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Abstract Can remote underwater video be used to

investigate the in-stream behaviour of small fishes

and decapods? Diel activity of two threatened

freshwater fishes (Macquaria australasica and Gad-

opsis bispinosus), a palaemonid prawn and an atyid

shrimp, was established from remote underwater

video in a pool of an upland stream in the current

study. Decapods and large fishes ([5 cm TL) were

nocturnal, whereas, small fishes (\5 cm TL) were

diurnal. The suitability of using underwater video to

quantify short-term (seconds) behavioural interaction

among individuals was also demonstrated, with early-

juvenile-phase Gadopsis bispinosus exhibiting inter-

ference competition on 35% of occasions when two

or more individuals were observed. This study

demonstrates that remote underwater video is useful

for observing the in-stream behaviour of threatened

freshwater fauna where other techniques are not

viable, and presents sub-sampling of video as a

means of reducing video processing time in assessing

fish diel activity patterns.

Keywords Gadopsidae � Macrobrachium �
Observer effect � Paratya � Percichthyidae

Introduction

Remote data collection including the use of underwa-

ter video is enabling aquatic ecologists to understand

ecosystems at scales that were not previously possible

(Porter et al. 2005; Jan et al. 2007). Remote under-

water video provides a means of observing aquatic

biota including fishes and other mobile fauna (e.g.

decapods) with minimal observer effect. The tech-

nique has been used to estimate fish size, density and

diversity (Willis and Babcock 2000; Cappo et al.

2004; Shortis et al. 2007 and references therein),

investigate the effectiveness of sampling gear (e.g.

Grant et al. 2004) and observe fish behaviours includ-

ing predation and diel activity (Holbrook and Schmitt

2002; Jan et al. 2007) in moderate to high visibility

marine and freshwater systems. In particular, there is

scope for using underwater video to study threatened

species by non-destructive means and with minimal

observer effect. Historically, field studies of Australian

freshwater fishes have relied primarily on capture-

based sampling techniques including netting and

electro-fishing (e.g. Gehrke and Harris 2000),

although, at times direct observation of fishes have

been made from the stream bank or by snorkelling

(Cadwallader and Rogan 1977; Merrick and Midgley
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1981; Bishop et al. 1995; Pusey and Kennard 2001;

Hattori and Warburton 2003). Research of Australian

freshwater fish based on remote underwater video is a

logical extension of this approach in non-turbid

environments.

The Cotter River is a clear cobble-bottomed

upland stream with generally low turbidity (White

et al. 2006). The river is the last stronghold within the

Australian Capital Territory (ACT), for two remnant

populations of threatened fishes, the nationally

endangered Macquarie perch Macquaria australasica

Cuvier 1830 (Percichthyidae) and the locally vulner-

able two-spined blackfish Gadopsis bispinosus

Sanger 1984 (Gadopsidae)(Lintermans 2002). There

have been intermittent auto-ecological studies (Lin-

termans 1998; Ebner and Lintermans 2007) and a

commitment to long-term monitoring of these pop-

ulations (Lintermans and Rutzou, ACT Parks and

Conservation Service, unpubl. data; Lintermans,

Environment ACT, unpubl. data); however, these

efforts have focused on large fish ([5 cm total length

(TL)) and the ecology of the early-juvenile-phase

(\5 cm TL) of either species in the Cotter River or

elsewhere, is poorly known. Large fishes of the Cotter

River are known to feed on small fishes and

macroinvertebrates, especially shrimps and prawns

(Lintermans 1998, 2002; Ebner et al. 2007). Prey are

known to exhibit diel habitat use patterns as a

function of the risk of visual predation in aquatic

systems (Pittman and McAlpine 2001; De Robertis

2002; Kronfeld-Schor and Dayan 2003; Aguzzi et al.

2007). However, this phenomenon has not been

investigated in the Cotter River.

Observations from the stream bank and by snor-

kelling have revealed that these species can be

diurnally active in the early-juvenile-phase (Ebner

and Lintermans 2007). Early-juvenile-phase G. bis-

pinosus are benthic, whereas, early-juvenile-phase M.

australasica use much of the water column at about

2–5 weeks post-hatch (Ebner and Lintermans 2007).

