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INTRODUCTION 

A need for information concerning the cyclic activity of 
fishes becomes evident when attempting to interpret basic 
behavioral differences between juvenile salmon species. These 
behavioral variations should be considered when predicting or 
analyzing fish movement under various conditions: e.g., (1) 
through impoundments, (2) in the vicini�y of dams, and (3) into 
traps and bypass systems. 

Several methods of detecting and recording fish movement 
(activity) have been developed for use under laboratory conditions. 
Direct visual observation was probably the first method used. 
Spencer (1929, 1939) reported using a thread or string attachment 
between fish and recording device. The first electrical system 
was reported by Spoor (1941). He used a paddle, which when 
deflected by water currents caused by fish movement, made 
electrical contact providing a signal that could be recorded. 

This paper reports a recently developed method of 
activity detection which provides a continuous graphic record for 
periods of·a_ week or longer, and requires a minimum amount of 
attention by the operator. To test this system, a series of 
observations using three species of salmon fingerling-�sockeye 
(Oncorhynchus nerka), silver (O. kisutch), and chinook 
(O. tshawytscha)--was undertaken at the Behavior Laboratory, 
Fish-Passage Research Program, Seattle, Washington. 

MATERIALS AND METHODS 

The activity detector was mounted in the fish chamber of 
a-flow-through water system (fig. 1). The detecting device is a
silicon crystal strain gage with a high degree of sensitivity and
is available through commercial channels. The gage element, or
sensor, was mounted on a 1-inch by 6-inch by .004-inch stainless
steel paddle. The electrical resistance of the sensor changes
when it is flexed or compressed. The gage element is in series
with a 12-volt battery and a fixed resistor. The flexing and
compressing of the paddle by water currents (caused by fish
movement) changes the resistance of the gage and a voltage
variation proportional to this change is produced across the
fixed resistor. A capacitor blocks the fixed battery potential
and passes the current variations as an alternating cu�rent
signal to the recorder. A resistor across the recorder input
provides a ground return for the recorder preventing pickup of
external signals.
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Figure 1.--Fish chamber of flow-through water system used in conjunction 
with activity detector. 



The electrical signal is amplified and recorded at a 
position remote from the fish chamber. ·The amplifier used was a 
Sanborn Model 64-300A, and the recorder, a Sanborn Model 60-1300 
Twin Vise. The gear drive mechanism was altered to provide a 
6-inch per hour chart speed.

The fish used were selected randomly from populations 
maintained in an outside holding facility. The fish were assumed 
to be responsive to the daily fluctuations of the outside holding 
environment. 

Prior to being placed into the chamber the fish were 
anesthetized with MS-222. After placing the anesthetized fish 
into the chamber, the water flow was adjusted and the chamber 
covered to provide a constant darkened conditiono Precise 
temperature control allowed the chamber water temperature to be 
held constant at the level of the outside holding temperature. 
The chamber was also isolated from vibration and shock. After all 
adjustments were 
into operation. 
the observations 
detectors. 

made the associated detection equipment was put 
The two-channel amplifier and recorder allowed 
to be made as replicates using two chambers and 

RESULTS AND DISCUSSION 

Of 27 sockeye tested 24 or 90 percent demonstrated a 
period of evening activity (fig. 2). Observation periods ranged 
from 24 to 192 hours (1 to 8 days). 70 percent of the juvenile 
sockeye tested for longer than one 24-hour period repeated their 
period of activity one or more times. The replication occurred 
even though the observations were made under darkened conditions. 

Szymanski (1914, 1919), a pioneer in the field of 
measuring general activity, concludes that activity rhythms of 
various animals tend to fall into two general classes. One group 
includes those-organisms that demonstrate one active period in a 
24-hour period, which he designates as monophasic. Animals
exhibiting more than one active period, alternating with periods
of rest, he terms polyphasic. The juvenile salmon used in these
observations generally demonstrated activity of a monophasic
nature.

Johnson (1926), by prolonged observations, has 
demonstrated that an innate monophasic rhythm persisted even in 
total darkness. Other experiments have demonstrated the 
persistence of activity patterns over considerable periods of 
time and under constant light and temperature conditions. 

2 



(\.) 
0, 

<! /f//.RT II 7 

SvN/l/SI!. 0 

$t1A/Sl!.r • 

r,, .. , CHART•7 

Soc Kl!yE. 

/t ,,,. StMlf(/SIS. 0 

1,10,. ... SVN.S£..,. • 

rE,,,p .. z:z ·.c. 

'/J/63 

.... 

..... -... ·-----... --.. .... --., __ ,..,., ...... -... �-·�••- ••-�.....,••·-� .. , ·.;.--• ..,".'..._..;. .. .,......,.. ........ _ _..,..._. __ .. ....,.,..,._._ ,••· itlit4tf• ... •r t t t .... ·-tltpU 

----,.. 

,-�-� ........ - ".,.-;;-- ----··-- ......... . ... . 
: �.1,. ... .. :.: .. ,,,,. ,,,.. /�'!IO'*N 

. ........

'"'-""'* 

Figure 2.--strip chart showing cyclic activity pattern of two juvenile 

sockeye salmon held in paired but separate chambers. 



Twenty-four silver salmon were tested and 78 percent of these fish 
demonstrated approximately the same pattern as the sockeye;, but 
greater individual variation. The 18 chinook tested exhibited 
activity of a sporadic nature with the active periods more 
concentrated during the late evening and early morning hours 
(fig. 3). 

The data collected to date indicate that there are 
activity cycles within_the behavioral patterns of juvenile salmon. 
The information also indicates, to some degree, that there are 
species differences. 
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Figure 3.--Diagrammatic representation of strip chart recordings of three 

species of juvenile salmon, denoting time and pattern of concentrated activity. 


