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COULOMETRIC RECORDER FOR TIMING AND
COUNTING EVENTS iN THE FIELD'

Fich and Wildide Service, Wildhie Research Center, Denver, Colorado 80225
Feh and Waldtife Service, Witdiife Research Center, Denver, Colorado 80225

ACTAWPRELICE bV, 1S
PICHARD T JOHIISON, LS

Abstract:  An event vecorder for timing and counting was developed specifically for field application.
The new recorder uses inespensive comdometers for data storage and requires only microwatts of power
from ong-lasting Latteries, Stored data are retrieved from the recording cells with a simple laboratory
readont bstiument. Six ol these recorders were used to record the mnmber of visits and accunaulated
Feeding time ina tood preference experiment with vicelield rats (Rattus rattus mindanensis). The re-
sults indicated that sueh visit connt and feeding time records can be used to estimate accurately food
preference based on consnmption and, with suitable regression equations, predict weight of food con-
sinned. When acenracy was checked by simultaneons recordings at one of the teeders, readings from
the confometiic recorders never deviated nore than about =+ 6 percent from those obtained with con-
vedionad clecttomechanical counters and timers. These results show that valid measurenients of ac-
tivity can he nade with the event recorders when used as rat feeding monitors, Other applications are
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Biological studies often require the count-
ing and timing of cvents, and it is conve-
nient if this can be done with antomatic
recording  equipment. Unfortomately for
the fickl biologist, most cleetromechanical
cotnters and timers are expensive and com-
ples deviees that wre designed for use in
the laboratory.

We developed o simple event recorder
by using couloineters as data storage cells.
These recorders offer several advantages
to the ficld biologist: they are silent, hat-
teryv-operaded, Tong-lived, operationally sim-
ple. and relatively inespensive (less than
520 in cleetrical parts). A special readont
instrinment recovers stored data and clears
the cells for reuse.

Our event recorders performed well when
tested as feeding activity monitors in {ood
preference tests with ricefield rats. The
data recorded (number of feeding visits

CThis researeh was conducted in part with funds
provided to the U.S, Fish and Wiidlife Service by
the US. Ageney for International Development
under the project, “Control of Vertebrate Pests:

Rats, Bats, and Noxious Birds,” PASA RA(ID)
1-67.
278

and accumulated feeding time)  proved
sufficiently acenrate and sensitive to allow
prediction of the food consnmed.

DESCRIPTION OF THE EVENT RECORDER

The recorder system consists of two parts:
a data recorder and a data readont instro-
ment. The uniqueness of the recording svs-
tem lies in its conlometrie method of stor-
ing data for later retrieval,

The Data Recorder

Eleetrical Properties of the Storage Cell.
—The storage cell of the data recorder is
a covlometer, an electrolytic cell that mea-
sures the passage of an electrical charge by
a proportional chemical reaction, The cou-
lometer we used is o commereial compo-
nent sold under the name E-Cell ( Plessey
Llectro-Products, Los Angeles, Calif.; rel-
erence to trade names does not imply ULS,
Government
products).

cendorsement ol commercial

The E-Cell consists of two clectrodes,

one silver and one gold, surronnded by an
clectrolyte to provide a conductive medium

J. WildL Manage. 40(2):1976
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Fig. 1. Basic circuit for coulometric timer and counter

between them. When an clectrie current
is passed in one direction through a cell
(the recording currend), silver ions wre
clectroplated onto the gold electrode. Re-
versing this current (the read awnrent)
transfers the silver ions from the gold elee-
trode back to the silver. When the silver is
depleted from the gold electrode, no fur-
ther ion conduction can occur and the 14-
Cell becomes an clectrical open cirenit.

Basic Desicn of o« Data Recorder for
Timing and Countirg.—A pair of 15-Cells
can record the occurrence and duration of
any cvent that can be sensed v an elec-
trical switch. In its simplest form, the cir-
cuit reguires only seven components (Fig.
1). Fortiming an event, switch ST is closed,
which canses current to pass throngh the
timing 15-Cell. The aplitude of this cur-
rent is limited by the resistor (R) and is
constant for the duration of the closure,
Thus, the quantity of clectroplated silver
is dircctly proportional to the duration of
the switch closure. For counting an event,
switeh 82 is closed, which causes the elec-
trical charge stored in capacitor (C) to
pass through the counting E-Cell. This
charge is always the same, so the quantity
of clectroplated silver is directly propor-
tional to the number of switch closures.

If several switches are wired in parallel,
a single L-Cell may be used to accnmulate
data from several independent events, The
only restriction is that the cffective parallel
resistance of all associated resistors must

J. Wildl. Manage. 40(2):1976
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fig. 2. Cucuit for two ticadle rat feeding activity momitor.

he at least 10 times the series resistanee of
the E-Cell, which is nornsally less than 200
olims,

Two-treadle Feedine Aetivity Monitor.—
We desigued a special timing and counting
recorder (o predict {ood consinmption hy
measnring the feeding activity of ricefickl
rats. 10 was our goal to develop o practical
fickl deviee, und many of o ideas were
directed toward simplifving the instromen-
tation for the fiekd biolosist.