It is hypothesised that the latter species is especially

vulnerable to predation by resident alien rainbow

trout Oncorhynchus mykiss (Walbaum 1792) and

brown trout Salmo trutta Linnaeus, 1758 (hereafter

collectively referred to as trout). Remote underwater

video represents a means for clarifying aspects of

the ecology of M. australasica and G. bispinosus

in the early-juvenile-phase with minimal observer

effect.

The aim in the current study is to assess the

suitability of underwater video as a technique for

observing behaviour of these two species and other

aquatic fauna of the Cotter River. Specifically to: (a)

determine if trout feed on early-juvenile-phase

M. australasica; (b) determine the diel activity pattern

of small fauna (\5 cm TL) including the early-

juvenile-phase of the two threatened fishes, shrimps

and prawns, and; (c) to investigate the strategies for

sub-sampling or stratifying video records to reduce

labour requirements in the video-processing phase.

Methods

The type of multiplexer based video system that was

used is described fully in Mills et al. (2005), although,

video information was recorded at the stream bank

and there was no need to transmit information from a

floating pontoon in the current study. On 13 January

2003, six monochrome video cameras were positioned

randomly underwater within a single pool, Bracks

Hole, in the Cotter River, ACT. Cameras were

mounted 0.6 m above the benthos by a clamp attached

to a stand to view a 0.5 9 0.5 m quadrat of substrate

delineated by a metal frame. An infrared light source

(Mills et al. 2005) was placed at the front corner of

each quadrat facing away from the camera and

programmed to turn on half an hour before sunset

and turn off half an hour after sunrise. Following the

first night of filming when it was apparent that this

lighting was insufficient to distinguish small animals

(e.g. shrimps, Paratya australiensis Kemp 1917

(Atyidae) and prawns Macrobrachium australiense

Holthuis 1950 (Palaemonidae)), three cameras were

removed from the pool to enable placement of a

second light source halfway along the sides of the

quadrat to illuminate the rear of the quadrat in

association with the three remaining cameras. We

assumed that infrared light was not visible to the fauna

and did not impact upon animal behaviour (Partridge

1990). Filming ceased at 1300 h, 17 January 2003.

Figure 1 shows a single frame of an adult M. austra-

lasica as recorded on camera.

Initially, each 3-h videocassette that had been used

in recording (including those from the initial six

camera set-up) was viewed for a short period (about

five minutes) by a single observer on a 68 cm flat

screen television from a time-lapse videocassette
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recorder to determine the video quality and general

patterns of fish activity. Video from Camera 1 was

generally of poor quality (due to condensation inside

the lens) and therefore only footage from Camera 2 and

Camera 3 was examined in detail based on a single

diel period from 1200 h, 16 January 2003 to 1200 h,

17 January 2003. Record was made of species, time

that each individual entered and exited the quadrat

(h, min, s), total length (TL, cm) and any behavioural

interactions among individuals. Species were identified

from external morphological features and locomotive

motion and shrimps and prawns were distinctly reflec-

tive under infrared lighting at night. Where fishes could

not be confidently identified a record was made as

‘unidentified fish’. Rainbow trout and brown trout

could not be differentiated from one another (individ-

uals filmed by day were of insufficient size to observe

markings; markings were not sufficiently visible on a

large individual that moved rapidly across the field of

view at night). In order to check the reliability of video

processing, a second technician repeated the process

based on Camera 3 only, and recorded almost identical

output data (three small fishes had been overlooked by

one of the observers).

