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ABSTRACT. We describe a design for a submersible chrono- 
g r a p h ~ ~  tethering device which can be used to measure the 
survival time of small tethered prey. This technique can be 
used to compare survival in different habitat types. We tested 
the tethering device using juvenile tiger prawns Penaeus 
semisulcatus both in the laboratory and field using 3 levels of 
shoot density of artificial seagrass (0. 15 and 60 shoots m-2).  
Tethering did not prevent burying behaviour in the labora- 
tory. In the field, more prawns were taken from the 0 and 
15 shoots m-' than the 60 shoots m-2 treatment and prawns 
that were tethered in the 60 shoots m-2 treatment also sur- 
vived longer than those in the other treatments. This device 
should prove useful for estimating predation potential for a 
variety of small key prey among different habitats and sea- 
sons. 
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Natural mortality rates of commercially important 
species of penaeids may be critical in determining the 
size of recruitment to the fishery. The main cause of 
natural mortality of postlarval and juvenile brown 
shrimp Penaeus aztecus is probably predation by fish 
(Minello et al. 1989). Traditionally, predation rates on 
key prey species have been estimated by sampling 
potential predators and examining their gut contents 
(e.g. Salini et al. 1990, Brewer et al. 1995). This may not 
be suitable when the aim of the investigation is to com- 
pare predation rates in different habitats. For example, 
many predatory fish species are highly mobile and 
their gut contents may contain items caught In more 
than 1 habitat type. An alternative technique is to 
exclude predators and compare mortality rates in the 
presence and absence of predators (e.g. Minello et al. 
1989). However this is time consuming and may intro- 
duce problems with caging effects. 

Tethering techniques are a better method of compar- 
lng predation levels on small prey items in different 
habitats. Organisms such as blue crabs (Wilson et  al. 
1990), juvenile lobsters (Barshaw & Able 1990, Wahle 
& Steneck 1992), ophiuroids (Aronson 1989), Dunge- 
ness crab (Fernandez et al. 1993), brachyuran and her- 
mit crabs (Heck & Thoman 1981, Heck & Wilson 1987), 
juvenile scallops (Barbeau & Scheibling 1994), man- 
grove leaves (Robertson 1986) and seaweed (Hay 
1984) have been used in tethering experiments. In 
most cases a tether (usually monofilan~ent line) is 
attached to the prey animal and the other end is staked 
to the substrate, in the habitat of interest. The prey 
animals are left for a period, usually about a day, 
before being recovered. The numbers of prey surviv- 
ing in each habitat are then compared. 

A major problem with this general technique is that 
the duration of the experiment is critical: if the expen- 
rnent is too short, none of the prey will be taken; if it is 
too long, all the prey from all treatments will be taken. 
Minello (1993) developed a device for tether~ng 
penaeid prawns that recorded the time at which each 
tethered prawn was taken, so the tethered prawns had 
to be left out only long enough for most of them to be 
eaten. More information per animal was also recorded 
because 'surv~val time' was measured, rather than just 
the presence or loss of prawns being noted. 

Minello (1993) used his chronographic tethering 
device in Galveston Bay, Texas (USA). As the bay has 
only a small tidal range, his non-submersible device 
could be suspended above the surface of the water 
with the tethers passing through the water column. We 
needed to develop a submersible tethering device 
since we wanted to conduct tethering experiments in 
an area with a tidal range of up to 3 m. Although we 
could have used Minello's (1993) design, strong tidal 
currents and floating debris in the water column may 
have pulled on the tethers, triggering the watches. 
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In laboratory trials, a prototype tethering device that 
used monofilament fishing line and relied on the 
mechanical pull of the predator to trigger the timer 
proved to be species-specific with regard to its reliabil- 
ity. For a sparid Rhabdosagrus sarbra predator the 
device was 90% efficient; but for pufferfish Torqui- 
gener hamiltoni, the timer was never triggered when 
prawns were taken. This difference could be explained 
by the 2 specles' different modes of attack: the sparid 
seized the prawn in its mouth and swam away rapidly, 
which resulted in a sharp tug on the tether, triggering 
the timer; in contrast, pufferfish approached the prawn 
slowly and bit it cleanly into several pieces before eat- 
ing it, without triggering the timer. 

