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Introduction 

Gear -tion and interspxific com- 
petition for hooks complicate the use of 
longlines for stock assessment. Gear 
saturation occurs when fish density is 
so high the proportion of unoccupied, 
baited hooks approaches zero before the 
longline is retrieved. If this occurs, 
catch is not a continuously increasing 
function of time, and catch per unit ef- 
fort (CPUE) is not proportional to abun- 
dance (Ricker, 1975). Interspecific com- 
petition for hooks occurs when the 
CPUE of one species is reduced by the 
catch of other species on the same long- 
line. Such an effect is especially pro- 
nounced when the gear approaches sat- 
uration (Rothschild, 1967). 

These problems led us to search for 
other ways of using longllnes to estimate 
relative abundance, and from a theoret- 
ical standpoint, the most promising 
alternative was a method based on the 
time required to hook each fish (Som- 
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ABSRACT-72 masure caprum time of in- 
dividualjish on a longline, IWO rypes ofhook 
timers installed in the leaders and activated 
by a striking fish were designed and tesred: 
I )  A cornsion timer that measures time 
indirectly from the mass loss of the anode 
in a galwnic corrosional reaction and 2 )  a 
digital rimer that measures time directly by 
a digital match &le. The digital timer 
pmved to be superior because it is reusable. 
quickr 10 deploy and retrieve, and measures 
time directly with linle error 
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erton'). The abundance estimates used 
by this method are unaffected by gear 
saturation because they are completely 
determined when the last fish is caught. 
The estimates are also unaffected by in- 
terspecific competition, as long as one 
species does not physically exclude 
another from taking the hook, because 
they are computed for all species jointly. 
This method requires development of 

a small, inexpensive timing device that 
will activate when the hook is struck by 
a fish. We describe and test two differ- 
ent designs for such a device: A COTTO- 
sion timer and a digital timer. 

Methods 

Corrosion Timer 
The corrosion timer is based on the 

principle that, when two dissimilar 
metals are connected electrically and 
placed in seawater, a galvanic cell is 
created and one of the metals (anode) 
is ionized. The exposure time to sea- 
water can be estimated from the anode 
mass loss, which depends on the elec- 
tromotive potential of the two metals, 
the size and shape of the anode and 
cathode, and the salinity and tempera- 
ture of the seawater (Loose, 1948). For 
our objectives, the corrosional reaction 
had to be consistent from one timer to 
the next and rapid enough so that mass 
loss in a 15-minute period is sufficient 
to be easily detectable but not so rapid 
- 
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that the anode corrodes completely in 
C4-6 hours. 
The anode was a 38 mm long x 3.9 

mm diameter magnesium welding rod 
(93.3 percent Mg, 5.5 percent Al, 1.0 
percent Zn, 0.2 percent Mn); the cath- 
ode was two 25 mm stainless steel (304 
grade) fender washers secured by stain- 
less steel nuts to the threaded ends of 
the welding rod (Fig.. 1). To isolate the 
timers from seawater until the hooks 
were struck by fish, they were placed 
in watertight containers (35 mm film 
cannisters) attached to the leaders (Fig. 
2). The rims of the cannister openings 
were sanded until the caps released with 
1 kg of pull, a tension weak enough for 
the cannisters to be opened by all target 
species yet strong enough thatlfew 
opened accidentally as the longlines 
were set. In addition, the cannisters 
were filied with a 1:l mixture of distilled 
water and isopropyl alcohol to prevent 
them from collapsing under hydrostatic 
pressure and thereby changing the ac- 
tivation tension. 