Total length (±0.5 cm) of fish and crustaceans was

measured on the screen, by scaling the proportion of

the quadrat width viewed on the screen to the known

width of the quadrat (i.e. 50 cm). In order to assess

the measurement error associated with animal prox-

imity and angle to the camera, we filmed and

measured fish silhouettes (3 cm, 6 cm and 30 cm

TL) on the benthos at left, middle and right within the

front, centre and back of the quadrat. The process was

repeated with silhouettes at 15 cm above the benthos

(although, the largest silhouette was out of view at

some positions). The TL of individuals swimming in

midwater close to the camera lens was overestimated

by this process (mean ± SE of 31.7% ± 4.2 for fish

at 15 cm above benthos, n = 22), however, the

majority of individuals were located close to the

benthos and early-juvenile-phase fishes could be

clearly differentiated from larger fishes (9.8% ± 1.1

for fish at 0–5 cm above benthos, n = 27). Large

prawn M. australiense ([3 cm TL) were differenti-

ated from shrimp P. australiensis and small prawn

(B3 cm TL), and small (B5 cm TL, early-juvenile-

phase) and large fishes ([ 5 cm TL) were differen-

tiated. In order to investigate diel activity patterns,

observations of each taxon were plotted in hourly

time classes according to camera. Data were sub-

sampled as three randomly selected (a) 5-min periods

(15 min total) and (b) 1 min periods (3 min total), per

hour, and plotted for comparison with the complete

dataset.

In the absence of observations of trout feeding on

early-juvenile-phase M. australasica, or any occasion

where both species were in view simultaneously,

quantitative records of intra-specific interactions

involving G. bispinosus in daylight hours were used

to investigate the use of the remote underwater video

technique for observing short-term (i.e. occurring in

seconds or less) behaviour. A chase-flee interaction

was recorded when an individual chased one or more

individuals within the confines of the quadrat. A neutral

interaction was recorded when two fish were in the

quadrat simultaneously and no aggressive behaviour

was witnessed. When three individuals were present in

the quadrat simultaneously one of three combinations

was recorded: (a) three neutral interactions; (b) one

aggressive and two neutral interactions or (c) two

aggressive and one neutral interaction.

Results

Continuous video from two cameras over 24-h pro-

duced 1,389 observations of fauna, comprising 621

and 772 observations on Cameras 2 and 3, respectively

(Table 1). The majority of these observations were of

Fig. 1 A single video frame of an adult Macquaria australa-
sica illuminated by infrared lights (one light can be seen on the

right) and recorded by Camera 3 at night. A 0.5 9 0.5 m

quadrat is visible on the benthos providing an indication of

scale

Aquat Ecol (2009) 43:569–576 571

123



fishes, particularly G. bispinosus and to a lesser extent

M. australasica, and decapods (Table 1). Trout (either

O. mykiss or S. trutta) were observed on 10 occasions on

Camera 2 and once on Camera 3 (Table 1). The major-

ity of these observations on Camera 2 were related to two

trout chasing one another in and out of the quadrat

repeatedly within a 1-min period (Table 1). Figure 2a–c)

show that small fishes (\5 cm TL) were primarily

diurnal, whereas, larger fishes were nocturnally active or

evading the camera by day. There was an indication that

large fishes were most active around dusk and dawn

(Fig. 2a–c). A substantial number of observations were

made of P. australiensis and small M. australiense

(n = 174) and large M. australiense (n = 79)

(Table 1). Large M. australiense were only observed

at night (n = 79). Similarly, P. australiensis and small

M. australiense were primarily seen at night (Fig. 2),

when they were often swimming in the water column.

The pattern of diurnal activity exhibited by early-

juvenile-phase G. bispinosus and M. australasica was

discernable following 15-min sub-sampling of hourly

observations. However, this pattern became less evident

with 3-min sub-sampling of hourly observations, this

being a function of the reduction in total number of

observations (Fig. 3). Inspection of video footage

collected on six cameras at the beginning of the

sampling period and on three cameras later in the

sampling period confirmed patterns of nocturnal behav-

iour of shrimps, prawns and large fishes and diurnal

activity of small fishes across multiple diel periods.

Aggressive interactions (chase-flee behaviour) com-

prised 35% of all observed intra-specific interactions

involving G. bispinosus (114 interactions on Cameras 2

and 3 combined). All of these aggressive interactions

involved an individual of equal or larger size chasing

another individual (Table 2). Thirty-nine of 40 of these

aggressive interactions involved individuals in the

early-juvenile-phase. On one occasion, an individual

of 9 cm TL was observed chasing an individual of 6 cm

TL. On just four occasions on Camera 2 and seven

occasions on Camera 3, three individuals occurred in

the quadrat, simultaneously.