This manuscript describes the design of a sub- 
mersible chronographic tethering device which is trig- 
gered by the release of hydrostatic pressure and is 
independent of the feeding mode of the predator. We 
also give details of laboratory testing and a field trial in 
which the device was used to demonstrate survival 
rates of juvenile prawns in different shoot densit~es of 
artificial seagrass. 

Methods. Chronographic tethering device: Our 
chronographic tethering device consisted of a digital 
watch fixed to the side of a 5 m1 disposable syringe 
(Fig. 1). Each prawn was tethered to a length of fine sil- 
icon tubing that was attached to the syringe. When a 
tethered prawn was eaten, the watch started timing. 
By recording the time the device was recovered and 
the time registered by the watch, we were able to cal- 
culate survival time for each tethered prawn. 

Tethers: The tethers were made from 25 cm lengths 
of Dow Corning medical grade silicon tubing (0.3 mm 
internal diameter, ID; 0.64 mm ou.ter diameter, OD). A 
small drop of silicon sealer 15 mm from the end of the 
tether that was attached to the prawn helped stop the 
end of the tether from slipping through the noose 
around the prawn (Fig. 2). The other end was inserted 
through a 1 m1 plastic disposable pipette tip which was 
then connected to the 3 mm ID silicon tubing attached 
to the syringe. 

Timers: The chronographic timers were constructed 
from cheap, waterproof, digital watches that started 
timing from 12:00 h when the power was restored, 
after the prawn had been eaten. The watch's power 
circuit was interrupted with a magnetic reed switch. 
A reed, switch is a miniature device used to switch 
electrical currents. It consists of 2 thin strips of metal 
sealed within a glass vial; the metal strips are aligned 
so that their tips overlap and they make contact when 
the device is placed within a magnetic field. One of 
the watch's battery contacts was removed and 
replaced with a reed switch. This meant the watch 
was turned off until a magnet was placed close to the 
watch. 

waterproof watch 

'T' plece hldden 
from view 

3 mm internal diameter 
silicon tubing 

Fig. 1. Schematic detailing of the components of the tethering 
chronograph used to measure the survival time of Penaeus 
semisulcatus tethered among different shoot densities of 
artifical seagrass. Watch in this f~gure  is shown as being 'on' for 
clarity, although the syringe plunger is withdrawn. Plastic hous- 
ing cover is withdrawn to show the chronograph components 

The watches were fixed with epoxy putty to the side 
of a 5 m1 disposable syringe. A piece (2 cm long) was 
cut from the shaft of the syringe plunger to allow a 
magnet to be mounted in its place (Fig. 1). When the 
plunger of the syringe was depressed, the magnet was 
brought within range of the reed switch, closing the 
switch and thus restoring power to the watch; when 
the plunger was raised 2 cm, the watch was turned off. 

When the power was restored the watches displayed 
in 12 h notation. Display of the a.m./p.m. indicator 
required a button to be toygled, but this proved to be a 
source of water leakage and had to be sealed over with 
epoxy resin. This meant that if the watches were 
deployed for more than 12 h, it would be impossible to 
determine whether the time displayed upon recovery 
represented the time since the prawn was eaten, or 
12 h plus the time since the prawn was eaten. 

A piece of 1.5 mm diameter wire was bent to fit 
around the end of the syringe and held in place with 
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epoxy putty (Fig. 1). Two rubber bands 
(75 mm long, 6 mm wide) were stretched 
from the wire to the plunger of the 
syringe. These provided sufficient force 
to depress the syringe plunger One end 
of a piece of 3 mm ID silicon tub~ng was 
fixed to the end of the syringe and the 
other end of the tubing was fastened to a 
'T'-piece. The tether was connected to 
one arm of the 'T'-piece. The device was 
loaded through the other arm of the 'T'- 
piece; an airline non-return valve was 
placed in this line to prevent the pressure 
releasing after the device was loaded. 
The whole assembly was then mounted 
in a small plastic housing (130 X 75 X 

31 mm); we used empty room deodoriser 
canisters. 

Tethering: Small plastic rings (2 mm 
ID) were made by cutting 1 mm thick 
slices through ball point ink cartridges. 
These were mounted on a small piece of 
epoxy putty to give them a surface suit- 
able for gluing to the prawn's carapace. 

arl~f~cal 
seagrass 

/ snoor 

Nooses were made by tying a slip-knot in 
2 kg test strength fishing line. 

/ 
re19e'ed Drawn 

\ 
c?rolsgfap? 

