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ABSTRA.Cr 
MAsna· 

Radio frequency fish transmitters capable of relaying temperature or 
pressur~ information and a multichannel recording system have been 
d e veloped and used successfully in the field. Both transmitt~rs operated 
on pulse rate variation with either temperature or depth. Desig~ 
considerations for temperature and pressure dependant pulse rates . are 
discussed, including power supply variation, sensitivity ranges, drift, 
size, power consumption and temperature variation. The 
rec e iving-recording system is described, -including a 16 channel 
programable scanning receiver and a pulse decoder. 

Introduction 

, Teleme try methods have been used for several years to observe fish 
loc ations and movement patterns, however, location data in two 
dime nsion s is often insufficient to infer fish depth or temperature . 
Increasi ng concern about the fat e of fishes in environmentally alt e re~ 

wat e r s has intens ified the need to directly monitor their innnediate 
phys ical surroundings. Effects of environmental disturbances such as 
hydroelectric dams and power plant thermal discharges on fish can be 
vi ewed as arising from a cumulative dosage. This dosage depends on th e 
amount of time a fish is located in an environmen t a lly altered area anrl 
th e int e nsity of exposure vrhil e in that area. 

Two recent studie s have utilized radio tel e metry me thods to observe 
fis~ movement ' patterns and mea s ure associated e nvironment a l variab l es 
direc tly. Gray and Haynes (1977) observed Chinook salmon (Oncorhynchus 
tshawytsc ha) distribution and swimming depth relative . to gas sup e r 
saturation near a hydroelectric dam. Ross (1978) monitored yellow pe rch 
(Perea flavesc ens) winter temperature selection anJ movement patterns 
near th e thermal disc~arge from a powe r plant. 

De pth Transmitters 

Pressure sensing tags were d e veloped utilizing a BioTec s emicond uctor 
strain gauge transducer to control transmitt er pulse rates. Th e circntt 
is similar to th e ultr asonic transmitter developed by Pincock and Lu ke 
(1975). Design r e quireme nts we r e a measurement accuracy of+ 0.5 m~ r er~ 

in th e 0 to 10 m depth range, t ag life of 10 days minimum, t~g size of 
2.0 em x 10 em or l ess. To meet these requirements th e t ag in Fi gure l 
was d e ve loped. 
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Neither the United States Government nor any agency thereof, nor any of their employees, makes an; 
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Since changes in battery voltage will cause calibration errors, a 
voltage regulator consisting of Q8, Q9 and D3 was used. Regulation was 
0.016 v/v for an input range of 13 to 7 volts. 

Amplifier A, and transister Qlo form a conventional voltage to 
current converter with a sensitivity of i 0 =. e/Rl2, where .e is the 
voltage across the bridge. Sensitivity is alSo dependent on values 
chosen for RlO and Rl3. Rl4 is used to compensate for offset errors 1n 
the transducer. It's value determines the surface pulse rate and is 
chosen for each transmitter during construction. A single chiP •. 
transistor array was chosen for thi current to pulse rate conve~fer for 
its inherent temperature tracking and assembly convenience. Transistors 
Ql and Q2 form active loads to reduce power consumption and main·tain·· rise 
times. The value of resistors R2 and R3 can be increased :with further 
power savings if Q5 has sufficient curre·nt gain at low base currents. 
Capacitor Cl and C2 must have good temperature stability. Pulse duration 
(on time) was approximately 30 ms for our circuits. 