Discussion

Fish and decapod crustaceans are known to undertake

ontogenetic shifts in diel activity and habitat use as a

function of predation risk and specifically tradeoffs

between body size and light-mediated visual

Table 1 Total number of

observations of each species

entering the quadrat

(expressed as a percentage

in brackets) as observed by

Cameras 2 and 3 over a

24-h period

Taxa Number of observations

Camera 2 Camera 3 Mean Total

Teleostei

Gadopsidae

Gadopsis bispinosus 290 (47) 408 (53) 349 698

Percichthyidae

Macquaria australasica 184 (30) 82 (11) 133 266

Salmonidae

Trout 10 (2) 1(0) 6 11

Cyprinidae

Carassius auratus 6 (1) 5 (1) 6 11

Unidentified fish 21 (3) 109 (14) 65 130

Decopoda

Palaemonidae

Macrobrachium australiense (large) 47 (8) 32 (4) 40 79

Atyidae and Palaemonidae

Paratya australiensis & small M. australiense 49 (8) 125 (16) 87 174

Parastacidae

Cherax destructor 12 (2) 6 (1) 9 18

Euastacus 2 (0) 0 (0) 1 2

Total 621 (100) 768 (100) 695 1,389
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predation (Pittman and McAlpine 2001; De Robertis

2002; Kronfeld-Schor and Dayan 2003; Aguzzi et al.

2007). In the current study diel activity of two

threatened fishes, a palaemonid prawn and an atyid

shrimp, was established from underwater video

monitoring and use of infrared lighting in an upland

stream pool. Whilst repeated enumeration of individ-

uals on fixed cameras undoubtedly occurs, this

approach provides an effective means for quantifying

the diel activity patterns of aquatic communities (e.g.

Jan et al. 2007) where continuous observation is

otherwise difficult or impossible.

Findings that a freshwater palaemonid and an atyid

were nocturnal concur with other reports of these taxa

(e.g. Johnson and Covich 2000; Short 2004). Early-

juvenile-phase M. australasica and G. bispinosus

were diurnal, whereas, large fishes ([5 cm) were

crepuscular or nocturnal. This represents the first

evidence that both of these threatened fishes are

confined to be active in the day while in the early-

juvenile-phase. Foraging capability of early-juvenile-

phase fishes and/or predator avoidance may explain

this activity pattern (De Robertis 2002; Reebs 2002).

Night versus day feeding capability of early-juvenile-

phase M. australasica and G. bispinosus remains to be

investigated (e.g. Job and Bellwood 2000, 2007).

Whereas increased activity of large benthic preda-

tors was observed at night relative to day in the

current study (Fig. 2). That large M. australasica and

G. bispinosus were nocturnal, conforms to patterns
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Fig. 2 Changes in the

frequency of observing (a)

identified M. australasica,

(b) identified

G. bispinosus,(c) all fish

(including individuals not

identifiable to species

level), and (d) shrimp and

small M. australiense
expressed as a proportion of

the total observations over a

diel period commencing

1200 h, 16 January 2003.

Total number of

observations is shown in

brackets on each graph.

Shading indicates night
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revealed by radio-tracking (Ebner and Lintermans

2007) or ad hoc spotlighting in the Cotter River

catchment (Ebner, personal observation).

The current study in conjunction with others

highlights the importance of night-time activity of

large Australian aquatic fauna and in particular adult

phase percichthyids (Pen and Potter 1990; Crook

et al. 2001; Pusey and Kennard 2001; Ebner and

Lintermans 2007; Thiem et al. 2008). Consequently,

we join Johnson and Covich (2000) in recommending

caution when interpreting models of stream habitat-

use based exclusively on diurnal surveys (e.g.

