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Behaviour of juvenile mulloway Argyrosomus japonicus were investigated under laboratory

conditions to determine the efficacy of estimating predation mortality using tethering. The

occurrence and duration of stressed behaviour was evaluated for individual A. japonicus that

were hooked but untethered, hooked and tethered and unhooked and untethered (free

swimming), both in schools and in isolation. Tethered and hooked treatments showed

a significantly higher incidence and duration of stressed behaviour over controls, but stressed

behaviour was lower for hooked but untethered fish in the presence of a school. Artifacts

associated with elevated stress may reduce the reliability of estimates of relative predation

derived from tethering data for schooling fishes. # 2009 The Authors

Journal compilation # 2009 The Fisheries Society of the British Isles

Key words: Argyrosomus japonicus; behaviour stress; mortality; mulloway; tethering.

INTRODUCTION

Tethering is commonly used for estimating relative predation pressure by test-
ing for effects of small-scale variation in habitat (Nakamura & Sano, 2004),
predator abundance (Kellison et al., 2002), tide (Clark et al., 2003), depth
(Manderson et al., 2004), turbidity (Gregory & Levings, 1998) and diel variabil-
ity (Clark et al., 2003). Small-scale effects on predation can be tested by eval-
uating presence, absence or injury to a fish tethered to a mooring after a period
of time. Tethering allows the placement of a potential prey species into defined
regions where the relative effect of exogenous processes on predation mortality
can be assessed.
Several experimental artifacts of tethering have been recognized (Peterson &

Black, 1994) and discussed at length (Adams et al., 2004), however, they are yet
to be thoroughly tested and quantified. Given the potential level of stress and
discomfort caused to the prey item by the attachment device, and associated
ethical concerns, a strong emphasis should be placed on the quality of
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information obtained using this approach. The ability of tethering-derived data
to reflect actual effects on predation needs to be considered in terms of anti-
predator and other social behaviours displayed by the target species. A review
of five recent studies on mobile prey species shows that behavioural artifacts
are rarely addressed in the experimental design (Table I).
The present study aims to demonstrate the importance of social behaviour in

the use and interpretation of mortality estimates from tethering experiments.
Specifically, juvenile mulloway Argyrosomus japonicus (Temmink & Schlegel)
(Sciaenidae) were tethered under controlled conditions to determine relative
rates of stress behaviour associated with attachment of tethering apparatus
to a solitary A. japonicus and a single A. japonicus within a school. Argyrosomus
japonicus are a schooling demersal fish occurring in estuarine and coastal
waters of eastern Australia (Gray & McDonall, 1993). Argyrosomus japonicus
stock enhancement trials for this species are currently underway (Taylor
et al., 2006), and tethering has been proposed as a method of evaluating the
effect of different stocking techniques (i.e. time, size and habitat of release)
on post release mortality.

MATERIALS AND METHODS

Experiments were carried out in 10 000 l tanks (1�65 m radius) on a flow-through
aquarium system at Port Stephens Fisheries Centre (NSW Department of Primary
Industries, Australia). Project aims were assessed by trialling three types of tethering
device (hooked and tethered, hooked but not tethered and not tethered or hooked),
in the presence and absence of other conspecifics in a factorial design with 15 replicates
per treatment combination.

All A. japonicus (51�07 � 1�19 mm LT; mean � S.E.) were anaesthetized for 30 s using
5 mg l�1 aqui-s (AQUI-S; www.aqui-s.com) prior to the three treatments. Two factors
tested were: (a) attachment (three-levels: hook only, hook and tether and control or no
attachment) and (b) school (two-levels: one fish tethered in isolation and one fish teth-
ered within a school). In the first treatment of factor (a), the effect of the hook only on
the behaviour of A. japonicus was examined by placing a size 12 hook through the sur-
face skin of the ventral side of the caudal peduncle but leaving the hook unattached to
the mooring. There was no blood observed at the point of attachment. In the second
treatment of factor (a), the effect of a complete tethering device was examined by in-
serting the hook as described above and fastening the hook to a mooring via a 1 m
piece of 1�82 kg test nylon line and a brass swivel, which had a combined mass of
<0�01 g. Previous studies have varied tether lengths and deployment durations from
200 to 500 mm and between 15 min and 24 h, respectively (Danilowicz & Sale, 1999;
Haplin, 2000; Linehan et al., 2001; Laurel et al., 2003; Adams et al., 2004). Moorings
consisted of a half-brick attached to a float by 6 mm rope with the tether attached to
the base of the line. The third treatment of factor (a) was a procedural control for the
anaesthesia, and fish were anaesthetized as described above before being placed back
into the treatment tank. The experimental subject was placed in isolation or in the pres-
ence of 30 conspecifics factor, (b). In the schooling treatments, conspecifics were added
to the tank 30 min prior to addition of the tethered or control fish. A sample mooring
was present within the tank for all control and untethered treatments. All fish were
euthanized using a lethal dose of benzocaine at the completion of the experiment in
accordance with acceptable procedures of finfishes (Barker et al., 2002).