Sensitivity, the amount of pulse rate change for a given change in 
depth; decreased with increasing depths. Pulse rate changes with depth 
(Fig., 2) varied from 191 ms between Om and 1.3 m to 40 ms between 9.lm 

.and 10.4 m. Depth changes of 7 em could be detected in the region of 
best sensitivity whereas below 9.lm sensitivity dropped to 30 em. These 
sensivities are based on averaging 10 pulse intervals to the nearesi 0.1 
sec. Figure 3 presents data for a pressure transmitter calibrated at . 
Soc and 23°C in the laboratory. Results indicate a calibration 
change of 10 cm-Hg (1.3 m water depth) over this 180c range, or 
approximately 7 em depth calibration for each degree of water temperature 
change. This result indicates that pressure transmitters should be 
calibrated close to water temperatures where they will be used, 
preferably on site prior to fish tagging. In general, for the 10 to 20 
day pressure tag life expectancy, water temperatures should not change 
sufficiently to alter calibration beyond acceptable limits in riuers or 
lakes where fish o~cupi fairly st~ble temperature habitats. ' 

Transmitters were crystal controlled (+ 5 KHz) to discrete 
·frequencies in the 53-54 MHz range. Mallo;:y TR 118, 11.2 v batteries 
were used as the pow.er source. Total current drain varied with pulse 
rate i.e., depth of the !ish. Total current drain for a unit with a 
pulse period of 672 ms was approximately 0.6 rna and was portioned as 
follows: pulse circuit and driver-0.18 rna, transducer 0.22 rna, amplifier 
0.06-0.07 rna. Maximum tracking range varied from 0.3 to 5.0 km and tag 
life varied from 10 to 20 days (Haynes 1978). 

Depth tags were cylindrical, length 10 em, diameter 1.9 em and 
weighed 59 g in air and 33 g in water. All transmitter components, 
except the pressure transducer face, were encased in 3M Scotchcast "5" 
epoxy resin to support and waterproof electronic components. A whip 
antenna, 35 or 56 em long, extended from the transmitter. 
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Tempterature Transmitters 

Temperature sensing tags utilized a 10 em glass walled thermistor to 
control pulse rates over a range ~f 0°-20oc (Fig. 4); Several areas 

_were critical in the development of the temperature transmitter. First 
the calibration had to remain constant with changes in supply voltage. 
To help minimize the effects of voltage variations and effects of 
voltage-temperature variations a single chip array was chosen for the 
multivibrator circuit. Since this circuit operates in a somewhat 
balanced configuration and since all transistors are on a single chips, 
errors will tend t~ track each othei and be balanced out. Capacitors Cl 
and C2 should be stable over the temperat~re range qf use. However the 
temperature of the capacitor and thermistor would quickly equalize so. 
that the .entire circuit could be. considered, part of the transducer 

· eliminating some of the problem with temperature dependence of the 
capacitor. Voltage variations. cannot be eliminated in this.way however. 
We found that the use of Dl stabilized the calibration if 1.4 volt 
mercury batteries were the power source. This was not sufficient if 2.8 
volt lithium batteries were used. By inserting a voltage divider Rsl 
and Rs2 to reduce the voltage at the thermistor, sufficient stability 
could be obtained. Lithium batteries were not used in our study; however 
weight and life considerations make lithium cells preferable for many 
aquatic applications as smaller sizes become available. Table 1 
summarizes pulse interval variation versus changes in supply voltage at 
various thermister resistances. At a given thermistor resistance, pu~se 
interval variation ranged from 0 to 5 ms with voltage changes of 0.2 v 
for mercury cells. 

Q5 
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FIGURE 4. TEMPERATURE TRANSMITTER 
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Table 1. Pulse interval variation versus supply 
nominal lithium cell. Timing capacitor 0.47 uf . 

voltage for 2.8 volt 

. ; Battery Voltage 
Thermistor 2.6 2.8 3.0 
Resistance 

4.88 k 
l.OM 
1.5M 
1.04 M 
2.5 M 

Pulse ·interval 
mercury cell. 

Thermistor 
Resistance 

470 K 
680 K 
1.0 M 

1.5 M 
2.2 M 
3.3 M 

Pulse Interval (Milliseconds) 
656 

1110 
1552 
2073 
2518 

variation versus 
Timing capacitor 

1.2 1.3 

656 656 
1109 1109 
1548 1548 
2067 
2510 

2063 
2507 

supply voltage for 
0.47 uf. 