Maddock et al. 2004; Boys and Thoms 2006). The

basis for the nocturnal activity of the large native

fishes in the current study is unknown, but could

represent a strategy for avoiding diurnally active

piscivorous birds and/or competition with introduced

trout species, and may or may not have an evolu-

tionary basis. Experiments are to be recommended

for answering this question since the outcomes have

important implications for the management of

threatened fish populations and introduced species

(Ebner et al. 2007).

Whilst automated software analysis has decreased

the time required to process video records, manual

processing is still required in distinguishing multiple

species and complex behaviour (Ruff et al. 1995;

Hatch et al. 1997; Jan et al. 2007). The 24-h contin-

uous video from two cameras took a technician about

17 days per camera to process, prior to data analysis

in the current study (although substantially less time

would be required if data were only required for a

single species or in regard to a single type of

behaviour). The current study has demonstrated the

benefit of viewing sub-samples of film to establish the

diel activity pattern of two threatened fishes. More

generally, the amount of video viewed in a sub-

sample will be a function of the frequency of

occurrence of the feature of interest (e.g. presence/

absence of species) and should be estimated in a pilot

study. The example provided in Fig. 3 shows that a

pattern of diurnal juvenile fish activity remains when

one quarter of the total video is processed but not

when 5% of the total video is used. The sub-sampling

process is also likely to be valuable for providing a

preliminary exploration of large continuous video

records (e.g. Jan et al. 2007) as a basis for identifying

periods for more comprehensive processing. For

example, large fish activity was especially pro-

nounced around dawn and dusk in the current study.

Trout interactions with either threatened fish

species were not effectively investigated here. Trout
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0

5

10

15

20

n=143
n=28
n=6

(b)
Camera 3

n=43
n=10
n=3

(d)
n=392
n=111
n=21

(c)

Time of day (hr)

N
o.

 o
f o

bs
er

va
tio

ns

0

10

20

30

40

50

n=260
n=69
n=12

1230 1830 0030 0630 12301230 1830 0030 0630 1230

Fig. 3 Number of early-juvenile-phase (\5 cm TL) M. aus-
tralasica (a, b) and G. bispinosus (c, d) observations per hour

on two cameras in a diel period (commencing 1200 h, 16

January 2003) based on real-time (dashed line); a 15-min sub-

sample per hour (dotted line) and a 3-min sub-sample per hour

(solid line). Shading indicates night

Table 2 The frequency of aggressive and non-aggressive

interactions and the effect of relative body size on the outcome

of encounters between early-juvenile-phase G. bispinosus

Number of interactions

Camera

2

Camera

3

Mean Total

Aggressive

interactions

Chaser larger 9 13 11 22

Chaser of same

size

9 9 9 18

Chaser smaller 0 0 0 0

Subtotal 18 22 20 40 (35%)

Neutral

interactions

26 48 37 74 (65%)

Total 44 70 57 114 (100%)

574 Aquat Ecol (2009) 43:569–576

123



were rarely observed on film in this study despite (a)

video-independent confirmation of their presence

during filming, and (b) day-time observations in the

weeks prior to filming indicating that trout were the

most conspicuous species in the pool (Ebner, unpubl.

data). Increasing the number of cameras and/or

camera field of view should be a priority in future

efforts to investigate trout interactions with early-

juvenile-phase M. australasica. To this end, horizon-

tally oriented cameras are recommended rather than

downward facing cameras, since this study has found

(a) early-juvenile-phase M. australasica are diurnal

and short-range infrared lighting is not required, and

(b) trout were likely evading the cameras or were

positioned above the field of view. Additionally,

camera resolution also impacts taxonomic identifica-

tion capability and should be considered carefully

when designing ecological studies and purchasing

equipment. Nevertheless, the value of the remote

underwater video technique for observing short-term

(seconds) behaviour was clearly demonstrated

through the quantitative records of intra-specific

interactions involving G. bispinosus. Specifically,

G. bispinosus exhibited a high level of interference

competition (35% of interactions, Table 2) in the

early-juvenile-phase in the current study.

We conclude that (a) sub-sampling of continuous

video can be used to minimise the amount of video

processing required to quantify fish behaviour, and (b)

that diel activity patterns of fauna can be used as a basis

for stratifying effort in the video processing phase.