Tethering was done in 2 stages: first a 
plastic ring was fixed to the right-hand Fig. 2.  Penaeus semisulcatus Tethering technique s h o w ~ n g  a chronograph 

mounted among artiflcal seagl-ass. inset shows t h ~  arrangement of the noose, 
side of the prawn's carapace with a drop plastic ring and tether 
of cyanoacrylate glue (Supa Clue), and 
then a noose was fitted around the prawn 
immediately behind the carapace. The tether was description of the site and catching methods). Field 
passed through the noose and plastic ring. The noose testing was done in the Embley River, while behav- 
was then tightened and a drop of Supa Glue applied to ioural observations were done at the CSIRO Marine 
the noose sl~p-knot and another to the tether where it Laboratories in Brisbane. 
passed under the noose. The end of the tether was then The reliability of the tethering method and the tim- 
doubled back on itself, kinked, and then passed back ing devices were tested first in 2 m d~ameter  fibreglass 
through the plastic ring twice. This effectively sealed tanks in the laboratory. This work was carried out 
the end of the tubing so that the syrlnge could not dis- between September and November 1994. At about 
charge. During pilot studies 10 prawns tethered in this 16:OO h each day, juvenile Penaeus semisulcatus were 
way lived for 4 to 5 d. tethered and attached to a timer. To study their behav- 

When a prawn was eaten, fish either bit through the iour, they were filmed on video overnight under red 
tether or dislodged it from the plastic ring, releasing light. 
the kinks. This released the water pressure, allowing Field trials: The device was field tested in October 
the syringe plunger to move the magnet alongside the 1994. Prawns were maintained in small (50 1) aquaria 
reed switch, restoring power to the watch. Thus the at the CSIRO field laboratory in Weipa and then teth- 
triggering mechanism did not rely on the predator tug- ered and deployed in the field among 1 m2 plots of arti- 
ging on the tether. ficial seagrass. Artificial seagrass was used because 

Apparatus testing: Laboratory obsenrations: Juve- different levels of a particular treatment (shoot density) 
nile Penaeus sernisulcatus were used to test the appa- could be placed within 3 m of each other, to expose 
ratus both in the laboratory and in the field. They were them to the same suite of predators. The seagrass was 
caught using a small beam trawl towed from a 5 m designed to simulate Enhalus acoroides. Its shoots 
dinghy over a bed of the seagrass Enhalus acoroides in were composed of 4 'leaves' (1.5 cm wide x 40 cm high) 
the Embley River near Weipa, northeastern Gulf of attached to 1 m2 sheets of galvanised weld-mesh. The 
Carpentaria, Australia (see Haywood et al. 1995 for a gaps in the mesh (70 mm squares) were sufficient to 
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allow the prawns to bury. The 'leaves' were made from 
green plastic sheeting (Fabricon ss, Rheem Australia 
Ltd), which floated erect in seawater, simulating living 
blades of E. acoroides. The seagrass plots had 0, 15 or 
60 shoots m-2 attached to the weld-mesh with plastic 
cable ties. The shoot density for natural E. acoroides 
ranged between 7 1  and 83 shoots m-? at this site over 
the years 1989-92 (M. D. E. Haywood unpubl. data). 

Site: All experiments were conducted on a bare area 
(-10 X 10 m) within a large (>3 ha) seagrass bed (pre- 
dominantly composed of Enhalus acoroides). The 
experimental site, which was in the intertidal zone, 
was exposed at low tide for 1 h during the first night 
(05:OO to 06:OO h) and 0.5 h during the second night 
(0.530 to 06:OO h) of the experiment and for 2 h 
(00:OO to 02:OO h) on the last night of the experiment. 
As juvenile Penae~ls sernisulcatus remain in the sea- 
grass bed and bury in the substrate when an area is 
exposed (Vance et al. 1994), the only effect of the expo- 
sure was likely to be a reduction in the amount of time 
the prawns were available to predators. 

Deployment: Juvenile Penaeus semisulcatus (8 to 
14 mm carapace length, CL) were tethered in the labo- 
ratory at  Weipa on the day of the experiment and kept 
individually in 250 m1 plastic jars to prevent entangling 
of their tethers. The watches were turned off by pres- 
surising the syringes with about 4 m1 of deionised 
water, using another syringe. A spring-clip was fas- 
tened to the loop of silicon tubing protruding from the 
device housing (Fig. l), to prevent the water escaping 
from the syringe. 