Battery Voltage 
1.4 

Pulse Inte:rval (Mi 11 isecond.s) 
158 160 162 
210 211 212 
341 342 343 
472 472 472 
700. 700 700 
983 983 983 

... 
1. 35 volt nominal 

L5 

165 
214 
346 
474 
700 
983 

Second, long-term drift had to be minimal so that temperature 
transmitters would retain their original calibration over the expected 
life of the unit. These tests were made over- a 10 week period in 
agitated ,.,ater using a styrofoam cooler. Figure 5 summarizes. drift test 
data. Worst ~ase drift was found to be 1oc in the most sensitive 
region of the calibration curve near oo C and decreased with increasing 
temperature. Since the majority of drift occured during the first 2 
weeks of testing, long-term drift could be reduced by pre--aging tags 
before calibration. Thermistor aging is probably a major source of early 
drift. 

The third design goal was to obtain a range o~ optimum 
sens1t1v1t1es·. The actual pulse rate for a given temperature or range of 
greatest sensitivity is determined by the thermistor-timing capacitor 
combination. By varying this combination, the range ofrnaximum 
sensitivity for our application was optimized (Fig. 6), usi~g a 1.5 u F 
capacitor and thermistor GA 55 P 2. Other ranges can be obtimized using 
other combinations. Transmitters were crystal controlled (+ 5 KHz) to 
discrete frequencies in the 53-54 MHz range. A single Mallory 675, 1.35 
v battery was used as the power source. Total current drains ranged from 
0.3 to 0.7 rna. The temperature-sensing circuitry consumed 0.005 to 0.01 
rna. The current drain varied with temperature; i.e., as temperature 
increased, pulse rate increased which increased the current drain. Range 
was approximately 0.7 km and tag life expectancy was a maximum of 30-35 
days. 

242 

.·;,;-

-

-

------------------------------------------------------------------------------------~----~--~~-·--------



-C/) 
a 1200 4000 2 
0 Thermistor GA61P2, 1 Meg at 25°C u 
w Thermistor GA55P2, 500 ·at 25° C' - .. 3500 
~ 1000 (J) 

a ,;.j 
2 _J 0 

~ (.) 3000 - w 
_J 

(/) 
800 -

~ .;-
_J 

Tag 2 _J 2500 
0:: -53.700MHz ~ w -1-

600 z _J 2000 
N -~ +:--
w LtJ 0:: 

C/) w 1500 _J f-
::::> 400 z 
a.. 

I w 1000 
(/) 

200' ~ 
·:::) .. 
a.. 500 

04-----~~----~------r-----~------4 

0 4 8 12 16 20 0 10 20 30 40 

TEMPERATURE DEGREES CENTIGRADE TEMPERATURE .DEGREES CENTIGRADE 

FIGURE 5. LONG TERM DRIFT 10/5/76 to 12/21176 FIGURE 6. COMPONENT OPTIMIZATION 



" 

Temperature transmitters were nominally rectangular in shape, 4.6 em 
long, 1.2 em wide and 0.9 em deep. Tag weight averaged 10.2 gin air and 
4.9 g in water. All tag 2hmponents except the thermistor tip were 
encased in 3M Scotchcast "5" epoxy resin for _support and waterproofing. 
A 16.5 em whip antenna extended from the transmitter. 

Recording System 
;'.~;' .. 

Recording systems for both transmitters were identical, consi!iting of 
a programable receiver, pulse decoder and a Rustrak recorder. The 53 MHz 
receiver was capable of distinguishing 100 different transmitters~(fish) 
spaced 10 KHz apart and included the use of a 16 channel memory into 
which frequencies could be programed and later recalled by means of a . ·_, 
single selector or scanned automatically by an interval timer. Thus the 
receiver could be left unattended to sequentially monitor signals from up 
to 16 fish. The scanning rate could be preselected so that the receiver 
looked at 1 of 16 channels for periods ranging from 3.7s to 1/2 hour. 
The receiver had a phase locked loop to detect the· signal sent to the 
decoder. Use_ of a phase locked loop gave greater noise immunity and made 
transmitter drift a minor problem as the loop detected a signal if it was 
within+ 2.5 KHz from a set frequency. In this receiver all channels are 
locked to a single crystal eliminating problems with receiver drift. 