There is scope for application of remote underwater

video in clear water freshwater ecosystems. Possible

research applications include: threatened species

research where non-destructive techniques are espe-

cially relevant; examination of the effectiveness of

existing survey techniques; and the quantification of

real-time behaviour of aquatic fauna including biotic

interactions and habitat-use. Remote underwater video

and in particular real-time imaging also provides a

means of engaging the community and promoting

awareness of aquatic ecosystems, at a time when many

aquatic species including native Australian fishes are

threatened with extinction.
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Aguzzi J, Company JP, Abelló P, Garcı́a JA (2007) Ontogenetic

changes in vertical migratory rhythms if benthopelagic

shrimps Pasiphaea multidetata and P. sivado.. Mar Ecol

Prog Ser 335:167–174

Bishop KA, Pidgeon RWJ, Walden DJ (1995) Studies on fish

movement dynamics in a tropical floodplain river: Pre-

requisites for a procedure to monitor the impacts of

mining. Aust J Ecol 20:81–107

Boys CA, Thoms MC (2006) A large-scale, hierarchical

approach for assessing habitat associations of fish assem-

blages in large dryland rivers. Hydrobiologia 572:11–31

Cadwallader PL, Rogan PL (1977) The Macquarie perch,

Macquaria australasica (Pisces: Percicthyidae), of Lake

Eildon, Victoria. Aust J Ecol 2:409–418

Cappo M, Speare P, De’ath G (2004) Comparison of baited

remote underwater video stations (BRUVS) and prawn

(shrimp) trawls for assessments of fish biodiversity in

inter-reefal areas of the Great Barrier Reef Marine Park.

J Exp Mar Biol Ecol 302:123–152

Crook DA, Robertson AI, King AJ, Humphires P (2001) The

influence of spatial scale and habitat arrangement on diel

patterns of habitat use by two lowland river fishes.

Oecologia 129:525–533

De Robertis A (2002) Size-dependent visual predation risk and

the timing of vertical migration: An optimization model.

Limnol Oceanogr 47(4):925–933

Ebner B, Lintermans M (eds) (2007) Fish passage, movement

requirements and habitat use for Macquarie perch. Parks,

conservation and lands. Final Report to the Department of

Agriculture, Fisheries and Forestry Australia; Canberra,

Australia

Ebner B, Broadhurst B, Lintermans M, Jekabsons M (2007) A

possible false negative: lack of evidence for trout preda-

tion on a remnant population of the endangered

Macquarie perch, Macquaria australasica, in Cotter

Reservoir, Australia. N Z J Mar Freshw Res 41:231–237

Gehrke PC, Harris JH (2000) Large-scale patterns in species

richness and composition of temperate riverine fish

communities, south-eastern Australia. Mar Freshw Res

51:165–182

Grant GC, Radomoski P, Anderson CS (2004) Using video to

directly estimate gear selectivity: the retention probability

for walleye (Sander vitreus) in gill nets. Can J Fish Aquat

Sci 61:168–174

Hatch DR, Jeffery JK, Schwartzberg M, Pederson DR, Wand A

(1997) A computerized editing system for video moni-

toring of fish passage. North Am J Fish Manag 18:694–699

Hattori A, Warburton K (2003) Microhabitat use by the rain-

bowfish Melanotaeinia duboulayi in a subtropical

Australian stream. J Ethol 21:15–22

Holbrook SJ, Schmitt RJ (2002) Competition for shelter and

space causes density-dependent predation mortality in

damselfishes. Ecology 83:2855–2868

Aquat Ecol (2009) 43:569–576 575

123



Jan R-Q, Shao Y-T, Lin F-P, Fan T-Y, Tu Y-Y, Tsai H-S, Shao

K-T (2007) An underwater camera system for real-time

coral reef fish monitoring. Raffles Bull Zool 14:273–279

Job S, Bellwood DR (2000) Light sensitivity in larval fishes:

implications for vertical zonation in the pelagic zone.