The tethered prawns were deployed between 17:OO 
and 19:00 h each evening and recovered within 12 h.  
Either 24 or 36 tethered Penaeus sernjsulcatus (4 per 
plot) were deployed on the artificial seagrass plots 
each evening. The plots were arranged in 2 or 3 rows 
with 1 of each seagrass density treatment (i.e. 0, 15, 
and 60 shoots m-') in each row. The order of the treat- 
ments within each row was chosen using a table of ran- 
dom numbers. Any seagrass plots not recovered wlthln 
12 h were excluded from the analyses. 

Temperatures recorded at the time of deployment 
ranged from 28.0 to 28.9"C. 

The tethering devices were attached with VelcroTL1 
straps to each artificial seagrass plot. A tethered prawn 
was attached to each tethering device and the plot was 
lowered carefully to the bottom. A small polystyrene 
buoy attached to each plot ensured their recovery. 

Data analysis: We recorded when the tethering 
devices were deployed and recovered, whether the 
prawns had been eaten, and, if so, the time displayed 
by the watches. We could then calculate the survival 
time for each prawn. Some prawns survived for the 
duration of the experiment (censored observations) 
We used survival analysis techn.iques which use both 

the survival times of animals which did not survive the 
durat~on of the experiment as well as the censored 
observations (Armitage & Berry 1971, SAS 1990). 
PROC LIFETEST is a program that generates survival 
distribution curves for each treatment. Each curve 
illustrates the relative rate of survival over time. The 
survival curves were then compared by 2 rank tests 
(log rank and Wilcoxon tests; Kalbfleisch & Prentice 
1980), which determine whether 2 or more samples 
could be described by the same survival function. 

Results. Laboratory observations: Penaeus semisul- 
catus normally bury in the substrate during the day, 
and tethering did not appear to interfere with thls 
behaviour. None of the prawns escaped from the tether 
during the observation period, although 1 moulted and 
died. Temperatures in the experimental aquaria 
ranged from 18.5 to 25.0°C. 

To check that the watches were recording the cor- 
rect time after predation, we ran 20 laboratory trials. 
For each trial, a single tethered Penaeus sernisulcatus 
was kept in an aquarium for periods of 12 to 14 h after 
which a pufferfish Torquigener hamiltoni was intro- 
duced to the aquarium. All prawns were consumed by 
the fish within several minutes of the fish being intro- 
duced to the aquarium. We recorded the time at which 
each prawn was eaten, then recovered the tethering 
devices and read the watch times at periods ranging 
between 5 min and 4 h. 

Eighteen of the 20 watches were triggered within 
30 S of the prawns being eaten by the fish. In the other 
2 watches the plunger jammed in the syringe; this 
sometimes happened after the syringe had been used 
several times. This was remedied by washing the 
syringe plunger in methylated spirits and applying a 
water-based lubricant (KY jelly, Johnson & Johnson) 
(petroleum-based lubricant was not used, to avoid 
blocking the fine tether tubing). 

Field trials: The proportion of tethered prawns 
remaining after 12 h ranged from 7.1 % for 0 shoots m-2 
to 46.9 % tor prawns tethered in the 60 shoots m-2 sea- 
grass plots, while the mean survival time ranged from 
294 * 59.7 to 583 + 48.7 min (mean * SE) (Table 1). The 
remaining prawns were alive and did not appear to 
have suffered from the tethering. Elghteen of the 92 
tethering devices deployed in the field did not tngger 
when the prawn was eaten because the syringe 
plungers stuck. 

Both the log-rank ( X 2  = 12.37, df = 2, p = 0.002) and 
the Wilcoxon (l2 = 14.29, df = 2,  p = 0.0008) tests were 
highly significant, ind~cating different patterns of sur- 
vival in the different seagrass densities. The shape of 
the survival functions generated for the different sea- 
grass densities showed a similar pattern in all treat- 
ments (Fig. 3). Survlval rates declined rapidly twice 
during the 12 h that the tethered prawns were de- 
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Table 1. Penaeus semisulcatus. Numbers of prawns surviving after being tethered for 12 h on artificial seagrass plots in an  inter- 
t ~ d a l  seagrass bed. Only prawns that were eaten were included in the calculation of mean survival tlme. SE: standard error of 

mean survival time 

Seagrass density Total number of Number of Number of % surviving Mean survival SE 
(shoots m-') tethered prawns prawns eaten prawns surviving time (min) 

ployed. The first decline came immedi- l.OJ 
ately after deployn~ent and lasted for 
about 150 min (Fig. 3). For the next 225 
to 270 min, the rate was relatively con- 5 0.8 - 
stant, but then decreased steadily until g 