The feeding activity monitors were de-
sitned with two treadle switches on either
end of a food container. We used single
switches and designed a0 cirenit (Iig. 2)
to limit the number of moving parts, im-
prove the recorder’s reliabilitv, and simplil'y
the problems associated with scaling against
moisture. When rats visited the food con-
tainer, the number of visits and the accunmn-
lated feeding time were recorded in the
two 15-Cells. The eirenit requires a0 maxi-
munt of 273 A at L4 Voand small mer-
curic oxide batteries are a good power
source.  However: we found it necessary
to drain current from these hatteries hefore
inserting them into the data recorders to
ensure operation within the lincar portion
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Fig. 3. Cucuit for E-Cell raadout intiument.

of their discharge curve (we drained about
10 pereent of the total hattery capacity).

Fach activity: monitor is supplied with
two recording modules. The module is a
packet-sized polarized phig containing the
two F-Cells. In operation, one module s
pligged inat the activity monitor while
the other is heing read at the Taboratory,
Thus, data caun he recorded  continuousiy,
and oudv one readont instrament is needed.

The keadout Instrument

Any instrument designed to recover data
from an E-Cell must use a measure reluted
to the quantity of silver electroplated onto
the gold clectrode. One way Lo measure
this quantity is to drive a known current
througli a cell and record the time required
to deplete the electroplated silver and reach

the open cireuit condition. The total clee-

trical charge passing tiough the cell s
dircetly related to the number of available
silver ions. By multiplving the current (1.
in amperes) by the depletion time (¢, in
seconds ), we can caleulate the charge (Q,
in coulomhs) by the formula: Q It.
Thus, with a constant current source, an
accurate clupsed-time indicator is adequato
to recover data from an 15-Cell,

The readout instrument we designed s
AC-powered and intended for use in the
laboratory (g, 3). Tt contains a reset
timer that runs or stops. depending on the
vollage sensed across an B-Cell. If this is
less than about 0.3 V. a constant current is
driven throngh the cell and the timer ac-
At the end of the readout cyele,
as the last of the silver is depleted from the
gold clectrode, the voltage rises sharply.
When the voltage exceeds 0.3 V. the timer

cumulates.

T Wildl Manage, 40(2):1976
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stops and the current is removed from the
cell to prevent possible damage.

The clectrical components for the rat
activity. monitor and readout instrinment
(Figs. 2.3) were selected so that the num-
ber of vat visits and tenths of minutes of
feeding time could be read directly from
any timer with a resolution of 0.01 minute.
Thus, with a 3-digit timer and o charge
storage capacity of 3.6 conlombs (for
Series 360 15-Cell). our readont jnstrument
could count up o 35300 vat visits and ac-
cunalitte up to 3000 minutes of feeding
time,

The plug-in miodules returned from the
field are inserted into the readont instru-
ment and the selector switch is set to read
cither tine or count data. When an 15-Cell
is depleted and the timer stops, a light or
lorn alerts the operator to ansfer the read-
ing to w permanent vecord, alter which
another cell can he read.

We designed the readont instrament to
play back at a rate 10 times faster than re-
corded; for exanple. an acenmnlated feed-
ing time of 32 minutes wonld he read in
5.2 minutes,

FOOD PREFERENCE TESTS WITH
RICEFIELD RATS

We tested the usefulness and reliability
of these activity monitors in a study of feed-
ing activity of ricetield rats. The resulting
data were correlated with measured food
constmption and  preference ratings be-
tween two foods. As a cheek, the data re-
corded by one of the monitors were re-
corded conventional
clectromeclamical deviees.

The test was conducted in three 3.0- -
3.1-m enclosares cach containing 3 rats,
Two monitors in opposite corners supplied
their food. Ground rice was placed in one
monitor and  ground  Purina Laboralory
Chow in the other; their positions were

simultancous™ by

J. Wildl, Manage, 40(2):1976

alternaded cacli measurement period, Over
12 davs (8 measurement pociods) . each
the feeding time and

monitor  recorded

number of rat visits. Inaddition, the food
i cach monitor container was weighed
the beginning and end of cacl period o
determine consumption.

