some

freshwater populations spawn late in the dry (cool)
season or early wet (warm) season, which would pro-
vide an increase in potential prey during the warm
season as juveniles recruit to populations (e.g. Bal-
combe et al. 2006). Tedesco et al. (2008) also reported
that floodplain inun dation can enhance recruitment by
improving the feeding environment for larvae, result-
ing in clear responses to hydrological seasonality in
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Fig. 6. Lates calcarifer. Location (dots) and
dispersion (line) of monitored barramundi
in Mission Billabong during the warm
 season. White: permanently flooded; light
grey: intermittently flooded; dark grey: ele-
vated areas. Date is indicated in the lower 

left of each panel
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Fig. 7. Lates calcarifer. Location (dots) and
dispersion (line) of monitored barramundi
in Mission Billabong during the cool sea-
son. White: permanently flooded; light
grey: intermittently flooded; dark grey: ele-
vated areas. Date is indicated in the lower
left of each panel. Missing points indicate
days when individuals were not re-located
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tropical river populations. Thus, in the warm season
prey may be more abundant or move more on the cur-
rents of flowing water, allowing freshwater predators
to remain in one location and ambush prey that move
into or through an area.

Differences in the amount of movement by barra-
mundi between the 2 seasons were apparent in activity
space estimates, with higher values from the cool sea-
son. MCP estimates revealed that some individuals
tended not to move far (<1 km2) whereas others used
areas as large as 1.5 km2 in the warm season and
2.5 km2 in the cool season. Activity space estimates
near zero indicate that individuals can remain resident
within a specific location for periods of at least a week.
There was no evidence that movement patterns were
related to size of individuals, indicating uniform move-
ment among sizes. These data suggest that during the
course of a week barramundi are likely to use any-
where from 0 to 2 km2 of habitat. In contrast, differ-
ences in distance moved at the end of cool season sam-
pling are difficult to define. No obvious difference in
physical parameters was recorded (P. de Lestang &
Q. A. Allsop unpubl. data) during this period to explain
dispersal of individuals in early August. No rainfall
was recorded in July or August (Australian Bureau of
Meteorology, www.bom.gov.au), removing the possi-
bility of freshwater influx as the cause of this move-
ment pattern. Despite the lack of a measurable para-
meter, it appears that a change within the environment
must have occurred to trigger movement and dispersal
of most if not all individuals.

The results of the present study raise several ques-
tions about short- and long-term use of freshwater
habitats by barramundi. The ecological implications of
long-term residence in freshwater should be consid-
ered as an aspect of the life history of this species. It
is unclear whether individuals in Mission Billabong
remain in freshwater habitats for the majority (or
entirety) of their life and what implications this be -
haviour would have for freshwater populations. For
example, studies of otolith chemistry suggest that
 barramundi populations have a high dependence on
freshwater systems for portions of their life history
(McCulloch et al. 2005, Milton et al. 2008). In addition,
Robins et al. (2006) revealed higher growth rates for
barramundi in years of greater flooding and Milton et
al. (2008) suggested that growth of immature individu-
als was enhanced by access to productive freshwater
regions. Therefore, use of freshwater habitats may be
crucial to barramundi populations by providing pro-
ductive habitat exploited for fast growth. Longer-term
data should be collected to help define larger-scale
movement and dispersal patterns through time and
better define activity space and habitat/food resource
use of these populations.
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