3 
the end of the experiment. Since the LL 

tethered prawns were all deployed be- 6 0.6- 
tween 17:OO and 19:00 h, the first major 5 

0 
decline occurred at dusk. The survival g 
rate then levelled off for about 6.5 h; 0-4- 

- 
the next drop was between 02:OO and 

.- 9 
04:OO h, until the tethering devices 5 0.2 - were recovered after dawn (about 
05:OO h). 

Discussion. Tethering studies have 0.0 \ 

............. 
: ......................... 60 shoo1sIm7 ......................... ............ 

.-S 
5. .... 

' _ 15 S ~ O O I S I ~ '  ..... .- 
'- 

m 
I 

0 shoo1s/m7 

I- - : 
I :. 
I - 
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been used to assess predation or graz- 0 200 400 600 800 
ing rates on organisms ranging from Survival time (min) 
seaweeds (Hay et al. 1988) to juvenile 
lobsters (Wahle & Steneck 1992). Until Fig. 3. Penaeus semisulcatus. Survival distribution functions for prawns teth- 
the introduction of the chronographic ered among 3 shoot densities (0. 15 and  60 shoots m-') of artificial seagrass 
tethering device by Mine110 (1993), in- 
formation collected from these studies 
was limited to presence/absence data, the duration of repeatedly visiting the tethered prey would disturb 
the experiment was critical (see above) or the prey had predators in the area, possibly affecting predation 
to be checked repeatedly during the experiment. rates. All these factors make the use of timing devices 

We developed a new chronographic tethering device more attractive for field studies. 
based on Minello's (1993) original design. Our timer is While tethering techniques cannot be used to deter- 
submersible and so can be used in subtidal areas and mine absolute rates of predation, they are useful for 
in intertidal areas with a large tidal exchange. Its assessing relative predation rates in different sites or 
hydrostatic triggering mechanism is independent of seasons. The validity of tethering experiments has 
the predator's feeding mode and works even if the recently been debated (e.g. Peterson & Black 1994, 
tether becomes entangled. Aronson & Heck 1995). The argument in support of 

These field tests showed there were differences be- tethering is that the artefact due to tethering will be  
tween treatments in the mean survival time and the constant across all treatments because all the experi- 
numbers of surviving prawns. The value of the timing mental animals are tethered; the counter-argument is 
device was demonstrated in subsequent experiments that tethering may induce non-additive artefacts that 
where there were no survivors in any treatment will vary with the treatment (Peterson & Black 1994). 
(M. D. E. Haywood, N. R. Loneragan & F. J. Mansen un- It is possible, for example, that the tethers are more 
publ. data). Other studies have sampled tethered prey likely to entangle in dense seagrass, making tethered 
repeatedly throughout the experiment in order to gain prawns more vulnerable to predators than those teth- 
measures of survival time (e.g. Aronson 1987, Barbeau ered in sparse seagrass. If this were so, we would 
& Schiebling 1994). However, in our case this was im- expect lower survival in the higher shoot densities, but 
practical, since the experiments were done at  night in the results do not support this hypothesis. Similarly, 
turbid water that was up to 3 m deep at high tide. Also, other studies have' found reduced mortality of prey 
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tethered in aquatic vegetation compared with bare defence in the seaweed Dictyopterls deljcatula differen- 
areas, notwithstanding the possibility of entanglement tial effects against reef fishes and arnphipods. Mar Ecol 

Prog Ser 48:185-192 (see references cited in Aronson & Heck 1995). Never- 
Haywood MDE, Vance DJ, Loneragan NR (1995) Seagrass 

theless, concerns over artefacts in tethering experi- and alaal beds a s  nurserv habitats for tiaer ~ r a w n s  ., d .  

ments are valid and we are presently examining the (Penaeus semisulcatus and P esculentus) in a tropical 
effect of tethering on prawn behaviour and predator Australian estuary. Mar Biol 122(2):213-223 

success rates. Heck KL Jr, Thoman TA (1981) Experiments on predator-prey 
interactions In vegetated aquatic habitats. J Exp Mar Blol 
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