Anode mass loss as a function of ex- 
posure time was initially estimated in 
the laboratory. 'Aventy-four timers were 
placed simultaneously in seawater 
(salinity, 34.7O/m; temperature, 23.5"C) 
in a 4,000-liter tank and removed, three 
at a time, at 15-minute intervals for up 
to 2 hours. The resulting mass loss was 
linear with time, and variability among 
replicates was so low that there was no 
overlap in mass loss between adjacent 
15-minute intervals (Fig. 3). Although 
additional laboratory calibration experi- 
ments were run at approximate in situ 
temperatures and salinities, we sus- 
pected that pressure (the timers were in- 
tended to be used at <l,OOO m depths), 
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Figure 1.-Corrosion timers before (right) and after (left) exposure to seawater 
for 2 hours. Note the loss of material fmm the anode (central rod) and the deposi- 
tion of material on the cathode (end pieces). ' ' 1  

Figure 2.-Corrosion timer c m s t e r s  as they would appear when the longline 
IS set (upper) and after a fish has struck the hook (lower) 

Figure 3.-Anode mass loss of corro- 
sion timers and exposure time to 
seawater: A) in a laboratory experi- 
ment (salinity, 34.7OIw; temperature, 
23.5"C) and B) at the Hancock Sea- 
mount (salinity. 35.@/m; tempera- 
ture, l5.5"C). 

oratory calibrations, and perhaps some 
nonlinearity with time (Fig 3). how- 
ever, the linear fit of the data was suffi- 
ciently good that the in situ calibration 
rather than the laboratory calibrations 
was used in the field tests 

Digital Timer 
The digital timer (65 mm long x 29 

nun diameter) consisted of a digital 
clock module with a liquid crystal dis- 
play (Sterling Electronics. Taipei. Tai- 
wan?). an alkaline disc battery, and a 
magnetic reed switch (single pole dou- 
ble throw, Hermetic Switch. Inc . 
Chickashs, OK 73018). which were en- 
closed in metal hardware cloth and em- 
bedded in a cylinder of polyester cast- 
ing resin (Fig. 4). A hole at one end of 
the cylinder contained a ceramic magnet 
used to activate the reed switch (Fig. 4). 
When the magnet was pulled out of the 

We therefore attempted an in situ Cali- cessful in situ calibration showed greater 'Reference to Or firms 

dissolved oxygen concentration, and water (salinity, 35.Wim: temperature, 
water movement would likely affect the 15.5"C) at depth by using a shipboard 
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hole, the reed switch closed and the 
digital clock started from its reset value 
of 1 9 0 ;  when the magnet was rein- 
serted, the clock was reset. The pull re- 
quired to activate the digital timers was 
standardized to 1 kg by an adjustable, 
spring-loaded pin assembly that rested 
against the magnet (Fig. 4). The rigid- 
ity of the timer was sufficient to with- 
stand short-term (about 5-minutes) ex- 
posure to chamber pressures equivalent 
to 1,OOO m in depth. The reed switch 
was partially shielded from external 
magnetic fields with metal hardware 
cloth to minimize the chance of the 
timers being accidentally reset by a 
struggling fish. Ceramic magnets and 
stainless steel springs and pins were 
used to prevent corrosion of either the 
magnet or the spring-loaded pin assem- 
bly that could potentially alter the acti- 
vation tension of the timer. 

Field 'Ikials 
All field trials were conducted on the 

Southeast Hancock Seamount (lat. 
29"48'N, long. 179'E) at depths of 250- 
800 m. The primary fish species en- 
countered here is pelagic armorhead, 
Pseudopentncems wheelen, a small  ( 4  
kg), sluggish species often forming 
dense aggregations near the summit. 

The timers were tested, based on han- 
dling time and failure rates, with Kali 
longlines, a fishing gear used repeated- 
ly for stock assessment of pelagic ar- 
mothead (Shiota3). This gear consisted 
of rigid poles (droppers) snapped on a 
groundline at 20 m intervals. Each drop 
per (3.2 m long) had five hooks on 
short, equally spaced leaders and was 
weighted so that it was positioned ver- 
tically while fishing. The only modifi- 
cation to this gear was the replacement 
of the normal leaders with leaders hav- 
ing timers spliced in (Fig. 5). 