Four hinds of data were tahadated: con
suniption. acemmuladed feeding time, o
bher ol feeding visits, and the product ol
feeding time and number of visits (e
count product). A Hour measires showed
the rats to lanve o detinite preference o
rice over chow, Preference ratines Tor feed
ing time <ud the tme-count product were
close o the ratings hased one coasumption
gwhich was conidered the standand. since
it was has o on o weishts of food acthially
caten): the ratings Tor onher of visits had
a wreater deviation, This patterm also was
shown by Jinear recression analvsis o de
termine how acenrately the weight ol can
siumed food cauld e predicted from the
recorded time and count data, Carrelation
coelficients ¢r) were O.57 Tor the tme-connt
sroduct, 084 Tor feeding time, and 051
for nmber of visits, For the averace feed
ing time per visit ctotal e divided Iy
total visits o 1 was ooy 0350 As o final
analysis, wo ealenlated a0 maltiple Tinea
regression for predieting food consumption
(V) foom both number of visits (N} and
fecdiag time (N2, Vhe coclticient of il
tiple correlation was B 0.92, normally an
adequate Tevel of precision Tor a stady o
this Kind,

To check the acenracy of the contometiie
recorder. we maodilied oue ol the Teeding
activity: monitors so that. in addition o
storing datacinan 1-Clell, its treadle switchies
also activated o digitid counter and o clock
with a resolution of 0.1 seeond. The vead-
ings recovercd from the F-Cells were conn
pared against this conventional means of
counting and timing,
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Daring the 12-day food preference test,
deviations of the B-Cell readings from the
electromechanical ranged
~0.2 to 6.2 pereent for timing data and
from 56 to 1385 pereent for count data.
The mannfacturer of F-Cells claims a come
ponent acoracy of 02 pereent. T, plus

readings from

additional ertors due to variations anony
electrical components, hattery voltages. and
readont instrmnentation, is a0 hasic design
Hinitation,

DISCUS3ION AND CONCLUSIONS
Our foud preference test showed  that

the conlometric reeorders are uselul for

Couronmitic Reconoir For 1Ly Usk « Kolz and Johnson

monitoring such cvents as rat feeding ac-
tivity, but other uses are apparent. For
example, the silent timing and counting
capability of these recorders could casily
record the usage of a trail, time the incuba-
tion period ol a bird, detect an animal’s
preference between two seents, be adapted
as o rodent censusing teclmique, or monitor
physiological events such as sleeping eveles
in manmmals. The simplicity of these cou-
lometrie recorders should allow the field
hiologist many other novel applications at
a nominal expense,

Aeeepted 30 December 1978,

J. Wildl, Manage. 10(2):1976
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AN ELEVATING MECHANISM FOR MOBILE RECEIVING ANTENNAS

When biologists are radiotracking wild-
life, the low power levels of small trans
mitters make antenna height critical to good
reception. Often a small increase in antenna
height will more than double the effective
tracking range. To gain antenna height
and  still have speed and mobility for
tracking wild birds, we mounted a rotating
antenna system on a commercial elevating
platform that attaches to a vehicle roof.
The result was a successful field unit
that raises the antenna mount about 2.6 m
above the vehicle roof for tracking, yet
brings it down to only about 30 cm above
the roof for traveling.

The elevating mechanism  (Fig. 1),

J. Wildl. Manage. 39(4):1975

manufactured by Weaver Division, Dura
Corporation, Springfield, Hinois (reference
to trade names does not imply U.S, Govern-
ment  endorsement of  commercial - prod-
ucts), is housed in a metal box that clamps
on the vehicle's rain gutter or voof rails
as do most popular car-top carriers. We
found this  mounting satisfactory — even
though the system with antenna and rotor
weighs 107 kg Becanse the hox measures
only about 1O 051 18 emy it is compact
cnough to fit a pickup truck cab. We
considered other types of clevating svstems
but judged the Dura Corpoiation svstem
the best compromise from the standpoint
of weight, elevation height, case and speed



820 NOTES AND COMMENTS

of operation, minimum vehicle modifica-
tions, and power requirements.

We mounted the antenna above the lid
of the metal box, which serves as the cle-
vating platforin and can be raised 2.1 m by
i hydraalic scissor-juck mechanism inside.
Hydraulic pressure is provided by a 12-V
cleetrie pump powered by the vehicele bat-
tery. Raising or lowering the unit requires
amaximom of about 40 A and takes about
0.5 minate, We have used hoth Adeock
and Yagi antennas and have experienced
no reccption interference {from the metal
lid.

We momnted the antenia rotor nnder the
lid next to the built-in floodlEght and at-
tached all controls into a remote-control
unit inside the vehicle by a 15-conductor
cable, which required rewiring the cle-
vating and  floodlight.  The
radio signal from the antenna is caied to
the receiver inside the vehicle by a separate
coaxinl cable. The rotor and the remote-
control unit, which includes a dial to indi-
cate antenna position, are our own design
hecanse we could find no conmercial units
that operate on 12V DC. The rotor has a
maximum sweep rate of 1 revolution (3607)
in 6 scconds and operates in 2 modes: a
manual sweep in which the operator con-
trols the direction, start, and stop, and an

14

automatic sweep that reverses every 1-%

mechanism

revolutions  (4507).  The 4307 reversing
sweep s used mstead of a continuous
I-direction  sweep  to provide  complete

azimuth coverage without the expense and
noise problems of rotating connectors for
the coaxial cable.

A parts list, circuit diagram, and as-

Elevoting platform with Adcock antenna.

Fig. 1.

sembly  diagram are available from the
senior author.
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