Pulsing transmitter signals from the receiver phase lock loop were 
sent to a pulse decoder (Fig. 7). The function of this.unit was to 
measure pulse rate, eliminate some errors and to g~nerate a signal to a 
recording apparatus. Since pulse rise time and loop lock time is finite,_ 
some error will result depending on signal level, trigger level and pulse 
to pulse variation. This potential error was reduced by averaging a 
number of pulses. In our system, a trigger on the first pulse of a 
measurement period started a time counter which remained on for the 
duration of ten pulses .. i~ was triggered off on the last p~lse; thus~ 
only the trigger on the first and last pulse was important and errors 
from these two sources were divided by ten. A missing pulse detector ~s 
used to detect whether the interval between pulses is too long, 
indicating a missing pulse. If a missing pulse was detected, the counter 
was reset to zero ~nd a n~w measurement p~riod started. 

Output of the decoder was available as a digital readout from the 
front panel, a binary coded decimal signal or from the digital-to-analog 
(DA) converter. The DA converter was an eight-bit integrated circuit 
type with its output adjusted to 1 rna full scale. The 8 bit converter 
was capable of divid~ng the 0 to 1 rna scale in 28 or 256 parts. 

For our applications, a Rustrak 0 to 1 rna analog recorder was used. 
The milliampere current generated by the pulse rate decoder DA converter 
was sent to the Rustrak where it was recorded ·on a 3" per hour strip 
chart. The entire receiving-recording system was powered by a 12 v 
automobile battery. A digital printer could also be used, however, most 
require AC power which was not available in our case. 
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Field Data 

Gray and Haynes (1977) utilizing depth sensing transmitters on 
Chino.ok sal~on found that depth distribution was altered by 
gas-supers·aturated water. Table 2. sunnnarizes the data. Spring 1976 ·gas 
saturation levels exceeded 130% below Little Goose Dam on the Snake 
River. Fall 197§ and spring 1977 gas saturation levels were below 110% 
due to lower river-flow rates. Fall 1976 fish and spring 1977 fish--were 
recorded closer to the surface than. spring 1976 ·fish-and the differences 
were significant .. (P 0.05) (Gray and Haynes 1977). 

Ross (1978) used temperature transmitters to observe yellow perch 
winter temperature selection near the thermal discharge of Minnesota _ 
Power and Light Company's Clay Boswell Station on the Upper Mississippi 
River. Figure 8. indicates that perch temperature selection was bimodal 
with peaks at oo_G__ (thermally unaltered waters) and soc when fish were 
in discharge affected areas. Mean overall perch- temperature selection 
was found to ·be 5.4oc, substantially below winter temperature 
preferenda of 12:t6oc determined in the laboratory (Barrans and Tubb, 
1973; McCauley, 1977). 

Telemetry techniques developed for these two studies and other 
similar work indicate ·the potential for direct measurement of 
environmental variables affecting free ranging animal8. Studies 
concerned with animal behavior in their natural environment are essential 
to understand the 1mpact of environmental alterations. Furthermore, 
direct measurement telemetry techniques permit researchers to validate· 
laboratory anima-l: -·behavioral results in the field. · 
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Table 2. Depth distribution of chinook salmon tagged externally or 
internally with pressure-:-sensitive radio-transmitters in the Snake River, 
condensed from Gray and .Haynes (19}7). 

Depth 
(m) 

0-3 

3-6 

6-9 

9 

Number of fish 

Number of depth 
·recordings 

Mean d~pth 

Spring 1977 

25.4 

36.6 

. 18.7 

19.3 

26 

2690 

5.7 

Percent time at depth 

Fall 1976 Spring 1977 

56.9 49.0 

31.7 31.5 

10.6 13.0 

0. 7 6.6 

9 30 

151 2761 

3.1 3.8 
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