Corrosion timers were field tested 
once in July (N = 3,264) and once in 
October 1986 (N = 1,332). Droppers 
with and without timers were alternated 
on the groundline to assess the influence 
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Figure 4.-Digital timer as it would appear 9 minutes 
after being struck by a fish. 
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Figure 5.-Corrosion timers in use. Note, that the hook leaders are attached to 
a rigid pole rather than directly to a groundline. 
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of timers on fishmg characteristics of the 
gear. In the first field test, the corrosion 
timers sustained accidental damage 

weights; therefore, statistical tests in- 
volving time information omit the first 
trial. Digital timers were field tested in 
August 1987 (N = 3,840); no side-by- 
side comparisons were made. 

The general times and procedures for 
using the longline gear were as follom: 

ting (10 minutes), 3) soak time (60 min- 
utes), and 4) retrieval and recording the 
catch data (30 minutes). The use of hook 
timers required additional proccdure~. 
Corrosion timers were attached to can- 
nisters with monofilament leashes (Fig. 
2); cannisters were closed while im- 
merscd in an alcohol and water mixture. 
Upon retrieval, individual corrosion 
timers were removed and placed into a 
bucket of alcohol to slow corrosion and, 
after complete recovery of the longhe, 
were air dried and separated from the 
cathodes to stop corrosion. In the lab- 
oratory, corroded anodts were WashCd, 
dried, and weighed to the nearest milli- 
gram, and the exposure times were esti- 
mated by using a previously daennined 
time and mass loss function. For digital 
timers, the display was read immedi- 
ately when the gear was brought aboard 
the vessel, and the timer was reset later 
by reinserting the magnet into its retain- 
ing hole. 

Results 
Hook timers tended to affect prepara- 

tion and processing times more than set- 
ting and retrieval times. For corrosion 
timers, attaching new timers increased 
gear preparation time by about 100 per- 
cent, and depending on the size of the 
catch, deactivating the timers increased 
processing time by up to about 50 per- 
cent. For digital timers, the resetting 
process increased gear preparation time 
by about 15 percent, but all other times 
were ~ ~ f f e c t e d .  

Longlines with timers were subject to 
a variety of failures in addition to the 
usual modes of failure of the unmodi- 
fied longlines (e.g., hook loss, bait 
loss), resulting in losses of time data and 
sometimes species identity. Two types 

smrecnoughto imalidatethemassloss 

1) Baiting hooks (20 minutes), 2) set- 

of failure were p m n ~ u n  activation and 
nonactivation of timers. Remature ac- 
tivation occurred when the timers were 
prepared improperly (e.g., cannisters 
not closed completely, magnets not in- 
serted sufficiently to deactivate the reed 
switch) or were activated accidentally 
prior to setting. Nonactivation occurred 
when a fish was too small or too slug- 
gish to activate a timer. 

Our experience with both of these 
failures was as follows: For corrosion 
timers, 5 percent of 547 activated timers 
(October 1986 data only) were prema- 
ture and 16 percent of 1,260 captured 
fish failed to activate the timers; for 
digital timers, 6 percent of 2,185 acti- 
vated timers were premature and 7 per- 
centof700capturedfishfailedtoacti- 
vate the timers. These modes of failure 
are influenced by the tension required 
to activate the timers: Incrrasing tension 
decreases premature activation but in- 
creases nonactivation. The appropriate 
tension, one balancing these two modes 
of failure, is a function of the size and 
activity of the target species and may 
only be an important consideration for 
such species as amorhead that are rela- 
tively s d  and sluggish. 