Limnol Oceanogr 45:362–371

Job S, Bellwood DR (2007) Ultraviolet photosensitivity and

feeding in larval and juvenile coral reef fishes. Mar Biol

151:495–503

Johnson SL, Covich AP (2000) The importance of night-time

observations for determining habitat preferences of stream

biota. Regul Rivers: Res Manag 16:91–99

Kronfeld-Schor N, Dayan T (2003) Partitioning of time as an

ecological resource. Annu Rev Ecol Evol Syst 34:153–

181

Lintermans M (1998) The ecology of the two-spined blackfish

Gadopsis bispinosus (Pisces: Gadopsidae). MSc Thesis,

Australian National University, Canberra

Lintermans M (2002) Wet and wild, a field guide to the

freshwater animals of the southern tablelands and high

country of ACT and NSW. Environment ACT, Canberra

Maddock I, Thoms M, Jonson K, Dyer F, Lintermans M (2004)

Identifying of channel morphology on physical habitat

availability for native fish: application to the two-spined

blackfish (Gadopsis bispinosus) in the Cotter River. Aust

Mar Freshw Res 55:173–184

Merrick JR, Midgley SH (1981) Spawning behaviour of the

freshwater catfish Tandanus tandanus (Plotosidae). Aust J

Mar Freshw Res 32:1003–1006

Mills DJ, Verdouw G, Frusher SD (2005) Remote multi-cam-

era system for in situ observations of behaviour and

predator/prey interactions of marine benthic macrofauna.

N Z J Mar Freshw Res 39:347–352

Partridge JC (1990) The colour sensitivity and vision of fishes.

In: Herring PJ, Cambell AK, Whitfield M, Maddock L

(eds) Light and life in the sea. Cambridge University

Press, Cambridge, pp 167–184

Pen LJ, Potter IC (1990) Biology of the nightfish, Bostockia
porosa Castelnau, in a South-western Australian River.

Mar Freshw Res 41:627–645

Pittman SJ, McAlpine CA (2001) Movements of marine fish

and decapod crustaceans: process, theory and application.

Adv Mar Biol 44:205–294

Porter J, Aazberger P, Braun HW, Bryant P, Gage S, Hansen T,

Hanson P, Lin CC, Lin FP, Kratz T, Michener W, Shapiro

D, Williams T (2005) Wireless sensor networks for

ecology. Bioscience 55:561–571

Pusey BJ, Kennard MJ (2001) Guyu wujalwujalensis, a new

genus and species (Pisces: Percichthyidae) from north-

eastern Queensland, Australia. Ichthyol Explor Freshw

12:17–28

Reebs SG (2002) Plasticity of diel and circadian activity

rhythms in fishes. Rev Fish Biol Fish 12:349–371

Ruff BP, Marchant JA, Frost AR (1995) Fish sizing and

monitoring using a stereo image analysis system applied

to fish farming. Aquacult Eng 14:155–173

Short JW (2004) A revision of Australian river prawns,

Macrobrachium (Crustacea: Decapoda: Palaemonidae).

Hydrobiologia 525:1–100

Shortis M, Harvey E, Seager J (2007) A review of the status

and trends in underwater videometric measurement.

Invited paper, SPIE Conference 6491, Videometrics IX,

IS&T/SPIE Electronic Imaging, San Jose, California

Thiem JD, Ebner BC, Broadhurst BT (2008) Diel activity of

the endangered Trout Cod (Maccullochella macquarien-
sis) in the Murrumbidgee River. Proc Linn Soc NSW

129:167–173

White I, Mueller N, Daniell T, Wasson R (2006) The vulner-

ability of water supply catchments to bushfires: Impacts of

the January 2003 wildfires on the Australian Capital

Territory. Aust J Water Resour 10:1–16

Willis TJ, Babcock RC (2000) A baited underwater video

system for the determination of relative density of car-

nivorous reef fish. Mar Freshw Res 51:755–763

576 Aquat Ecol (2009) 43:569–576

123


	In-stream behaviour of threatened fishes and their food organisms based on remote video monitoring
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