Behaviour of the subject fish was observed for 20 min, with behaviour noted as
stressed or calm (Fielder & Bardsley, 1999). Stressed behaviour included swimming
irregularly (darting), inverting or twisting and were defined as either continuous
(>3 s) or instantaneous (<3 s). Calm behaviour was defined as swimming slowly but
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constantly, maintaining their position within the water column or schooling with con-
specifics when present. Behaviour was quantified as the frequency of stress or calm
behaviour across each 2 min time period, and data were standardized to ‘stressed
behaviour’ min�1. Variance of standardized behavioural data was homogenous for con-
tinuous (Q ¼ 0�19) and instantaneous (Q ¼ 0�15) behaviours using Cochran’s test and
was compared between treatments using a two-factor ANOVA in Minitab v. 14
(www.minitab.com).

RESULTS

Behavioural results pooled across time showed significant effect on the fre-
quency of continuous stress behaviours by treatment type (F2,45, P < 0�05)
and the presence of a school (F2,45, P < 0�05), with the tether treatment result-
ing in a higher rate of stress than the control [Bonferroni, P ¼ 0�01; Fig. 1(a)].
There was a significant difference in instantaneous stress behaviours between

tethering treatments [F2,45, P < 0�01; Fig. 1(b)], with stress significantly higher
in the tethering treatment relative to the control (Bonferroni, P < 0�01) and
hook (Bonferroni, P < 0�01) treatments. A significant interaction term (F2,45,
P < 0�01) was subjectively interpreted as a higher level of stress in schooling
fish than solitary fish for tether treatments but no difference for the hook
and the control [Fig. 1(b)]. Instantaneous behaviour was not affected by the
presence of a school for any treatment.

FIG. 1. Argyrosomus japonicus mean � S.E. (a) continuous or (b) instantaneous stress behaviours in

hooked, tethered and non tethered, single ( ) or schooling ( ) treatments. Similar lower-case letters

(a, a) between bars indicate non-significant differences. Alternate lower-case letters (a, b) between

bars indicates significant differences.
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DISCUSSION

This study provides the first examination under controlled conditions, of
tether-induced stress responses by schooling fish. Tethered A. japonicus ex-
hibited increased instantaneous and continuous distress behaviours when
attached to both a hook, and a complete tethering apparatus and stress behav-
iours were significantly higher in the absence of a school. Increased stress has
been shown to increase susceptibility to predation in juvenile coho salmon
Oncorhynchus kisutch (Walbaum) (Olla & Davis, 1992). The higher degree of
movement and stress observed under these conditions may provide additional
stimulus to olfaction predators, which increases susceptibility to predation by
attracting predators to tethered prey. This may produce artificially high rates
of predation that mask the relative effects of exogenous processes an experi-
ment is designed to detect.
Tethering of slow, benthic invertebrates such as prawns (Haywood &

Pendrey, 1996) has been considered acceptable as the potential prey item is
either slow moving and cannot reach the end of the tether (Shears & Babcock,
2002) or behaves in a way as not to reach the end of the tether by burrowing
within the sediment (Kellison et al., 2003). Tethering of more mobile species
such as fishes and large prawns, however, may not provide an accurate indica-
tion of mortality. Previous studies have recognized adverse prey behaviour
from tethers as a potential artefact influencing predation (Danilowicz & Sale,
1999), and predation upon tethered prey has been shown to be nine times
greater than that of untethered prey (Kneib & Scheele, 2000). While there is
potential for experimental artifacts when tethering (Aronson & Heck, 1995;
Aronson et al., 2001; Adams et al., 2004), interference of the tethering device
with normal behaviour is rarely quantified. Similarly, comparisons of predation
on tethered and untethered prey items have failed to account for behavioural
effects of the tether on solitary social fish species.
Estimating natural mortality of any species in open systems has long been

a challenge for fisheries scientists (Pauly, 1980). Techniques exist for assessing
long-term natural mortality (Ricker, 1958; Pauly, 1980), but few field options
are available for estimating short-term geocentric mortality. Inherent experi-
mental artifacts of tethering are well known (Haywood et al., 2003), and the
technique provides a crude estimation of relative mortality at best. Tethering
may remain useful for comparing relative mortality between environmental
variables, however, suitability of the technique is species specific. Tethering
of an entire school of prey-fishes to overcome isolation-induced stress is
impractical in the field, and the strength of stress behaviours in tethered,
schooling fish species may overshadow subtle effects between habitats on pre-
dation. Also, the increased stress levels experienced during tethering of A. japo-
nicus and associated artifacts in the data obtained may preclude ethical
justification for the technique, considering the discomfort that is probably
experienced by the experimental fish.
Given the behavioural observations presented here, A. japonicus are not suit-

able for tethering experiments, and the issues identified above are probably
applicable to tethering other Sciaenidae and schooling species. Future field
studies should be coupled with laboratory experiments to ensure that results
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can be interpreted in the context of inherent behavioural artifacts of tethering
experiments.
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wish to thank the editor of the Journal of Fish Biology and the two anonymous re-
viewers of this manuscript for their thoughtful input into our work. The investigation
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mittee (permit 06/42A) and funded by the New South Wales Recreational Saltwater
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