Another type of failure was simple 
mechanical failure or breakage. Corro- 
sion timers rarely failed in this manner, 
but leashes (Fig. 2 )  broken when the 
timer was snaaed during rccavery re- 
sulted in the loss of I3 percent of 1,281 
activated timers. We believe this failure 
rate can be reduced by increasing the 
strength of the leashes. Digital timers 
were subject to several types of me- 
chanical failure. Some liquid crystal 
displays became totally or partially 
blackened and unreadable after pro- 
longed exposure to direct sunlight and 
high deck temperatures. Repeated use 
of timers at 2500 m depths sometimes 
resulted in a total loss of powcr to the 
display or a malfunction of one or more 
digits on the display. The ceramic 
magnet sometimes fractured when 
struck on the deck. Although these 
fdures, taken together, resulted in a loss 
of 50 percent of the 300 digital timers 
used in the field trials, each timer was 
used an average of 19 times before 
failure occurred, and such failures 

resulted in a loss of only 7 percent of 
the 2,185 times obtained. We believe the 
faitwe rate of digital timers can be re- 
duced by shielding them from dim% ex- 
posure to sunlight and casting the elm- 
tronic components in either a harder or 
larger cylinde-r of min. 

In addition to data losses attributable 
to timer failures, we probably also lost 
data on species identity if timers were 
activated by fish not subsequently 
caught. The frrquency of activated 
timers without fish was quite high: 42 
percent of 1,831 activated corrosion 
timers and '10 percent of 2,185 activated 
digital timers. Although data are not suf- 
ficient to determine whaher these hooks 
were actually struck by fish or were 
snagged on an object, we speculate that 
the momentary drop in tension that oc- 
curs when a timer is activated may de- 
crease the like.lihood of catching a fish. 

We examined this possibility by 
comparing the proportion of hooks re- 
covered with fish for the gear with and 
without corrosion timers. Thirty-eight 
percent of 3,337 hooks with timers 

hooks without timers caught fish. Al- 
though hooks without timers caught sig- 
nificantly more fish (x2 = 46.1, P < 
0.01), it is not clear whether this gear 
was more attractive and had a higher 
rate of strikes than timer gear or had a 
higher retention rate when struck. If all 
hooks without bait presumably were 
struck, then 49 percent of 2,519 strikes 
on hooks with timers retained fish com- 
pared with 58 percent of 2,674 strikes 
on hooks without timers. Thus, the re- 
tention rate is significantly lower for 
hooks with timers or2 = 34.0, P < 0.01) 
and is likely responsible for the rela- 
tively low occupancy rate of activated 
timers. We believe the failure of timer 
gear to hook fish is, like-timers prema- 
turely activated, potentially preventable 
by increasing the activation tension. 

Discussion 
Although the abundance estimates we 

use for stock assessment require time- 
to-capture data (Somertonl), both 
timers are activated when fish strike 
and, therefore, measure time-since-ap- 
ture data. For work in shallow water, 

caught fish, w h e m  46 percent of3.347 

4 Marine Fiihrrics ?him 



time to cam can be calculated by sub- 
tracting time since capture from total 
elapsed time (surface to surface). For 
armorhead, hawwer, fishing is con- 
ducted at depths of 250-900 m, so time 
to capture must be corrected for sink- 
ing time of gear. Currently, we estimate 
sinlcing time with time and depth re- 
corders (Wiidlife Computers, Wooden- 
ville, WA 98oR) attached to the long- 
line, but are considering a modified 
digital timer, attached to the base of a 
dropper, that will be activated when the 
gear hits the bottom. 
We now use digital timers exclusive- 

ly in our armorhead stock assessment 
because they are preferable to cornion 
timers in three respects. First, digital 
timers are reusable and, if gear loss is 
low and reuse is high, are cheaper than 
corrosion timers to collect equal sam- 
ple sizes. Second, digital timers require 
less time to set and retrieve than corro- 
sion timers and require no additional 
processing time. Third, digital timers 
are more precise because time is mea- 
sured directly rather than estimated 
from mass loss. Digital timers, hwwer,  
are made from parts that may be diffi- 
cult to obtain and that require skill and 

specialized equipment to assemble, 
whereas corrosion timers are made from 
inexpensive, readily available materials 
and can be fabricated by inexperienced 
personnel. 
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